
AtherosclerosisAtherosclerosisAtherosclerosisAtherosclerosis                                
History of Presenting Illness : these people will present as exercise limitation  

PAIN!! WORST EVER ���� like giving birth through the chest wall. 

        ���� Radiates in characteristic path, see Mr. Sarich 

ANGINA ( essentially, claudication of the heart) 

Shortness Of Breath 
CLAUDICATION: pain assoc. with exercise 

Loss of sensation @ distal limb  
 

Differential Diagnoses            
Claudication: 
- Aneurysms, Abdominal 
- Ankle, Soft-tissue Injures 
- Back Pain, Mechanical  
- Deep Venous Thrombosis 

and Thrombophlebitis  
- Lumbar (Intervertebral) Disk 

Disorders  
- Thrombophlebitis, Septic  

- Thrombophlebitis, 
Superficial  

- Trauma, Peripheral Vascular 
Injuries  

 
 

Ischaemic Heart 
Disease: 
- Angina Pectoris  
- Atherosclerosis  
- Buerger Disease 

(Thromboangiitis Obliterans)  
- Cardiac Catheterization (Left 

Heart)  
- Cardiomyopathy, Dilated  
- Cardiomyopathy, Hypertrophic  
- Coronary Artery Anomalies  
- Coronary Artery 

Atherosclerosis  
- Coronary Artery Vasospasm  
- Diabetes Mellitus, Type 1  
- Diabetes Mellitus, Type 2  
- Giant Cell Arteritis  
- Heart Failure  

- Hypercholesterolemia, Familial  
- Hypercholesterolemia, 

Polygenic  
- Hypertension  
- Hypertensive Heart Disease  
- Hypertriglyceridemia  
- Kawasaki Disease  
- Myocardial Infarction  
- Myocarditis  
- Percutaneous Transluminal 

Coronary Angioplasty  
- Pericarditis, Acute  
- Right Ventricular Infarction  
- Treadmill and Pharmacologic 

Stress Testing  
- Unstable Angina  

- Wolff-Parkinson-White 
Syndrome  

Pertinent Findings on History          
Ask about risk factors: 

- Personality (type A) 
- SMOKING 
- Hypertension ���� last BP measurement 
- Hyperlipidaemia 
- Previous arterial disease 
- Diabetes (!!) 

- Homocysteinaemia 
Ask about duration, progression, severity: “CLAUDICATION DISTANCE” 

Findings on Examination :    bruits, bruits everywhere! 
The affected limb will be … 

- Pale 
- Cold 
- Atrophied 

- Hairless 
- Lacking of pulse 
- There may be ISCHAEMIC ULCERS  

(like diabetic neuropathy, reddy-brown gangrenous indurated lesions) 
But they will not be associated with varicose veins (i.e not varicose phlebitis ulcers) 

INVESTIGATIONS: Ischaemic Heart Disease + Angina 

EARLY : pain on exercise, relieved by rest; 
MIDDLE: pain @ rest, relieved by exercise  

    (“burning numbness”, = fibrinomyositis) 

LATE: ulceration and rampant gangrene 

THERE MAY BE A DIFFERENCE IN 
BLOOD PRESURE BETWEEN THE 

LOWER AND UPPER LIMBS (ABI) 

~1.0 = normal;  
~0.9 = claudicated; 
~0.5 = leg about to fall off 

 LAD = V1-V4 
 LCX=V6, aVL 
 RCA=II, III, aVF 

There may not be pain- 
 20% of MIs are silent. 
Pain is the last sign of MI 

- Cyanotic 
- Brittle nails 
- Shiny skin 
- Poorly healing injuries 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



ECG: the KING of tests   
For ANGINA: 
Can do an exercise tolerance test 
Eg. treadmill; watch those ST 
segments rise.  
SEE ABOVE for localisation of the 
occluded artery  

 
 

 
 
 
 
 
 
Angiography/plasty is the QUEEN of MI assessment/management 

����not only can one SEE the occluded coronary artery, but one is also 
in a unique position to do something about it:  
thus usually an MI will be wheeled straight into the catheter lab 

Echocardiography            
Major role is in determining the degree of heart failure which is 
usually associated with ischaemic heard disease. 
Eg.: hypomotility of ventricular wall from previous MI    
(useful if performed at rest and then with mild exercise) 

CKMB serial measurements: @ 8, 16, 24 hrs      
���� creatine kinase sub-type specific to the myocardium 

LIPID STATUS: check LDL, HDL, (important risk factor) 
BLOOD SUGAR: same reason 
CHEST X-RAY: looking for cardiomegaly and congestive HF signs 

   
INVESTIGATIONS: Peripheral Vascular Disease      

CHEAPEST AND MOST USEFUL TEST: 
WALK with the patient UNTIL THE PAIN APPEARS. �confirm nature of pain 
Examine after the walk. �palpation and auscultation of the arterial tree of the lower limbs 

Then… 

continuous wave Doppler to detect the presence or absence of flow in distal segments 

- usually with segmental measurements of the systolic arterial pressure down the limb.  
- coupled with treadmill exercise,  
- with systolic measurements performed before and after exercise until the ankle arterial pressure returns to the pre-excise level. 
- These may be compared with the brachial artery systolic pressure to generate a ratio called the ankle/brachial index. 

angiography by direct femoral puncture  

or via intra-arterial catheters) ����to see patent arterial segments 
arterial duplex scanning of the lower limb arteries) ���� for flow in open vessels  

=non-invasive and almost as accurate as arteriography 
= able to assess flow velocities to determine whether an arterial stenosis contributes significantly to the 
symptomatic limitation of flow. I.E. whether a patient is suitable for balloon angioplasty 

 

SCOPE THE FUNDUS!! ���� for evidence of hypertensive retinopathy 
   ���� the fundus of the eye is the only place where you can    
        non-invasively visualise the blood vessels 

 

INFARCT LOCALISATION: ST changes ���� 

STENOSIS is most 
commonly in the femoro-
popliteal arterial segment 

  USEFUL DEFINITION  
“UNSTABLE” angina: 
Severe and unpredictable 
angina in which the 
severity, frequency, or 
length of angina attacks 
suddenly increases 
 



Disease Definition            
Widespread atherosclerosis leading to narrowing of coronary and peripheral arteries resulting 

in ischaemia and thereby pain, on exertion 

 
Management: for MI see 1.03;  
PERIPHERAL VASCULAR DISEASE + ANGINA      

Simple goals:  

Reduce risk of sudden death 
- Nitrates 
- Beta blockers 
- Perhexiline if all else fails (v. toxic, must avoid) 

reduce risk factors + improve prognosis 
- quit smoking!! ���� best thing ever 
- Revascularise the ischaemic limbs and heart ..so that the patient can  

- Start exercising without irritating claudication limitations 
- Reduce weight 

- ASPIRIN (antithrombosis) = live twice as long 

- Lower lipids with STATINS (reduce severity of atheromae) 

 
Prognosis:   VERY BAD.         

In asymptomatic patients, the presence of exercise-induced ST-
segment depression predicts a 4- to 5-fold increase in cardiac 
mortality rate compared to patients without this finding. 
 
In general, the more acute the ischemia, the greater the amount of ischemic 
myocardium; the lesser the extent of coronary collateral vessels, the greater the 
severity of CAD and the smaller the CFR, and the greater the degree of LV 
dysfunction; the more pronounced these effects, the worse the prognosis. 

 
- Survivors of MI exhibit a poorer prognosis.  
- They have a 1.5- to 15-times higher risk of mortality and morbidity  
- and are at higher risk for subsequent MI, + same for fatal and near-fatal 

arrhythmias as a result of myocardial ischemia.  
 

- Within a year of MI, 25% of men and 38% of women die.  
- Within 6 years, 18% of men and 34% of women have a second MI, 7% of men 

and 6% of women experience sudden death, 22% of men and 46% of women 
are disabled with CHF, and 8% of men and 11% of women have a stroke.  

 

Epidemiology             
Atherosclerotic coronary heart disease (CHD) causes approximately 500,000 deaths in the United States each year, ie, 
about 1 in 5 deaths overall.  

• Roughly 6.3 million Americans are believed to experience angina.  

• An estimated 350,000 new cases of angina occur every year.  

• More than 12 million Americans had a history of MI and/or angina pectoris in the year 2000.  

• About every 29 seconds, an American has a coronary event  

• about every minute someone dies from one.  

• Approximately 14 million people alive today have coronary disease:  
6.5 million males and 7.5 million females.  

• Roughly 1.5 million Americans have new or recurrent acute MIs each year,  
40% of these individuals die as a result.  

• From 1987-1997, however, the death rate from CHD declined 24.9%. 

• Internationally: International incidence, especially in the developed countries, echoes that observed in the 
United States  



Relevant anatomy: Gross and Fine Anatomy of Blood Vessels 
 
Histology of the Arteries 

• ALL ARTERIES HAVE the same 3 LAYERS: 

• The tunica intima consists of a single layer of endothelial cells that rest on a basal lamina and loose connective tissue. 

• The tunica media consists primarily of layers of circumferentially arranged smooth muscle cells. 

• The tunica adventitia consists of longitudinally arranged collagenous tissue and some elastic fibres.   

• The tunica adventitia gradually merges with the loose connective tissue surrounding the vessels. 
 
 
 
 
 
Characteristics of Blood Vessels 

Vessel Diameter Tunica Intima Tunica Media Tunica Adventitia 

Elastic 
artery 

>1 cm • Endothelium 

• Connective tissue 

• Smooth muscle 

• Smooth muscle  

• Elastic lamellae 

• Connective tissue 

• Elastic fibres 

• Thinner than media 
 
Muscular 
Artery 

 
2-10 mm 

 

• Endothelium 

• Connective tissue 

• Smooth muscle 

• Prominent internal 
elastic membrane 

 

• Smooth muscle 

• Collagen fibres 

• Relatively little 
elastic tissue 

 

• Connective tissue 

• Some elastic fibres 
• Thinner than media 

 
Small 
artery 

 
0.1-2 mm 

 

• Endothelium 

• Connective tissue 

• Smooth muscle 

• Internal elastic 
membrane 

 

• Smooth muscle (8-
10 cell layers) 

• Collagen fibres 

 

• Connective tissue 

• Some elastic fibres 

• Thinner than media 

 
Arteriole 

 
10-100 µm 

 
- Endothelium 

• Connective tissue 

• Smooth muscle 

 

• Smooth muscle (1-
2 cell layers) 

 

• Thin, ill-defined sheath of 
connective tissue 

 
Capillary 

 
4-10 µm 

 

• Endothelium 

 

• None 

 

• None 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Pathogenesis of Atheroma        5.04 
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 ARTERIAL BRANCH  POINTS 

-are areas of turbulence and thus 
Chronic HIGH SHEAR STRESS 

SHEAR STRESS  
@ endothelium induces: 
 

 

 

 

- Increased 
permeability  

 

 

- Adhesion molecule 
expression 

    (ICAM-1) and (VCAM-1) 
 
- Cytokine production 
 
- Increased endothelial 

cell turnover 
 

LIPOPROTEINS  
penetrate into the intima, 
thanks to increased endothelial 
permeability 

 HYPERLIPIDAEMIA 

High cholesterol increases 
endothelial production of 
SUPEROXIDE and 
 O2 FREE RADICALS 

DEACTIVATION OF Nitric Oxide 
thus no smooth muscle relaxation: 
Impaired endothelial cell-mediated 
dilatation leads to 

 ���� CHRONIC NARROWING 
which contributes to shear stress 

OXIDATIVE MODIFICATION 
Of lipids by oxygen radicals converts lipid 
into  

OXIDISED (modified) LDL 
 
 
Which… 
- Induces ADHESION  MOLECULES 
 
- Is chemotactic for  macrophages 
 
- IMMOBILISES macrophages  
 
- Is readily ingested by macrophages 
 
- Stimulates release of growth factors 

and cytokines 
 
- Is CYTOTOXIC to endothelial cells 

and smooth muscle cells 
    When Glycated in diabetics, it turns 
    IMMUNOGENIC, inducing antibody      
    production to oxidised lipoproteins 
 

MACROPHAGES: 
- are attracted by oxidised LDL 
 
- attach to endothelium  
  via ICAM and VCAM proteins 
 
- become IMMOBILISED 
 
- begin to ingest the  
  oxidised lipoprotein 
 
…AND DIFFERENTIATE INTO 

FOAM CELLS  

which… 
- Produce IL-1 
- Produce TNF-alpha 
- Produce MCP-1 

Monocyte Chemoattractant Protein-1 
Produce Tissue Factor 

-  
- Produce PDGF 

SM cells producing IL-6 also attract 
lymphocytes which are present in 
atheromatous lesions 

FOAM CELL AGGREGATES 
appear grossly as  
FATTY STREAKS which are 
STILL REVERSIBLE !! 

 INCREASED 
  MONOCYTE  
CHEMOTAXIS 

PLATELETS adhere to areas of 
endothelium which are denuded by 
shear stress and other injury 

ACTIVATED  
PLATELETS, 
MACROPHAGES 
and 
ENDOTHELIAL 
CELLS RELEASE  

PDGF, 
FGF,  
TGF-α      

   All of which cause    
    angiogenesis  

  

SMOOTH 
MUSCLE CELLS 
proliferate under 
the influence of 
these factors; 
-BECOME 

TRANSFORMED 
into non-contractile 
subtypes which in 
every way resemble 
foam cells 

FIBROBLASTS are 
attracted to the 
atheroma; � begin to 
build COLLAGEN 
Thus: a fibrous cap 
forms over the lesion 
and is degraded by 
macrophage proteinases 

NECROSIS 
occurs due to the 
direct toxicity of 
oxidised LDL: 
THUS: the 
atheroma has a 
soft necrotic core 

ANTIBODIES  
and hence 
COMPLEMENT 
accumulates 
beneath the fibrous 
cap of the 
atheroma, 
contributing to 
NECROSIS  
 

 MATURE FIBROFATTY ATHEROMA 

 

No Longer Reversible by lipid-lowering therapy 
 

QUITE SOFT AND LIKELY TO FISSURE! 
� leading to a FATTY EMBOLUS impacting 
somwhere downstream of the lesion 
� resulting fissure (mild in exposes intimal 
colagen, which attracts platelets and promotes 
THROMBOGENESIS 
� resulting THROMBUS aggravates the 
atheroma, accelerates its growth and also 
threatens to break off and embolise. 
�Intraplaque Haemorrhage may occlude the 
vessel without thrombosis or embolism 

HYPERTENSION 

TF is thrombogenic   
 if plaque ruptures 

Lymphocytes release IFN γ 
Which weakens the fibrous cap 
by inhibiting collagen synthesis & 
repair by SM cells and fibroblasts 

OF   INTEREST: 
Calcification of atheromae 
occurs when necrotic debris 
yield short side chains (protein 
breakdown products) which 
bind normally circulating Ca++ 
--THIS IS NOT what happens 
to the ligaments of the elderly, 
or in new bone formation   



With 
exercise 

Occlusion of a small 
branch artery 

30 minutes  later 

30 minutes  later 

Occlusion of a    major coronary artery 

Pathophysiology of Ischaemia: preliminary mechanism  5.04 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATHEROSCLEROSIS Arterial Stenosis over 70% Plaque rupture (fissure) 
@ REST 

Intraplaque 
haemorrhage 

Angina during exercise: 
Demand increases,  
BUT  
supply does not; ���� 

DEMAND ISCHAEMIA 
 

Necrotic 
debris 
embolism 

thrombosis 

thromboembolism 

Arterial Occlusion over 90% 

ST segment 
DEPRESSION 

SUB-ENDOCARDIAL 
INFARCT 

= area least perfused is the 
inside of the myocardial wall. 
Biochemistry same as transmural 

TRANSMURAL 
INFARCT 

 Whole ventricle wall obliterated  by ischaemia  

No oxygen?���� switch to anaerobic glycolysis 

THUS: produces MUCH LACTIC ACID  
 Produces ADENOSINE 
+ reduced contraction, increased active relaxation 
THUS: increased LV end-diastolic pressure 
DEAD CELLS ���� POTASSIUM LEAK!! 
 ~ to about –70 mV 

���� SUPPLY ISCHAEMIA  

CRUSHING 
CHEST PAIN 

ST segment 
ELEVATION 

Q waves 

BRADY-ARRYTHMIA 
If infarct in path of conduction system 
If inf 

ASYSTOLE  

if SA node involved 

Increased: 
CKMB 
MYOGLOBIN 
LDH 

Over 40% of heart involved  
CARDIOGENIC SHOCK 

Necrosis of cardiomyocytes = 

WEAK SOFT WALL: 
Might suddenly… 
- BALLOON OUT 
- Rupture @ the SEPTUM 
- Rupture @ the free wall 
- Rupture a papillary muscle 
 

Ventricular aneurysm 

Ventriculoseptal defect 

haemopericardium 

Regurgitation  

Weirdly displaced   
 apex beat 

cyanosis 

ORGANISATION of infarct  
Outside of the heart (outer wall) 
���� fibrosis 
���� fibrinous adhesions to pericardium 
���� FIBRINOUS PERICARDITIS Sharp chest pain 

tamponade 

POST-ORGANISATION: 
Wave re-entry around 
edges of scar 

���� VENTRICULAR 
FIBRILLATION 

Viable zones around the edges 
of infarct will exhibit stages of 
SUB-LETHAL INJURY 
May become transmural as 
inflammatory response extends 
the edges of the infarct 
B 



Pathophysiology of Ischaemia       5.04 
(ischein=to suppress, haemia=blood). 

Demand ischaemia vs. Supply ischaemia: exercise vs. rest. 
demand ischaemia typically occurs during exercise in patients with a coronary stenosis of 70% or greater and is quickly relieved by rest. 

 Supply ischaemia occurs at rest when an artery occludes or suddenly develops a stenosis of 90% or greater. 
Myocardial ischaemia =  insufficient blood flow to meet the metabolic demands of the beating heart 
As myocardial O 2 demand increases, it must be parallelled by an increase in myocardial blood flow,  
- because coronary arteriovenous O 2 extraction is near maximal at rest.  

The major determinants of myocardial O 2 consumption are: 
- Heart rate  
- Left ventricular (LV) wall stress   
- Contractility.  

70% of the lumen obstructed = flow limitation with exercise 
a stenosis of 90% will limit flow at rest.  
Stenoses of <70% lumen diameter do not usually limit flow during exercise.  

 
COMPLETE OCCLUSION FOR 30 min. ���� myocardial infarction and cell death  
metabolic and physiological changes in the myocardium: 

- Metabolism switches from aerobic utilisation of fatty acids… 
-  to anaerobic glycolysis with production of lactic acid.  
- ATP production falls, and this causes failure of both contraction and active relaxation, which can result in  

elevation of LV end-diastolic pressure and breathlessness.  
- K 

+
 leaks out of cells, raising resting membrane potential and reducing action potential size and duration.  

- This produces characteristic ECG changes: 

- ST segment depression with subendocardial ischaemia and  

- ST segment elevation with transmural ischaemia.  

- Elevation and depression of ST segments are relative to the isoelectric segments in the TP and PQ periods.  
 
CHEST PAIN = LATE EVENT of M.I.  
The pain producing stimulus is probably adenosine, from breakdown of ATP 
the sensation is carried by sympathetic afferents which synapse between spinal segments C8 and T4  
producing referred pain in the retrosternal area, typically radiating to the left arm.  
Many attacks of ischaemia, however, are not accompanied by anginal pain (silent ischaemia). 
        

COMPLICATIONS  OF ISCHAEMIC HEART DISEASE   5.04 
Arrhythmias: conduction disturbances  

- acute stage,  
- infarcts which involve the conduction system usually produce bradyarrhythmias  

eg. transmural post. left ventricle wall infarct 
- tachyarrhythmias result from myocardial irritability or re-entry.  
- late after infarction, ventricular tachcardia and fibrillation result from re-entry around the edges of scar,  
- = are a major cause of sudden death. 

Left ventricular dysfunction:  
This may lead to left-sided cardiac failure, pulmonary congestion and oedema.  
transmural infarct involving 40% of the left ventricular wall  =  
- profound ventricular dysfunction,  
- acute "pump failure"  
- cardiogenic shock. 

Rupture of the myocardium:  
Infarcted myocardium undergoes softening especially during the acute inflammatory response to the necrosis.  
= RUPTURE OF: 
- The free or external ventricular wall. � Haemopericardium will result from escape of blood from the left 

ventricle.  
- The interventricular septum. � Shunting of blood between the ventricles will now be possible.  
- The papillary muscle � acute onset of mitral regurgitation  

Mural thrombosis:  
stasis of blood due to ventricular hypokinesis or endocardial injury in the area of infarction. 
Patients with myocardial infarction are at high risk of development of hypercoagulability of blood. They are 
predisposed to the development of deep venous thrombosis and pulmonary embolism. 

 
Mostly, myocardial infarction will commence in the subendocardial region which is the least well-perfused part of the 
myocardium. However within a few hours, this infarct can progress along a wavefront of necrosis to become transmural. This 
wavefront necrosis may be modified by prompt thrombolysis and coronary reperfusion. 

• transmural myocardial infarction � acute fibrinous pericarditis within a few days  

• Infarct extension.  

• The zones bordering an infarct = still viable, but exhibit changes of sublethal injury reflecting a lesser degree of 
ischaemic injury.  

• These zones are unstable due to ischaemia  

• in the days or weeks following the original infarct there may be extension of necrosis into these adjoining areas.  
 

POUSEILLE’s EQUATION: 
Reduce radius by half: 
Flow is reduced 16 times! 



Cardiac remodelling.  

• = infarct expansion which begins as early as within 24 hours after occurrence of infarction  
•  in which the area of infarction undergoes disproportionate stretching and thinning.  

• further necrosis is not a prerequisite.  

• A similar but less pronounced thinning and dilatation occurs in the adjoining non-infarcted region. 

• This is due to rearrangement of myocytes or "cell slippage" with a reduction in layers of myocytes in the 
ventricular wall.  

 
THUS the ventricle dilates, 
 its volume increases as do the stresses on its wall.  
Such patients have higher mortality than those in whom remodelling is not observed because of development of congestive heart 
failure and ventricular arrhythmias.  
It is believed that remodelling may be modified by treatment which reduces preload or afterload stress and that coronary 
reperfusion may also be beneficial. 
 

PERSONALITY LINKS TO CORONARY ARTERY DISEASE   5.04 
Linkages between personality and disease  
 personality is related to the development of disease and influences disease outcomes.  
correlation does not equal causation. 
Observed correlations may reflect a range of processes including:  

(1.) direct causation;  
(2.) reverse causation - where disease processes overtly or covertly influence aspects of personality functioning;  
(3.) co-varying risk behaviours (behavioural third variables);  
(4.) physiological third variables; and  
(5.) research artefacts.  

Personality refers to the patterns of cognitive, affective, and behavioural dispositions 
that characterise individuals. Personality patterns are thought to be relatively stable across time and context. For an overview of the 

main approaches to describing personality and theories of personality development, it will be useful to read chapter 14 of the Philipchalk and McConnell 
textbook. There is now fairly broad consensus that broad classifications of personality can be made on the basis of the "Big Five" traits: Extroversion 
(gregarious, enthusiastic, daring); Agreeableness (affectionate, gentle, empathic, cooperative); Conscientiousness (organised, reliable, persevering); 
Emotional stability (poised, calm, composed); Intelligence (intellectual, reflective, imaginative). Research is also attempting to identify more specific 
personality factors that contribute to effectiveness and adaptiveness, influencing sickness and health.  
 
Personality and CHD (coronary heart disease)  

Type A behaviour = significant risk factor for developing CHD. 

 key features = hostility, time urgency, impatience and competitiveness 

Type A Behaviour does not markedly increase the risk of subsequent morbid events.   
 
 expressive hostility, particularly antagonistic interactions with others (anger-out), appears most strongly implicated with 
ongoing risk. 
 cynical mistrust, potential for hostility, and suppressed resentment (anger-in) have also been found to predict CHD mortality and 
morbidity.  
 
Psychological hardiness: certain personality constellations may be associated with positive health outcomes 

= sense of control, commitment, and the viewing of change as exciting challenge rather than threat.  
 

Lifestyle modification in vascular disease      5.04 
Lifestyle modification of people with vascular disease is an essential component of secondary prevention. 

Cigarette smoking, poor dietary habit and inactivity are the  
major modifiable lifestyle risk factors. 
 

• Giving out kits, leaflets, tapes, videos, phone support services provided by Government agencies, the National Heart 
Foundation, pharmaceutical firms and support groups.  

• Enlisting the assistance of family members, carers and significant others, eg educating the wife if she is the family cook, giving 
the patient the responsibility to walk the dog.  

Allied health professionals:  

• Paramedical eg. dietitians, psychologists, physiotherapists.  

• Medical specialist units eg shared care programs, smoking cessation clinics, cardiac rehabilitation units, obesity clinics.  

• Community resources eg. National Heart Foundation, Public Health Units, Alcoholics Anonymous, smoking cessation 
programs eg Smokescreen.  

• Commercial enterprises eg. Gutbusters, Weight Watchers, the local gym, various sporting and activity clubs.  
Pharmaceutical agents:  
These may be used as an adjunct to lifestyle modification eg 

• Nicotine replacement therapy  

• Dexfenfluramine hydrochloride as an appetite suppressant in a small subgroup of obese patients.  
 
The person with vascular disease is most likely to achieve and maintain lifestyle changes under the care of a family General 
Practitioner because of the GP's unique and ongoing relationship with the patient  



Drug therapy for stable effort angina       5.04 

 angina is merely a symptom of ischemia so drug therapy should not aim to merely relieve pain 

� must reduce ischemia.  
- reducing the myocardial oxygen demand through blockade of the heart rate increase with exercise,  
- reduction in afterload and ventricular volume with a vasodilator. 
- Exercise training may have a similar effect.  
- The other approach to management of angina is to fix the obstruction to coronary blood flow with bypass surgery or 

percutaneous coronary intervention. 
1. Nitrates . These drugs relax vascular smooth-muscle through a cyclic GMP mechanism and are both arterial and venodilators. They 

are also very effective if taken prophylactically just before angina.. Unfortunately long acting nitrates will produce tolerance within 24 
hours unless a nitrate-free or nitrate-poor period of approximately 10 hours (often overnight) is provided in the regimen. Nicorandil is 
a novel nitrate with an additional potassium channel opening effect and may have a beneficial effect on prognosis.  

2. Beta-blockers . These drugs reduce the heart rate and blood pressure at rest and during exercise and are very effective in patients 
with angina. They may also improve prognosis. The drugs most used are the beta-1 selective blockers (atenolol and metoprolol) = a 
lesser tendency to aggravate asthma or peripheral vascular disease  

3. Calcium entry blockers . These drugs are arterial dilators and reduce blood pressure and afterload. Verapamil and diltiazem also 
have some heart rate slowing and myocardial depressant effects which may be useful in treatment of angina.. All drugs in this class 
can produce vasodilator side effects such as flushing, hypotension, and edema. 

4. Perhexiline . This is a carnitine palmityl transferase-2 inhibitor which reduces the myocardial requirement for aerobic metabolism. 
The drug is very useful in refractory cases but blood levels must be monitored closely because a significant proportion of the 
population are genetically determined very slow drug metabolisers and will achieve very high blood levels which are both hepatotoxic 
and neurotoxic.  

5. Angiogenic drugs . A number of angiogenic cytokines and genes are currently under investigation in patients with end-stage 
coronary artery disease. The hope is that angiogenesis will be induced to provide new collateral vessels an increase blood flow 
without the need for revascularisation.  

 
 

 



 

@ Duodenal or
jejunal epithelial cell

~LIVER~

Lipid Transport in the Bloodstream                                                7.05
Since they are not water soluble, the lipids must make alternative transport arrangements.

This involves being carted around in microscopic lipoprotein particles.

THE TYPICAL LIPOPROTEIN PARTICLE: is of SPHERICAL SHAPE, with a COAT and a CORE

OUTSIDE:

Made of phosphatidyl choline, aka. LECITHIN
This is a glycerol backbone with two fatty acids.
Being hydrophilic, the glycerol end of a lecithin molecule faces
outwards, and the fatty acids face inwards, thus giving the
lipoprotein a roughly spherical shape.
THIS IS A LIPID MONOLAYER
(not bilayer like in cell membranes, because the inside of a
lipoprotein is made of  hydrophobic lipids)

ALSO: the coat contains PROTEINS which give

lipoproteins their name. These are responsible for
targeting these proteins to specific cells.

INSIDE: the TRANSPORTED LIPIDS:

- Triglycerides and Cholesterol esters

EMBEDDED PROTEINS:
So-called “Apolipoproteins”
because all lipid content has
been leeched from them.

2 groups:

EXCHANGEABLE
- (can be swapped between

two lipoprotein particles)

- A1, A2, C2, E
And

NON-EXCHANGEABLE
- (embedded forever in the

lecithin layer)

- B48, B100

~TYPES OF LIPOPROTEINS~
type       density (g/ml)

Largest;

Smallest

* The higher the density, the greater the cholesterol content

(cholesterol is the densest of the transported lipids)
THUS the big chylomicrons are almost completely full of triglycerides
And HDL is made completely of cholesterol.

Chylomicrons 0.95
Chylomicron remnants 1.0
VLDL 1.0
VLDL remnants 1.05
LDL 1.1
HDL 1.2

ingested
TRIGLYCERIDES

Pancreatic
lipase

Fatty Acids

Reassembled and
packaged into
CHYLOMICRONS
Which are too big to travel
through capillaries in the gut;
THUS: must use the
lymphatics!

Very unusual; chylomycrons
totally bypass the liver, so there
is no first pass metabolism

Into circulation �
Via the Thoracic Duct

chylomicrons
Immobilised @
capillary beds

Lipoprotein Lipase (LPL)
@cell surface extracts the
triglycerides and breaks them
down to monoglycerides and FFAs

ApoC2
switches
 on LPL

Chylomicron
remnants are
slightly richer in
cholesterol

Recirculate and get taken up by up by the
liver which recognises ApoB48 and ApoE

VLDLs get synthesised and

 released by the LIVER: used in
starvation as a source of energy

ApoC2
switches
 on LPL

LPL

VLDL remnants (slightly richer in
cholesterol) are either reabsorbed by the
liver, or modified in the circulation into LDLs

LDLs: only one apoprotein (B100)

� bind to surfaces of cells which need cholesterol via LDL receptors
( statin drugs usefully promote experession of these)
!! if the apoB100 protein gets oxidised or glycosylated (eg. in diabetes) it can no longer be
recognised by the LDL receptor: needs to be taken care of by the “scavenger” receptor of
macrophages: and macrophages then turn into the FOAM CELLS of atheroma!!

HDLs: the GOOD cholesterol
� are the BACKWARD TRANSPORT
 of cholesterol esters  to the liver;

EARLY  HDL: no cholesterol; just a disk of

lecithin; and ApoA1 is present in the coat: docks
with cells which are releasing cholesterol.
�this causes uptake of cholesterol into the HDL
blob; BUT: the cholesterol is immature,i.e needs
to be esterified. This is done by the enzyme
Lecithin Cholesterol Acyl-Transferase (LCAT)
which transfers one fatty acid from lecithin into
the cholesterol (thus esterifying it) and leaving a
lysophosphatidyl-choline remnant (glycerol
backbone with just one fatty acid);

THUS THE  MATURE HDL IS FORGED



The properties of the principal lipoprotein classes      

Lipoprotein  
class  

Major lipids  Apoproteins  Density  
(g/ml)  

Diame
ter  
(mm)  

Origin  Destination  

Chylomicrons  TAG and SE 
from diet  

A I , A II , B 48  
C II , C III , E  

<0.94  80-500  Enterocytes  Capillary beds in adipose 
tissue  

Chylomicron 
remnants  

CE from diet  A I , A II , B 48  
C II , C III , E  

<1.006  40-100  Capillary beds  Hepatocytes  

VLDL  TAG from 
liver  

B 100 , C II  
C III , E  

<1.006  30-80  Hepatocytes  Peripheral capillary beds  

VLDL 
remnants  

TAG and CE  B 100 , C III , 
E  

<1.019  25-35  VLDL  LDL  

LDL  CE  B 100  1.019-
1.063  

15-25  VLDL  Peripheral tissues and 
hepatocytes  

HDL  Cholesterol, 
CE and TAG  

A I , A II , E  1.063-
1.21  

5-12  Enterocytes  Hepatocytes  

Where an apoprotein has a demonstrated function with respect to a particular lipoprotein class, the code is shown in boldface. Only 
apoproteins discussed in the text have been included; others have been identified, but their functions have not yet been established 
unequivocally.  
CE, cholesterol ester; TAG, triaclglycerol; VLDL, very low density lipoproteins; LDL, low density lipoproteins; HDL, high density 
lipoproteins 
 
 

Physiology of Blood Vessels         

RULES OF THUMB: 
Any substance which is the product 
of metabolic activity will lead to 

VASODILATION, eg.  

- CO2 

- Adenosine  

- Lactic acid 

RULES OF THUMB: 
SHEAR STRESS ���� VASODILATION 
(endothelium under stress will release a lot of 
Nitric Oxide (NO))  
���� hence VASODILATION 

in fact… NO (aka. EDRF, “Endothelium-
derived Relaxation Factor”) is THE  vasodilator 
���� many other vasodilators actually just cause NO 

release, such as  
- HISTAMINE,  
- BRADYKININ, 
- SUBSTANCE P,  

- ACETYLCHOLINE 



           trial Fibrillationtrial Fibrillationtrial Fibrillationtrial Fibrillation                                                                                                                                                                                    

                    History of Presenting Illness:         
- PALPITATIONS 
- FATIGUE 
- SYNCOPE 
- Chest Pain  
- Poor Exercise Tolerance 
- Completely Random ECG has suddenly revealed AF  

 

 
 
 
 
PHYSICAL EXAMINATION should focus on complications of AF: should focus on complications of AF: should focus on complications of AF: should focus on complications of AF:        

- Is there CONGESTIVE HEART FAILURE WITH OEDEMACONGESTIVE HEART FAILURE WITH OEDEMACONGESTIVE HEART FAILURE WITH OEDEMACONGESTIVE HEART FAILURE WITH OEDEMA etc? 
 Probably would want to deal with life-threatening pulmonary oedema first…. 
- Is there ARTERIAL EMBOLISATION, eg STROKES, ISCHAEMIC LIMBS oSTROKES, ISCHAEMIC LIMBS oSTROKES, ISCHAEMIC LIMBS oSTROKES, ISCHAEMIC LIMBS or ORGANS?r ORGANS?r ORGANS?r ORGANS? 
  

INVESTIGATIONS            
- FBC Anaemia?  
- Coags: INR, APPT, PT Whats their risk of clotting up and stroking out? 
- Electrolytes : Especially POTASSIUM, CALCIUM, MAGNESIUM 
- Thyroid Function Tests: Old people can sometimes be in AF because of hyperthyroidism 
- Cardiac Enzymes: CK and Troponin AF can cause hypoperfusion of the myocardium 

- ECG: no P waves, only irregular or wavy baseline. The QRSs are irregularly spaced. 
- Chest Xray: …what do you expect to learn from it? The LA may be visibly enlarged, and there may be  
   pulmonary oedema to explain those bibasal crackles you thought you heard, confirming CHF… 
- ECHOCARDIOGRAPHY: Actually SEE if there is a mural thrombus, OBSERVE the  
    atrium writhing like a bag of worms. Most informative investigation. 

 
DECISION MAKING and RISK STRATIFICATION: how much should you panic 
SYSTEM OF CLASSIFICATION to help guide management: 

- Paroxysmal: Episodes 24hrs to 7 days long,  start and stop by themselves  
- Recurrent: two or more paroxysmal or persistent episodes 
- Persistent: Episodes DON’T stop on their own, and go for longer than 7 days 
- Permanent: Long standing AF that is resistant to treatment…  

Or unrecognised long standing AF where treatment has never been tried! 

Assess Thromboembolic Risk:  
Mainly to determine the need for long-term anticoagulation; and for anticoagulation before cardioversion. 
The duration of the AF episode is the main factor; loner or shorter than 48hrs? 

Of course, for people prone to clotting, a shorter time span is required to form a serious atrial clot 

 

The COMMONEST oThe COMMONEST oThe COMMONEST oThe COMMONEST of the arrhythmias:f the arrhythmias:f the arrhythmias:f the arrhythmias:  those affected….  those affected….  those affected….  those affected….    
- Often have structural HEART DISEASEHEART DISEASEHEART DISEASEHEART DISEASE eg . LA hypertrophy  

- Are often ELDERLYELDERLYELDERLYELDERLY: : : : incidence is  

� 1% in persons aged 60-68 years 
� 5% in persons older than 69 years 

IS THERE A HISTORY OF 
 - Hypertension 
- LV Hypertrophy 
- Valve disease 
- Ischaemic Heart Disease 

- Alcoholism 
- Drug abuse 
- Previous AF 

- STROKE or P.E. 

HOW DID THIS HAPPEN? 

 

 

 

- AMI 
- Pulmonary Embolism 
- Cardiomyopathy 
- INFILTRATIVE Heart Disease 
- Anaemia 
 

- Alcohol (“Holiday Heart”) 
- Hyperthyroidism 
- Post- Cardiac Surgery 
- Cocaine, amphetamines, Ephedra etc 
- “Lone Fibrillators”: idiopathic! 

- “Sick Sinus Syndrome” 
 

Sick Sinus: 
Heterogenous disorder, mainly a lot 
of bradycardia, resulting from SA 
node dysfunction; most commonly 

in over-50s. 
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FIBRILLATE MUCH? – TEST LEVELS OF EXISTING MEDS eg. Digoxin 
Low digoxin causes AF. HIGH digoxin does not.  
 

IS THERE A  
REVERSIBLE CAUSE? 
Sometimes, there is no 
obvious reason for the AF. 
But, if there is, treat the 
cause simultaneously- to 
avoid the need for long-term 
management. 

 

?? STROKE 

SYMPTOMS ?? 
AF causes ~ 20% of strokes  

THROMBOEMBOLIC RISK:  
The older they are,  
The higher their Blood Pressure, 
The worse their diabetes, 
The more strokes they have had, 
The more clot risk factors they have, 
The longer they have been fibrillating, 

 the greater the risk. 
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MANAGEMENT of AF without a reversible cause      
 First, address the sequelae of irreversible causes;eg. start oxygen and nitrates if its caused by an MI  
  Next, ANTICOAGULATE those who need it (aspirin if they don’t need it) 
First-time Paroxysmal AF: 
   By definition, the episode has probably ended already. THUS: 
   NO NEED FOR ANTIARRHYTHMICS as lone AF may not return for years 

- TRY TO PREVENT THE NEXT EPISODE… …Could give 
� Beta-blockers (rate control) 
� ACE-inhibitors (reduced fibrosis / remodeling) 
� Statins (? Have been shown to reduce frequency of AF episodes) 

RECURRENT Paroxysmal AF: 
   …it happened again…. Time for RHYTHM and RATE CONTROL 

 
 
 
 
 
 

How shall I cardiovert this patient?… chemically or electrically?   
Both techniques have similar success rates, around 20 to 80% depending on the cause of AF. 

 CHEMICAL CARDIOVERSION: 
   For AF lasting less than 7 days: 
     Propafenone [oral] –sodium channel blocker (CLASS I) 

     –worsens CHF, causes bradycardia, may cause ventricular arrhythmia 

     Flecainide [oral] –sodium channel blocker (CLASS I) 

     –worsens CHF, causes bradycardia, may cause ventricular arrhythmia 

     Dofetilide [oral] –potassium channel blocker ( CLASS III) 

     - may cause torsades de pointes 

     Ibutilide [intravenous] –nobody knows how this one works 
     - may cause torsades de pointes and long QT  

     AMIODARONE: second line therapy:  
     –multiple effects, but classified as class III.  

   - may cause pneumonitis, hyper or hypothyroidism, hepatitis, photosensitivity, optic  
      neuritis, paraesthesia and ataxia.   

     SOTOLOL: second line therapy:  
       –potassium channel blocker ( CLASS III)  
       - beta blocker (CLASS II) 

       - may cause torsades de pointes, bradycardia, hypotension,  
                  fatigue, worsening CHF, asthma attacks, depression and impotence  

 
DC CARDIOVERSION:  
under light sedation, shock them with 160 joule jolt. 
THIS IS RESERVED FOR PATIENTS WHO ARE OBVIOUSLY UNSTABLE AND REQURE IMMEDIATE 
RHYTHM CONTROL 

 

RHYTHM CONTROL: basically, cardioversion. Return them to sinus rhythm, 

• younger than 65 

• FEMALE 
• NOT HYPERTENSIVE 

• In Congesive HF 

• SYMPTOMATIC 

• FEMALE 
 

This approach is 
favoured for 
people who are.. 

ANTICOAGULATION FOR CARDIOVERSION:ANTICOAGULATION FOR CARDIOVERSION:ANTICOAGULATION FOR CARDIOVERSION:ANTICOAGULATION FOR CARDIOVERSION:    
Fibrillating for less than 48 hrs: 
                                    ---- Give HEPARIN before cardioversion Give HEPARIN before cardioversion Give HEPARIN before cardioversion Give HEPARIN before cardioversion    
    (there are no good recommendations for this group) 
Fibrillating for longer than 48 hrs: 
- Give HEPARIN as prelude to WARFARINGive HEPARIN as prelude to WARFARINGive HEPARIN as prelude to WARFARINGive HEPARIN as prelude to WARFARIN    
- WARFARIN for 3 weeks before cardioversionWARFARIN for 3 weeks before cardioversionWARFARIN for 3 weeks before cardioversionWARFARIN for 3 weeks before cardioversion    
- WARFARIN for 4 weeks after cardioversionWARFARIN for 4 weeks after cardioversionWARFARIN for 4 weeks after cardioversionWARFARIN for 4 weeks after cardioversion    
- INR should be in the range of 2.0 to 3.0INR should be in the range of 2.0 to 3.0INR should be in the range of 2.0 to 3.0INR should be in the range of 2.0 to 3.0    
-     

FIRST LINE THERAPY 
FOR PATIENTS WITH 
NO UNDERLYING 
HEART DISEASE 

FOR PATIENTS WITH 
CONGESTIVE HEART 
FAILURE OR 
HYPERTENSION 

FOR PATIENTS WITH 
CORONARY ARTERY 
DISEASE 



But, if you anticoagulate,  

  RATE CONTROL is often just as good:  
In any case, a heart rate of 150 or so is contributing to the symptoms and you may as well relieve 
those if you aren’t going to be cardioverting them. Therefore,  

    Calcium Channel Blockers:  
      Diltiazem (first choice) or  
     Verapimil (slightly more cardiodepressive) 

- both are negative inotropes 

    Beta Blockers:  
      Esmolol (first choice, very fast acting) or 
     Propanolol (also short acting) 

- both are negative chronotropes; good for patients with a 
history of ischaemic heart disease 

 

Persistant AF: This AF has been going for a while…        

  RHYTHM CONTROL is the preferred method. 
  Alternatively, you can rate control, especially if 

- symptoms are few and they don’t seem to bother the patient 
- There are contraindications to rhythm control methods 

 

Permanent AF: This AF just wont go away…          

  RATE CONTROL is the preferred method. 
  If the symptoms are still present with good rate control, go to 
  RHYTHM CONTROL via chemical, electrical, or invasive intra-atrial means 

- Consider ablation of the crappy atrial wall, to prevent re-entry circuits 

Digoxin: 
Can be used in 
combination with these 
drugs,  to reduce the 
needed dose … 
But its barely useful 
alone 



ECG Interpretation     
1) RHYTHM:  

regular, regularly irregular, irregularly irregular 

2) RATE: 

tachy or brady 

4) CARDIAC AXIS DEVIATION:  

S greater than R in lead I = RIGHT AXIS   

S greater than R in lead II  = LEFT AXIS 

 

 

 

 

 

 

 

 

3) P wave =atria depolarising 

should be 1 P for every QRS: 

How many Ps per QRS? 

How long is the PQ interval?  

irregular P with irregular rhythm QRS = AF 
  absent P with wide QRS = Ventricular Tachy 

absent P with narrow QRS = Junctional Tachy 
continuos undulating sawtooth  baseline P = Atrial Flutter 
continuos with 2P per 1 QRS = Atrial Tachy with block 

bifid Long P waves = LA enlargement  
peaked tall P waves = RA enlargement  
normal rate, 2Ps per QRS = second degree block  
Progressive PQ lengthening = second degree block 
Long PQ interval = first degree block 
Ps don’t match to QRS, very brady = complete block 
No P wave but a solitary QRS = ventricular extrasystole 

4) Q wave =septum depolarising or hole in conduction pattern 

HOW BIG?   Normal unless large,  

Big Q wave = Infarct in the direction of THAT LEAD 

5) QRS =ventricles depolarising;  

HOW BIG?   Normal  under 25mm, 

HOW WIDE?   Hyperkalemia, BBB 

DEFORMED QRS?  

Huge tall QRS  = LV hypertrophy 
Weak little QRS  = old infarcted muscle 

RSR pattern (“M”) in V1  = Right Bundle Branch Block 

SRS pattern (“W”) in V1= Left Bundle Branch Block 

A “Delta” wave (gently up-sloping R) =  
= Wolff-Parkinson-White Syndrome 

6) ST SEGMENT:  

DEPRESSED OR ELEVATED? Biggest ST points to the lesion 

Depressed = demand ischaemia, elevated = supply ischaemia 
Down-sloping ST = Digoxin therapy  
CONCAVE ST elevation in all leads, with elevated PR in aVR ���� pericarditis 

7) T wave =ventricles repolarising 

TALL?      INVERTED??           WITH “U” WAVE??? 
inverted = infarct in last 24 - 48 hrs; without Q waves =  Subendocardial infarct 
continuously painlessly inverted = LV hypertrophy 
with U wave = HYPOKALEMIA 

Tall T waves, Wide QRS, no ST segment = HYPERKALEMIA 

 9) U wave  

just a little bump on the end of the T wave = HYPOKALEMIA ���� 

P is the HEART BLOCK  WAVE 
P is also the ENLARGED ATRIUM WAVE 
Q is the INFARCT WAVE 
QRS is the CARDIAC AXIS COMPASS 
ST is the ISCHAEMIA SEGMENT 
T is the HYPERKALEMIA WAVE 
U wave is the HYPOKALEMIA WAVE 
Long P = LAH;  RSR = RBBB;  
ST Depression = Demand ischaemia 

RBBB 

LBBB 

The higher the Ca++ 
The shorter the QT 

Lead II looks from the 
NORMAL DIRECTION 

II, III, aVF ���� inf. view 
V1, V2 = Rt Heart 
V3, V4 = Septum 
V5, V6 = Lt Heart 
 

        V1   V6 

Evolution of an infarct: 
ST� Q wave 12hrs later � T inversion 

 

PR = 1 big square 

 

Wolff-Parkinson-White syndrome 

Max QRS = 3 small  squares 

 

QRS in lead I is 
smaller and in lead  II 

is bigger on inspiration 
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Emergency management of Acute Heart Failure    
 Presenting Symptoms 

Anxiety 
  Tachycardia 
  Dyspnoea 
  PALLOR 
  HYPOTENSION <90mmHg 
  OLIGURIA 
  LOW CARDIAC OUTPUT 
 

Killip classification  

Class  
 

Clinical features  
 

Hospital 
mortality 
(%)  
 

Class I No signs of left ventricular dysfunction 6 
Class II S3 gallop with or without mild to moderate pulmonary congestion 30 
Class III Acute severe pulmonary oedema 40 

Class IV Shock syndrome 
80-90 
 

 

3 primary goals: 

- Stabilise  haemodynamic status  
- Relieve pulmonary congestion  
- Improve tissue oxygenation 

 

PROCEDURES and INVESTIGATIONS        
1. Sit patient upright 

2. 12 litres of oxygen via face mask 
3. Attach ECG leads 
4. Insert urinary catheter 
5. Wide-bore cannula 
6. Arterial Blood Gases 
7. Listen to the lungs:  

Pulmonary oedema? 

8. Give frusemide diuretic IV  
Still anxious + tachycardic? 

9. Give Opiates for pain, anxiety and to reduce myocardioal demand 

Those ST segments just keep rising? 

10. GIVE NITRATES 

Patient still looks bad? 

11. Give beta-agonist inotropes (dobutamine or dopamine) 
(only a short term measure!)  

Patient actually GETTING WORSE? 
12. Intubate and mechanically ventilate: less energy demand on heart 

BUT DON’T USE PEEP! end-expiratory pressure will reduce the amount of 
venous return by increasing the pressure inside the thoracic cavity  

13. Consider circulatory support devices, eg. aortic pump etc. 
 

 
 

 
 

CARDIOGENIC SHOCK TRIAD ! 

SEVERE  
FAILURE 

Precipitating causes: 
- Extensive Infarction 
- Sustained arrhythmia 
- Papillary muscle rupture 
- Post-infarct Septal defect 

ABGs give a BASE EXCESS: 
a guide to actual tissue perfusion in patients

 

with acute heart failure:  

a worsening (more negative) 
base excess generally 
indicates lactic acidosis, which is 

related to anaerobic
 
metabolism, and is a 

poor prognostic feature.  
 
Correction of hypoperfusion

 
will correct the 

metabolic acidosis; bicarbonate infusions 
should

 
be reserved for only the most 

refractory cases.  
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           nstable Anginanstable Anginanstable Anginanstable Angina                                                                    

                        History of Presenting Illness:         
   By definition: 
    CHEST PAIN OF ANGINA AT REST WITHOUT PROVOCATION  
Things to ask in the first 60 seconds: 

- How long did the pain last? LONGER THAN 10 minutes? STILL HURTING?? 
Recent, lasting, unprovoked pain is of greatest concern  

- Age? The over-65s are at greater risk 
- Syncope? Sinister sign, high risk. 
- Had a heart attack ever before? Places you at intermediate risk of another one 
- Fat diabetic smoker with a family history? Risk factors not really meaningful in this 

situation; i.e would you rule out an acute MI just because this person is a skinny non-smoker?  

         Examination:      
- LOOK FOR SIGNS OF SHOCK 
- HEART SOUNDS: gallop or mitral regurgitation  

  are bad signs 
- CHEST SOUNDS: Pulmonary oedema = no good  
- Look for other heart failure signs 

But these may not have had time to develop… 

 
INVESTIGATIONS:            

ECG : continuous or at least serial: put them on a monitored bed.  
 !! THIS IS THE SOLE TEST REQUIRED TO QUALIFY FOR REPERFUSION !! 

 ST segment elevation or LBBB? ���� Immediate reperfusion therapy! 

Chest Xray …is there a hube bulbous aneurysm of the aorta? 

Tropinin T or I :: repeat 6 hours after presentation unless its already positive. 

  Will remain elevated for over a week! Not a good marker of reinfarction.  

 Serum CK levels : SERIALLY for 48 hours: quick post-MI drop off 

= will show REINFARCTION 
And then the EMERGENCY BLOODS COCKTAIL: 

EUC, FBC, LFT, and BSL 
 

RISK STRATIFICATION FOR MANAGEMENT DECISIONMAKING     

High Risk: 
- For longer than 10 minutes 
- ST changes 
- Serum Markers 
- Syncope 
- Heart failure, mitral regurg or 

gallop rhythm 
- Signs of shock 
 

 
 

Intermediate risk: 
- Pain was prolonged but  is 

resolved 
- Nocturnal pain 
- New onset of pain in prev 2 

weeks 
- Age over 65 
- History of MI 
- Q waves on ECG but no ST 

changes 
 

Low Risk: 
- Increased angina frequency or 

severity 
- Lower exercise threshold for 

angina 
- New onset angina longer than 2 

weeks ago 

- Normal ECG, negative serum 
markers 

 

Guidelines from 2000 publication by eMJA: WARNING! May be out of date… 

Consider other causes of chest pain 
Eg. PE, aortic dissection, pericarditis or 
pneumothorax. 

ALSO CONSIDER THE  
OTHER CAUSES OF ANGINA 
Eg. arrhythmias, anaemia, hyperthyroidism, 
aortic stenosis and hypertrophic 
cardiomyopathy. 

TRIAGE: category 2, requiring attention within 10 minutes  
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MANAGEMENT:             
HIGH RISK:             

- watch for acute heart failure eg. cardiogenic shock triad 

- watch for widespread ST changes: = Left main CA. or triple vessel disease! 
(qualifies the patient for IV LMW Heparin and emergency angioplasty) 

- HEPARIN should be given AS WELL as aspirin,  
especially if the patient has to be transferred by car or plane to a better hospital 

- BETA BLOCKERS seem to reduce progression to MI 
- Ca++ blockers - ! only with beta blockers  
- Still developing an acute STEMI? ����thrombolysis or angioplasty is indicated  
 
INTERMEDIATE RISK:            
- OBSERVE FOR AT LEAST 6-8 hrs 
No further ischaemia? No serum markers, normal ECG and stress test? 

���� DOWNGRADE INTO LOW RISK category 
developing further ischaemia? Serum markers suddenly positive?  

���� UPGRADE INTO HIGH-RISK category 
- If the patient has documented coronary artery disease but no high-risk features,  

manage them by increasing the anti-anginal drugs they are already on, and then observe them, looking for 

signs of instability. No heparin unless they are reclassified as high risk. 
 
LOW RISK:             
- give aspirin 
- give sublingual nitroglycerine and instruct in its use 
- Commence Beta-Blockers unless contraindicated: 

  If Beta Blockers contraindicated, use heart rate-slowing (negative chronotrope) Ca++ channel blockers 

- refer for cardiac assessment within 2 weeks 
- educate regarding angina and reversible risk factors.  

 
 

 

 
 
 
 
 
 
 
 
 
 

LONG TERM:           
ACE inhibitors: especially if diabetic or hypertensive 
Statins: if their serum cholesterol is above 4. 
Control the REVERSIBLE RISK FACTORS 

 

CARDIOGENIC SHOCK TRIAD: 
- Hypotension 
- Peripheral hypoperfusion 
- High JVP 

 

FIRST, OXYGEN. THEN, ASPIRIN. 
THEN, SUBLINGUAL NITRATES. 



Emergency Treatment of Weird Heart Rhythms     

VENTRICULAR TACHYCARDIA  
 
 
 
 

 
 FIRST: look at the patient. 
 Are they…  

healthy looking? Comfortable at a hr of 180?  
Compromised (pale, sweaty, lethargic, dizzy?) 
Arrested? (unconscious, unresponsive) 
 

Arrested is the group you should REALLY worry about. 
They are candidates for defibrillation. 
IF IN DOUBT, ZAP EM. They will die anyway. 
At least give them the benefit of a medical procedure first.  

Hit them with 200 joules (monophasic) 
  Then, check them again (better? Worse? Different rhythm?) 
  No luck? 

Hit them with 300 joules. 
Check again; still dead-looking? 

Hit them with 360 joules. 
 No effect?  
Get an ampule of adrenaline (always comes in 1ml ) 
Give it to them as a bolus.  

No venous access? Lazy nurses didn’t put in a cannula? 
You can just squirt it down their endotracheal tube.  
Adrenaline gets absorbed well enough through the lung. 

My patient has had his adrenaline and the ECG still shows broad-complex VT; 
Hit them with 360 joules AGAIN 

 Still VT? 
ITS TIME FOR ANTIARRHYTHMIC DRUGS: amiodarone 300mg  

Nothing happens? How long should this tragic farce be sustained? 
 FOR ABOUT 20 MINUTES- and then you can give up.  

UNLESS!! The rhythm changed intermittently during the process 
OR the patient is hypothermic at 28 degress C; then they might make it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Monophasic 
defibrillators work at a 
higher energy of 200 
joules, and they only pass the 

current one way between the 
electrodes. 

 
Biphasic defibrillators 
work at a lower energy 
of 150 joules, and they 

switch the direction of the 
current half-way through the jolt. 
 
Every defibrillator will be 
automatically set to its optimum 
energy, and  

you should always go 
up in hundreds: 
Eg. 200 
Then 300 
Then 360 (top setting) 
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TACHYCARDIA WITHOUT OUTPUT 

 
 
 
 
 

i.e the heart is beating madly but there is no perfusion 
Does the patient look arresty? Glasgow  3? 

WHAT COULD BE DOING THAT? 
Assess in order of curability: 

FIRST consider things that could be fixed with a huge needle 
- CHECK THE TRACHEA (midline?) 

- If it’s a tension pneumothorax, you’ll need to decompress it with a needle 
- LISTEN TO THE HEART: diminished sounds? Narrowed pulse? 

- Cardiac Tamponade can also be reversed with a huge needle 
- UNEXPLAINED HYPOXIA, LOUD PULMONARY VALVE SOUND, RV HEAVE? 

- Massive Pulmonary Embolism ( give thrombolytic bolus, give CPR) 
- OBVIOUS HYPOVOLEMIA = dry mouth, sunken eyes =  replace fluids, duh 
- HYPOKALEMIA? (wide QRS complexes) = replace potassium,  
- MASSIVE INFARCT = you are probably not going to reverse this 
-  

PROFOUND BRADYCARDIA 
 

 
 
 
 

Eg. following complete heart block (means that the heart's electrical signal doesn't pass from the 

upper to the lower chambers. When this occurs, an independent pacemaker in the lower chambers takes over. The 
ventricles can contract and pump blood, but at a slower rate than that of the atrial pacemaker.) 
SEE BELOW: 
P waves are not conducted to the ventricles because of block at the AV node. The P waves are indicated below and 
show no relation to the QRS complexes. They 'probe' every part of the ventricular cycle but are never conducted.  

 
 
 
 
 
FIRST, GIVE ATROPINE: 500-600 micrograms   

It’s a competitive antagonist of muscarinic cholinergic receptors 

THEN, give ISOPRENALINE INFUSION (beta-1 blocker, chronotropic but not inotropic) 
 Your patient is still crapping out? 
PACE EXTERNALLY: defibrillator pads on back and sternum;  
 Now the patient is twitching crazily every few moments. THIS IS VERY PAINFUL: 
So you also give a fentanyl patch. 
 

 
 
 
 
 
 
 
 
 
 



VENTRICULAR FIBRILLATION 
 
 
 
 
 
 
 

A heart like this is pumping nothing.  
Treat it like VT: shock, re-assess, give drugs, repeat.  
THE COARSER THE RHYTHM, THE GREATER YOUR CHANCES OF SUCCESS 
Eg. the rhythm below is salvageable, the rhythm above is … less so 
 
 
 
 
 
 
 
 
 
 

 
ASYSTOLE 
 
 
 
 
 
 
 

This is a dead heart. Very few people recover from asystole. 
Still, one must try: 
THUS give CPR, ventilate,  defibrillate, give adrenaline 1ml and then 5ml… 
 
 
 
 



Heart FailureHeart FailureHeart FailureHeart Failure                                                    
History of Presenting Illness          
The heart failure patient, upon presentation, will complain of 

- EXTERTIONAL DYSPNOEA 
- ORTHOPNOEA 
- PAROXYSMAL NOCTURNAL DYSPNOEA 
- ANKLE SWELLING 
- ABDOMINAL SWELLING 
- ANOREXIA 
- NAUSEA 

…or, possibly, the bouquet of INFARCT SYMPTOMS +ANGINA 

 
Differential Diagnoses            
Acute Respiratory Distress Syndrome  
Asthma  
Cardiogenic Shock  
Chronic Bronchitis  
Chronic Obstructive Pulmonary Disease  
Emphysema  
Goodpasture Syndrome  
Myocardial Infarction  
Myocardial Ischemia  
Pneumocystis Carinii Pneumonia  
Pneumonia, Bacterial  

Pneumonia, Community-Acquired  
Pneumonia, Viral  
Pneumothorax  
Pulmonary Edema, Cardiogenic  
Pulmonary Edema, High-Altitude  
Pulmonary Edema, Neurogenic  
Pulmonary Embolism  
Pulmonary Fibrosis, Idiopathic  
Pulmonary Fibrosis, Interstitial 
(Nonidiopathic)  
Respiratory Failure 

 

Pertinent Findings on History          
• Orthopnea = early symptom;  

…how many pillows?… 
… occurs rapidly, often within a 

minute or two of recumbency  

• Exertional dyspnea 

• Non-productive cough 

• Paroxysmal nocturnal dyspnea 
= sudden awakening of the patient, after 
a couple hours of sleep, with a feeling of 
severe anxiety, breathlessness, and 
suffocation. The patient may bolt upright 
in bed and gasp for breath. 
… may require 30 minutes or longer in 
this position for relief.  

• Dyspnea at rest 

• Nocturia 

• Fatigue and weakness 

• Cerebral symptoms:  

• Confusion, 

• memory impairment,  

• anxiety,  

• headaches,  

• insomnia,  

• bad dreams or nightmares,  

• rarely, psychosis with 
disorientation, delirium, or 
hallucinations may occur in 
elderly patients with advanced 
heart failure, esp. those with 
cerebrovascular atherosclerosis. 

 

• Predominant right heart failure: 

• Ascites,  

• congestive hepatomegaly,  

• increased abdominal girth  

• epigastric and right upper quadrant 
(RUQ) abdominal pain.  

• anorexia, 

•  bloating,  

• nausea,  

• constipation. 

•  In preterminal heart failure, 
inadequate bowel perfusion can 
cause abdominal pain, distention, 
and bloody stools. Distinguishing 
right-sided CHF from hepatic failure 
is often clinically difficult. 

• NO Dyspnea !! unlike LHF  

• NOT UNTIL LATER does dyspnea 
occur as a consequence of the 
reduced cardiac output, poor 
perfusion of respiratory muscles, 
hypoxemia, and metabolic acidosis 

 
 
 
 
 
 
 

RVF 

LVF 
The patient will 
invariably be FAT, 
possibly DIABETIC, 
and almost certainly 
a SMOKER 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Findings on Examination           
LVF 
OBSERVATION: 
Tachypnoea 
Central cyanosis 
Cheyne-Stokes breathing 
Peripheral cyanosis 
Hypotension 
Cardiac cachexia 
PULSE: 
Sinus tachycardia 
low pulse pressure 
pulsus alternans  
(alternating strong and weak beats)] 
PALPATION: 
displaced apex beat 
AUSCULTATION 
left ventricular S3 
mitral regurg pansystolic murmur 
lung fields will crackle coarsely @ bases 

RVF 
OBSERVATION: 
Swollen ankles / abdomen 
Peripheral cyanosis 
PULSE: 
low volume 
JVP 
Raised with large V waves 
PALPATION: 
“Rt ventricular heave” 
tender hepatomegaly  
(liver distended against the rigid capsule) 
pitting oedema 
AUSCULTATION 
rt ventricular S3 
tricuspid regurg pansystolic murmur 
 

 
Tests and Investigations:     its all about the UNDERLYING CAUSE  
FBC: Looking for anaemia, which would in turn cause tachycardia in an underperfused heart 
Electrolytes Looking for derangements of calcium and potassium (cause arrhythmia) 
Liver Function Tests Looking for liver failure, to exclude a non-cardiac reason for hepatomegaly 
ABGs 

Looking for O2; to see if more is needed. 
If there is hypercapnea, hypoxemia, and the pt. is acidotic 

- consider doing something RIGHT AWAY 
CHEST X-RAY            

 

 
 
 
 
 
 
 
 
 
 
 

Remember the 

Kerley lines!! 
= signs of oedema; = fluid in 

the interlobular septum 

CARDIO-RADIOLOGY: ALWAYS MEASURE PA FILM 

to get the right magnification, else the heart seems too big 

1st thing: HEART SHOULD OCCUPY NO MORE THAN HALF  
OF THE THORACIC DIAMETER 

2nd thing: look for effusion (blunt angles) 
3rd thing: look for  pulmonary congestion (batwings)  

Position of the 
oesophagus 

KEY WORDS FOR RADIOLOGICAL 
ABNORMALITIES OF HEART FAILURE: 
- Enlarged cardiac silhouette 
- Spread fan of “batwings” around heart: opaque 

distended vessels 
- cuffing of the bronchial walls (OEDEMA) 
- pleural effusions at the costodiaphragmatic 

recesses 

- Kerley Lines  
 



ECG               
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ECHOCARDIOGRAM           
Shows everything! ���� EASIEST + LEAST EXPENSIVE 

- Function of valves  

- Whether anything regurgitates through the valves 
- Thickness of LV wall  
- Presence of pericardial disease 
- Regional wall motion abnormalities 

Disease Definition            
Heart failure: when cardiac output is less than what the tissues demand;  

i.e the HEART IS NOT DOING ITS JOB 

Management: DRUGS to either live longer or feel better (and rarely both)  
!! Most effective drugs are those that modify harmful neurohormonal adaptation !! 
THERE IS AN ESTABLISHED PATHWAY OF TREATMENT according to patients condition: 

  0.   non-glycoside inotropes @ ACUTE PRESENTATION = use for short-term circulation support 
1. NITRO VASODILATORS: reperfuse the myocardium, reduce TPR 
2. Beta Blockers. Start right away 
3. ACE Inhibitors while LV dysfunction is asymptomatic 
4. Mild Diuretics + Digoxin when it becomes symptomatic 
5. Loop diuretics  
6. Spironolactone (aldosterone inhibitor) when theres dyspnoea at rest 
7. Specialised therapies, angioplasty transplant, multi-agent diuresis  

AND ALL THE WHILE:  

• Education:  QUIT SMOKING !! STOP DRINKING !! 

• Exercise  

• Salt and Fat reduced diet 

BAD 

WORSE 

THERE IS NO DIAGNOSTIC “HEART FAILURE” ECG! 
Instead, youre LOOKING FOR: 
- ARRHYTHMIA      

- atrial fibrillation is present in 25 percent of patients with 

cardiomyopathy, especially elderly patients with advanced heart 

failure.
23

 The prognosis is worse for patients with atrial 

fibrillation, atrial or ventricular tachycardia, or left bundle 

branch block 

IF THEY ARE IN ATRIAL FIBRILATION, GIVE THEM 

ANTICOAGULANTS RIGHT AWAY!! Don’t wait for the 

thrombus to break off and sail to the brain 

 

- LV ENLARGEMENT: left axis deviation   

 

 

 

 

 

 

 

 

 

 

 

 

- ST SEGMENT CHANGES to indicate infarct; see left  
 

In general, 
patients with an 
ejection fraction 
below 25% have 

severe heart 

failure. 

Patients’ 
condition: 



 

 
Prognosis             

HEART FAILURE ALONE: you have a 5-20% chance of dying in the hospital 
WITH MYOCARDIAL INFARCTION, 20-40% mortality  

 

Epidemiology 
- Nearly 1 million hospital admissions for acute decompensated CHF occur in the United States yearly, 
- Affects 2% of the USA population 
- Nearly 2% of all hospital admissions in the United States are for decompensated CHF, 
- An estimated $23 billion are spent on inpatient management of CHF every year  
- Another $40 billion are spent in the outpatient setting on patients with compensated or mildly decompensated 

heart failure every year 
- incidence and prevalence of CHF are higher in the underprivileged proletariat  
- Men and women have equivalent incidence and prevalence of CHF 
- most common in individuals older than 65 years 
 

 
Behavioural science:         HOW TO DETECT AN ALCOHOLIC 
Historical assessment: 

Ask about  
- amount, (men = 28 /wk, women = 14) 
- regularity (need alcohol-free days) 
- favourite drink (spirits more dangerous) 
- “eye-openers” (= sign of addiction) 
- withdrawal effects 
- depression, anxiety 
- social problems, psychological problems 
- relationship, family, work-related or legal problems 
 

Physical assessment: 
Look for:  
- liver edge:  

- swollen (steatosis, early)  
- or shrunken (cirrhosis, late) 

- abdomen: distended with ascites? 
- Jaundice? 
- Cardiomegaly? 
- Neuro exam: encephalopathy? 
 

Laboratory assessment: 
- LIVER FUNCTION TESTS are all-powerful; look to GGT and ALT 
- BLOOD FILM AND COUNT: looking for megaloblastic anaemia of alcoholism 

 
 
 
 
 
 
 
 
 
 
 

estimated 5-year mortality rate of 50%. 



Aetiology / Pathophysiology: mechanism of HEART FAILURE  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHRONIC ALCOHOL 
CONSUMPTION > 90 g/day 

Genetic defect of 
the  SARCOMERE 

MITRAL or AORTIC 
REGURGITATION 

DILATION 
CARDIOMYOPATHY 

myocardium remodels in series in 
response to distending stimulus 

Chronic VOLUME OVERLOAD 
 = INCREASED PRELOAD 

IMPAIRED CONTRACTILITY 
- Too few myocytes 
- Reduced force per unit area 

(inefficient dilated anatomy) 
- Too much preload 

(heart muscle stretched by influx of 
blood- too much blood filling it to 
contract effectively 

INFARCTION 

ISCHAEMIA 

REDUCED 
CARDIAC 
OUTPUT 

Myocyte death 
    And FIBROSIS 

SYSTOLIC  DYSFUNCTION 
i.e diminished ejection fraction 

AORTIC STENOSIS 

HYPERTENSION 

RESISTANCE TO 
BLOOD FLOW: 
INCREASED AFTERLOAD 

Myocardiocytes remodel in parallel 
i.e wall thickness increases; = 
= CONCENTRIC CARDIOMYOPATHY 

Left Ventricular 
HYPERTROPHY 

FIBROSIS 

RESTRICTIVE 
cardiomyopathy  
eg. pericardial 
adhesions, etc 

Genetic defect of 
the  SARCOMERE 

Transiently impaired 
relaxation – due to 
ion pump starvation  

CHRONICALLY 
STIFFENED  
LEFT 
VENTRICLE 

IMPAIRED  
RELAXATION 

Thus 
DIMINISHED 

FILLING 

DIASTOLIC  DYSFUNCTION 

LV filling obstruction: mitral 

stenosis, cardiac tamponade etc.  

Decreased perfusion pressure 
sensed by carotid sinus and 

aortic arch baroreceptors 

ISCHAEMIA 

VIA CRANIAL NERVES 9 and 10 @ MEDULLA: 
decreased parasympathetic outflow 

increased sympathetic outflow 

INCREASED HEART RATE 
Thus INCREASED METABOLIC 
DEMAND @ MYOCARDIUM 

VASOCONSTRICTION Increased VENOUS RETURN 

INCREASED AFTERLOAD 

REDUCED STROKE VOLUME 

!!! REDUCED CARDIAC OUTPUT !!! 

REDUCED 
CARDIAC 
NUTRITION 

REDUCED 
RENAL ARTERY 
PERFUSION 

Reduced delivery of 
salt to the macula 

densa of the kidney 

RENIN IS SECRETED 
� converts circulating angiotensionogen into 
ANGIOTENSIN 1 
� converted by endothelial ACE into  

ANGIOTENSIN-2 
= arterioconstrictor 
= thirst stimulator via hypothalamus 
= ADH secretion stimulator @ant. pituitary 
  (thus reducing Na+ excretion) 
= ALDOSTERONE secretion stimulator 
   (thus further reducing Na+ excretion ) 
  NO Na+ EXCRETION = WATER RETENTION  
 

Increased 
blood 

pressure 

Some return to 
 NORMAL  
CARDIAC OUPUT 
 

INCREASED 
BLOOD 

!! VOLUME !! 

INCREASED LOAD ON CHAMBERS: 
= ATRIA DISTENDED 

���� Atrial Natriuretic Peptide released 
= INHIBITS RENIN SECRETION 
= REDUCES EFFECT OF Angiotensin 2 on  

ALDOSTERONE secretion 
= INCREASED EXCRETION OF SODIUM;  

���� thus REDUCED BLOOD VOLUME  
 



The Heart and Exercise           
 Cardiac Output increases in response to increased oxygen demand. 

MAXIMAL EXERCISE: 
Maximal heart rate does not increase 

after training. It stays the same (or might even 

decrease just slightly). However,  

maximal stroke volume increases.  

 

MAXIMUM HEART RATE: 
The rate beyond which the 
heart will not have time to fill 
DECREASES WITH AGE 
= 220 minus age in years 

- useful max = ~180 bpm 
 
EXERCISE: 
- As you begin to exercise, the 

oxygen demand increases. 
- THUS cardiac output increases: 

BY INCREASING BOTH HEART RATE AND STROKE VOLUME 
- HOWEVER one would expect mean arterial pressure to increase from all this extra blood 

being pumped in – 
- MAP does not increase – because the blood vessels also dilate, 

 redirecting blood flow TO THE STARVING MUSCLES 
- The blood flow can increase 35-fold!! 
- THUS the blood pressure doesn’t increase nearly as much as the heart rate 

 

Physiology of heart function:          
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DIASTOLE: 
Relaxed ventricles fill with atrial blood 
The ventricle wall distends 

SYSTOLE: 
 Ventricular wall contracts  in response to pacemaker signal 

Rising ventricular pressure forces the “in” valve shut 
NO VALVES ARE OPEN AT THIS STAGE!!  
= ISOVOLEMIC CONTRACTION (volume does not change) 
Ventricles continue to contract 
Pressure rises 
Eventually the “out” valve (eg. aortic) is forced open 
THUS: A jet of blood is squirted into the systemic circulation 
THIS JET IS THE STROKE VOLUME 
Now, the ventricle begins to relax 
Pressure inside it falls 
The back-pressure from the systemic circulation  

(eg. pressure inside the aorta)  
forces the “out” valve closed. 

Ventricle continues to relax until the pressure falls so far that  
the “in” valve is open again 

THUS, FILLING FROM THE ATRIA COMMENCES AGAIN. 
���� DIASTOLE  

 
 

The cardiac output = (Stroke volume) times (Heart Rate) 
 

 

 

 

 

End-diastolic LV volume: 

(before pumping)= 

= 70 ± 20 ml/m 
2
 s 

 

End-systolic LV volume: 

(after pumping) = 

25 ± 10 ml/m 
2
 s 

 

Ejection Fraction: 

50%-70% 
 
Normal atrial pressure:  
RA= 3-5 mmHg 
LA = 5-10mmHg 
Ventricles in diastole: 1-3mmHg 
Up to 8-10mmHg at the end of filling up 
 
NORMAL SYSTOLIC VENTRICLES: 
RV =20-25mmHg 
LV = 110-130 mmHg 
 
NORMAL pulmonary artery pressure: 

=25/12 mmHg 

Normal Aortic Pressure: 

=120/80 mmHg, 

all because the resistance is 

higher in the systemic circuit 

PRELOAD: 

end-diastolic pressure 
just before contraction 

AFTERLOAD 

= pressure required to 
open the aortic valve 



Molecular Biochemistry and Physiology of Myocardiocytes    

The steps: 
The fast sodium channel waits for the arrival of an action potential 
@ rest the voltage is –90 mV;  
DEPOLARISES THE CELL (by allowing lots of Na+ into the cell) 
The fast Na+ channel is ONLY ACTIVE FOR MILLISECONDS! 
will not open again until the cell has reached –90 mV again 
THIS DEPOLARISATION is the FAST UPSTROKE PHASE 
Voltage activates the POTASSIUM CHANNEL  
� potassium rushes out of the cell 
� THUS: transient repolarisation 
BUT: voltage opens L-type VOLTAGE GATED CALCIUM CHANNELS 
� CALCIUM RUSHES IN along concentration gradient 
this (K+ out, Ca++ in) current maintains the flat PLATEAU 
!! calcium influc opens Calcium-gated Calcium Channels !! 
@ sarcoplasmic reticulum 
THUS ���� MASSIVE INFLUX OF CALCIUM from the reticulum) 
THUS ���� CONTRACTION OCCURS 
The calcium is then pumped out: 

����  to the reticulum (SERCA ATPase) 
���� to the outside (Na+/Ca++ exchanger) 
(which means the Na+ ends up in the cell) 
(thus � Na+ pumped out by Na+/K+ ATPase) 

thus, the positive charge is removed from the inside of the cell,  
and it is ready to depolarise again when the fast NA channels  
re-activate and sit ready, waiting for an action potential 
 

!! PACEMAKER CELLS DEPOLARISE SPONTANEOUSLY !! 
= are much less negative (only –60mV) and thus THE FAST Na+ CHANNELS ARE PERMENENTLY CLOSED 
THUS: no rapid upstroke! Relatively gentle upstroke instead, via Ca+ channels 

*PACEMAKER CHANNEL slowly depolarises the cell by slowly sucking Na+ back into it  

Calcium binds 
to TROPONIN-C 

 

FRANK-STERLING PRINCIPLE: 

The more you stretch the sarcomeres, 

the more they will contract. 

i.e. the more the heart fills, 

 the more it will contract 
If the sarcomere is overstretched, contractile force declines. 



Relevant cardiac anatomy          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



About 25-30% of the human heart cell volume 
consists of mitochondria.  
THAT’S 30% of the crossection! 
In contrast, mitochondrial make up less than 5% 
of the untrained skeletal muscle cell volume 
THUS: whereas skeletal muscle can survive for hours in hypoxia, the 
heart muscle RELIES ON OXYGEN TOO MUCH and thus will die 
rather quickly. 
METABOLISM OF MUSCLE 
4 chief sources of energy in order of importance: 
- ATP: = 3-4 seconds of max contraction 
- Phosphocreatine (PCr)- PCr + ADP � ATP + 

Creatine = 10-15 seconds of max. contraction 
- Glycogen (AEROBIC): Glycogen � lactic acid   
       producing 3 ATP per glucose unit = 1-2 minutes 
 

Cell biology: contractile properties of the  MYOCARDIUM   
 
Myocardium myocytes are quite small cells� 
They have to be, to let the oxygen diffuse more easily. 
 
MAJOR DIFFERENCE from muscle cells: these myocytes 
can transfer their action potential to one another (and 
skeletal muscle cannot)- this is done via intercalated 
disks 

Intercalated Discs: 
- contain anchoring desmosomes and gap junctions 

- Desmosome: sites of attached between adjacent cardiac cells 
- Gap Junction: essentially tiny holes in the disk  
 

PHYSIOLOGY OF MUSCLE:     

Skeletal muscle: composed 
from fibres of similar length 
Muscle Fibres are composed 
of multinucleated muscle 
cells-  
Nuclei are on the outside  
while the inside is filled with 
myofibrils 
Myofibrils are composed of 2 
proteins: 
-Actin (thin) 
-also Troponin 
-also Tropomyosin 
-Myosin (fat) 
each actin/myosin unit is a 
SARCOMERE 
Sarcoplasmic reticulum is a 
folded membrane which 
surrounds the areas of 
sarcomeres where actin and 
myosin overlap; it has a high 
concentration of Ca++ ions 
-T Tubules  penetrate into the 
sarcolemma to convey the 
travelling Action Potential 
(AP) 
CONTRACTION: 
- when AP reaches the end of 
the tubule the surface 
membrane voltage-gated 
channels open,  
� sarcoplasmic reticulum 
Ca++ channles (ryanadine 
receptors) also open 
� sarcoplasmic reticulum 
releases Ca++ ions at every 
sarcomere-  
�troponin binds the Ca++ 
� tropomyosin moves to 
reveal the myosin-binding site 
on actin  
(which is normally hidden) 
 

Structure of the Myocardium  
myocardium  
= syncytium of myocytes  
Myocytes 
: contain contractile yofilaments.  
Myofilaments:  
contain contractile proteins (actin 
and myosin) + regulatory 
proteins (such as troponin and 
tropomyosin).  
These proteins are 
assembled into 
sarcomeres, which are 
the contractile units of the 
myocardium. 

The structure of the sarcomeres is maintained  
 
 

The interaction of the myosin head with an exposed actin binding site is central to the contractile process. After 

binding to actin and myosin, the myosin molecule bends at the head-rod junction and this protein deformation 

shortens the myofilament (power stroke). Repetition of the power stroke shortens the muscle. This process 

requires hydrolysis of ATP at the rate of 1 ATP molecule per power stroke per myosin molecule. 

����Myosin heads bind to actin (ATP-powered) 
���� this is ONE CYCLE;  repeated cycles result in MUSCULAR CONTRACTION; 

 from rest it is a 50-fold increase in ATP consumption.  

RELAXATION:Ca++ reabsorbed into sarcoplasmic reticulum (SERCA calcium pump is ATP-powered) 



 

Control of contractility is achieved via the Calcium concentration 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CAUSES OF HEART FAILURE           
The underlying cause is the pathological 
process affecting the heart and leading to 
impaired myocardial pump function.  

A precipitating cause is a factor or event 
which results in decompensation of the 
heart and symptoms. 

 
Typical precipitating causes are factors placing an additional load upon the heart such as  

- fever,  
- anaemia  
- systemic infection. 
- arrhythmias such as atrial fibrillation 
 

potential underlying causes of heart failure: 
- coronary artery disease, thus impaired blood supply  
- myocardial infarction,  
- valve disease, (thus increased haemodynamic load on the heart ) 
- cardiomyopathy, 

Causes of dilated cardiomyopathy include  

- alcohol abuse,  
- previous myocarditis,  
- hereditary defects in myocardial metabolism  
- metabolic abnormalities such as hyper/hypo-thyroidism, or 

haemochromatosis.  
- Occasionally drugs or heavy metal poisoning can cause cardiomyopathy.  
- An important drug cause is the anti-cancer drug, adriamycin. 

restrictive cardiomyopathy.  
These patients typically have thickened and stiff ventricular myocardium,  
- due to fibrous infiltration or deposition of abnormal glycoproteins.  
The most common cause in Australia is amyloidosis which is manifest mostly in older women.  

i.e more calcium ���� 
���� more troponin activated ����  
���� more contraction happens because more actin/myosin 
chains are activated 

So…how does Calcium increase in the cells? 
* removal of Calcium occurs only during diastole* 
THUS: increase rate = decrease diastole  
= more calcium remains inside 

PLUS:  
Noradrenaline (which increases heart rate) activates 

the phospholamban-bound SERCA calcium pump which 
sucks it all out of the cell again, meaning shorter relaxation is 
needed.  
PLUS noradrenaline opens calcium channels into the 
cell, thus overall calcium increases. 



Pharmacology, from the glorious mouth of the DEAN OF MEDICINE   
Diuretics:             

  

 

 

 

 

 

 

Digoxin : oldest drug in the cardiology book.       
BEST EVER for atrial fibrillation;  

!! NARROW THERAPEUTIC RANGE !!  

may cause visual disturbance + arrhythmia (??) 

Effects: 

Reduced serum noradrenaline  
(thus less sympathetic vasoconstriction) 

Reduced RAAS activity 
Reduced peripheral nervous activity 
INCREASED vagal tone 
 
LONG TERM: SURVIVAL SIMILAR TO PLACEBO 
FEWER hospital admissions, but…  
MORE serious arrhythmias 
MORE myocardial infarctions  

 

 

 

 

 

 

 

Non-Glycoside Positive Inotropic Agents        
����Adrenaline and beta-adrenoceptor agonists 
���� phosphodiesterase inhibitors (sympathomimicry) 

INCREASE FORCE + RATE !!  
great for resurrecting a massive acute MI: BUT NEVER FOR LONGER THAN 3 DAYS!! 

 

Aldosterone Inhibitors,  namely the great SPIROLACTONE    

= a competitive antagonist of the aldosterone receptor 
= DO NOT USE if the pt. has bad kidneys, hyperkalemia or 
metabolic acidosis 

= good in combination! 

Thus, mix and match at will.  
BUT: 1 + 1 equals 50. So be careful. 
DO NOT OVERDO IT 
 

GOOD COMBINATION:  
a loop diuretic + K sparing diuretic 
 
EFFECTS: none on cardiac output, 
but certainly improves preload 
 
THIAZIDES:  
mild but powerful in combination 
cause increased excretion of  
Na, K, Ca, uric acid, HCO3 
 
K-sparing: 
Weak, but spare potassium which is 
good if you want to avoid arrhythmia 
 
LOOP diuretics 
POWERFUL alone, beware; 
May excrete 15-20% of filtered Na+ 
 

SIDE EFFECTS of THIAZIDE and LOOP DIURETICS: 
Reduce volume, reduce NA+, K+, Ca++, Mg++ ����THUS: Confusion!! 

INCREASED SERUM LDL, UREMIA, GOUT, DELIRIUM, alcalosis!! 

Must titrate dose: no standard; observe patients condition and judge: 

try to hover between prune and blob 
 

K-sparing diuretics will instead cause Acidosis and rash/pruritis 

 

!! OBSESS !! 
over 

!! POTASSIUM !! 

SIDE EFFECTS of DIGOXIN: 

Heart block, nausea, vomiting, diarrhoea, depression, 

 disorientation, paraesthesia, blurred vision, scotomae,  

“yellow-green vision”, gynaecomastia. 

BIOCHEMISTRY 
Increases intracellular calcium and allows more calcium to enter the 
myocardial cell during depolarization via a sodium-potassium pump  
mechanism; this increases force of contraction (positive inotropic 
effect), increases renal perfusion (seen as diuretic effect in patients  
with CHF), decreases heart rate (negative chronotropic effect), and 
decreases AV node conduction velocity. 

ONLY FOR 
SHORT TERM  

!! CIRCULATORY SUPPORT !! 

you can kill the patient with these 

SIDE EFFECTS: gynaecomastia, renal failure 



VASODILATORS:           
       These aren’t bad as the heart will require less  

effort to pump through a circulatory system which has 
less RESISTANCE: 
BUT:You build up a resistance to them 

        
NITRATES: 
Not very important;  
only for acute MI with congestive failure 
TOLERANCE DEVELOPS! 

���� must abstain for 24hrs 
DO NOT GIVE in hypotension 

 

 

Angiotensin Converting Enzyme Inhibitors (These also vasodilate)   
���� ACE-Inhibitors IMPROVE SURVIVAL  
- they inhibit post-MI remodelling of 

the myocardium,  
- they modify the progression of 

congestive heart failure 

- they reduce the number of 
hospitalisations 

 

 
 
 

Beta Blockers ���� OVERWHELMING  BENEFITS!! Criminal not to use them  
Beneficial actions: 

- increased density of beta radrenoceptors 
- reduced nurohormonal activation  
- reduced heart rate 
- antiarrhythmic, antianginal, antioxidant 
Harmful actions 

- reduced Cardiac Output 
- Bronchospasm 
- Risk of heart block 
- Risk of decompensated HF 

 
 
 
 
 
 
 
 
 
 

START CAREFULLY, ON LOW DOSES;  WITHDRAW SLOWLY,  TITRATE CAREFULLY 

Calcium Channel Blockers           
Counter-ischaemic, and vasodilatory; reduce inotropy 

Anticoagulants (for Atrial fibrillation, or previous Cerebrovascular accidents)  

Antiarrhythmics eg. amiodarone if about to die from ventricular fibrillation 

 

ALL ELSE FAILS: Implanted pacemaker 

Venous  
vasodilators 

DO NOT GIVE ACE-Inhibitors in: 
- Renal artery stenosis, 
- renal insufficiency,  
- hyperkalemia,  
- severe hypotension 

Angiotensin II receptor 

antagonists are also available 



HypertensionHypertensionHypertensionHypertension                                
HISTORY:             

Ask about FAMILY: 
- Hypertension  
- Heart disease or STROKE 
- Diabetes, GOUT, hyperlipidaemia 
- Kidney disease 

Ask about LIFESTYLE VICE 
- Salt intake  
- Fat intake  
- Obesity  
- Alcohol use  
- Tobacco Use  
- Cocaine  
- Methamphetamine  
- Lead Exposure Risk 

Ask about ENDOCRINE DISEASE 
- Diabetes Mellitus  
- Hyperthyroidism  
- Hypothyroidism  
- Hyperparathyroidism 
- Cushing's Disease  
- Aldosteronism  
- Pheochromocytoma  

Ask about CARDIOVASCULAR DISEASE 
- Myocardial Infarct 
- Claudication 

PHYSICAL EXAMINATION           
Neck Exam  
- Thyroid exam  
- Carotid Bruits  
- Neck vein exam  
Chest exam  
- Congestive Heart Failure signs  
- Palpable intercostal pulses  
Cardiovascular Exam  
- S4 Gallop rhythm (decreased LV compliance)  
- Tachycardia  
- Accentuated S2 Heart Sound  
- Aortic Insufficiency murmur  

Abdominal Exam  
- Abdominal bruit  
- Abdominal Aortic Aneurysm  
- Enlarged or tender kidneys (CVA pain)  

Peripheral Vascular Disease  
- Femoral bruits  
- Symmetrical pulses  
- Lower extremity shin Hair Loss  
- Peripheral neuropathy 
- Radio-femoral delay 

 

 
 

!! FUNDOSCOPY !! characteristic changes ���� 
 

DIFFERENTIAL DIAGNOSES:      
- Primary HT 
- Secondary HT (renal a. stenosis) 
- Phaeochromocytoma 
- Hyperthyroidism 
- Diabetes 
- Drug-induced 

 
 
 

Medications causing HT  
- Decongestants  
- Nose drops  
- Appetite suppressants  
- Thyroid Replacement  
- NSAIDs  
- Stimulant Medications or drugs  
- Ergonomic aids (athletes)  
- Cocaine  
- Herbals containing Ephedra  
- Sodium retaining agents  
- Oral Contraceptives (in 5% of users) Estrogen 

Replacement Therapy  
- Licorice  
- High Sodium Antacids  
- Mineralocorticoids  
- Glucocorticoids  
- Anabolic steroids  
- Antidepressants  
- Cyclosporine (significantly raises Blood Pressure)  
- Erythropoietin  
- Growth hormone  
- Herbals Affecting Blood Pressure  
 

 Hypertensive Retinopathy  

Grading of Hypertensive funduscopic changes 
 Grade 1:  spasm of vessels 
 Grade 2:  Arteriovenous “nipping” 
 Grade 3:  Hemorrhages, exudates 
 Grade 4:  all of the above + papilloedema   
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



These are arbitrary 
outcome-related 

definitions 

TESTS AND INVESTIGATIONS:          
If you measured their blood pressure, you know they’re hypertensive. Time to look for end organ damage 

Urinalysis 
 �  to screen for diabetes, 

 i.e microalbuminuria, glucose, 

 ���� to screen for chronic renal failure  
i.e blood, high protein 

     

Plasma Biochemistry 
 ���� look at  Creatinine 

        Blood Urea Nitrogen, 
 Potassium  
 Glucose 

Lipids 
Urate 

 
FBC 

���� its really the HEMOGLOBIN that youre interested in;  
chronic renal failure results in both hypertension and NC-NC anaemia 

 

Chest X-ray 
���� HEART SIZE (LV hypertrophy expected) 
���� RIB NOTCHES (coarctation of aorta results in collateral circulation,  

thus expanded costal arteries, 
 thus notching of the inferior rib surface 

 
12-lead ECG: 
- Broad P waves in limb leads ( left atrial enlargement) 
- Conduction abnormalities, eg. left bundle branch block 
- Left Axis Deviation signifying LV hypertrophy 
- ATRIAL FIBRILLATION (!!) 

 

DISEASE DEFINITION:  flavours of hypertension     
Optimal    BP         120/80 
Moderate HT   =  140/90 
SEVERE HT    =  180/120 
Isolated systolic HT =   more than 140 / less than 90       

 

 
 
 
 
 
 
 
 
 

 Discretionary Tests: 
- 24 hr free cortisol  

- (cushings) 
- 24 hr catecholamines 

- (phaeochromocytoma) 
 Plasma aldosterone/renin ratio 

- (Conn’s syndrome) 
- CT or MRI of thoracic aorta  

- (Coarctation of the aorta) 
 

Run all the tests you like, but 

90% OF HYPERTENSION =  

NO IDENTIFIABLE CAUSE 
i.e “Essential Hypertension” 



MANAGEMENT            
Mild/Moderate Hypertension 
Non-pharmacological treatment: 

- Meditation 
- Weight loss 
- WALKING 
- Reduce salt and fat in diet 

Severe Hypertension ���� always with drugs. 
PHARMACOTHERAPY           
1st choice: DIURETICS: thiazides in particular (K+ sparing) 
2nd choice: Beta blockers: save lives. 

- Not only do they vasodilate and reduce cardiac output, BUT 

- They also block the sympathetic stimulation of renin relsease! 
Alpha-2 adrenoceptor agonists 

- Act centrally @ medulla to decrease sympathetic outflow 
- Thus cause an unopposed vagal tone, and reduced sympathetic vasoconstriction 

- Thus � reduce cardiac output and thus decreased blood pressure 
Alpha-1 adrenoceptor antagonists 

- Act peripherally on “capacitance” vessels; dilate these 

Vasodilators 
- Must use together with other drugs because of reflex responses to reduced arterial pressure 
- Eg. tachycardia may result 
- Example: MINOXIDIL: opens K+ channles in vascular smooth muscle; 

-  thus � hyperpolarisation, no risk of contraction no matter what. 
- ONLY USE IF SEVERE HT!! 

L-type Calcium Channel Blockers 
- Very good for decreasing chances of stroke, infarct and sudden death 

Angiotension 2 (type 1 receptor) inhibitors  
- Disease-Modifying (?) � vascular hypertrophy is mediated via the AT1 receptor. 

ACE Inhibitors 
- Discussed elsewhere 

NITROPRUSSIDE: for absurdly high blood pressure  
- Intravenous drug; metabolism liberates cyanide 

COLLATERAL MANAGEMENT:         
Statins:  

- Block cholesterol synthesis @ liver 
- Cause Feedback upregulation of LDL receptor expression 
- Thus increase LDL removal 

 
 
 
 
 
 
 

Western diet =  
10x the physiological salt requirement 

     NO RESPONSE? Switch to DRUGS 
- Alpha-2 agonists 
- Alpha-1 ANTAgonists 
- Beta-1   ANTAgonists 
- Diuretics esp. THIAZIDE 
- Vasodilators eg. ACE-inhibitors 



PHYSIOLOGY: SHORT TERM REGULATION OF BLOOD PRESSURE: 
Arterial pressure regulation: 

Divided into short-term, intermediate term and long-term mechanisms. 

 

short-term mechanisms are neural reflexes,  
intermediate mechanisms are hormonal,  
long-term mechanisms consists mainly of the renal system 

          

SHORT TERM: Seconds to Minutes #################################################### 

Mainly the Arterial baroreceptor reflex 

= spray-type nerve endings lying in the walls of the carotid sinus and aortic arch 

CAROTID ���� GLOSSOPHARYNGEAL N. 

AORTIC  ���� VAGUS N. 

= are stretch receptors 

= respond to changes in arterial wall stretch 

= tonic activity @ normal arterial pressure 

= CHANGE IN FIRING RATE influences B.P. 

= SENSITIVE RANGE 50 to 160 mmHg 
= ADAPT within 1-2 days to whatever pressure level that prevails 

THUS: mostly used for compensating CHANGES IN POSTURE and METABOLIC ACTIVITY 
 

OTHER MECHANISMS= ALSO RUN IN VAGUS + GLOSSOPHARYNGEAL NERVES to (NTS)@ medulla 

arterial chemoreceptors (located in the carotid body and aortic arch) 

- stimulated primarily by a decrease in the pO 2 

- BUT: also affected by massive drops in BP eg. blood loss 

REFLEX: chemoreceptor stimulation ���� VASOCONSTRICTION 

 

ATRIAL RECEPTORS respond to a drop in VOLUME 

REFLEX: drop in volume   ���� increase in VASOMOTOR NERVE ACTIVITY @ KIDNEY 
      ���� signal to hypothalamus ���� PITUITARY RELEASES  

 ANTIDIURETIC HORMONE 
����  ADH (vasopressin)  causes INCREASED WATER and SALT RETENTION 

 

= Thus, water is retained and blood volume is restored  

 

VENTRICULAR  ARRHYTHMIA       5.05 
RAPID VENTRICULAR RATE = SHORT DIASTOLE = NOT ENOUGH FILLING + LOW HEART NUTRITION 
THUS; ���� ARRHYTHMIA = DROP IN CARDIAC OUTPUT + MYOCARDIAL ISCHAEMIA 
Might be fast enough to have NO OUTPUT ( = CARDIAC ARREST) 
Might have no electrical activity ( = ASYSTOLE ) 
Might have uncoordinated 300 beats/min ( = Ventricular Fibrillation) 
 
CAN BE BRADY OR TACHY 
BRADY: Failure of conduction from AV node;  
THUS: 
Ventricle contracts from normal His-Purkinje rhythm, 40/min 
� Treat with artificial pacemaker 

TACHY: depolarisation waves begin in the ventricle (long abnormal QRS) 
Might re-direct atrial contraction by reverse conduction through AV node 

Abnormal rapid depolarisations = re-entering waves circling the ventricle 
The refractory period of the ventricular myocardium normally prevents this arrhythmia.  
OCCURS IF: 
- Scar tissue slows down normal conduction (thus, refractory periods run down before the wave can make it all the way around, 

and thus the cells become excited again) 
- the ventricles are hypertrophied so that longer pathways and conduction times are possible,  
- The re-entry electrical wave may become inconstant or break up into multiple uncoordinated re-entry loops, causing ventricular 

fibrillation.  
- Treatment is by modifying sympathetic tone with beta adrenergic blockade,  
- by modifying the conduction time and refractory period of the myocardium with anti-arrhythmic drugs,  
- by interrupting the re-entry loops by electrically depolarising all the ventricular myocardium at once (defibrillation),  
- by destroying localised potential re-entry pathways surgically. 
 
A rarer cause of abnormal rapid depolarisations is abnormalities in myocardial cell membrane electrical properties leading to 
repetitive action potentials. These are likely in acute myocardial ischaemia, some drug intoxications, and inherited tendencies to 
ventricular arrhythmias. 

In the MEDULLA OBLONGATA 

Nucleus of the solitary tract (NTS) 



 High Blood Pressure (WHO)= 

= 140 over 90 

OR 
Receiving medication for high 
blood pressure  
 

PATHOGENESIS OF HYPERTENSION      5.05 
Primary (essential) and secondary  
Factors in the pathogenesis of hypertension relate to  

(a) those important in regulating normal blood pressure such as the heart, the kidneys, 

vascular diameter and the venous system  

(b) how these systems are influenced by the autonomic nervous system, various 

circulating hormones (such as catecholamines, ANP, renin, aldosterone and other 

steroids) and numerous local hormones or autacoids (eg. prostaglandins, nitric oxide 

and endothelin).  

(c) Various lifestyle and dietary factors, including exercise, ethanol intake and 

dietary sodium level. 

PATHOPHYSIOLOGY OF HYPERTENSION       5.05 
90% of patients = NO KNOWN CAUSE (“Essential” hypertension) 
SECONDARY HYPERTENSION = due to: 

Chronic renal disease  

Renal ischaemia due to renal artery atherosclerosis, either at its orifice or in its stem. ("renovascular hypertension")  

Chronic renal parenchymal damage following for example, immunological glomerular injury (glomerulonephritis) or 
recurrent bacterial infections.  

DROP IN RENAL PEREFUSION ���� Activation of RAAS 

Essential hypertension itself, especially when very severe (malignant) may lead to structural and 

functional alterations in the kidney which may activate the renin-angiotensin system. 

Adrenal lesions  

Adrenal cortex produces gluco and mineralocorticoids, eg. ALDOSTERONE. 
Thus, functionally active tumours will produce the same secretions. 

PHEOCHROMOCYTOMA: 
Tumour of the Adrenal medulla; produces NORADRENALINE (����vasoconstriction) 
 

 
 

RISK FACTORS FOR HYPERTENSION  
- diet (primarily salt, but also other dietary 

components such as potassium and fish oils) 
- obesity, 
- alcohol consumption, 
- lack of exercise 
- stress 

 

RISK FACTORS FOR HYPERTENSION      5.05 
Defining the terms  

"Screening is the systematic application of a test or inquiry, to identify individuals at sufficient risk of a 

specific disorder to benefit from further investigation or directive preventive action, among persons who 

have not sought medical attention on account of symptoms of that disorder" 

  

People with high blood pressure have  
a 2 to 4 times higher risk of -           stroke,  

- myocardial infarction,  
- heart failure  
- peripheral vascular disease 

 than people without hypertension  
 

The higher your blood pressure, the higher your risk. 

How common is Hypertension in the Australian community?  
(DISTRIBUTION)  

Large cross-sectional surveys of the general population = best source of evidence on the prevalence of a 
particular condition.  
29% or 3.6 million Australians over the age of 25 had high blood pressure or were on BP medication:  
- 31% of men and 26% of women. 
 
The proportion of men and women with high blood pressure increases with age.  
 
Since 1980 the prevalence of hypertension in Australia has decreased.  



The prevalence in men (aged 25-64 years) has more than halved from 45% in 1980 to 22% in 1999-2000 and 
has almost halved in women from 29% in 1980 to around 1999-2000. Limited data suggests that 
hypertension is up to three times more common in indigenous Australians.  

 
What causes hypertension?  
(CAUSE)  

- positive family history,  
- overweight or physically inactive,  
- consume excessive amounts of alcohol,  
- high dietary salt intakes  
- diets marked by low fruit/vegetable intake  
- high saturated fat.  
- Acute emotional or mental stress can also cause a temporary rise in blood pressure.  

 
How can hypertension be prevented?  
(PREVENTION)  

primary prevention strategies 
- maintaining body weight in a healthy range, 
- reducing dietary salt intake,  
- undertaking regular exercise for cardiovascular disease.  

Its detection and early treatment by screening could be considered one of a number of secondary 
prevention strategies for cardiovascular disease.  

Screening for hypertension as a secondary prevention strategy for cardiovascular disease  
(MANAGEMENT/EVIDENCE)  
It has been shown that each reduction of 10-14 mmHg in SBP and 5-6mmHg in DBP reduces the occurrence of stroke 
by two-fifths,  
of coronary heart disease by one-sixth,  
of cardiovascular disease by one-third  
.Currently, the RACGP Guidelines for preventive activities in general practice recommends screening for 
hypertension every 2 years for all Australians from age 15 years and older.  
 
Global cardiovascular risk tables can be estimated for individual patients using the colour-coded tables developed by 
the New Zealand guidelines group.  
 
Which screening method is recommended?  
Normal sphygmo is fine; 3 visits for obvious, 5 for bordeline (90 to 95 distolic BP) 
 
 
What are the potential harms of screening for hypertension?  
There is mixed evidence that 'labeling' people as hypertensive temporarily increases absenteeism from the workplace 
but in general it is felt that screening produces no adverse effects on psychological well-being.  
 
What is the probable harm to benefit ratio of screening for hypertension?  
(PERSONAL EFFECTS)  
The benefits of screening probably outweigh potential harms but the side effects of anti-hypertensive treatments need 
to be weighed against the potential benefits and global cardiovascular risk for each patient.  
How does hypertension currently impact on the Australian community?  
(SOCIETAL EFFECTS & RESPONSE)  
High blood pressure was the most commonly managed problem by general practitioners in 2000-1, 
accounting for 6% of all conditions managed. It is estimated that more than 5% of the total burden of disease in 
Australia is attributable to hypertension. The reason for the decline in hypertension over the past 20 years is possibly 
due to reduced dietary salt intake but this is not proven. Changes in attitude and salt consumption appear to have 
been considerable amongst the general community over the past two decades.  

 
 
 
 
 
 
 
 



RENIN-ANGIOTENSIN SYSTEM:          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DROP IN 
CARDIAC 
OUTPUT 

RENIN IS SECRETED 

Reduced salt 
delivery to the 
MACULA DENSA 

RESTORATION OF 
CARDIAC OUTPUT 

Activated beta-2 receptors 
@ Juxtoglomerulus 
(SYMPATHETIC STIMULATION) 

Angiotensinogen Angiotensin 1 

Angiotensin- 
converting 
 enzyme 

 
- Constricts ALL arterioles 
 
- Increases ADH release 
 
 
- Increases ALDOSTERONE secretion 
BUT… 
chronic ANGIOTENSIN 2 elevation leads to 
INCREASED CYTOKINE PRODUCTION and thus 
Increased fibroblast and macrophage activity 
���� contribute to cardiac and vascular fibrosis 

ANGIOTENSIN 2 

Increased BP 

Increased water resorption 
@ the collecting duct 
(upregulated aquaporins) 

Increased  Na+ and thus H2O 

resorption @ distal tubule 

Increased 
VOLUME 

INITIAL BENEFIT !! 
MORE PRELOAD 
Thus � more cardiac 
output as the Frank-
Starling sarcomeric 
mechanism takes effect 
 

BUT!! 

Increased AFTERLOAD: THUS ���� 
AORTIC VALVE WILL CLOSE PREMATURELY 
THEREFORE:  stroke volume will be reduced  
(not as much blood can be ejected past the rapidly closing valve) 

Reduced 
stroke 
volume 

Reduced 
Cardiac 
Output 

Increased VOLUME: thus ���� 
Peripheral OEDEMA 
���� Pulmonary Congestive Symptoms  

Stretched ATRIUM: 
Results in the release of 

ATRIAL 
NATRIURETIC 

PEPTIDE 
…which: 

- Increases excretion of 
water and sodium 

- Inhibits secretion of 
renin and aldosterone 

 



~Benign (controloled) Hypertension~ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       ~Malignant (uncontrololed) Hypertension~ 

Mechanism of hypertensive pathology       5.05 
 RISK FACTORS 

- Renal artery stenosis 
- Phaechromocytoma 
- Salty diet 
- Fatty diet 
- Alcohol 
- Obesity 
- Sedentary lifestyle 
- Stress 
- NSAIDs 
- Familial predisposition 
 

Increased Fluid Volume 
Increased Peripheral Resistance 
Increased Cardiac Output 
 

 HIGH BLOOD PRESSURE 

@ HEART: 

increased afterload  
 

concentric hypertrophy 
 
Fat myocytes with 
stellate nuclei;  
capillaries are too far apart 
and the myocytes are 
 too far from perfusion  
 

DEMAND 
ISCHAEMIA 

 

@ ARTERIES 
depletion of smooth muscle 
reduced elasticity 
���� SAME CHANGES AS  

AGEING! 
THUS: 

Increased 
hemodynamic stress 
And therefore 
 
 
 
ATHEROSCLEROSIS 
 

@ ARTERIOLES: 
smooth muscle replaced 
with homogenous  

glassy hyaline 
 
Under hemodynamic 
stress, the arterioles 
ELONGATE and thus 
become TORTUOUS, 
with a narrow lumen 
 

REDUCED 
PERFUSION 

 

@ KIDNEY 
tortuous narrow arterioles  
 
starved glomerulus 
 
RENAL ISCHAEMIA ���� 

���� RAAS ACTIVATED 

plus: 

thin cortex 
nodular capsule 
loss of corticomedullary junction 
TUBULE HYPOPLASIA 

But no functional decline!  
…UNTIL… 

@ BRAIN: 
brittle arterioles 
thus: 
Increased risk of  

- STROKE 
- HAEMORRHAGE 
- ANEURYSM 
- Aneurysm rupture 
- Cerebral oedema 
- RETINOPATHY 

 
 
 
 
 

Decompensation 
 

Congestive HF 
 

  DEATH in 60% 
 

Fibrotic “onion skin” 
thickening of 
inelastic rigid arteries 
 

LOSS OF 
INTEGRITY 

 DEATH from aortic 
dissection (rare) 

Fibrinoid 
necrosis of the 
intima 
 

Death of 
Glomeruli 
From ischaemia 

 

Renal Failure 
 

 DEATH (rarely) 
 

 DEATH of    
 stroke or of 
 Hemorrhage 
���� 30% 
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Myocardial Infarct                      1.03                            Myocardial Infarct                      1.03                            Myocardial Infarct                      1.03                            Myocardial Infarct                      1.03                            
History of presenting illness (HPI)          

CRUSHING CHEST PAIN, radiating to back, shoulder, Lt. Arm, neck and/or jaw 

AGGRAVATED by exercise,  
RELIEVED by rest 

 

List of differential diagnosis           
- Transient ischaemic attack,  
- Acute myocardial infarction, 
-  ventricular hypertrophy or hyperplasia, 
-  aortic dissection, 
-  aneurysm 
-  stenosis, 
-  embolism,  
- restricted cardiomyopathy, 
-  congenital septal defects,  
- endocarditis,  
- valve dysfunction 
-  angina, 
-  cancer,  

- GI problems –reflux, ulcers, tears, infections, 
obstructions,  

- Respiratory – pneumothorax, embolism, 
cancer, infection/infestation,  

- Lymphatic- blood trauma, cancer, 
infection/infestation,  

- Musculoskeltal – intercostals strain, blunt 
trauma, fracture, 

-  NS – referred pain, slipped disc, cervical 
impingment,  

- Mental- anxiety, stress, personality, 
occupation, palpitations, ectopic beats

 

List of pertinent findings on history (Hx)         
Past history 

High blood pressure 
Elevated total cholesterol  
SMOKING = MAJOR FACTOR 

Personal history 
high physical work load,  
emotional stress 
eat out at least 4 times per week 
20 cigarettes per day since the age of 20 
1 -2 glasses of beer every night 

Family history 
Of heart disease   

 
 

Findings on examination             
Distressed, pale, sweating slightly 
Physical exam 
• Overweight 100kg    
Vital signs 

• Blood pressure: 160/90  Pulse rate: regular 
Cardiovascular exam 

o Soft heart sounds    
o 4th heart sound present     
o Soft bruit over right carotid artery and left femoral artery due to stenosis 

Respiratory exam 

• Scattered crepitations at base of both lung fields due to pulmonary hypertension 
 

Cardiovascular risk factors found in HISTORY: 
- High blood pressure    
- Smoking       
- Family history     
- Hypercholesterolemia 
- Stress 
- Heavy exertion workload 

put together by Alex Yartsev: Sorry if i used your images
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Investigations            
ECG 
- Looking for characteristic ST segment changes with axis deviation  

######################################################################################## 
THE ST SEGMENT  
is the relevant point for examination: 
ST segment elevation of >2 mm in 
two contiguous chest leads (V1-V6)  
indicates  
anterior myocardial infarction.  
ST segment elevation of >1mm  
in two contiguous inferior leads  
(II, III, aVF) is indicative of  
inferior myocardial infarction.  
 

Myocardial ischaemia (NOT infarction)= ST segment depression.  

 
Chest Xray            

(looking for Left Ventricle Hypertrophy consistent with systemic hypertension) 
also looking for pulmonary congestion (“batwing sign”) 

ALSO making sure that the crushing chest pain is NOT the result 
of a crushing chest injury (very embarassing) 
���� eg. pneumothorax, broken rib, etc…  

FBC 
 Looking for factors which may have predisposed to MI, eg. Anaemia 

Blood Glucose might also be a useful test - considering diabetes 
 

Serum Biochemistry 
 Looking for characteristic myocardial infarct enzymes, eg: 

- LDH (non-specific, would be elevated with strenuous physical activity) 
- CK MB 
- CK MB INDEX (i.e how much of the CK is the myocardium-specific CKMB) 
- TEST EVERY 8 hrs! ���� serial CK 

Lipid profile 
 Less diagnostic and more an assessment of a risk factor … 

…and indicator as to HOW MUCH LIFESTYLE ALTERATION IS NECESSARY 
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Management (heroic often useless measures)      
 
Immediate (EMERGENCY ROOM) 

- NITRATES!! ���� give sublingual nitroglycerine to vasodilate! 
- ECG Monitor attached (is the infarct ANTERIOR or POSTERIOR?) 
- Oxygen via mask to reperfuse myocardium  
- Intravenous cannula inserted for easy delivery of fluids 
- 5mg morphine intravenously though cannula, for the excruciating pain  
- Thrombolytic rTPA- STREPTOKINASE (recombinant Tissue plasminogen activator-  

converts PLASMINOGEN � PLASMIN � which degrades FIBRIN, the clot cement element) 
-  commenced as it is less than 4 hrs since onset of pain and infarct is anterior 

 
Medium-term Management 

- Turf to coronary care unit 
- Angiography to demonstrated coronary artery stenosis 

 (BONUS if its what you expected from the ECG ) 

- Coronary angioplasty  
 
Long term management + Follow Up          

• Medications:  
o 150 mg asprin daily,  

o 50 mg metoprolol three times per day (β blocker)  
o 25 mg captopril ACE inhibitor 

• low fat, low salt diet  
• cease smoking 

• graded increase in activity over the next 3 weeks 

• have lipids checked in 3 months 
Extra management             

• Multidisciplinary approach : med, nursing, physio, OT, social worker 

• Goal:  
o to prevent another MI by patient education,  
o weight loss, 
o reduce/cease smoking,  
o increase exercise, 
o stress reduction 

Disease definition:Acute occlusion of the left anterior descending coronary artery, resulting in infarction of the 

anterior myocardium, precipitating crushing retrosternal pain. 
How is this diagnosis made 
• ECG, chest x-ray and cardiac enzyme profile  or troponin  

• Later a lipid profile helps determine if cholesterol is a problem 
• Diagnostic red flags on presentation – 

-  chest pain, heaviness squeezing or crushing,  
- dyspnoea (shortness of breath),  
- ankle swelling,  
- palpitations,  
- syncope (transient loss of consciousness),  
- intermittent claudication (limp),  
- fatigue, anxiety and restlessness (from pain),  
- pallor, diaphoresis (sweating),  
- cool limbs, fever (not usually above 38oC) 

 
 

~ANGIOPLASTY~ 
 the KING of coronary artery salvage 
…somebody turns up to ER with crushing 
chest pain  and characteristic ST changes? 
� Wheel them straight down to the 
catheter lab to clear that coronary 
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Epidemiology 
• Angina and acute myocardial infarction are the major forms of cardiovascular disease causing 

death and illness in NSW ( 9,479 deaths or 21% of deaths, male deaths (25-74yrs) are 3.7 times higher 
than females in NSW 2000),  

• 50% of those that suffer an acute MI survive,  

• 10% die in hospital  

• 10% die in the next 2 years,  

• 50% of initial survivors are alive at 10 years. 

• Increased risk factors for cardiovascular disease are : family history, old age, males and postmenopausal 
female, diabetics 

 

Aetiology 
• Fixed risk factors: 

-  increasing age, 
-  male, 
-  postmenopausal females,  
- family history,  
- deletion polymorphism in the Angiotensin- converting enzyme ACE gene (DD genotype) 

• Changeable risk factors:  
- hyperlipidaemia,  
- smoking,  
- hypertension,  
- lack of exercise,  
- obesity, 
-  high fat or low antioxidant diets, 
- gout,  
- soft water, 
-  heavy alcohol consumption, 
-  contraceptive pill,  
- diabetes mellitus, 
-  high levels of blood coagulation factors  
  (fibrinogen, factor VII), C reactive protein CRP, hyper-homocysteinaemia)  
- type A personality  
- salt consumption 

 

Prognosis 
• variable (related to age and size of infarct). 10% of patients surviving the initial MI die within 2 years 

with 5 yr mortality approx 20%.  

• In patients under 50 yrs risk of death is 3% per year compared to over 15% in over 70’s. 
 

Behavioural science 
• Issues of diet and increased exercise need to be discussed with the patient and  
 behavioural modifications need to occur for this to happen effectively.  
Involvement of a dietician, physio and OT will need to occur to educate the patient on how to best begin this 
process without causing further health problems. 

• ADVICE TO QUIT SMOKING AND LOSE WEIGHT : effective after 1st infarct;  
 50% of pts will quit even after short lecture (<3min) if they are STILL IN PAIN.  
PAIN MAKES THEM REMEMBER 
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Basic sciences 
• Mycocardial ischaemia occurs when CARDIAC NUTRITIONAL DEMAND EXCEEDS SUPPLY 

Causes of this imbalance are:  

• (a) obstructions that reduce the blood flow  
 (atheroma, thrombosis, spasm, embolus, coronary ostial stenosis, coronary arteritis)  
• (b) decreased oxygenated blood flow  
 (anaemia, carboxyhaemoglobinaemia, hypotension causing decreased coronary perfusion pressure)  
• (c) increased oxygen demand  
 due to increased cardiac output (thyrotoxicosis) or myocardial hypertrophy. 

Relevant anatomy 
Normal Artery: 2 types: ELASTIC and MUSCULAR;   

ENDOTHELIUM prevents coagulation by platlets contacting the collagen that lines the 

lumen, it produces heparin, controls the constriction of muscle cells and 

 is selectively permeable 

INTIMA (thin squamous epithelium) 
INTERNAL ELASTIC LAMINA (elastic connective tissue) 

TUNICA MEDIA (thickest layer with circumferential smooth 

muscle cells) 
EXTERNAL ELASTIC LAMINA (elastic connective tissue) 
TUNICA ADVENTITIA (outer connective tissue sheath) 
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Biochemistry 
• Once the myocardium is deprived of oxygen and nutrients: 

o  the pH decreases, …thus 
o  PFK1 decreases (phosphofructokinase 1 which is inhibited by an acid pH).  
o phosphatidyl creatinine and glycogen DECREASES  
 as the myocardium uses the energy stores available.  

Myocardium can last up to 4 hrs with occlusion before damage occurs.  
THEN: The cells burst releasing  
- LDH H4 , (Lactate Dehydrogenase 1 and 2; LDH1 rises after myocardial injury) 
- CK MB, (Creatine Kinase MB is specific to myocardium) 
- troponin I and T  
- myoglobin. 
- ALL OF WHICH ARE CLINICALLY DETECTABLE POST-INFARCT! 
 

• In mild ischemia oxidation of fatty acids occurs which increases lactate and H+ however in severe ischemia 
glycolysis occurs from glycogen producing the ATP required increasing the lactate and H+ 

• Aerobic reperfusion of the area to minimise cell damage: 
- by angioplasty, (mechanically opening the vessel) 
- CAGS (Coronary Artery Graft Surgery) 
- thrombolytic therapy (chemically reducing the occlusion) 

 
After infarction there is 
 increase in fatty acid metabolism which requires increased oxygen consumption 
THUS:  If there is inadequate oxygen supplied then there is  

- a decrease in pyruvate dehydrogenase (PDH),  
- an increase in glycolysis,  
- a decreased pH  
- an increase in Na+ and Ca+2  
- which means death for cells after 4 hrs because the calcium levels become too high  

(apoptosis is activated by increased Ca2+ ) 
 

Cell biology 
• The consequences of endothelium injury in atherosclerosis (As) are:  

• enhanced permeability of lipid from the blood to the intima,  

• platlet and monocyte adhesion at the injury site with the release of  
o platlet derived growth factor (PDGF) and other similar factors which  
 stimulate smooth muscle cells migration from the media to the intima. 
o  Once the smooth muscle cells migrate to the intima they  

� lose their contractile properties and become proliferative/synthetic  
� undergo mitosis producing connective tissue mucins, collagen and elastin which 

contributes to the intimal thickening.  
� Together with monocytes the smooth muscle cells ingest lipids becoming FOAM cells. 

• The thickening of the intima can lead to narrowing (stenosis) of the lumen which changes the blood 
flow from laminar to turbulent. 

 

Genetics 
• Genetic factors are involved in the predisposition to this disease – families of MI victims are at risk 
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Pathology 
• Atherosclerosis causes prolonged endothelial injury where intimal thickening is a major feature. 

• MI almost always occurs in patients with coronary atheroma as a result of plaque rupture with superadded 
thrombus.  

• The occlusive thrombus consists of  
- a white clot (platlet rich core) and  
- a bulkier surrounding red clot (fibrin rich outer surface). 

 
MI occurs when a coronary artery thrombus develops rapidly at a site of vascular injury. In most cases, 
infarction occurs when an atherosclerotic plaque fissures, ruptures, or ulcerates and when conditions 
(local or systemic) favor thrombogenesis, so that a mural thrombus forms at the site of rupture and leads 

to coronary artery occlusion (See diagram). Histologic studies indicate that the coronary plaques prone to 
rupture are those with a rich lipid core and a thin fibrous cap. After an initial platelet monolayer forms at the 
site of the ruptured plaque, various agonists (collagen, ADP, epinephrine, serotonin) promote platelet 
activation. After agonist stimulation of platelets, there is production and release of thromboxane A2 (a potent 
local vasoconstrictor), further platelet activation, and potential resistance to thrombolysis. 

 
Diagram of arterial thrombus responsible for acute myocardial infarction..[From NS Kleiman: Antiplatelet therapy, in RM Califf (volume 
ed): Acute Myocardial Infarction and Other Acute Ischemic Syndromes, in E Braunwald (series ed): Atlas of Heart Diseases, 
Philadelphia: Current Medicine, 1996, p. 8.2.] 

The coagulation cascade is activated on exposure of tissue factor in damaged endothelial cells at the 
site of the ruptured plaque.  

Factors VII and X are activated, ultimately leading to the conversion of prothrombin to thrombin, 
which then converts fibrinogen to fibrin.  

THUS:The culprit coronary artery eventually becomes occluded by a thrombus containing 
platelet aggregates and fibrin strands 

• In rare cases, MI may be due to coronary artery occlusion caused by coronary emboli, congenital 
abnormalities, coronary spasm, and a wide variety of systemic-particularly inflammatory-diseases. 
The amount of myocardial damage caused by coronary occlusion depends on  

- the territory supplied by the affected vessel,  

- whether or not the vessel becomes totally occluded,  

- the duration of coronary occlusion,  

- the quantity of blood supplied by collateral vessels to the affected tissue,  

- the demand for oxygen of the myocardium whose blood supply has been suddenly limited,  

- native factors that can produce early spontaneous lysis of the occlusive thrombus, and  

- the adequacy of myocardial perfusion in the infarct zone when flow is restored in the occluded 
epicardial coronary artery. 
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Physiology 

Cardiac Output = Heart Rate X Stroke Volume  

– STROKE VOLUME is dependent on: 

• Preload = Left ventricular end diastolic volume 

 i.e. amount of stretch of left ventricle = volume overload  

• Afterload = Total peripheral resistance =  pressure overload  

• Contractility = Capacity of myocardium to 'respond to' preload and afterload  

Pathophysiology   

• A number of responses are associated with the failing myocardium.  

Initially these improve cardiac output but as the disease progresses, 

these responses become maladaptive and contribute to a progression of the disease. 

Cardiac dilatation  - Cardiac output increases as length of muscle fibre is increased (Frank-
Starling Law)  

Sympathetic overdrive  - Direct increase in contractility (positive inotropic effect), Indirect effects 
(increase preload - constriction of capacitance vessels and increase afterload - PVR) , Blood is 
diverted from liver, kidneys and skin to the heart and brain.  

Renin-angiotensin system activated - Aldosterone causes Na+ retention and thus increase blood 
volume (increase preload), Angiotensin causes peripheral vasoconstriction (increase TPR)  

The effectiveness of the circulation becomes impaired due to:  

- Elevated TPR that increase cardiac work, wall tension and hence O2 requirements;  

- Excess Na+ and H20 retention together with raised venous tone increase ventricular filling 
pressure. 

Clinical consequences – Fatigue, Peripheral oedema, Shortness of breath/pulmonary oedema  

• 2- 3 days post MI cardiac arrhythmias, cardiac failure and pericarditis are the most common 
complications. Later recurrent infarction, angina, thromboembolism, mitral valve regurgitation and 
ventricular septal or free wall rupture can occur. Late complications include post-MI syndrome (Dressler’s 
syndrome), ventricular aneurysm and recurrent cardiac arrhythmias. 

 

Immunology 
• The plaque that develops contains a large soft core which usually contains necrotic debris and lipid 

with a high density of MACROPHAGES covered by a thin fibrous cap.  
- Degradation of the collagen by metalloproteinases expressed by macrophages  
contributes to the rupture of the plaque.  
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Pharmacology  
Analgesia: 
 MORPHINE SULPHATE: Opioid:  

Targets opioid receptors � Inhibition of Adenylate Cyclase � decrease cAMP;  
open K, close Ca channels, which leads to General Inhibition of CNS and PNS  

   dosage: ~5mg IV 
   Contraindications: hypersensitivity to opioids, respiratory depression,  
      cor pulmonale, alcohol, intracranial pressure, labour. 
   Side Effects: sedation, constipation, nausea, resp. depression, euphoria 
     + tolerance and dependance 
   HARMFUL IN PREGNANCY 
 
 PARACETAMOL(acetaminophen): Simple Analgesics 
   Same as NSAIDs; inhibits COX isoenzymes 
   Minimal anti-inflammatory action 

 Minimal Side-effects at therapeutic dose  
Dosage 1.0 g every 3-4 hours, max 4 g a day or else NECROTIC HEPATITIS (!!) 
Contraindications: liver dysfunction, renal impairment 
Side effects: hepatotoxicity, kidney failure, dyspepsia, nausea.  

NO ADVERSE EFFECTS IN PREGNANCY 
 
Thrombolytic Drugs: 
 STREPTOKINASE: 
   Converts Plasminogen to PLASMIN, which in turn degrades FIBRIN thus lysing the thrombus 
   COMPLICATED DOSAGE 
   Contraindications: Surgery, bleeding, trauma, severe hypertension 
   Side effects: bleeding in GIT, allergic reaction, Fever, Hypotension 
   HARMFUL IN PREGNANCY 
 

β-Blockers (beta-adrenoceptor antagonists) 

 METROPROLOL  
Decrease adrenoceptor function and thus decrease myocardial sensitivity to Adrenaline 
THUS decrease heart rate and cardiac output 
Dosage 50mg 3 times daily 
Contraindications: right ventricular hypertrophy, sinus bradycardia  
Side Effects: hypotension, bradycardia, cold extremities, headache, bronchial constriction 
HARMFUL IN PREGNANCY  

ACE Inhibitors (Angiotensin Converting Enzyme) 

CAPTOPRIL 
 Block ANGIOTENSIN 2 generation from Angiotensin 1 (an inactive plasma protein) 

THUS reduces vasoconstriction; THUS increases blood perfusion in stenosed arteries 
Dosage 25mg twice daily 
Contraindications angioedema, pregnancy 
Side Effects: Hypotension; Angioedema; Hepatic Impairment; Dry Cough; 
VERY HARMFUL IN PREGNANCY 

 
NSAIDs: 
 ASPIRIN is cheapest and most effective;  
 Inhibits COX 1 and COX 2 isoenzymes; therefore blocking production of prostaglandins. 

ALSO (most importantly) INHIBITS CLOTTING; thus useful to control emboli 
 contraindicated in asthmatics and people with existing gastric ulcers or haemorrhages 

Dosage is dependant on many factors- BUT: Post-MI pts benefit from prophylactic with  
very low doses (80mg orally, daily, indefinitely) 
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Recent myocardial infarct   Recent myocardial infarct   Atheromatous artery 

 

Atheromatous artery    Atheromatous artery  Recent myocardial infarct 

 

Recent myocardial infarct  Recent myocardial infarct  Artery – atherothrombosis 



 

Rheumatic Heart DiseaseRheumatic Heart DiseaseRheumatic Heart DiseaseRheumatic Heart Disease                                     
History of Presenting Illness          

- Dyspnoea on exertion or at rest 
- Nocturnal dyspnoea 
- Orthopnoea 
- Swollen ankles4 
- “mitral facies” 
- Palpitations 
- Chest pain 

 

Differential Diagnoses            
Aortic Stenosis, Valvar  
Aortic Valve Insufficiency  
Aortic Valve, Bicuspid  
Appendicitis  
Arthritis, Septic  
Cardiac Tumors  
Cardiomyopathy, Dilated  
Carnitine Deficiency  
Coccidioidomycosis  
Endocarditis, Bacterial  
Heart Failure, Congestive  
Histoplasmosis  

Human Immunodeficiency Virus Infection  
Kawasaki Disease  
Mitral Stenosis, Congenital  
Mitral Valve Insufficiency  
Mitral Valve Prolapse  
Myocarditis, Viral  
Pericardial Effusion, Malignant  
Pericarditis, Bacterial  
Pericarditis, Viral  
Sarcoidosis  
Systemic Lupus Erythematosus  
Transient Synovitis 

 
 

How is this diagnosis made? 
The Jones criteria require the presence of 2 major or 1 major and 2 minor criteria  

major diagnostic criteria  

- Carditis 

- Polyarthritis 

- Chorea 

- subcutaneous nodules 

- erythema marginatum 

minor diagnostic criteria 
- fever 

- arthralgia 

- prolonged PR interval on ECG 

- elevated ESR or CRP  

- leukocytosis

Additional evidence of previous group A streptococcal pharyngitis is required  
- Positive throat culture or rapid streptococcal antigen test 

- Elevated or rising streptococcal antibody titer 

- History of previous rheumatic fever or rheumatic heart disease 
 

Pertinent Findings on History          
- PAST HISTORY OF RHEUMATIC HEART DISEASE: most important. 
- CHILDHOOD STREP THROAT: school age (peak 5-15years) 

 
Findings on Examination           
CARDIAC MANIFESTATIONS: 
Rapid irregular pulse!! ���� AF 
- Pancarditis is the most serious and second most common complication of rheumatic fever (50%). In 

advanced cases, patients may complain of dyspnea, mild-to-moderate chest discomfort, pleuritic chest pain, 
edema, cough, or orthopnea.  

- carditis is most commonly detected by a new murmur and tachycardia out of proportion to fever. 
- Apical pansystolic murmur is a high-pitched, blowing-quality murmur of mitral regurgitation that 

radiates to the left axilla. The murmur is unaffected by respiration or position. Intensity varies but is grade 2/6 
or greater. The mitral insufficiency is related to dysfunction of the valve, chordae, and papillary muscles.  

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



- Apical diastolic murmur = active carditis = severe mitral insufficiency; It is related to relative mitral stenosis, = is 

low pitched, rumbling, and resembles the roll of a distant drum.  
- Basal diastolic murmur is an early diastolic murmur of aortic regurgitation and is high-pitched, blowing, 

decrescendo, and heard best along the right upper sternal border after deep expiration while the patient is 
leaning forward. 

Congestive heart failure: 
- tachypnea, orthopnea, jugular venous distention, rales, hepatomegaly, a gallop rhythm, and 

peripheral swelling and edema. 
• MITRAL STENOSIS: On auscultation, S1 is initially accentuated but becomes 

reduced as the leaflets thicken. 

•  P2 becomes accentuated, and the splitting of S2 decreases as pulmonary hypertension 
develops.  

• An opening snap of the mitral valve often is heard at the apex, where a diastolic 

filling murmur also is heard.  
 

 
NON-CARDIAC MANIFESTATIONS:           

• Polyarthritis = the earliest manifestation of acute rheumatic fever (70-75%).  

• Characteristically, the arthritis begins @ knees and ankles 

• Migrates to other large joints in the lower or upper extremities (elbows and wrists). 
Affected joints are painful, swollen, warm, erythematous, and limited in their range 

•  The pain is out of proportion to clinical findings.  

• The arthritis reaches maximum severity in 12-24 hours, persists for 2-6 days (rarely 

more than 3 wk) at each site, and responds rapidly to aspirin.  

• Aspirin improves symptoms in affected joints and prevents further migration of the 
arthritis. Polyarthritis is more common and more severe in teenagers and young 

adults than in younger children. 
• Sydenham chorea occurs in 10-30% of patients with rheumatic fever 

• = difficulty writing, involuntary grimacing, purposeless (choreiform) movements of the 
arms and legs, speech impairment, generalized weakness, and emotional lability.  

• Physical findings include hyperextended joints, hypotonia, diminished deep tendon 
reflexes, tongue fasciculations ("bag of worms"), and a "milk sign" or relapsing grip 
demonstrated by alternate increases and decreases in tension when the patient grips 
the examiner's hand.  

• In the absence of a family history of Huntington chorea, the 
diagnosis of acute rheumatic fever is almost certain. 
 Onset = 1-6 months after streptococcal pharyngitis 

• Erythema marginatum, also known as erythema annulare, is a characteristic 
rash that occurs in 5-13% of patients with acute rheumatic fever.  

• It begins as 1-3 cm in diameter, pink-to-red nonpruritic macules or papules located on 
the trunk and proximal limbs but never on the face.  

• The lesions spread outward to form a serpiginous ring with erythematous raised 
margins and central clearing. The rash may fade and reappear within hours and is 
exacerbated by heat.  

• Abdominal pain usually occurs at the onset of acute rheumatic fever 

• NSAIDs may suppress the full manifestations of the disease.  
 

Tests and Investigations           
Lab Studies:  

• Throat culture: USELESS as by the time you get heart symptoms it may have been  
decades since the first step infection. 

• Rapid antigen detection test:  

• This test allows rapid detection of group A streptococcal antigen  
 
 

• Antistreptococcal antibodies:  

clinical features of RF begin at the time 
antistreptococcal antibody levels are at their peak. 



antistreptococcal antibody testing is useful for confirming previous group A 
streptococcal infection.  THIS SATISFIES THE THIRD CRITERION 

COMMONEST ANTIBODIES TESTED: 
- antistreptolysin O (ASO), 
- anti–deoxyribonuclease (DNAse) B,  
- antihyaluronidase, 
- antistreptokinase,  
- antistreptococcal esterase,  
- and anti-DNA.  
- antistreptococcal polysaccharide, 
- antiteichoic acid antibody,  
- and anti–M protein antibody. 
 

 
 
 
 
Acute phase reactants:  

The C-reactive protein and erythrocyte sedimentation rate are elevated in 
rheumatic fever due to the inflammatory nature of the disease. Both tests have a 
high sensitivity but low specificity for rheumatic fever. They may be used to 
monitor the resolution of inflammation, detect relapse when weaning aspirin, or 
identify the recurrence of disease. 

Heart reactive antibodies: Tropomyosin is elevated in acute rheumatic fever. 
Rapid detection test for D8/17:  

This immunofluorescence technique for identifying the B cell marker D8/17 is 
positive in 90% of patients with rheumatic fever. It may be useful for identifying 
patients who are at risk for developing rheumatic fever. 

 

Imaging Studies:             
Chest Xray:  

- Cardiomegaly,  
- pulmonary congestion,  
- other findings consistent with heart failure may be seen on chest x-ray. When 

the patient has fever and respiratory distress, the chest x-ray helps 
differentiate heart failure from rheumatic pneumonia. 

Doppler-echocardiogram: the KING of heart valve imaging 

!! identifies and quantitates valve insufficiency and ventricular dysfunction!! 
mild carditis= Doppler evidence of mitral regurgitation may be present during the acute  

phase… resolves in weeks to months.  
moderate-to-severe carditis = persistent mitral and/or aortic regurgitation. 
 

The most important echocardiographic features of mitral 
regurgitation from acute rheumatic valvulitis are  

annular dilatation,  

elongation of the chordae to the anterior leaflet,  
and a posterolaterally directed mitral regurgitation jet. 

 
The leaflets of affected valves become diffusely thickened, with fusion of the commissures and 
chordae tendineae. Increased echodensity of the mitral valve may signify calcification. 

 
 

In general, the ratio of antibodies to 
extracellular streptococcal antigens rises during 
the first month after infection and then plateaus 
for 3-6 months before returning to normal levels 
after 6-12 months. When the ASO titer peaks 
(2-3 wk after the onset of rheumatic fever), the 
sensitivity of this test is 80-85%. The anti-
DNAse B has a slightly higher sensitivity (90%) 
for detecting rheumatic fever or acute 
glomerulonephritis. Antihyaluronidase results 
are frequently abnormal in rheumatic fever 
patients with a normal level of ASO titer and 
may rise earlier and persist longer than 

elevated ASO titers during rheumatic fever. 



The type of treatment and 
the promptness with which 
treatment is initiated does 
not affect the likelihood of 
disappearance of the 
murmur. 

 ECG              
Sinus tachycardia  
First-degree atrioventricular (AV) block (prolongation of the PR interval)  
Second-degree (intermittent) and third-degree (complete) AV block  

�  with progression to ventricular standstill  
Heart block in the setting of rheumatic fever typically resolves with the rest of the disease process. 

 

Pericarditis? � ST segment elevation may be present 
and is marked most in lead II, III, aVF, and V4-V6. 

 

Disease Definition            
cross-reactivity resulting in loss of self tolerance, leading to autoimmune mitral valve scarring 

secondary to inflammation, causing obstruction of ventricular inflow leading to:  

increased pressure in pulmonary vasculature (pulmonary oedema);  

increased pressure and dilatation of right heart + decreased venous return;  

poor cardiac output leading to increased fluid in peripheral vasculature pooling in tissues (peripheral 

oedema).  

 
Management             
Digoxin for atrial fibrillation 
ANTICOAGULANTS to prevent atrial thrombus 
Valve replacement for valve dysfunction 
Loop diuretics for CHF 
Heparin for atrial thrombus 
 
Prognosis             
Manifestations of acute rheumatic fever resolve over a period of 12 weeks in 80% of patients  

may extend as long as 15 weeks in the 20% remaining patients. 
 
Incidence of residual rheumatic heart disease at 10 years is 34% in patients 
without recurrences but 60% in patients with recurrent rheumatic fever.  
 
Disappearance of the murmur happens within 5 years in 50% of patients.  
 

~The disease is more severe in females than in males~ 

 
Epidemiology             

Frequency:  
- Incidence has decreased in the past 80 years. 
- Prevalence in the United States now is less than 0.05 per 1000 population,  
- In the early 1900s, incidence was reportedly 5-10 cases per 1000 population.  

 
Internationally:  

- the incidence has not decreased in developing countries.  
- Estimations worldwide are that 5-30 million children and young adults have 

chronic rheumatic heart disease, 
- 90,000 patients die from this disease each year.  

 
Race:  

- Native Hawaiian and Maori (both of Polynesian descent) have a higher 
incidence of rheumatic fever, 13.4 per 100,000 hospitalized children per 
year, even with antibiotic prophylaxis of streptococcal pharyngitis. 

- Otherwise, race has not been documented to influence disease incidence.  
Sex:  

- Rheumatic fever occurs in equal numbers in males and females 

- but the prognosis is worse for females than for males.  
 
 

BUT MOST 
IMPORTANTLY: 

ATRIAL 
FIBRILLATION 
as the result of atrial 
dilation, secondary 

to valve 
incompetence 

Rheumatic fever was the leading cause of 

death in people aged 5-20 years in the United 

States 100 years ago. At that time, the 

mortality rate was 8-30% from carditis and 

valvulitis but decreased to a 1-year mortality 

rate of 4% by the 1930s. Following the 

development of antibiotics, the mortality rate 

decreased to almost 0% by the 1960s in th 

developed countries (still 1-10% elsewhere) 

- The mitral valve is most 
commonly and severely 
affected (65-70% of 
patients),  

- the aortic valve is second 
in frequency (25%).  

- The tricuspid valve is 
deformed in only 10% of 
patients and almost 
always is associated with 
mitral and aortic lesions.  

- The pulmonary valve is 
rarely affected.  

- Severe valve 
insufficiency during the 
acute phase may result in 
congestive heart failure 
and even death (1% of 
patients). 

- Pericarditis, when 
present, rarely affects 
cardiac function or results 
in constrictive pericarditis.  



 

 

 

 

 

~ 1-5 weeks later: Rheumatic Fever  PANCARDITIS ~ 
symptoms recur each time 

a strep infection is encountered 

 and IgG titres rise 

 

 

~ Initial infection  and immune disposal thereof~  

~DECADES LATER:                                                                        RHEUMATIC HEART DISEASE ~  

MECHANISM OF RHEUMATIC HEART DISEASE    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acute Infection with  

B-hemolytic Group A 

Streptococcus (GAS) 
reservoir = humans, cattle;  

risk group = 5-15 year old 

+ developing countries 

 

Sore throat,  

fever,  

fatigue 
Incubation 1-3days 

Specific  

immune  

response 

 Immune response wipes out the  

GAS, but at what cost!!  

B-cell mediated response: thus 

 IgG Antibodies 
are produced  

HLA DR-2, 4 

phenotype 

predisposes 

M-proteins in bacterial cell wall 
Hyalouronate in capsule 
DNAse B 
Streptokinase 
Streptolysin O 
 

Hyalouronate  
� cross-reacts with the  HYALIN 
lining of the heart valves  
(and many other places) 
 

M-proteins  
� cross-react with MYOSIN in 
the myocardium 

COMPLEMENT-MEDIATED 
LYSIS OF VALVE LINING 
 

COMPLEMENT 
MEDIATED 
PANCARDITIS  

Cross-reactivity leads to 
inflammation of JOINTS 
(migratory polyarthritis) 
+ erythema marginatum  
(ag-Ab complexes deposited 
subcutaneously) 

+ CHOREA somehow (?) 

Aschoff nodules  
granulomatous inclusions)  
begin to appear in the heart muscle 

 

Interruption of conduction in 
scarred fibrotic myocardium 

���� ARRHYTHMIA 

Destruction of hyaline exposes 

COLLAGEN TO THE BLOOD 

Clotted VEGETATIONS  grow on 
the exposed valve surfaces 
 

ORGANISATION 
I.e collagen deposition by fibroblasts   

Vegetations make excellent 
substrate for development of 

bacterial endocarditis 

Thickening and 
shortening of the 
CHORDAE TENDINAE 

Reduced valve TRANSPARENCY 
Reduced valve ELASTICIT 
Increased valve VASCULARITY 

~CALCIFICATION~ 

…thus cusp fixation 

REGURGITATION 
 

STENOSIS 
 

A stretched atrium is an unhappy, fibrotic atrium. 

THUS:  fibrosis causes interruption of normal conduction  

THEREFORE : � ATRIAL FIBRILLATION  

���� this leads to STASIS in the ATRIAL AURICLE 
and therefore the risk of a huge THROMBUS  

���� just waiting to lodge in your brain. 



Microbiology: KNOW THINE ENEMY        
Group A Streptococcus  

- gram-positive coccus 
- frequently colonizes the skin and oropharynx. 
-  Group A streptococci elaborate the cytolytic toxins streptolysins S and O.  

- streptolysin O induces persistently high antibody titers 
- THUS = useful marker of group A streptococcal infection  

Why is it called group A?  = has a group A carbohydrate antigen in the cell wall that is  
composed of a branched polymer of L-rhamnose and N-acetyl-D-
glucosamine in a 2:1 ratio. = barely relevant or memorable � 
 

- The presence of the M protein is the most important virulence factor for group A 
streptococcal infection in humans. This is because anti–M antibodies against the 
streptococcal infection may cross react with heart tissue. 

-  Streptococcal antigens that are structurally similar to those in the heart include  
- hyaluronate in the bacterial capsule, 
-  cell wall polysaccharides (similar to glycoproteins in heart valves),  

- and membrane antigens that share epitopes with the sarcolemma and smooth muscle.  

 
Pathology of OEDEMA           
 
1) Oedema PITS, i.e a depression remains when a finger is jabbed into the oedematous limb. 
 
Factors which influence the movement of fluid: 
the hydrostatic pressure within the capillary vs. the hydrostatic pressure within the interstitial space 
( ~ 25 mm Hg)         ( ~ zero) 
 
colloid osmotic pressure in the capillary vs. colloid osmotic pressure within the interstitial space 

( ~ 20 mm Hg) 
 

The rate at which fluid crosses the capillary wall is then  

the sum of these four pressures multiplied by the capillary permeability  
PLUS: Lymphatics can also remove the interstitial fluid. 

 

THEREFORE: 

Oedema results when any of these variables change. 
Eg: increase in hydrostatic capillary pressure caused by water retention (eg. 

RAAS-compensated heart failure) 
Eg: decrease in plasma colloid osmotic pressure  

Eg: increase in capillary permeability, such as caused by anaphylaxis 

Eg: blockage of lymphatic drainage 

 

Atrial Fibrillation            5.03 
= the most common of the cardiac arrhythmias.  
prevalence increases with age, and 2-5% of those older than 60 have AF.  
Paroxysmal episodes of AF often precede chronic (permanent) AF. 
- Aetiology  

AF associated with: 
- mitral valve disease,  
- hypertensive heart disease, 
- ischaemic heart disease, 
- thyrotoxicosis, 
- cardiomyopathy 
- idiopathic (lone fibrillation). 
- open heart surgery, 20 to 30% of patients in 1st week. 

Persistent untreated 
AF leads to heart 
failure and thrombus 
formation within the 
distended auricle, 
where there is 
stasis. 
And if that thrombus 
breaks off...   



 

 Mechanism  of atrial fibrillation          
caused by multiple wandering depolarisation waves; minimum of 6 is required. 
Increased atrial pressure � stretching of atrial wall � damage to myocytes 
Therefore � fibrosis and interruption of normal depolarisation pathway. 
!! AV node transmits all or nothing !! 
THUS: AF turns into an irregularly irregular rhythm 
In untreated AF the ventricular rate is usually between 150 and 200 beats per minute.  

!! DANGEROUS !! 
 
Symptoms  
 most common = rapid irregular palpitations. + fatigue.  

If heart failure develops  
- dyspnoea,  
- ankle swelling  
- abdominal distension.  
Signs  
Pulse = rapid and irregularly irregular. 
pulse rate may be significantly lower than the heart rate.  
This is known as the "pulse deficit".  
Diagnosis by ECG: 

 P waves are absent and instead a finely undulating baseline is present.  
(frequency of 350-600) 

QRS complexes occur irregularly with an average rate of 150 to 200 beats per minute  
 
Treatment 

TREAT THE CAUSE!! 
Drug Treatment 

EITHER control the ventricular rate by increasing the degree of block in the AV node.  
Drugs which are used for rate control include digoxin, verapamil and beta blockers.  
OR give drugs to revert the AF and thereafter to decrease the frequency of further episodes. 

Drugs used for this purpose include sotalol, amiodarone and flecainide. 
DC Cardioversion  

DC shock to the praecordium designed to revert the arrhythmia.  
Anticoagulation : ABSOLUTELY VITAL 
 In patients with rheumatic valve disease and AF, the incidence of stroke is increased between 
15 and 20 times above that of the general population  
… but patients with AF and no heart disease do not have an increased risk of stoke.  
The risk of serious thromboembolism in patients with AF is about 5% per year. Warfarin 
decreases this risk to about 1% per year. The risk of serious haemorrhage whilst taking 
warfarin is < 1% per year. Patients with lone AF are not given warfarin.  

Aspirin has also been used to decrease the risk of thromboembolism  
but is only about 25%-50% as effective as warfarin.  

 
Curative Procedures  
 "open-heart" surgical procedure in which a number of incisions are placed in the atria to 
create lines of block so that the multiple reentrant circuits cannot develop.  
Several catheter ablation techniques have also been developed but currently these are 
regarded as investigational since the safety and efficacy have not yet been determined.  
 
DRUG Tx FAILED? Try AV Nodal Ablation and Implantation of Pacemaker  
In some patients with AF the ventricular rate remains high despite drug therapy. In these 
patients the ventricular rate may be controlled by intentionally destroying the AV node using 
catheter ablation techniques. A pacemaker must be implanted to treat the resulting 
bradycardia. Since the atria continue to fibrillate, anticoagulation must be continued after this 
procedure.  

Complications  
 heart failure and embolism.  
- Heart failure develops 

because of the rapid 
ventricular rate.  

- Embolism may occur 
because the atrial 
contractions are feeble during 
AF, and this allows pockets of 
stasis particularly in the left 
atrial appendage 

 



Pregnancy and the Cardiovascular System     5.03 
 

• changes occur early in pregnancy and  

• preceed the fetal demand  

• exceed fetal demand  

• are all completely reversed after delivery  
 

The changes that involve the cardiovascular system specifically are 

• the formation of a low resistance vascular network in the uterus which  
contains approximately 1 litre of blood at term  

• progesterone induced vasodilatation in the body causing a marked increase in regional 
blood flow  

• kidney flow increases by 60% to improve excretion  

• skin flow increases by 50% to improve heat loss  

• liver flow increases by 50% to improve hepatic function  

• increase in gut flow improves nutrient absorption  

• increase in blood flow to the breast is approximately 200% over non pregnant levels to ensure that the 
breasts are developed ready for feeding the infant.  

• uterine flow increases from 30mls/min in the non-pregnant woman  
to 600mls/min at term 7  

• the only organ not to have increased blood flow is the brain  

PROGESTERONE VASODILATES; thus � proneness to syncope 
The maximum of vasodilatation occurs in the middle trimester. 

• Plasma volume increases by 40%. � due to RAAS (aldosterone produced by renin secretion) 

• = related to fetus size 

• Red cell mass increases by 18-20%. This increase is smaller than that of the plasma volume 

and a physiological anaemia therefore results with the normal haemoglobin level being between a 105-
140 grams/litre at term.  

PROGESTERONE VASODILATION ���� FALL IN BLOOD PRESSURE is offset by the 
INCREASE IN BLOOD VOLUMEAnd INCREASE IN CARDIAC OUTPUTBut: 
cardiac reserve decreases (the ability to increase cardiac output above the normal level).  

This means that pregnant women are prone to congestive heart failure if they have 
an abnomal heart or if they are treated with drugs or fluids that speed up the heart rate, 
drop the blood pressure, or increase circulating volume.  

• The increase in the uterine size causes an upward pressure on the diaphragm. 
This upward pressure on the diaphragm causes a right axis shift on the ECG  

JVP is chronically (unreliably) raised with pregnant women 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



HEART FAILURE AND VALVE DISEASE: the vicious cycle   
Organic valve disease = deformity of the valve, eg. Rheumatic Valve Vegiesetc. 
FUNCTIONAL valve disease ���� the valve is stucturally normal, but it still malfunctions  

Eg. BECAUSE the super-dilated ventricle wont let it close 
(the ring which forms the valve ring is stretched too far for 
the cusps to meet; � regurge) 

THERE ARE 2 COMPONENTS TO THIS: 
Backward Failure (eg. venous congestion therefore oedema, pulmonary congestion) 
Forward failure ( eg. reduced output, analogous to shock hopotension and thsu responsible  

for activating the RAAS system) 
 
REACTION TO LEFT VENTRICULAR STRAIN: 

IMMEDIATE DILATATION: thus immediate increase in force of contraction  
via the Frank-Starling sarcomeric stetch response 

  LONG TERM HYPERTROPHY: limited by pefusion distancs, i.e there is only  
so far you can thicken the heart wall until the 
myocardiocytes iside wont be getting enough nutrients. 
Therefore, hypertrophy���� ischaemic disease 

  DELAYED DILATATION at this point will indicate DECOMPENSATION 
 
  LV FAILURE ���� Increased Left Atrial afterload 

Which has a weak think wall and cant possibly pump 
against that sort of afterload 
THEREFORE it fails! ���� BUT the right ventricle is still 
pumping away, being healthy, THUS: 
Pulmonary blood is not being cleared quickly enough 
THUS ���� PULMONARY VENOUS CONGESTION 
When the pressure increases enough, the blood pools 
there and RBCS extravasate into the alveolar lumen  
���� PINK FROTHY SPUTUM 
���� ORTHOPNOEA (when lying down, the oedematous 
fluid spreads all over) 

  LA FAILURE ���� PULMONARY CONGESTION ���� RV FAILURE!! 
     Rt ventricle cant handle the afterload either;  

  ���� COR PULMONALE 
���� Rt ventricle is 1/3rd the thickness of the left;  

thus it fails three times as quickly 
     ���� RHF: hepatic (portal) hypertension, hepatosplenic  

venous congestion 
THIS LEADS TO NECROSIS AND FATTY CHANGE 
LOW ALBUMIN (failing ischaemic liver) ���� 
���� MORE OEDEMA 
���� RAAS activated by renal ischaemia (from  

forward failure) 
���� HYPERTENSION !! 
���� AMPLIFIED OEDEMA!! 

���� MORE LOAD ON THE POOR FAILING LEFT VENTRICLE!! ���� 

~ DECOMPENSATED END-STAGE HEART FAILURE ~ 
 



Uther lecture: Evaluating  Syncope and Palpitations   
 SYNCOPE just means a blackout. 

Got to ask yourself:  
IS IT OF CARDIAC ORIGIN?? 
Could it be epileptic, hypoglycaemic, 
vasovagal? Were there any witnesses 
whose account may help you? 
 
Typical Historical Picture: 

Retrograde amnesia,  
previous lesser “pre-syncope” events 
No warning of attack 
Short term of attack (few minutes) 
Change in colour (turning blue-grey) 
Typical Physical Exam Picture: 
Heart disease signs 
Postural hypotension 
Absent reflexes of autonomic neuropathy 
Murmurs and obstructive signs 
 

PALPITATIONS mean an unpleasant 
awareness of heartbeat- and not just 
the thumping rhythm after exercise. 
Must find out: 
SITE OF SENSATION 

= chest or neck? 
Precipitating and relieving factors? 
Associated sweating, angina, 
presyncope or syncope? 
Young people can still get “functional” angina in 
absence of coronary artery disease.  

Is there a family history of 

SUDDEN CARDIAC DEATH? 

 

So lets assume its cardiac. 
2 major causes of cardiogenic syncope are 
ACUTE OBSTRUCTION and ARRHYTHMIA 

 
ARRHYTHMIA: most common; diagnose by exam + ECG 

BRADY or TACHY? 
Management:  
key goals are to CONTROL VENTRICULAR RATE  

(using beta blockers to slow it down or isoprenaline to speed it up)
 MAINTAIN NORMAL ATRIO-VENTRICULAR SYNCHRONY 

i.e cardiovert  

RESTORE NORMAL VENTRICULAR ACTIVATION 
i.e cardiovert and or pace the heart (pacemaker needed), and/or ablate the 
abnormal activation pathway  
RESTORE REGULARITY 
This may mean pacemaker, external pacing, or regular anyarrhythmic meds. 
Basically, keep em out of asystole until you can put a pacemaker in. 

 
OBSTRUCTION: not as common, diagnose by exam and ECHO 
� Valve obstruction eg. stenosis  
� Valve malfunction eg. sudden papillary tendon rupture and regurg. 
� Main vessel obstruction eg. atrial myxoma blocking valve, or massive PE 

 

ASK about oddities in family: 
Excessive avoidance of bizarre self-
identified triggers leads to a  
STRANGE LIFESTYLE of a person who’s 
afraid of arrhythmias. 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com
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Antiarrhythmic Pharmacopoeia          
Powerful drugs, split into 4 major classes, according to the predominant receptor they effect. 
Some fit into several classes at once, like sotolol.  Some don’t fit at all, owing to the intrinsic weirdness of their 
actions and the archaic quaintness of this system of classification, introduced in 1970 by EM Vaughan Williams. 

CLASS 1 drugs: Fast Sodium Channel Blockers, “membrane stabilizers”  
These are split into 3 subclasses, organized by binding speed (but, curiously, not in any order). 

  The classes are 1a, 1b and 1c. From fastest to slowest binding, the order is B, A, C. 
Why would you want different speeds? The speed of binding is also the speed of  

dissociation from the receptor. Many of these drugs only bind to an active 
receptor.  Lets say the heart is going very fast, and the drug is slow to dissociate from 
the receptor:  each time an action potential comes past the cell, more and more 
channels are going to get blocked. This results in a general slowing of the rate of action 
potential propagation, and so the QRS interval widens.  

CLASS 1 A: quinidine, procainamide, and disopyramide. 
Used very rarely. Only Disopyramide is available for use in Australia, and the rest have 
fallen out of favour in 2007. All Class 1a drugs have some potassium channel blockade 

capacity; With a slow heart rate, they will become arrhythmogenic, because the 
potassium blockade becomes the dominant feature. (“reverse use dependence”) 

 
 
 
 
 

    ! YOU NEED TO MONITOR QT INTERVALS IN THESE PATIENTS. 

 

     DISOPYRAMIDE  
 
 
 
 
 
 

 

 
 
 

 
 
 
 
 
 
 
 
 
 

…is an oral medication. It produces a rate-dependent slowing of Phase 0. It also 
slows the action potential duration. That means fewer ventricular ectopics. Everything 
conducts more slowly with disopyramide, but the non-sodium-channel-based 
pacemakers fire as per usual. Well, sort of… Disopyramide is also anticholinergic, 
and so it produces a sinoatrial tachycardia by blocking some of the vagus nerve’s 
effect. 

Myocardial contractility will be markedly depressed. Blood pressure will drop, 
but vascular resistance will rise- which is bad for everyone with poor LV function.  

 
 
 
 

Used very rarely. Only Disopyramide is available for use in Australia, and the rest have 
fallen out of favour in 2007. “moderate blockade” 

- Block fast sodium channels, thus reduce rate of phase 0 upstroke 
- Block repolarising potassium channels, thus prolong repolarisation 

- Prolong QRS interval 
- Prolong QT interval 

Therefore, the length of the action potential is greatly slowed. It takes time for the inactive sodium channels 

to activate again because the cell takes so long to get below the threshold. 

ADDITIONALLY: THESE DRUGS BLOCK PACEMAKER DEPOLARISING CURRENTS. 
This effect is most pronounced in the His and Purkinje fibers, and ectopic pacemakers. 
 
 Clinical indications: 

- various reentrant or ectopic ventricular or atrial arrhythmias. Affects atrial and 
ventricular tissue in much the same way. No specific target. By now many 
better drugs have been developed and so Class 1a agents are no longer first-
tier therapies for anything 

 
 

http://www.uptodate.com/online/content/topic.do?topicKey=drug_l_z/218472&drug=true
http://www.uptodate.com/online/content/topic.do?topicKey=drug_l_z/210758&drug=true
http://www.uptodate.com/online/content/topic.do?topicKey=drug_a_k/85198&drug=true
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CLASS 1 B: lignocaine, mexiletine. 
Fastest blockade; bind to inactive receptors (i.e during the depolarization period.) 
Dissociate quickly. “Mild blockade” 

USED IN TACHYARRHYTHMIAS. Practically no effect at slower heart rates. 
    

LIGNOCAINE: a well known local anaesthetic, delivered intravenously. 
 
      
 
 
 
 
 
 

 

 
You would only ever use disopyramide for sustained VT, if nothing else works. 

PHENYTOIN is also a class 1b agent; for the treatment of sustained ventricular 
arrhythmia, and can actually prevent the torsade de pointes which is associated 
with QT prolongation. Its pretty much an oral form of lignocaine. 

 
 
 
 
CLASS 1 C: flecainide and propafenone. Highest level of blockade. 

Slowest activity; bind to both active and inactive receptors. Because they dissociate slowly, 
the effect is greatest at fast heart rates. This is called “USE DEPENDENCE”   
YOU MUST MONITOR QRS PROLONGATION WITH THESE DRUGS. >50% IS TOXIC. 

 

                             
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

- Block fast sodium channels, thus reduce rate of phase 0 upstroke 
- Increase the rate of repolarisation 
- Greatest action is on ischaemic, acidotic cells. No effect on the atria. 
- Little effect on QT interval 

LIGNOCAINE: a well known local anaesthetic, delivered 
intravenously.You will find yourself reaching for the lignocaine when 
the VT/VF arrest is not going well, and the sotalol is not doing much. 
If the arrest went well and the patient is still alive, you may be 
wanting to use a lignocaine infusion to prevent a recurrence. 
Uniquely, lignocaine suppresses afterdepolarisations. 
 
MEXELITINE is an oral medication  for the treatment of sustained 
ventricular arrhythmia, and can actually prevent the torsade de 
pointes which is associated with QT prolongation. Its pretty much an 
oral form of lignocaine. 

 

 

Phase 0 is 
slower 

Phases 1,2 
and 3 are 
faster 

Clinical indications: 
- Ventricular arrhythmias, especially those associated with digoxin toxicity or 

recent ischaemia 
- Practically useless in AF, flutter or SVT. 
 

 

- SERIOUSLY block fast sodium channels 
- The rate of repolarisation remains unchanged 
- Greatly prolong refractory periods- everywhere, including 

accessory pathways, AV node, atrial and ventricular muscle 
- Will precipitate heart failure in people with crappy ventricles. 
- Prolong QRS, QT and PR intervals 

Clinical indications: 
- SVT of all sorts. Preventative effect as well as a chance to 

extinguish the arrhythmia. 
-  
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CARVEDILOL is a bizarre beta-blocker. It also blocks alpha 

adrenoceptors. It also blocks potassium, sodium and calcium currents.  
ADMINISTERED CHRONICALLY, it increases the number of these channels.  

CLASS 2 drugs: Beta Blockers, anti- sympathetic drugs.     
Mainly act on Beta-1 adrenoceptors; also have mild sodium channel blocking properties. 

Beta-blockade slows the rate of sinus pacemakers, or any ectopic pacemakers. It also 
increases the refractory period of the AV node, and it will slow conduction of retrograde 
or anterograde accessory pathways. So if you are in rapid AF, fewer beats will be conducted 
to the ventricle. Its just like carotid massage (except carotid massage uses the reverse 
mechanism and increases parasympathetic input instead of decreasing sympathetic input) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CLASS 3 drugs: Potassium channel blockers.       
Its really just SOTALOL and AMIODARONE. Blocking the potassium channels prolongs 

repolarisation, prolongs the action potential duration and increases the refractory period. 

On ECG, that looks like QT prolongation.  
This may lead to torsade de pointes, and doom.  
REMEMBER!! Long QT equals DOOM! Drug induced long QT is made more sinister by 
bradycardia, hypokalemia or hypomagnesemia.  

 
 
 
 
 
 
 
 
 
 
 

Sotalol is also a beta-blocker with the attendant pro-arrhythmic properties thereof.  

 When using sotolol long-term, you must monitor the QT interval. 

Amiodarone is an omni-blocker a’la carvedilol, blocking depolarized sodium channels, 

potassium channels and some of the adrenoceptors. It’s the least pro-arrhythmogenic of the lot. 

 When using amiodarone, you must monitor thyroid and liver function; 
 It may also cause pulmonary fibrosis. Its half-life is 25-60 DAYS. 

 
 
 
 

- Increase the refractory period of the AV node, thereby aborting reentrant 
rhythms which rely on it 

- Reduce myocardial oxygen demand, thereby reducing ichaemia 
- PR interval is prolonged; QT and QRS are unaffected. 
-  

Clinical indications: 
- AF and flutter: reduce conduction to the ventricles 
- Termination of reentrant SVT (also by slowing AV node conduction) 
- Termination of ventricular arrhythmias which are related to prolonged QT 
 

 

This means reduced reentry, 

and slowed conduction 
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CLASS 4 drugs:Calcium channel blockers.       
Its really just VERAPIMIL and DILTIAZEM. Blocking the calcium channels will slow the 

rate of AV node conduction and prolong the AV refractory period. In the presence of beta 
blockers, calcium blockade will slow the sinus rate ridiculously, like to 30.  

 
 
 
 
 
Calcium channel blockers depress left ventricular function. Expect the stroke 
volume to decrease and blood pressure to fall. 
 

 

 

 

 

Unclassed drugs:             

ADENOSINE 
- Potassium channel agonist 
- best thing ever for terminating paroxysmal SVT; provided it uses the AV node, and there 

is no fast accessory pathway. It opens potassium channels in the pacemaker nodes, and 
thus hyperpolarizes the membrane. This has the effect of prolonging Phase 4, slowing the 
firing rate. Ventricular myocytes are immune to this effect because the specific potassium 
channels are not present in those cells. 

 

 

CONTRAINDICATIONS: 

- ACCESSORY PATHWAY! Adenosine also shortens the refractory 

period. It can induce atrial fibrillation.  If you have WPW or something similar, 
adenosine might induce ventricular fibrillation. 

- Asthma or severe COPD (may cause bronchospasm) 
- Sick sinus syndrome  
- Broad complex tachycardia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clinical indications: 
- Reentrant paroxysmal SVT. This role is now held by adenosine, but in the 

olden days people used to get verapimil IV. 
 

 

- Decrease automaticity (reduced phase 4 spontaneous depolarization) 
- Elevate threshold potential 
- Decrease the rate of Phase 0 upstroke 
- Lengthen AV node refractory period 
-  

- Completely block the AV node 
-  
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DIGOXIN 
- inhibitor of the Na

+
/K

+
 ATPase: raises intracellular sodium. Having too much sodium in the 

cell reduces the activity of the sodium-calcium exchange pump. So, the calcium stays in the 
cytosol, and the ever-working SERCA calcium pump patiently sweeps it all up into the 
sarcoplasmic reticulum. Having more calcium incarcerated within the reticulum is 
beneficial: when the cell depolarizes and the calcium-gated calcium channels open, the 
massive rush of stored calcium causes the myofilaments to contract more powerfully. 

- Most important therapeutic effect is the slowed conduction velocity in the AV node.  
 
 
 
 
 
 
 
 
 
 
HOWEVER: 
 Digoxin toxicity has 3 important effects in the Purkinje fibers: 

- less negative resting potential; therefore some of the fast sodium channels are always 
closed, the action potential is slowed and if this effect is heterogeneous among ventricular 
muscle, reentrant arrhythmias may arise 

- decreased action potential duration means refractory periods actually shorten, and so there 
is more risk of an arrhythmia propagating. 

- Enhanced automaticity because the threshold is nearer (i.e. the resting potential is less 
negative) and the increased intracellular calcium might trigger AFTERDEPOLARISATIONS. 
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WHY WOULD WE USE THESE INSANELY TOXIC DRUGS?   

Why not a 200 joule shock? 
Why indeed. 
 
  
ATRIAL FIBRILLATION 

The first thing you must decide is whether there is any hemodynamic compromise. 

 If there is, then the treatment of choice is DC cardioversion.  
Also add 25000 units of heparin in 45 ml of saline infusion to anticoagulate; the atria of 
these people tend to become “stunned” and flaccid following a  DC shock, which 
predisposes them to forming clots.  

  
Supraventricular tachycardia,  

-     get a large bore cannula in, and attach a fast drip. 
- Give 6mg adenosine as fast as you can (otherwise it will get metabolized) 
- This should give you a few seconds of AV nodal block. You will see the 

underlying atrial rhythm, and hopefully revert the SVT to sinus. 
- Didn’t work? Try 12 mg bolus. And then an 18mg bolus. 
ADENOSINE USELESS? 
Move onto verapimil.  
- give a slow bolus of 5-10 mg IV over about 5 minutes, while monitoring BP 

constantly. Works best with an arterial line. 
 

Ventricular tachycardia in a conscious patient: 
- give sotalol IV, 1.5mg/kg (so, about 100mg for a normal-sized person) 
- then, prepare for elective cardioversion. If its not working, give another 

0.5mg/kg sotalol. If its still; not working, you need to move on to IV 
lignocaine as a 1mg/kg bolus, delivered slowly. You may attempt an infusion. 
This is given as 4mg/minute for the first hour, followed by 2mg/minute 
thereafter.  

  

Ventricular tachycardia or ventricular fibrillation in an arrest setting 
- immediate DC shock. These are referred to as “shockable rhythms”. In 

contrast, pulseless electrical activity (PEA) and asystole just get adrenaline 
1mg every 5 minutes during resus. 

 
- Adrenaline should be given in any arrest, regardless of rhythm. In the case of 

a shockable rhythm, give it after the 3rd attempt at DC cardioversion.  
 

- For VF/VT, you also give sotalol 1.5mg/kg after the 3rd attempt. 
- Once again, try a lignocaine bolus of 1.5mg/kg if nothing is working. 
- If the arrest is lasting for longer than 10-15minutes, you may want to give IV 

bicarbonate, around 50 to 100 mmol. IF the patient is hyperkalemic, you 
will want to give calcium gluconate before the bicarbonate. 

 

 

 

 

Carotid massage will only resolve those arrhythmias which rely 

on the AV or SA node. Otherwise, they will only increase the 

AV block. 
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And, finally: 

Torsade de Pointes         
Usually paroxysmal! Will be self limiting, you hope. Or it may degenerate into VF. 

Either way, just give magnesium 1-2g IV. It works even in people with normal magnesium 
levels. Keep giving it every 10-15 minutes. Reserve DC cardioversion until last. Lignocaine is 
useless.  

Usually, the cause of this weirdness is a long QT interval; seeing as this interval is 
proportional to the duration of the whole P-T complex, a slow heart rate will prolong your QT. 
So something that increases heart rate will be protective against this tachyarrhythmia. 
Something like isoproterenol, a beta1/beta2 agonist. In effect, this will produce 
pharmacological overdrive pacing, and hopefully terminate the torsade (especially acquired 
torsade, such as caused by class 1a drugs or sotalol). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SVT: Orthodromic or Antidromic? And why does that matter?  
This is a way of classifying AV reentrant tachycardia, the one with an accessory pathway. 
 
 
 
 
 
 
 
 
but why?... 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Orthodromic conduction = through the AV node 
Antidromic conduction = through the accessory pathway  

Orthodromic conduction: the “Right Way” 
The action potential travels through the AV node; the QRS 
complex would not show any pre-excitation. After the 
ventricles conduct the action potential, it comes back 
around and enters the atria via the accessory pathway. 
THEREFORE: 

- the p-wave is always “retrograde” in this situation; 
the atria depolarize RIGHT AFTER the ventricles. 
Thus the P waves will be embedded in the ST 
segment 

- The QRS complex is usually normal-looking, or 
with BBB- this is because the conduction from the 
AV node to the ventricles is completely normal.  

- Even in WPW, the QRS will be NORMAL because 
the accessory pathway is not pre-exciting the 
ventricle- instead it is excited BY the ventricle. 

Antidromic conduction: the “Opposite Way” 
The action potential travels through the accessory pathway; 
in order for this to happen, this pathway must be well away 
from the AV node (at least 4cm away, so the action potential 
gets to the pathway first).  The action potential first 
depolarizes the ventricles and then conduct it back up the 
AV node.  

- The P waves are negative, if visible at all. 
- The QRS is WIDENED because most of the 

ventricular conduction occurs via the sluggish 
ventricular fibers, not the His-Purkinje system. 

- in WPW, the QRS will HAVE DELTA WAVES 
because practically ALL of the ventricle will be 
excited by the accessory pathway.  

Widened bizarre QRS 
complexes, caused by 
simultaneous 
depolarization of the 
ventricles from both 
the AV node and the 
accessory pathway 

Delta wave 

An atrial ectopic near 
the AV node starts the 
SVT cycle 

QRS complexes are now narrow 
and normal-looking, because the 
accessory pathway plays no role in 
their initiation.  

Negative P waves 
follow the QRS 
complexes 

RULES OF THUMB: 
Antidromic is usually narrow-complex. 
Orthodromic is always broad-complex. 

Delta wave 

Widened bizarre QRS 
complexes, because 
the ventricle is wholly 
pre-excited 

WHATS THE POINT OF ALL THIS? 
 ORTHODROMIC: 
The site of antegrade conduction is the AV node; hence it 
is the crucial weak point. One can attack the tachycardia 
there by lengthening the AV refractory period.  

- vagal manoeuvres 
Adenosine and verapimil ONLY is its certain that its not AF 
 

ANTIDROMIC: 
The site of antegrade conduction is the accessory pathway; its 
conduction speed relies on fast sodium channels. Therefore 
Class 1 drugs are preferred, such as Flecainide. You can 
also attack the AV node with adenosine, to slow retrograde 
conduction. In fact, that works surprisingly often.  

 
Why not Adenosine? Adenosine on its own can cause AF, as well as blocking the AV node. If the poor fool 
has AF and you block the gate-keeping AV node, the fast accessory pathway will be in charge of conducting the AF 
impulses. Of which there are 300 or so per minute. And it will be 1:1 conduction.  Beta blockers don’t shorten the pathways’ 
refractory period as much as the AV nodes’ refractory period. Likewise verapimil. So you may induce VF in a patient with an 
accessory pathway, by using adenosine, verapimil or beta-blockers. Of course if that happens, you can always shock them. 

Alex Yartsev
Stamp



Supraventricular Tachycardias         
Abnormal circulating impulse in a relatively normal heart, causing a regular 
narrow-complex tachycardia. 
SYMPTOMS:             

- syncope 
- dizziness, light-headedness 
- palpitations 
- shortness of breath 
- panic, anxiety 

Associated historical evidence:          
- This patient is a coffee glutton, cocaine fiend, or otherwise given to excess with stimulants 

SIGNS: 
- Ridiculous fast pulse rate 
- Sometimes pallor 
- Most of the time, no signs. 

 ASSESS IMMEDIATELY: is this patient hemodynamically 
stable? Are they crumbly enough to crash right now? Do they 
have a crappy heart already?  

FACTOIDS: 
Incidence is 35 per 100,000 
Prevalence is 2.5 per 1000 

- Alcohol consumptions is a risk factor- causes both atrial arrhythmias and SVT 
- Hyperthyroidism  

ECG findings:by the time you saunter up to the patient, an ECG is usually ready for you to look at.   
- 90% will have a NARROW QRS COMPLEX, with a rate of about 200. There may be ST depression. 

 
Investigating the cause: to consider later… 

- CHEST XRAY to look for gross abnormalities, eg. hugely dilated heart 
- ECHOCARDIOGRAPHY to look for structural heart disease in detail 
- ELECTROPHYSIOLOGY is usually something you do with a view to ablate an accessory pathway 

 
 
 
 
 
 
 
 
 
 

In the emergency department, you will find yourself ordering the following: 
- ECG 
- Chest X ray 
- CK, Troponin 
- EUC and CMP 
- TFT 

You will give them oxygen. 
 

 
 
 

Alex Yartsev
My Disclaimer



DIAGNOSIS: Which narrow-complex tachycardia is it?       
So, you wander up to the bedside, following the frantic beeping of the ECG monitor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Here’s one from real life. pt. hemodynamically stable, conscious, and known to have a “silent” reentry 
pathway, which was investigated with EPS only a day ago - but not ablated owing to its proximity to the AV node. 

 

IS THE PATIENT STABLE? Or has the blood pressure suddenly dropped, and they are unconscious? 
- Narrow complex tachy? Stop diagnosing them and give a DC shock.  

So maybe they are stable. Is the rhythm regular?  
- Irregular rhythm? Can you see any P waves? 

- If  not, its probably ATRIAL FIBRILLATION. 
- If you see any P waves, they are likely to have many weird morphologies, and 

so this is likely MULTIFOCAL ATRIAL TACHYCARDIA; this happens to people 
with huge dilated atria.  

- Regular rhythm? Detectable P waves? 
- Cant make out those P waves? Try adenosine. You will either convert it to sinus 

OR you will slow the ventricular rate to get a good look at the P waves. 
Or, if its WPW, you may induce a fatal VT or VF with adenosine. RARELY. 

NOW THAT YOU CAN SEE SOME P WAVES:  
- Atrial rate of 250, sawtooth pattern?  Its FLUTTER. 
- Totally normal P waves?? Is got to be a SA node reentrant tachycardia. 
- Abnormal (maybe inverted) P waves and prolonged RP interval? It has to be an ATRIAL 

TACHYCARDIA, i.e. some ectopic focus sending impulses which are conducted 1:1 
- RETROGRADE P waves and SHORT RP interval?  Its an AV reentry tachycardia with an 

accessory pathway, or AV nodal reentrant tachycardia. 
- Retrograde Ps and a LONG RP interval? – its AV reentry tachy with a slow-conducting 

accessory pathway 
- NO ATRIAL ACTIVITY?? It was probably atrial fibrillation, or an ectopic junctional tachycardia.. 

 

ADENOSINE 
Should be OK; with an 
accessory pathway the 
chances of AF with 1:1 
conduction are tiny; 
…but… have the crash 
trolley parked at the 
end of the bed anyway. 
Chance favors the 
prepared man. 

The above arrhythmia was terminated with a Valsalva manoeuvre in emergency. Despite having an 
accessory pathway, the pt. reported this being managed with adenosine in the past, with good effect.

Regular rhythm, 200 



MANAGEMENT            
- If they are unconscious because of their SVT, you need to DC-shock them immediately. 
- Otherwise, in an otherwise well person, you are permitted to try any number of measures: 
VAGAL MANOEUVRES: the idea is to increase vagal tone. Increased parasympathetic input will slow  

conduction through the AV node; acetylcholine causes an increased permeability to potassium which leaks 
out of the conducting fibers, taking positive charge with it and thus hyperpolarizing them. 
- carotid massage: one side at a time 
- Valsalva manoeuvre: exhale against a closed epiglottis, like clearing “popped” ears 
- Ice pack on the face: works best in children 
- Precordial Thump: a dangerous and out-of-date practice. May induce arrest. May be hilarious. 

 
 
 
 
 
 
 
 
 

DC CARDIOVERSION 
Cardioversion vs. defibrillation: cardioversion is synchronized to the QRS complexes, whereas 
defibrillation just intrudes rudely and randomly into the electrical activity of the heart. 
THE THEORY: when you zap someone, you suddenly depolarize the whole of the excitable muscle, and 
that includes the aberrant reentry circuit. Once you depolarize everything, you put the whole of the 
myocardium into a refractive period, and so the next thing to fire should be the normal SA nodal 
pacemaker, kickstarting a normal sequence of conduction.  

 
PHARMACOLOGICAL MEASURES:because the vagal manoeuvres only work 25% of the time  
Mighty ADENOSINE – both diagnostic and therapeutic value 
  Causes a transient AV node block. The node just stops working for a few seconds. Mediated via  Antidromic SVT is 

 much less common 
than orthodromic, 
even in accessory 
pathway scenarios. 

the A1 receptor, adenosine inhibits adenyl cyclase, reducing cAMP and thus causing potassium to  
flood out of the cell, reducing its positive ion content and thus hyperpolarizing it. This is basically  
what the vagus nerve does, but it bypasses the whole acetylcholine business. Interestingly, these  
are the same receptors which caffeine binds to. 
- Given 6 to 8mg IV, VERY QUICKLY (in 2 seconds) because it gets metabolized 

very quickly in the bloodstream. 
- If ineffective the first time, give a larger dose (12 to 16mg) 
- 90% of SVT will be terminated by the second larger dose. 
- Just make sure resus equipment is around, and youre confident in intubation. 
- In instances of atrial flutter, adenosine will block conduction long enough for you 

to get a good flutter trace in lead V1, thereby confirming the diagnosis of flutter. 
CONTRAINDICATIONS: 

- ACCESSORY PATHWAY! Adenosine also shortens the refractory 
period. It can induce atrial fibrillation.  If you have WPW or something similar, 
adenosine might induce ventricular fibrillation.  THIS IS VERY RARE. 
Most senior ED staff just give adenosine to WPW anyway. 
You can always bring out the cardioverter and zap them. 

- Asthma or severe COPD (may cause bronchospasm) 
- Sick sinus syndrome  
- Broad complex tachycardia 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.  So you used adenosine anyway. After you were told not to. That’s just fine. Vast majority of the time you 
will actually get away with it. Only very occasionally you might induce AF in a patient with an accessory pathway. 

This is what happens.. The patient is looking slightly unwell. 

This is very rare and requires a DC shock.  
The DC current is an effective rescue measure; so in reality… you can always just give adenosine, and if 
everything goes to hell- there is always the defibrillator. 
 

Now what are you going to do..  
For all intents and purposes this is VF; through 
technically its AF with 1:1 conduction.  
Normal drugs wont work: blocking the AV 
node just makes the accessory pathway take 
over more of the conduction role. The rate 
would actually increase. 
Two strategies: target the accessory pathway 
to slow its rate of conduction, or just cardiovert 
the whole thing and hope the AV node takes 
over the role of conduction (DC shock should 
silence ectopic atrial foci). Procainamide 
seems to be the agent of choice in the US. 
Antipodes prefer Flecainide. 

Second line agents            You wouldn’t use any of these in patients with severe hypotension, 
history of congestive heart failure, WPW or some sort of heart block. Verapimil 

- Calcium channel blocker; blocking the calcium channels will slow the rate of AV 
node conduction and prolong the AV refractory period. LV function will also be 
depressed, so this is not any good in people with low LVEF. 

- Usually given as a slow bolus of 5-10mg IV, with constant (preferably arterial line) 
blood pressure monitoring. 

Beta-blockers 
- Beta-blockade slows the rate of sinus pacemakers, or any ectopic pacemakers. 

It also increases the refractory period of the AV node, and it will slow 
conduction of retrograde or anterograde accessory pathways. 

 

Third line agents            

Class 1a: Procainamide 

Class 1c: Flecainide and Propafenone 
Fast sodium channel blockers, best for VT; they will lengthen the refractory period 
of the accessory pathway and sometimes terminate AF. 

 In WPW with atrial fibrillation, these drugs are used if DC cardioversion is impossible. 
IN SVT with definite preexcitation, these are SECOND LINE AGENTS.   

 
 
 
 

Wolff-Parkinson-White: Verapimil, digoxin and adenosine are said to be contraindicated. 
- DC Cardiovert these people as a first line treatment. 
- Only if that fails, move onto Class 1c or 1a fast sodium channel blockers 

 



Vasovagal SyncopeVasovagal SyncopeVasovagal SyncopeVasovagal Syncope    and Depression     and Depression     and Depression     and Depression         
History of Presenting Illness          
The patient will be complaining of having fallen unconscious.  
On-lookers will report a flaccid drop to the ground, possibly preceded by an emotional event, 
and possibly followed by some twitching (though not epileptiform convulsions)  

Differential Diagnoses            
- Orthostatic syncope  
- Cardiac syncope ( AF, VF, Asystole) 
- Stroke 
- Seizure 
- Aneurysm 
- Hypoglycaemia 
- Drug toxicity 
- DVT and/or pulmonary embolus 
- Transient ischaemic attack 

Pertinent Findings on History     
!! OBTAIN EXACT HISTORY OF THE EVENT !!  
including reports of bystanders 

- Precipitated by emotional event � vasovagal 
- Precipitated by straining (eg. defecation etc) � vascular causes eg. stroke 
- Precipitated by sleep or food deprivation, hot environment, alcohol consumption, and pain. 
- Prior faintness, dizziness, or light-headedness occurs in 70% of patients  
- Other symptoms, such as vertigo, weakness, diaphoresis, epigastric discomfort, nausea, blurred 

or faded vision, pallor, or paresthesias, also may occur in the presyncopal period. 
- Symptoms of nausea or diaphoresis prior to the event may suggest syncope rather than seizure 

when the episode was not witnessed. 
- The duration of symptoms preceding a syncopal episode has been reported to be an average of 

2.5 minutes in vasovagal syncope and an average of 3 seconds in cardiac syncope. 
- Syncope is associated with patient estimates ranging from seconds up to 1 minute 
- Postictal phase? were they confused afterwards? (yes = seizure) 
- Right after getting up quickly? = orthostatic hypotension 
- ASK ABOUT MEDICATIONS eg. antihypertensives = these can cause orthostatic hypotension 

Pertinent Findings on Examination        
- Blood pressure (orthostatic drop?) 
- Mental state (still confused? Stroke-ish deficits?) 
- Neuro exam (focal neuro deficits?) 
- Heart examination (abnormal sounds, particularly AF?)  
- Carotid Bruits 
- May consider hematological exam if pt. looks anaemic  

 

Tests and Investigations          
- FBC to look for ANAEMIA  
- SERUM BIOCHEMISTRY to look for electrolyte abnormalities eg. hyponatremia 
- ECG to assess heart function  
 

How is this diagnosis made ?         
���� By exclusion of anything more sinister 

 
Disease Definition            
Syncope (or fainting) is triggered by an abrupt decrease in arterial blood pressure, which in turn may result 

from a variety of causes. The most common cause (vasovagal syndrome) is associated with changes in 

sympathetic and cardiac vagal activity.  

!! RED FLAG SYMPTOMS !!  
preceding or following episode 
- chest pain  
- dyspnea  
- low back pain  
- palpitations 
- severe headache 
- focal neuro deficits 
- diplopia 
- ataxia  
- dysarthria 

WAS THERE 
DOPYNESS AND 
CONFUSION 
AFTER THE 
EVENT? 
YES?? 
THEN IT WAS A  

!! SEIZURE !! 
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Management: Treat the cause!!         
Eg. antidepressants, cognitive behaviour therapy, etc. …Assuming its vasovagal syncope. 

 ACUTELY, put the patients feet up.  No other management is necessary  

Prognosis             
- Vasovagal syncope carries a uniformly excellent prognosis. 
- This condition does not increase mortality rate, and recurrences are infrequent. 
HOWEVER:  if a cardiac patient has any type of syncope the prognosis is VERY BAD as it implies 
an asystole or a travelling atrial fibrillation thrombus 

Epidemiology :             
- at least 3% of the population will have a syncopal episode within a 26-year period. 

- Thirty percent will have recurrences.  

(In the US, Findings from the Framingham study ) 
Aetiology / Pathophysiology: mechanisms of syncope    
 
 
 
 
 

 
 
 
 
 
 
 
 
 
WHAT SHOULD HAPPEN HERE: the BARORECEPTOR REFLEX 
 
Falling blood pressure: 
� sensed by aortic arch and carotid sinus 
baroreceptors;  
 
AORTIC signals via VAGUS,  
CAROTID signals via GLOSSOPHARYNGEAL  
� feeds back to the heart rate control centre at 
the medulla: nucleus of solitary tract  
 
� medulla controls  
heart rate (via SA node, under vagus control)  
and stroke volume (via heart muscle sympathetic 
efferents) 
and arteriole diameter (via sympathetic NS) 
 
thus HR and Stroke Volume increase in response 
to falling blood pressure,  
and the peripheral arterioles constrict  
 
� all of which increases the blood pressure 

 
 
 
 
 
 

 Emotional stimulus: 
 Triggers hypothalamic ANS response: 
 ? evolutionary remnant of the old “lie down and play 
dead” defence against large predators.  
 

Sympathetic: 

VASODILATION 
(most important component!!)  

Parasympathetic: 
Vagus-mediated BRADYCARDIA 
 

Reduced cardiac output 
 Reduced  

total peripheral resistance 
 Sharp fall in arterial pressure (45-50 mmHg) 

 

Suppression of  
baroreceptor reflex 
 

Failure of reflex vasoconstriction 
 

Brief period of CEREBRAL HYPOXIA 
Thus LOSS OF CONSCIOUSNESS 

 



Overview of heart function: pressure and volume relationships  

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 FACTOIDS ���� 

heart stops for more than 10 seconds, = syncope;  
more than 10 minutes = brain damage 

the heart beats 2 billion times in 70 years. 

RATES OF DIFFUSION: to reach equilibrium 
 Across 1 micrometre takes 1 msec  
 Across 1 mm takes 15 min 

 Across  1 metre takes ~30 years 



 

Muscle weakness and fatigue:         
Force production by muscles: remember the “sliding filament” theory  

 
 
Effects of :              

cross-sectional area: THE THICKER THE MUSCLE, THE GREATER THE FORCE 

 length             

 

shortening velocity           

 Central v. peripheral fatigue.  
(a) central involves proximal motor neurons (mainly in the brain) 

caused by inhibition of motor neurons; originates @ reticular formation of brainstem 

This kind of fatigue should manifest itself by a decrease in the outflow of motor impulses to the muscles.  

(b) peripheral involves within the motor units  

(i.e., motor neurons, peripheral nerves, motor endplates, muscle fibers). 
two different sites where repeated contractions may cause impairment: 
 the "transmission mechanism" (neuromuscular jn, muscle membrane, and endoplasmic reticulum) 
and the "contractile mechanism" (muscle filaments). 
 

 

Metabolic changes in muscle and their relation to muscle fatigue      

Fatigue causes 

• Blood closure 

• Occlusion 

• Co2, lactate increase -> H
+ increase -> pH decrease  

• Glycogen decrease 

• Heat increase

 

FATIGUED MUSCLES become weaker, slower  

and more efficient at using ATP to maintain tension 

THIS IS PROBABLY DUE TO THE pH DECREASE, THUS CAUSING  ENZYME DYSFUNCTION 

ELONGATED MUSCLE = 

= GREATER FORCE  

 

 

AN ELONGATED MUSCLE DEVELOPS 

GREATER FORCE BECAUSE ITS 

CONNECTIVE TISSUE STRUCTURES 

CONTRIBUTE RELATIVELY LARGE 

PASSIVE (ELASTIC) FORCES.  

 

Smaller motor units (fewer muscle fibers) have a small motor neuron and a low threshold for 

activation. These SMALL UNITS ARE RECRUITED FIRST  

VELOCITY INCREASES = 

= FORCE DECREASES 

 

Max power (Force X Velocity) at about 
≈30% of max velocity 

 

MUSCLE FATIGUE:  

= is the transient decrease in performance capacity of 

muscles, usually evidenced by a failure to maintain 

or develop a certain expected force or power. 

manifested as weakness, pain on exertion, 

soreness to the touch, and cramping.  

 



Chronic Fatigue Syndrome          
= partly physical, partly psychological in nature. 
DEFINITION: must satisfy 2 criteria 

1. Have severe chronic fatigue of six months or longer duration with other known medical 
conditions excluded by clinical diagnosis, and  

 
2. Concurrently have four or more of the following symptoms:  

- substantial impairment in short-term memory or concentration,  
- sore throat, tender lymph nodes,  
- muscle pain, 
- multi-joint pain without swelling or redness,  
- headaches of a new type, pattern or severity,  
- unrefreshing sleep,  
- post-exertional malaise lasting more than 24 hours.  

 

CAUSES OF TIREDNESS          
Psychosocial factors  

associated features of depression:  
- insomnia,  
- morning tiredness, 
-  loss of interest,  
- poor self esteem)  
of anxiety  
- worry,  
- apprehension,  
- irritability). 

 

Physical causes  
 

= persistent tiredness as a major 
manifestation.= 
weight loss (malignancy, chronic 
infection, diabetes, hyperthyroid), 
 polydipsia, polyuria (diabetes), 
fever  (infection, malignancy),  
cold intolerance  (hypothyroidism), 
 melena, menorrhagia  (anaemia),  
amenorrhoea, nausea, mastalgia 
(pregnancy),  
hypertension, dyspnoea (congestive 
cardiac failure),  
snoring, daytime somnolence (sleep 
apnoea). 

 
Infections which commonly cause 
persistent tiredness include:  
- infectious mononucleosis,  
- tuberculosis,  
- HIV, 
- hepatitis  
- subacute bacterial endocarditis (SBE). 
drugs  
- alcohol,  
- B-blockers,  
- anticonvulsants,  
- anxiolytics  
- NSAIDS

 

Chronic fatigue syndrome should be considered in patients with fatigue lasting longer than six months 

in whom other diseases have been excluded. 

 
Chronic viral infections           
they may… 

• cause apparently acute illness, by reactivation  

• lead to 'non-communicable' diseases including malignancies (Burkitt's lymphoma and cancer of the cervix 
for example ) and degenerative CNS syndromes (eg progressive multifocal leucoencephalopathy (PML) , 
tropical paraparesis)  

• produce continuing long-term damage to their target organ, either directly or by inducing immunological 
destruction of infected cells  

 
Chronic viral infections induce on-going production of lymphokines such as interferon, and lymphocyte 
proliferation may also be found.  
 
 The control of chronic viral infections is difficult because asymptomatic people are likely to remain infectious for many 
years and treatment regimes, if available, are very long term. 

 

DIAGNOSIS IS BY EXCLUSION !! 

10% of all presentations in general practice 

the cause is usually psychological or 

social (in 50-80% of cases) 
 

Non-specific symptoms of CVI:  
- fatigue, (may be the presenting symptom in patients 

with cumulative tissue damage, eg hepatitis C  
- muscle aches  
- low grade fever 



Autonomic nervous system physiology and biochemistry    

ADRENALINE: affects ALL adrenoceptors 

NORADRENALINE: affects all adrenoceptors EXCEPT beta-2 
� which is lucky, as veins have both alpha and beta-2 receptors and wil respond differently to each  

ALPHA-1 = activates phospholipase-C;  

thus � increased inositol triphosphate and diacylglycerol (2ndary intracellular messengers)  

ALPHA-2 = inhibits adenylyl cyclase, THUS ���� less cAMP,  
BETA-1 and BETA-2  = activate the adenylyl cyclase, thus more cAMP 

  

ALPHA-1 actions:  

- smooth muscle contraction (vascular, 

gastrointestinal sphincters, bladder trigone, urethral 

internal sphincter, iris radial),  

- relaxation of gastrointestinal non-sphincter smooth 

muscle, 

- K 
+
 -rich saliva secretion  

- glycogenolysis. 

ALPHA-2 actions: 

- prejunctional inhibition of noradrenaline release 

from sympathetic postganglionic nerve terminals 

(autoinhibition)  

- platelet aggregation. 

BETA-1 actions: 

- increases in heart rate and force of contraction, 

- relaxation of gastrointestinal non-sphincter smooth 

muscle, 

- amylase-rich saliva secretion  

- lipolysis 

BETA-2 actions: 

- smooth muscle relaxation (vascular, bronchial, 

bladder detrusor, uterine),  

- glycogenolysis  

- inhibition of mast cell inflammatory mediator 

release

- NO REAL NEUROTRANSMISSION! 

 

Beta-2 relaxes veins 

Alpha-1 constricts them 



Acetylcholine affects all muscarinic receptor 
subtypes (M 1 , M 2 , M 3 ),  

PLUS both nicotinic receptor 
subtypes (neuronal, skeletal muscle) 

M1, M3 receptors = activate phospholipase C,  
THUS ���� increased inositol triphosphate 

and diacylglycerol (just like alpha 1) 
M2 receptors = inhibit adenylyl cyclase, enhance 
K+ conductance 
M1 actions:  
- gastric acid secretion 
- acetylcholine-induced excitation in sympathetic 

ganglia 
M2 actions: 
- decrease in heart rate  

- prejunctional inhibition of acetylcholine release 
from parasympathetic preganglionic nerve 
terminals (autoinhibition). 

M3 actions: 
- relaxation of vascular smooth muscle (via the 

release of endothelial nitric oxide), 
- smooth muscle contraction (gastrointestinal, 

bronchial, bladder detrusor, iris and ciliary circular)  
- exocrine gland secretion (K 

+
 -rich salivary, sweat, 

gastrointestinal, bronchial).  
NICOTINIC RECEPTOR ACTIVATION:  
 the opening of ligand-gated Na 

+
 /K 

+
 channels; 

THUS:  fast excitation (depolarization) of skeletal 
muscle and neuronal cells.

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Behavioural science: coping with gay people      

.About 4 to 5% of the population are preferentially homosexual for their entire lives.  

Since 1973, the American Psychiatric Association has not considered homosexuality a disorder.  

Like heterosexuality, homosexuality results from complex biologic and environmental factors leading to an 

almost inevitable preference in the selection of a sexual partner. For most, it is not a matter of choice. 

Nevertheless, many people, including physicians, regard homosexuality as immoral and sinful, and a 

physician's intense aversion to homosexuality (homophobia) may interfere with appropriate care of 

homosexuals. 

Well-informed physicians can offer sensitive, disciplined advice on sexual matters and should not miss 

opportunities for helpful intervention, remembering that sexual practices differ by culture and that the 

strength of the sexual drive, individual needs, and the frequency of sexual contact vary greatly. Also the 

physician must consider time taken for family and friends to adjust to a new facet being exposed in the 

individual. Feelings of loss are common, and should be worked through and considered rationally in a group 

discussion. 
 
Treating family and friends.:          
It is not illegal, but it is discouraged.  

 
Why do people consult doctors ?  
- they have developed symptoms and/or signs which obviously threaten their autonomy and quality or duration of life (abdominal 

pain, swollen joints, sore throat, depression, for example).  
- Others have a symptom/sign complex which does not cause any obvious ill health, but threatens to do so in the future 

(symptomless breast lump, symptomless hypertension).  
- A third group have no evidence of disease, but have reason to fear that they will develop a more or less serious illness (family 

history of colon cancer, hepatitis B exposure, relationship with HIV sufferer).  
- A fourth group will be in good health and wants to stay that way by ensuring health screening and health advice (health 

maintenance plan, breast screening).  
- A fifth will have developed patterns of coping with life which involve using illness as a shelter (abnormal illness behaviour, 

some chronic pain syndromes).  
- A sixth will not perceive that they are ill, but are sent by family or friends who do perceive a change (occult cerebral tumour, 

alcoholism).  
- Finally, a seventh group present because they find themselves overwhelmed by anxiety or other symptoms of angst (anxiety 

states, grieving, burnout). 
 
The nature of the clinical transaction  

Doctor and patient work within an agency relationship, in which the patient entrusts the doctor to 
become his/her agent in order to secure something which s/he desires.  
All such relationships are based on trust. 
The transaction begins with the power markedly unbalanced in favour of the doctor and should 
end with a restoration of power to the patient. 
 

The problems of treating family and friends.  
Family and friends do not stand in an agency relationship with you as a doctor. They may trust you, but may also find it 
difficult to accept your authority when you give advice. It is likely that they will appeal to your special relationship and to make 
special judgements which may not accord with your own perceptions of right action. The language you commonly use with family 
and friends is not the language of medicine, and linguistic communication is easily distorted. It is particularly hard to offer 
probabilistic advice to family and friends who want to know what will happen to them as unique individuals. It is also hard to break 
bad news without offering false hopes. This all occurs because intersubjectivity is replaced by sympathy and identification with the 
other. You are connected with the other by special social and emotional bonds. 

 
MEDICOLEGAL MUMBO-JUMBO: giving information    
 
Autonomy  
"The fundamental principle underlying consent is said to be a right of self-determination: the principle, or value choice, 
of autonomy of the person ... It is an ethical principle which is simply reflected in legal rules because our law has been 
developed by judges sensitive to the practical application of generally held community ethical principles (Kirby, M. 
(1983) "Informed consent: what does it mean?" Journal of Medical Ethics 9:69, at page 70).  
 
Giving information  
The giving of information to patients is an ethical obligation and a legal requirement, and relates to the concept 
of autonomy, that is, enabling the individual to control their own life.  



The term "informed consent" clearly specifies that consent to a medical procedure needs to be based on 
adequate information.  
 
Valid and Informed consent  
Informed consent is not synonymous with valid consent, because the requirement that consent be informed is only 
one aspect of a valid consent. The individual should  
- have the legal capacity to give consent,  
- be in a situation where consent may be given freely, without any duress, force, fraud, deceit or coercion,  
- have sufficient information to make an informed and enlightened decision.  
 
three areas of law are relevant to informed consent –  
(1) the crime of battery,  
(2) the tort of trespass which includes assault and battery, and  
(3) the tort of negligence.  
Practically, the issue is raised usually within the arena of the civil law or torts.  
Trespass is a general term for several causes of action, the most relevant here being assault and battery. 
- A battery is an intentional touching of another person without consent of that person and without lawful 

excuse; 
- an assault is the intentional creation in another person of an apprehension of imminent, harmful or 

offensive contact.  
- Negligence is relevant where it can be shown that there was an obligation on the part of the practitioner 

to provide certain information, and that if the information had been given to the patient that the patient 
would not have consented to the procedure being carried out. 

 
The nature of the information  
The patient should be told  
- The diagnosis,  
- the alternative treatments,  
- what the practitioner recommends and why.  

 
The information given to the patient must  
- encompass an adequate explanation of the proposed procedure,  
- be couched in language that the patient can comprehend.  
Giving a patient a pamphlet may well be insufficient, particularly if there is no follow-up to ensure the patient could 
read and understand the pamphlet, and had no further questions.  
Medical jargon should be avoided.  
Imprecise terminology such as, "rare", "often", and "not serious") should be avoided, in favour of precise description 
of risks and probabilities (where they are available).  
the more invasive the procedure, or the graver the consequences, the greater should be the level of 
disclosure. 
DISCLOSE THE FOLLOWING: 
- risk of death,  
- disability and other serious consequences 
- possible benefit 
- effect on work,  
- time required for recuperation,  
large risks of minor harm and small risks of major harm 
A valid consent is not required in an emergency, because the courts have presumed that an unconscious patient 
in a life-threatening situation would have consented to treatment.  
If a patient cannot give a valid consent owing to temporary or permanent disability, recourse should be made to 
obtaining third party consent, consistent with the provisions of the Guardianship Act 1987 (NSW) (see Learning Topic 
on Guardianship). 
 
Consent forms  
A valid consent form needs to contain details of the actual procedure to be performed. 
The signed consent form does not provide proof that the patient consented, but is merely evidence that he or she 
signed the particular form. 
The signature itself does not prove that the patient understood the information given, or the nature and effect 
of the procedure. 
Consent must be operative at the time the procedure is performed, and it is important for the consent form to be 
signed as close as possible to the time the procedure is performed.  
The patient's ability to give valid consent should not be compromised by the effects of pre-operative medication, for 
example.  

 
DON’T LET THEM SAY “I don’t care, yer the doctor, you know whats best” 

 



Waiving the important and fundamental right to autonomy in decision making about one's own body is so significant 

that it would be preferable for the waiver to be written, and for independent corroboration to 
be obtained that the patient prefers a third party to make the decision.  
If the patient persists in refusing to accept information or decision-making responsibility, recourse may have to be 
made to the Guardianship Tribunal. The medical practitioner cannot assume the right to make decisions on the 
part of the patient, except in an emergency. 
 

 

THE SICK ROLE: responses to health and illness      
Role theory is a sociological approach which conceives of all social situations as if individuals are playing 
parts.  
The Sick Role  
 being sick is associated with a set of obligations and responsibilities which were first described by sociologist Talcott 
Parsons (1951).  
The four main expectations for the sick role are:  
(a) a right to exemption from normal social role responsibilities, eg work; 
(b) a right not to be held accountable for the illness;  
(c) a duty to experience illness as undesirable and not to resign themselves to the illness;  
(d) a duty to seek out expert assistance and to cooperate with recommended treatment in attempting to get well.  
One implication is that some illnesses are viewed as legitimate, and others which might be interpreted as being the 
'fault' of the patient (such as substance abuse related illnesses), are viewed as illegitimate.  
Conversely, some illness sufferers push to have their illness recognised as a medical condition, this 
medicalisation supposedly changing society's view of the sufferer from 'bad' to 'ill'  
Parson's sick role has been criticised as:           
(1) more appropriate to acute disorders, not chronic illness where the patient may in fact be encouraged to 
continue normal social role obligations; (2) medicalising some disorders and removing patient's responsibilities 
for behavioural choices;  
(3) it is culture- and class-bound.  
 
Labelling  
Friedson (1970) comments on the unequal nature of the doctor-patient relationship, and the power of the doctor to 
label illness.  
The process of labelling is two-pronged; on one hand it may assist the patient by allowing understanding of their 
condition and relief from social role obligations, whereas on the other hand it may cause the patient to enter the 
sick role unnecessarily (eg male patients who defined themselves as sick, when it was found that they had 
asymptomatic high blood pressure), and may stigmatise the patient (as with mental illness).  
 
 
 
 
 
Illness Behaviour  
Mechanic introduced the term 'illness behaviour' to describe activities undertaken by a person who has symptoms in 
order to define the state of their health and discover a suitable remedy. Associated with this is the premise that the 
experience of illness may be used to achieve social and personal goals unrelated to alterations in biological 
systems or the pathogenesis of disease, that is, secondary gain.  
Particular groups of individuals have been found to be under-utilisers of medical services and to be more likely to 
tolerate symptoms of disease, have a different definition of symptoms from the medical profession, be likely to consult 
friends or family or alternative healers, be frightened or wary about going to the doctor, feel that little could be done 
about their condition and be unable to 'make time' to go to the doctor. These intervening variables mediating between 
the presence of symptoms and the act of consulting a doctor are often patterned according to social and cultural 
factors, including the ability to tolerate pain, the social and cultural meaning of symptoms, and the social network of 
the individual.  
Abnormal Illness Behaviour  
In Mechanic's formulation of illness behaviour, the term 'abnormal illness behaviour' is non-evaluative and 
describes no more than statistical variation from a norm. Pilowsky, however, has developed an extension of this 
usage to cover a range of disease-associated behaviours often labelled hypochondriacal, hysterical, malingering, and 
so on. He defines abnormal illness behaviour as "the persistence of an inappropriate or maladaptive mode of 
perceiving, evaluating and acting in relation to one's own state of health, despite the fact that a doctor (or 
other appropriate social agent) has offered a reasonably lucid explanation of the nature of the illness and the 
appropriate course of management to be followed".  

 
DEPRESSION  AND SOMATISATION        
50% of cardiology referrals have a non-cardiac cause for their chest pain 
 



SOMATISATION:the tendency to conceptualise, express and experience mental states and 
emotions as physiological symptoms or altered bodily functions 
 
SOMATIC SYMPTOMS OF DEPRESSION:  

- disturbed sleep patterns 

- appetite change 

- weight change 

- decrease in sexual drive 

- loss of energy and fatigue 

- menstrual changes 

 

 

ETHICAL DECISION-MAKING FOR DUMMIES:       
The bioethical principles that are widely recognised as fundamental to medical practice include 

- beneficence,  

- non-maleficence,  

- autonomy  

- distributive justice.  
 

Just follow these simple steps and you’ll never suffer the crab-like pinches of your guilty conscience.  

 

• First identify the values in conflict (eg the responsibility to tell "the truth" versus respect for alternative views)  

• Identify the options (what choices do I have in this situation?)  

• Identify the key facts - medical, technical, psychosocial and legal  

• Who has a problem - is it mine, the patient's, the family's, society's?  

• What are the consequences of the choices that I could make?  

• How should we weigh the competing values?  

• How will I evaluate the results of my decisions?  

 

 

Why eat so much when 
depressed? 
WELL! Craving for carbohydrates may serve a 
function, as their consumption is SEROTONERGIC 
and will raise levels of serotonin, thus ���� 
antidepressant effect  
(partial speculation, results may not be reproducible) 



Cushings DiseaseCushings DiseaseCushings DiseaseCushings Disease                                            
History of Presenting Illness          

- weight gain, ���� BUFFALO HUMP with supraclav fat pads, moon face, central obesity 
- purple stretch marks,  
- easy bruising,  
- skin thinning. 
- irregular menses hirsutism. 
- difficulty climbing stairs, getting out of a low chair, and raising their arms. 
- Depression 
- cognitive dysfunction 
- emotional lability 
- bone disease (fractures) 
- STOMACH ULCERS from corticosteroid excess 
- Appetite Gain! 
- Exacerbation of diabetes 
- Hypokalemia (weakness ) 
- hypernatremia 

 
 
 
 

Differential Diagnoses            
- Hypothalamic disease (too much CRH) 
- Primary Cushing Disease (ACTH-secreting pituitary adenoma) 
- Adrenal cortisol-secreting adenoma 
- Ectopic Neoplastic Source of cortisol eg. lung cancer (� disease of 

decrepit old men) 
- Use + Abuse of corticosteroid medication 
- Hypercortisolism secondary to alcoholism 
- Depression 
- Hypothyroidism 
- Hypoadrenalism 

Findings on Examination           
Hypertension 
Proximal Muscle Weakness 
MOUTH: candida infection? 
SKIN : 
Thinner, less subcutaneous tissue 
(easily bruised and makes little wrinkly folds when pinched) 

ECCHYMOSES 
Acanthosis Nigricans ���� increased ACTH, therefore CANNOT be an adrenal carcinoma 
  � A.N. points to pituitary or ectopic ACTHoma 
Virilisation ���� adrenal carcinoma  
 

Epidemiology             
Sex:  

• The female-to-male incidence ratio is approximately 5:1 for Cushing syndrome due to an adrenal or 
pituitary tumor.  

• Ectopic ACTH production is more frequent in men than in women, due to the increased incidence of 

lung tumors in this population.  
Age:  

• The peak incidence of Cushing syndrome due to either an adrenal or pituitary adenoma occurs 
between ages 25 and 40 years. Ectopic ACTH production due to lung cancer occurs later in life. 

HEADACHE, POLYURIA, NOCTURIA, GALACTORHHOEA? 
Changes in pigmentation??  DARKER? Acanthisis Nigricans? 

It can only be ���� ACTH SECRETING ADENOMA!! 
 

CUSHINGOID FEATURES WITH HIRSUITISM AND 
VIRILISATION? ���� BUT NO PIGMENT CHANGES?? 

Think about an  ADRENAL CARCINOMA!! 
 

ACUTELY cortisol excess causes EUPHORIA 
CHRONICALLY cortisol excess causes DEPRESSION 

ELECTROLYTES ALL WRONG? MUCH ACNE,  
FLORID HYPERTENSION, OEDEMA, HIGH GLUCOSE, 
…BUT: NO FAT REDISTRIBUTION? ACUTE ONSET? 

Sounds like an ECTOPIC NEOPLASTIC SOURCE 
 

~ADRENAL CRISIS~ 
- hypotension 
- Abdominal pain 
- Vomiting 
- Confusion 
- Hypoglycaemia 
- Hyponatremia (neuro symptoms) 
- HYPERKALEMIA ( !! ���� asystole) 
- Metabolic acidosis 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Tests and Investigations:  How is this diagnosis made?    

 

Firstly, you need to demonstrate an increased level of Cortisol. 
Thus, 
24 hour URINARY FREE CORTISOL:  
  measure the filtered cortisol in a 24 hour urine collection; 

THIS WORKS because cortisol is filtered in the urine IN PROPORTION to its 
plasma concentration 

  SIMULTANEOUSLY measure the creatinine, so as to be sure it’s a 24hr sample 
  NORMALLY: subject to diurnal variation  

normal morning values (8-10am) in the range 200-650 nM  
normal evening values approximately halved (120-390 nM). 
Normal 24hr values: 200-800 nmol  

MIDNIGHT PLASMA CORTISOL  
Night-time dip in cortisol levels is only something that happens to normal people; 
THUS: if the level is way high, its certainly Cushings; 
If the level is normal, THIS TEST WILL RULE OUT CUSHINGS  

DEX SUPPRESSION TEST: overnight or low-dose (48hr) 
ingestion of 1 mg of dexamethasone at 11 PM, with measurement of an 8-AM 
serum cortisol the next morning. Dex pretends to be cortisol; THUS cortisol 
levels should be low by morning (negative feedback @ pituitary) 
IF THEY ARE STILL HIGH, THERE IS AN ABNORMALITY (OVERSECRETION) 

Patients with pituitary dependent Cushings usually suppress their cortisol levels on high 

doses but patients with adrenal adenoma or carcinoma or ectopic ACTH do not.  

High-Dose DEX SUPPRESSION TEST: 2mg every 6 hrs for 8 doses, + UFC 
A decrease in UFC of greater than 50% is suggestive of an anterior pituitary 
adenoma, rather than ectopic ACTH or a primary adrenal tumor.  
Unfortunately, the sensitivity of this test is only 80%, with a specificity of 70-80%.  
The more stringent criterion of a 90% decrease in UFC levels excludes the 
diagnosis of ectopic ACTH and has 100% specificity for anterior pituitary disease. 

Failure to suppress cortisol on 8 mg/day indicates adrenal neoplasm or ectopic ACTH syndrome. In Cushing’s 
disease, ACTH is suppressed by high dose dexamethasone; in the ectopic ACTH syndrome, ACTH is not 
suppressed; in adrenal neoplasia, ACTH levels are low in the baseline specimen. 

NEGATIVE IMAGING FINDINGS DO NOT RULE OUT ANY TUMOUR!!! 

Thus: 
1. overnight dex test; 

2. low dose 48hr dex test 

3. 24hr free urine cortisol 

4. high dose dex test 
5. ACTH assay 
* ACTH assay will 

show whether the 

adrenal gland is 

responsible or not; 

obviously if the ACTH 

is high its not the 

adrenal’s fault. 

The high dose dex test, 

therefore, will show if 

the extra ACTH is 

produced in the 

pituitary or in some 

other site (eg. lung 

cancer � because only 

the pituitary will be 

suppressed by the high 

dose dex; the cancer 

will not care about dex.  



 

SYNACTHEN STIMULATION TEST         
First : take blood, test for cortisol and ACTH 
Then: give intramuscular Synacthen 
Then: collect blood @ 30, then 60 minutes. 
Application: Investigation of suspected primary or secondary adrenocortical insufficiency . 
Interpretation: Failure to respond indicates adrenal insufficiency.  

If basal ACTH is elevated, this suggests primary adrenal failure. Rarely, the test 
may be done after 3 days of priming the adrenal cortex with 1 mg depot Synacthen 
daily. This allows differentiation between primary adrenocortical failure (no 
response) and secondary adrenocortical failure. 
 

Management             
      Step 1: If youre sick from the steroids, STOP THE DAMN STEROIDS. 

Otherwise, surgery is the treatment of choice. 
IF ACTH-SECRETING ADENOMA:  

- Trans-sphenoidal surgery 

- And/or IRRADIATION (indicated if tumour histology suggests 
metastatic risk; also improves long-term prognosis) 

Psychosocial treatment may be necessary for sequelae of obesity  

Then ���� you must replace the hormones of whatever gland you excised 
 

Prognosis             
� favourable if the surgery is curative, if the steroids are ceased without incident (i.e underlying disease controlled 
by some other means) and if the complications of cortisol excess are managed adequately 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Cushings Disease from Exogenous Corticosteroid Excess     7.03

HYPOTHALAMUS
Secretes

CRH
Corticotropin-

releasing hormone

INHIBITED
By increased blood

concentration of

Cortisol

STIMULATED
By STRESS

AWAKENING
HYPOGLYCAEMIA

ANTERIOR PITUITARY:
Corticotroph cells

- cAMP induces phosphorylation of enzymes
     which cleave the prohormone

Pro-Opiomelanocortin
Into several products:

G protein

AMP cAMP

MSH
Melanocyte
stimulating
hormone

endorphins ACTH
Adreno -
Cortico -
Tropic
Hormone

THUS overproduction of
ACTH will be
accompanied by
HYPERPIGMENTATION

(Acanthosis Nigricans)

Circulating ACTH will eventually reach the

ADRENAL CORTEX: ZONA FASCICULATA (middle ctx)
Where it induces CORTISOL production via the G-protein cAMP cascade
(phosphorylation of about ten enzymes necessary to turn cholesterol into cortisol)

Exogenous
steroids

Cortisol Pharmacology:
- Circulates bound to

Cortisol Binding Globulin
- Penetrates membranes easily,

being a lipid-soluble steroid
- Binds to cytoplasmic receptor
- Receptor has to dimerise
- Dimer migrates to nucleus
- Binds to relevant DNA portion
- Activates mRNA transcription

KIDNEY: early effects, within hours
Cortisol binds equally well to gluco -and
mineralo-corticoid receptors;
HOWEVER at MC receptors there is

usually an enzyme (11-beta- HSD) which

deactivates cortisol into cortisone. At high
enough concentrations, it becomes
oversaturated and cortisol acts on GC
receptors.

THUS: cortisol causes aldosterone
effects: Increased Na+, H2O retention

Increased K+ excretion
THUS:

- oedema
- hypertension
- hypokalemia

- hypernatremia

BLOOD VESSELS:
Increased sensitivity to Noradrenaline

THUS � HYPERTENSION

ANTERIOR  PITUITARY
Sensitisation to vasopressin,
 resulting in more ACTH release (…?)

Cortisol cross-reacts with androgen
receptors at high enough
concentrations; thus �

HIRSUITISM

MOST TISSUES: upregulation of

UBIQUITIN, thus proteolysis and
release of amino acids for the liver

LIVER
Stimulation of glyconeogenesis and
glycogen storage; glucose for this is
made from amino acids in  the
bloodstream

PERIPHERAL ADIPOCYTES
Expression of  hormone-sensitive lipase

� thus, lipolysis and release of free

fatty acids into the bloodstream

CENTRAL ADIPOCYTES
…don’t seem to have H-SL and
thus continue to accumulate lipids
as per normal;
THUS fat is redistributed towards
the centre;

���� TRUNKAL OBESITY

MUSCLES: insulin resistance @proximal  type 2a
glycolytic fibres� lower glucose uptake, thus switch

to pyruvate metabolism, and production of lactate: �

�MYALGIA acutely, then  WASTING
in the long term as the muscle fibres starve

SKIN: Proteolysis of collagen and

inhibition of its synthesis �

THINNING of SKIN,
EASY BRUISING due to loss of

subcutaneous collagen padding

PSYCHOLOGICAL CHANGES
Acutely: Euphoria
Chronically: Depression

Plus, INCREASED APPETITE

IMMUNE SYSTEM
1. Inhibition of COX2 enzyme expression

2. Expression of lipocortin; thus
� inhibition of phospholipase A2

BOTTOM LINE: disables acute inflammation

3.   Macrophages apoptose.
4.    Inhibition of protease, elastase,
        collagenase, etc. THUS � decreased
        migration of granulocytes

5.  Inhibition of IL-12
thus shift from Th1 to Th2 cells

      ( less cellular, more humoural immunity)
6. Inhibition of T-cell maturation
7. sequestration of eosinophils in secondary
lymphoid organs;

so, overall,

IMMUNE
SUPPRESSION

VASCULAR ENDOTHELIUM
Reduced expression of Tissue
Plasminogen Activator, THUS
� reduced clot lysis
� BRUISES PERSIST

Can also be
stimulated by
vasopressin
release from
post. pituitary

CORTICO-
-STEROID
EXCESS



PHARMACOLOGY OF GLUCOCORTICOIDS      
Cholesterol, and each of the steroid hormones, have four rings designated A, B, C, and D  

THERE ARE five major classes of steroid 

hormones.  

- progestagens (progestational hormones),  

- glucocorticoids (stressing hormones),  

- mineralcorticoids (Na+ uptake regulators),  

- androgens (male sex hormones),  

- estrogens (female sex hormones).  

 

 

 

 

 
Pregnenolone is an intermediate in the 
synthesis of all steroid hormones. It is derived 

from cholesterol by two hydroxylations (two steps), at C20 and C22, 
followed by cleavage between C20 and C22 as catalyzed by the 
mitochondrial enzyme desmolase (below). The net result is that six 
(6) carbons are removed from the C17 sidechain. All three steps 
require molecular oxygen (O-2) and NADPH. Pregnenolone 

formation is stimulated by the anterior pituitary hormone ACTH 
 

GLUCOCORTICOIDS: 

- synthesised in the adrenal cortex from cholesterol.  

- The major hormone is hydrocortisone (cortisol).  

Important synthetic steroids  

- prednisolone,  

- dexamethasone,  

- beclomethasone, 

-  betamethasone, 

-  budesonide  

- fluticasone. 

 

- act on intracellular steroid receptors in the cytoplasm.  

- On binding the receptor translocates to the nucleus  

- There it binds to special nucleotide sequences on target genes known as glucocorticoid response 

elements(GRE) 

- The bound receptor initiates, or represses, the transcription of mRNA encoding particular 

proteins. 

 Important therapeutic actions are antiflammatory and immunosuppressant.  
Thus:  physiological actions on carbohydrate, protein and fat metabolism are generally unwanted, except when 

hydrocortisone is used for hormone replacement in Addison's disease.  

GLUCOCORTICOIDS HAVE SOME MINERALOCORTICOID ACTIVITY! 

- causing Na 
+
 retention, K 

+
 and Ca 

++
 loss.  

 

The therapeutic implications of the cellular actions of GCs are: 

• effects depend on changing protein transcription, do not occur for several hours  

• regular use of GCs is important for maximum benefit  

• non-selectivity of GCs results in many unwanted side-effects  

 

 

 

 

 

 

 

 

Nearly all cells express GC receptors; 

within each are 10-100 GREs. 

Only about 10% of circulating cortisol is 
free. The remaining majority circulates 
bound to plasma proteins, particularly 
corticosteroid-binding globulin 
(transcortin). This protein binding likely 
decreases the metabolic clearance rate of 
glucocorticoids and, because the bound 
steroid is not biologically active, tends to act 
as a buffer and blunt wild fluctuations in 
cortisol concentration.  
 



mechanism of the anti-inflammatory action  is not fully understood. 

- GCs inhibit the expression of the enzyme cyclooxygenase-2 (COX-2).  

- Whereas COX-1 is constitutive (ie is always present), COX-2 is inducible (ie is present only under 

certain circumstances such as inflammation).  

- COX activity stimulates the formation of inflammatory prostanoids (eg PGE2 and PGD2). 

- GCs also induce the formation of lipocortin 1 which inhibits phospholipase A2 (PLA2).  

- Inhibition of PLA2 inhibits  

- the synthesis of the inflammatory mediators leukotrienes (eg LTB4 and LTD4),  

- platelet activating factor (PAF)  

- prostanoids.  

Hence, the net result of stimulation of GC receptors is reduced synthesis of all the inflammatory mediators 

derived from phospholipids. 

Eicosanoids are involved in early inflammatory reactions eg as oedema, vasodilatation and migration of 

leucocytes. Therefore, inhibition of the arachidonic acid cascade accounts partly for the early 

antiinflammatory activity of glucocorticoids. 

GCs also inhibit the late manifestation of inflammation  

(proliferation of capillaries and fibroblast, deposition of collagen) 

, in part, by inhibiting the production and/or function of lymphokines such as IL1, IL2 and TNF.  

Inhibition of lymphokine activity also suppresses the immune system. 

 

- Inhaled (topical) GCs, beclomethasone, budesonide 

and fluticasone, are used in asthma for treatment and 

prophylactixis, (most potent), usually 2-4 times daily. 

- Orally active GCs include, dexamethasone, 

betamethasone and prednisolone (least potent) and 

often the drug of choice in acute deteriorations of 

asthma.  

- Oral GCs are also used for rheumatoid arthritis, 

inflammatory bowel disease and as an 

immunosuppressant after organ or bone marrow 

transplantation. 

- Dexamethasone and betamethasone have little 

mineralocorticoid activity, appropriate when 

suppression of ACTH secretion is required (eg 

adrenal hyperplasia).  

- They are also used to reduce cerebral oedema in 

patients with brain tumours. 

- Dexamethasone is used to test for Cushing's 

disease.  

- The endogenous hormone hydrocortisone is given iv 

for emergency treatment of anaphylaxis and severe 

asthma, and for the treatment of Addison's disease 

along with fludrocortisone (mineralocorticoid).  

- Hydrocortisone is also used topically for the 

management of inflammatory skin conditions. 

 

Pharmacokinetic properties of GCs vary; 

- t1/2 being for hydrocortisone short of 8-12 hours;  

- prednisolone intermediate 12-36 

hours;dexamethasone and betamethasone long, 

36-72 hours.  

 

 

 

 

 

The name glucocorticoid derives from early observations 
that these hormones were involved in glucose metabolism. 
In the fasted state, cortisol stimulates several 
processes that collectively serve to increase and 
maintain normal concentrations of glucose in blood. 
These effects include:  

• Stimulation of gluconeogenesis, particularly 
in the liver: This pathway results in the synthesis 
of glucose from non-hexose substrates such as 
amino acids and lipids and is particularly 
important in carnivores and certain herbivores. 
Enhancing the expression of enzymes involved in 
gluconeogenesis is probably the best known 
metabolic function of glucocorticoids.  

• Mobilization of amino acids from extrahepatic 
tissues: These serve as substrates for 
gluconeogenesis.  

• Inhibition of glucose uptake in muscle and 
adipose tissue: A mechanism to conserve 
glucose.  

• Stimulation of fat breakdown in adipose 
tissue: The fatty acids released by lipolysis are 
used for production of energy in tissues like 
muscle, and the released glycerol provide 
another substrate for gluconeogenesis.  

 



GCs are metabolised in the liver and excreted in urine.  

Unwanted effects are numerous, usually dose related: 

 diabetes,  

muscle wasting (proximal myopathy), 

hypertension,  

adrenal suppression, 

 bruising,  

thinning of skin,  

psychiatric disturbances, 

 osteopaenia  

Cushings syndrome (including moon face, striae and acne).  

 

 

 

 

 

 

 

 

Topical application reduces, but does not completely eliminate, the unwanted systemic actions of 

GCs.  

Systemic effects may occur with a daily dose above 1200 µ g, especially if other risk factors are present. 

Topical GCs have additional, site specific, side effects. Inhaled, they commonly cause oral candidiasis, 

dysphonia and sore throat, effects minimised by using a spacer device. On the face, GCs may cause acne 

rosacea and perioral dermatitis. 

 In children, growth suppression can occur with oral GCs 

 With inhaled GCs, monitoring of linear growth is recommended, although not usually a problem. 

 During pregnancy, adrenal development in the foetus may be affected 

. Infections, eg. tuberculosis, fungal diseases or cellulitis, may be exacerbated or reactivated.  

Long-term use of oral GCs is associated with adrenal atrophy up to 36 months after stopping therapy. 

Such patients may require treatment with GCs (usually hydrocortisone), in the event of an illness or 

surgical emergency, to prevent acute adrenal insufficiency.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Like all steroid hormones, cortisol and aldosterone bind 

to their respective receptors, and the resulting hormone-

receptor complexes bind to a hormone response element 

to modulate transcription of responsive genes. Although 

the physiologic effects of these two steroid hormones 

are distinctly different, their receptors are quite 

similar and, most interestingly, they bind to the same 



STEROID BIOSYNTHESIS         
Steroids are bioactive agents that are synthesised from cholesterol. They have a common carbon-based 

nucleus composed of three six membered rings (rings A to C) fused to a single five membered ring (D)  

 

Steroids (excluding vitamin D which is a related chemical species) fall into five main groups: 

• Glucocorticoids (especially Cortisol ie., hydrocortisone)  

• Mineralocorticoids (especially Aldosterone)  

• Androgens (especially Testosterone and Dihydrotestosterone but also adrenal androgens)  

• Estrogens (especially Estradiol)  

• Progestogens (especially Progesterone).  

They are synthesised at the following sites: 

• The adrenal cortex: aldosterone, cortisol and adrenal androgens (androstenedione and DHEA)  

• The gonads (testis or ovary): testosterone, estradiol, progesterone  

• The placenta: estradiol and progesterone  

• Fat: peripheral conversion of testosterone to estradiol  

 

 

The Adrenal Cortex  

The adrenal cortex is organised into three circumferential zones: 

• zona Glomerulosa, aldosterone, controlled by renin-angiotensin system  

• zona Fasciculata, of cortisol, controlled by pituitary ACTH  

• zona Reticulatum, androgens, (androstenedione and dehydroepiandrosterone) controlled by 

pituitary ACTH  

The nature of the major steroids synthesized in the adrenal cortex depends upon the level of key enzymes 

expressed there. 

 

The Testis  

Leydig cells synthesize testosterone. Following bilateral orchidectomy, men become, impotent and 

infertile.  

Testosterone production is normally stimulated by luteinising hormone (LH) secreted by the anterior 

pituitary under the influence of hypothalamic gonadotrophin releasing hormone (GNRH). 

 Some estradiol is produced in men by aromatase present in fat cells, but not in testis. 

 

The Ovary  

Estradiol is produced principally in ovarian follicular cells are the major sites of estradiol production in 

non-pregnant, pre-menopausal women, promoted by follicle stimulating hormone (FSH) from the anterior 

pituitary gland under the influence of hypothalamic GNRH. After ovulation, the corpus luteum 

synthesizes and releases progesterone under stimulation by LH. 

 

The Placenta  

During pregnancy, the cytotrophoblasts and syncytiotrophoblasts of the placenta secrete estradiol and 

progesterone under the control of placental (human) chorionic gonadotrophin (HCG). 

 

A common plan of steroid synthesis  

Basic steroid synthesis is similar at each production site, different products depend on upon whether or not 

key enzymes are expressed. Steroid synthesis proceeds from cholesterol to pregnenolone and 

progesterone key intermediates. Progesterone is then converted to cortisol, aldosterone  or one of the sex 

steroids  

Control of adrenal steroid synthesis  

Aldosterone synthesis depends on release of the protease renin from the renal juxtaglomerular apparatus 

when salt is depleted. Renin converts circulating angiotensinogen to angiotensin-I (A-I). A-I is converted 

to A-II by angiotensin converting enzyme (ACE). A-II activates aldosterone synthesis and release.  

Cortisol and adrenal androgen is synthesised when ACTH activates a surface receptor coupled to cyclic 

AMP generation. ACTH is released by hypothalamic corticotrophic releasing hormone (CRH) The 

hypothalamus-pituiutary-adrenal cortex axis is under negative feedback control by cortisol.  



Cushing's Disease  

Cushing's Disease, one cause of Cushing's syndrome (elevated levels of circulating glucocorticoids), is 

due to an ACTH - secreting pituitary tumour. Increased circulating ACTH accelerates cortisol synthesis 

and release as well as adrenal hyperplasia. Elevated cortisol is responsible for most clinical features, 

although ACTH induces skin hyperpigmentation. 

Addison's Disease  

Autoimmune-mediated atrophy of the adrenal cortex results in reduced cortisol, aldosterone and adrenal 

androgen. The disease can be life-threatening particularly at times of stress. Low cortisol results in 

hypersecretion of ACTH and hyperpigmentation. 

Congenital Adrenal Hyperplasia  

A deficiency of an enzyme (e.g., 21-hydroxylase) reduces circulating cortisol levels. Aldosterone 

synthesis may also be impaired, with salt wasting and life-threatening hypotension. Low cortisol reduces 

normal feedback, leading to uncontrolled ACTH secretion, stimulating adrenal hyperplasia the synthesis 

of adrenal androgens. Thus, masculinization is a feature of the disorder in female infants. 

 

 

Glucocorticoid effects on intermediary metabolism    

Glucocorticoids (e.g., cortisol) have important tissue-specific effects on carbohydrate, protein and fat 

metabolism that persist for hours. In general, cortisol acts to redistribute fuel reserves from 

peripheral sites, especially from muscle and peripheral fat stores, to the liver and central fat stores. 

Physiologically, cortisol levels are highest in the early morning and lowest at night but its effects on 

bodily metabolism persist for hours after its peak levels are attained because of its effects on the size and 

distribution of energy stores. 

Muscle               

Cortisol has a number of effects on muscle including: 

• suppressed glucose oxidation resulting in the production and release of lactate (by anaerobic 

glycolysis)  

• decreased glucose uptake (it reduces the sensitivity of muscle to insulin)  

• elevated proteolysis leading to the release of amino acids (chiefly glutamine and alanine)  

Protein breakdown in muscle is normally offset by continued protein synthesis but may be excessive under 

conditions of continuing elevated serum cortisol levels (Cushings syndrome) leading to muscle wasting 

(myopathy). 

 

Liver               

Lactate and amino acids released from muscle under the influence of cortisol are taken up by the liver and 

converted to glucose by the enzymes that constitute the biochemical pathway known as gluconeogenesis. 

The redistribution of glucose from muscle to the liver via lactate and gluconeogenesis is known as the 

Cori cycle . In the presence of cortisol, glucose produced from gluconeogenesis is not released by the liver 

but is stored as glycogen. Hepatic glycogen is an important source of glucose during short-term fasting 

e.g., during sleep. Amino groups, which are released in hepatocytes from amino acids as toxic ammonium 

ions, are eliminated by the hepatic synthesis of urea followed by renal excretion.  

 

Carbohydrate metabolism            

Cortisol, along with glucagon from pancreatic islet a-cells, and circulating adrenalin from the adrenal 

medulla acts as a key counter-regulatory hormone to the glucose-lowering action of insulin i.e., cortisol 

elevates and maintains plasma glucose levels. This is particularly important for the brain which is 

absolutely dependent on glucose as a metabolic substrate. However, cortisol also promotes the production 

of hepatic glycogen (an important bodily glucose store), whereas glucagon and adrenalin promote its 

breakdown. 

 

Protein metabolism             

Cortisol effects are most pronounced on protein metabolism in muscle in which it acts to enhance protein 

breakdown. This effect is antagonised by several key hormones including insulin, insulin-like growth 

factor-1 (IGF-1) and testosterone. Cortisol appears to activate protein breakdown by first upregulating the 



synthesis of a small protein called ubiquitin. Ubiquitin is covalently attached to proteins thereby marking 

them for degradation (Mitch and Goldberg, 1996). 

 

Fat metabolism              

Cortisol also results in a redistribution of body fat from the periphery to central sites. It does this by 

selectively promoting the activity of the enzyme hormone-sensitive lipase in fat cells in peripheral sites 

leading to the release of free fatty acids into the circulation. These fatty acids are processed by the liver to 

very low density lipoproteins (VLDLs). VLDLs act as a source of fatty acids for incorporation into 

triacylglycerols in fat cells at central sites (having high lipoprotein lipase activity and low hormone-

sensitive lipase activity). Alternatively, under fasting conditions, fatty acids are used by some tissues 

(especially the heart) as a source of metabolic substrate. As a result of the redistribution of fat stores from 

the periphery to central sites, hypercortisolemia (Cushings syndrome) results in central (abdominal) 

obesity and characteristic accumulations of lipid in the face (moon face) and at the back of the neck 

(buffalo hump). 

 

Cortisol effects are commonly delayed           

Unlike many hormones, e.g., glucagon and adrenalin, whose effects occur immediately, cortisol has 

delayed effects that are most pronounced after several hours. The delay arises as a result of the time taken 

for activated glucocorticoid receptors (which are cytoplasmic) to transfer to the nucleus, dimerise and bind 

to key DNA sequences (cortisol response elements), then activate (or, in some cases, repress) the 

transcription of key cellular enzymes followed by the translation of these mRNA transcripts into proteins 

and their targeting to the appropriate cell compartment/s. 

 

Enzymes that are up-regulated by glucocorticoids         

A large number of enzymes are upregulated by glucocorticoids such as cortisol. Control of enzyme levels 

is critical to its influence on bodily metabolism. Enzymes that are up-regulated include enzymes of: 

• the gluconeogenic pathway (e.g., pyruvate carboxylase, phosphoenolpyruvate carboxykinase and 

fructose 1,6-bisphosphatase  

• the glycogen synthesis pathway (glycogen synthase)  

• fat breakdown (hormone-sensitive lipase)  

 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Structure of the Adrenal gland        
- The two adrenal glands are embedded in the fat associated with the anterior poles of the kidneys 

- They lie beneath the peritoneum; they have a flattened triangular shape  

The glands are covered with a thick connective tissue capsule  

 finger-like processes (trabeculae) extend into the secretory parenchyma. carrying  blood vessels and 

nerves,  
• An inner medulla, which is a source of the 

catecholamines epinephrine and norepinephrine. The 
chromaffin cell is the principle cell type. The medulla 
is richly innervated by preganglionic sympathetic 
fibers and is, in essence, an extension of the 
sympathetic nervous system. 
An outer cortex, which secretes several classes of 
steroid hormones 

(glucocorticoids and mineralocorticoids,  
plus a few others). 
 Histologic examination of the cortex reveals  
three concentric zones of cells  
that differ in the major steroid hormones they  
secrete.  
 
Despite their organization into a single gland, the 
medulla and cortex are functionally different 
endocrine organs, and have different 
embryological origins. The medulla derives from 
ectoderm (neural crest), while the cortex develops 
from mesoderm. The utility, if any, of having them 
together in one discrete organ is not obvious. In some 
species, amphibians and certain fish, for example, two 
separate organs are found.  
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The most distinctive feature of the adrenal is its 

partitioning into cortex and medulla. The 

medulla is fairly homogeneous, but even when 

viewed a low power, three concentric zones can 

be distinguished in the cortex:  

• zona glomerulosa - thin, outermost zone  

• zona fasiculata - thick, middle zone  

• zona reticularis - thin, inner zone  

 

Histologic examination of the 
adrenal reveals a rich 
vasculature. Numerous small 
arteries from several sources 
ramify over the surface of the 
gland and penetrate into the 
gland into two ways:  
Cortical arteries and arterioles 
branch into capillary beds within 
the cortex to supply that area, 
then coalesce into veins at the 
corticomedullary junction.  
Medullary arteries and 
arterioles penetrate the cortex 
without branching, then form 
capillary beds in the medulla.  
Blood from both cortical and 
medullary veins empties through 
a single large central vein, which 
leaves the adrenal and 
anastomoses with either the 
vena cava or renal vein.  

 
The vessels give rise to three principal patterns of blood 
distribution.  
Capsular capillaries that supply the capsule.  
Fenestrated cortical sinusoidal capillaries that supply the cortex 
and drain into the fenestrated medullary capillary sinusoids.  
Sinusoidal (spaces between endothelial cells)  
and fenestrated (holes in the cytoplasm of endothelial cells) 
capillaries are important in these regions because they allow efficient 
passage of secreted hormones into the vessel lumen. The medulla is 
also supplied by medullary arterioles that travel within the trabeculae 
and bring arterial blood to the medullary capillary sinusoids.  
The venules that arise from the cortical and medullary sinusoids drain 
to the small medullary veins that join to form the large medullary 
vein (adrenal vein) that drains into the inferior vena cava. 
 



HISTOLOGY OF THE ADRENOCORTICAL ZONES    
The adrenal cortex is divided into three distinct zones on the basis of the arrangement of its parenchymal 

cells.  

The outer zona glomerulosa cells  

- are arranged in ovoid clusters 

- constitute about 15% of the cortical volume.  

- They are continuous with the zona fasciculata cells  

- The zona glomerulosa cells produce mineralocorticoid 

hormones which have an important function in the regulation 

of sodium and potassium homeostasis and water balance.  

 

The zona fasciculata cells  

- are arranged in long straight cords and make up the bulk (about 80%) of cortical volume 

- produce glucocorticoids  

- are polyhedral and usually have a foamy appearance due to abundant lipid droplets. 

- have the most pronounced features of steroid secreting cells; abundant lipid droplets, which contain 

the precursors of the steroid hormones, and smooth endoplasmic reticulum, where the hormones are 

synthesised.  

- The zona fasiculata is the middle and largest of the three zones in the cortex.  

- They also are arranged in distinctively straight cords that radiate toward the medulla.  

- They secrete some glucocorticoids but their principal secretion is weak androgens.  

 

 

The innermost zone of the cortex is the zona reticularis. the parenchymal cells assume a net-like 

arrangement 

Cells within this zone are arranged in cords that project in many different directions and anastomose 

with one another.  

zona reticularis makes up about 5-7% of cortical volume. 

 

 

Cells of the fasciculata and reticularis atrophy after hypophysectomy (removal of the pituitary gland).  

Adrenocorticotrophic hormone (ACTH) from the pituitary is necessary for cell growth and maintenance 

and also stimulates steroid synthesis and blood flow through the adrenal gland.  

Circulating glucocorticoids largely exert their feedback control on neurons in the pituitary and inhibit the 

release of ACTH. 

The parenchymal cells of the adrenal medulla are modified neurons. They are organised in ovoid 

clusters.  

The distinguishing feature of these cells are the numerous cytoplasmic granules that contain the 

catecholamines, epinephrine and norepinephrine. The production of these hormones involves amine 

precursor uptake and decorboxylation, hence they belong to the APUD class of endocrine cells.  

 

Glucocorticoids that reach the medulla through the cortical sinusoidal capillaries induce the enzyme 

that catalyses the methylation of norepinephrine to produce epinephrine. Both these hormones 

stimulate glycogenolysis and other aspects of the "fight or flight" response 

HISTOLOGY OF THE MEDULLA:         

The most abundant cell in the adrenal medulla is the chromaffin cell. That name derives from the 

phenomenon, observed long ago, that if adrenal gland is fixed in a solution containing chromium salts, it 

takes on a brownish appearance due to oxidation of catecholamines to melanin. Chomaffin cells are also 

referred to by some as pheochromocytes.  

Chromaffin cells are columnar in shape and rather basophilic. At higher magnification, they are seen to 

have a granular cytoplasm due to hormone-containing granules. They are arranged in clusters, usually 

around medullary veins, as seen below in an image of rabbit adrenal (H&E stain).  

The adrenal medulla is richly innervated by preganglionic sympathetic fibers. Additionally, small 

numbers of sympathetic ganglion cells are commonly observed in the medulla. Ganglion cells are 

round or polygonal with prominent nuclei.  

 



 

CAUSES OF ADRENAL OVER AND UNDER ACTIVITY    
GLAND PATHOLOGY OR ABNORMAL REGULATION? 
SELECTIVE HORMONE DYSFUNCTION OR COMPLETE SET OF ALL HORMONAL 
GROUPS? 
Unbalanced hormone production may also occur (eg. decreased glucocorticoids and mineralocorticoids 

with increased androgens) in the 21-hydroxylase deficiency form of congenital adrenal hyperplasia. 

 

Adrenal hypofunction  

Primary (pathology at the level of the adrenal glands)  

Abnormalities are mainly  

- destruction or infiltration, 

- congenital abnormalities of enzyme function, 

- or iatrogenic.  

The major causes are congenital adrenal hypoplasia or aplasia, autoimmune (Addison's disease), adrenal 

haemorrhage or necrosis, infiltration (malignancy, amyloidosis, sarcoidosis others), infection (TB, fungal, 

others), congenital deficiency of one specific enzyme (most commonly is 21-hydroxylase deficiency with 

glucocorticoid and mineralocorticoid deficiency and androgen excess) and iatrogenic - suppression by 

glucocorticoid therapy, synthetic inhibitors of cortisol synthesis (eg. Ketoconazole, metyrapone), bilateral 

adrenalectomy.  

Destruction of the adrenal gland results in loss of both mineralocorticoid and glucocorticoid 

function.  

Pigmentation due to the increased ACTH drive and sodium deficiency with postural hypotension are 

common signs. Addison's disease is often insidious in onset. Isolated glucocorticoid deficiency or 

hypoaldosteronism are very rare conditions. 

Secondary/tertiary (pathology at the hypothalamic-pituitary level)  

Abnormalities are mainly related to congenital structural or functional defects, damage or destruction, or 

are iatrogenic (glucocorticoid therapy). Causes include anencephaly, pituitary hypoplasia, hypothalamic-

pituitary tumours, destruction, surgery, infiltration, autoimmunity (hypophysitis). Glucocorticoid 

deficiency predominates and may be difficult to diagnose. 

Suppression by pharmacological doses of glucocorticoids (oral, inhaled, topical) is the commonest 

cause of adrenal hypofunction (iatrogenic). Suppression occurs at both the adrenal and hypothalamic-

pituitary levels. 

 

Adrenal hyperfunction  

Primary (pathology at the level of the adrenal glands)  

Abnormalities relate to tumours or hyperplasia, adrenal tumours (adenoma, carcinoma), bilateral nodular 

adrenocortical hyperplasia, congenital adrenal hyperplasia (various forms; androgen and/or 

mineralocorticoid excess), primary hyperaldosteronism. 

Secondary  

Abnormal adrenal hormone secretion induced by pathology at the hypothalamic-pituitary level, ectopic 

trophic hormone secretion, or renal-electrolyte disorders. Common causes include Cushing's disease 

(ACTH-dependent hypercortisolism), secondary hyperaldosteronism - salt wasting nephropathy, renal 

artery stenosis, Bartter syndrome and the ectopic ACTH or CRH syndrome. 

 

 

 

 

 

 

 

 

 

 

 

 



 

ADRENAL INSUFFIECIENCY                                                        

There are three adrenal hormones to consider which may be insufficient
- cortisol (glucocorticoid),
- aldosterone (mineralocorticoid)
- adrenal androgens (of which DHEAS is the main form). Loss of androgens is not life threatening.

 Adrenal insufficiency may be
- primary where the two adrenal glands are damaged, destroyed or absent;
- secondary when pituitary ACTH is deficient or absent;
- tertiary when hypothalamic CRH is deficient or absent.

 Adrenal insufficiency can further be defined by whether it is
- permanent (a destructive lesion)
- or temporary (exogenous steroid suppression)
- and by whether it is complete or partial.

if partial progresses to complete, replacement therapy may require adjustment.

 Congenital adrenal hyperplasia is a complex clinical example of adrenal insufficiency where glucocorticoid is
permanently deficient, mineralocorticoid is variably deficient and may lessen with age (and where there is also an excess
of adrenal androgen).

The most common cause of adrenal insufficiency is suppression by exogenous steroid.
Clinically the patient may appear normal to Cushingoid, but if exogenous steroid is abruptly ceased they will develop
symptoms of hypoadrenalism. Their own hypothalamic - pituitary adrenal may take more than 12 months to recover.

Primary adrenal insufficiency occurs when the adrenal glands are damaged.
 Auto-immune disease and granulomatosis disease are common causes.
The onset may be slow and insidious (whereas bilateral haemorrhage or removal will result in abrupt onset of
symptoms.)
The diagnosis should be considered, especially if there is evidence of other auto-immune disease. The first presentation
may be life threatening, precipitated by intercurrent infection.
Treat with saline and intravenous glucocorticoid. Intravenous high dose glucocorticoid has adequate mineralocorticoid
activity. Confirm the diagnosis later when the patient is stable with a Synacthen stimulation test.

 Patients are hyperpigmented secondary to excess ACTH produced by the pituitary under lack of negative
cortisol feedback. Lifelong glucocorticoid and mineralocorticoid therapy is required, at a minimum of twice per day dose
and the glucocorticoid needs to be adjusted with physical and/or psychological stress. Adults require approximately 37.5
mg of cortisone acetate (30 mg of hydrocortisone acetate daily) and 100 to 200 ug of fludrocortisone.

Secondary (tertiary) adrenal insufficiency can occur as a result of tumour, other destructive lesions and radiotherapy
to the hypothalamic-pituitary area. These patients are pale, because they have lost ACTH. Mineralocorticoid secretion
is partly maintained by the renin-anglotensin system. Symptoms of electrolyte disturbance - hypotension, nausea etc are
less prominent. The diagnosis of secondary adrenal insufficiency requires stimulation of the hypothalamic - pituitary-
adrenal axis by insulin induced hypoglycaemia to determine whether the cortisol response is absent. (This test can also
be used to test whether the adrenals are suppressed by exogenous steroid). Generally only glucocorticoid replacement is
required, at full replacement dose.
Diagnosis of adrenal insufficiency requires a high degree of suspicion. Once diagnosed, patients need a bracelet or neck
tag identifying diagnosis and treatment. Patients need written instructions and education on manageing glucocorticoid
dosage in times of stress. They should also have one dose of parenteral glucocorticoid for self administration if persistent
vomiting occurs and medical help is not immediately available.

!! MAJOR ADVERSE EFFECTS !!

mineralocorticoid lack is only partial
because the major control of adrenal
mineralocorticoid production is via the
renin-angiotensin system



STEROID MYOPATHY          
Steroid myopathy is associated with high dose corticosteroids.  
It affects proximal muscles and resolves once the corticosteroid is reduced or stopped. 

- usually associated with high dose oral corticosteroids 
- It affects both children and adults and is slightly more common in women, the 

female to male ratio being 10:7. 
- The onset is insidious the first symptom being a diffuse myalgia.  
- Weakness develops in proximal muscles, initially in the legs.  
- The patient first complains of difficulty in getting out of a chair or walking up hills or 

stairs. 
-  Finally, there is muscle wasting. 
-  It is unusual to have distal muscle involvement. 
-  The cranial nerves, sphincters and smooth muscle are not affected. 
-  Tendon reflexes and sensation are also normal. 

 
The corticosteroid dosage required to produce myopathy is usually more than about 30 
mg of Prednisone. 
Steroid myopathy is more commonly associated with the 9 alpha-fluorinated corticosteroids, 
Triamcinolone and Dexamethasone. 
 
The diagnosis of steroid myopathy is difficult because there are no specific diagnostic tests. It 
is important to exclude other causes of proximal muscle weakness.  
In asthma where the primary disease does not affect muscle, then this is usually not difficult. 
However, in inflammatory disorders of the muscle, eg polymyositis, it can be difficult in 
determining whether the weakness is due to the polymyositis or the corticosteroids. 
 
The muscle enzymes creatinine kinase and aldolase remain normal. If they are elevated 
another cause for the elevated levels needs to be found. Numerous abnormalities have been 
described on electromyography, but none of these are of any diagnostic value and there are no 
specific changes for steroid myopathy. 
 
The main finding on muscle histology is atrophy of the type IIB fibres. These are the fast twitch 
fibres that use predominantly glycolytic metabolism and have a low resistance to fatigue.  
There may be atrophy of the other fibre types, I and IIA, but this is less marked.  
Electron microscopy has shown large mitochondria, an increase in subsarcolemmal nuclei and 
excessive glycogen accumulation.  
The vessels and nerves are normal. The mechanism by which corticosteroids affect 
muscles is not known although it is thought that it may affect some of the enzymes 
essential for muscle metabolism.  
Atrophy of type IIB fibres can also occur with disuse or be associated non-specifically with other 
systemic illnesses. Therefore, type IIB fibre atrophy is not diagnostic, but it is useful in excluding 
other causes for proximal muscle weakness. 
 
Corticosteroids can also affect respiratory muscles. Steroid dependent asthmatics have 
reduced inspiratory muscle endurance and reduced inspiratory muscle strength.  
The reduced inspiratory muscle strength has been shown to correlate with a reduction in 
strength of the hip flexor muscles. Studies in animals have shown that there is loss of the 
type IIB muscle fibres in the diaphragm. 
 
The length of time from commencing corticosteroids to the onset of the myopathy is variable but 
with high doses it can occur in two weeks. 
Once the corticosteroids are reduced or discontinued then normal muscle power returns in 
about 1-4 months 
. Changing from a 9 alpha-fluorinated corticosteroid to Prednisone also produces an 
improvement in the myopathy. 



Diabetes type 1Diabetes type 1Diabetes type 1Diabetes type 1                                    
Mary Silano is a 23- year-old bus driver who has come to a 24 hour medical centre feeling unwell and experiencing intense pain from a 

skin infection on her leg.  

History         
IS IT TYPE 1 OR 2 ?? 
extremely important, since patients with type 1 diabetes  
are dependent on a continuous source of exogenous insulin 
 and carbohydrate for survival.  

Duration of diabets:  
The chronic complications of diabetes are related  
to the length of time the patient has had the disease. 

Diabetes care: Inquire about insulin type, 
 dose, and frequency;  
oral antidiabetic agents, if any; and adherence to a specific 
diet or program of regular exercise. 

Treatment monitoring 
Does the patient self-monitor blood glucose? 
 Note the frequency and range of values at each time of day. 
Note date and value of last glycosylated hemoglobin 
(HbA1c) level  

Hyperglycemia 
Does the patient give a history of recent polyuria, polydipsia, 
nocturia, or weight loss? 
Are frequent infections a problem? 

Hypoglycemia 
when, how often, and how the patient treats these episodes. 
Note whether the patient has hypoglycemia unawareness 
(ie, lacks the adrenergic warning signs of hypoglycemia). 

 
 
 

Microvascular complications 
When was the last dilated eye exam? What were the 
results? 
Is the patient known to have kidney disease?  
What were the dates and results of the last measurements 
of urine protein and serum creatinine? 

Macrovascular complications  
Does the patient have hypertension?  
What medications are taken?  
Does the patient have coronary artery disease (CAD)? 
 Does the patient have a family history of CAD? 
Does the patient have symptoms of claudication or a history 
of vascular bypass?  
Has the patient had a cerebrovascular accident or transient 
ischemic attack?  
What are the patient's most recent lipid levels? Is the patient 
taking lipid-lowering medication?  
Does the patient have a history of neuropathy?  
Are symptoms of peripheral neuropathy or autonomic 
neuropathy present (including impotence if the patient is 
male)?  
Does the patient have a history of foot ulcers or 
amputations? Are any foot ulcers present? 

Findings on Examination          
LOOK: 
Dehydrated? 
Comatose? 
Kussmaul Breathing (“air hunger”, deep and rapid) = 
ketoacidosis 
Obese? (type 2) 
Recent weight loss 
Abnormal endocrine face? Eg. cushings, acromegaly? 
Pigmenatation: bronze? = haemochromatosis 

BEGIN WITH LOWER LIMBS: Skin: 
Hairless and atrophied with loss of subcutaneous tissue 
Ulcers 
Infections, eg. cellulitis, boils, fungus 
Pigmented scars 
Fistulae with underlying abscess 
Muscle wasting 
Charcots joint (horribly swollen due to repeated injury) 

PALPATE LEG PULSES and 
TEMPERATURE OF EXTREMITIES 
Check capillary return 
Auscultate femoral and popliteal bruits 
!!! Neuro exam @ the lower limbs !!! 
UPPER LIMBS: 
Look at the injection sites 

Blood pressure lying and standing (autonomic neuropathy) 

EYES 
Test visual acuity 
Look for Argyll-Robertson pupil (accommodates but does 
not react to light) 
Cataracts 
FUNDOSCOPY 
Look for proliferative retinopathy, dot-and-blot 
haemorrhages and microaneurysms 

NEURO EXAM OF CN 3, 4, 6 
(diabetic 3

rd
 nerve palsy affects movement but not the 

pupil reflex) 

EARS: 
Infected? 

MOUTH 
Candida thrush? 

NECK + SHOULDERS: 
Carotids: bruit? 
Scleroderma? 
Acanthosis nigricans? 
ABDOMEN:  
hepatosplenomegaly? 

 
 

A patient whose diabetes is controlled with diet or an 
oral antidiabetic agent clearly has type 2 diabetes. 
 
 A lean patient who has had diabetes since childhood, 
has always been dependent on insulin, or has a history 

of DKA almost certainly has type 1 diabetes. 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Tests and Investigations : looking at the EXTENT OF COMPLICATIONS 
Pinprick Glucose Spot-Test is fine in an emergency situation (eg. comatose presentation) 
Blood Glucose (the Laboratory Assay) is indicated when you have the time 

Glycosylated Hemoglobin (Hemoglobin A1C):  
to gauge the average glucose levels of the last 120 days  

 

Urinalysis ���� to look for signs of nephropathy, eg. 

DIPSTICK is ok for proteinuria and hematuria of chronic renal failure 
LABORATORY ANALYSIS is necessary for the assay of microalbuminuria  
  of early presenting diabetic nephropathy 

 
Electrolytes ���� looking predominantly for ACIDOSIS 
 
Free T4 and TSH � to rule out hypo/hyperthyroid as the reason for derangement 

 
Oral Glucose Tolerance Test: rarely indicated, mainly as screening for gestational diabetes 
 
 A fasting C-peptide level = measuring a co-secreted product of the beta cells 

Measurement of islet-cell and antiinsulin autoantibodies…  

 

Prognosis            
Diabetes is the major cause of blindness in adults aged 20-74 years,  
the leading cause of nontraumatic lower-extremity amputation  
the leading cause of end-stage renal disease  

 

Epidemiology            
Whites seem to be affected more often than blacks 
Males as often as females 
Incidence peak is in adolescence 

Type 1 Diabetes occurs in 10-15% of all cases of Diabetes.  
Scandinavia has the highest rate of type 1 DM  
in Finland, incidence is 35/100,000 per year 

Much of the increased risk of type 1 DM is believed to reflect the 
frequency of high-risk HLA alleles among ethnic groups in 
different geographic locations.  

 

Although the prevalence of both type 1 and type 2 DM is 
increasing worldwide, the prevalence of type 2 DM is expected 
to rise more rapidly  

 
 
 
 
 



Managing the Diabetic         7.04 
This is what group 10 had decided to do; the actual PBL case is managed less aggressively by the cowardly faculty 
GOALS OPTIONS QUALIFYING FACTORS 

 
IMMEDIATE: 
Resolve ketoacidosis and 
dehydration 
 
 
 
 

Cannulate and replace fluids: 
Slow saline drip with 5%dextrose 
 
Give fast-acting insulin IM; 
 
Give glucose 10 minutes after 
(as initial insulin injection will cause the glucose to fall dramatically, 
thus� avoid hypo attack) 
 
Give bicarbonate intravenously 
-ONLY if completely acidotic and on the brink of coma 

 
 
 
 
 
 
 
 
For some reason bicarbonate IV is a last-
ditch measure (? Rational explanation for 
this is pending) 

IMMEDIATE: 
Manage infection empirically 

 
Gentamycin and amoxycillin bolus through IV cannula 
 
 
 
 
Inspect lesion and debride if necessary  
  

 
Justification for IV antibiotic cocktail is the 
presence of a raging cellulitis, high 
temperature AND ketoacidosis. Before 
the blood cultures come back it would be 
prudent to just assume that Gram-
negatives  are holidaying in Mary’s 
bloodstream and she’s on the brink of DIC  
Lesion may need debriding so those 
anaerobes don’t have anywhere to hide 

 
SHORT TERM 
EDUCATE  
 

Show how to inject insulin. 
Explain why its necessary 
Explain what will happen if she doesn’t. 
Show how to self-test for glucose 
Book monitoring program in diabetes clinic  
Advise to increase fluid intake 
Advice to EXAMINE FEET DAILY while she still has feet 
Engage partner in discussion + management education: social 
support = better compliance 
 

COMPLIANCE might decline after 
symptoms resolve 
 
 
 
 
 
 

 
SHORT TERM 
Manage Infection  
 

 
Wait for cultures until managing orally with the sensitivity-exploiting 
antibiotic  
(in this case flucloxacillin)  

 
Oral antibiotics are sufficient now that 
youre certain its not a systemic sepsis 
situation. Topical creams for mucosal 
opportunistic infections 

 
SHORT TERM 
Discuss the issue of occupation 
 

The RTA have to know (namely, the DLA, Drivers Licensing 
Authority). 
However the physician is not obliged to dob the patient in- 
               UNLESS the patient is somehow cognitively unable to 
understand that its dangerous to drive while diabetic; 
              OR the patient understands but is not willing to consider the 
doctor’s advice. 
IN WHICH CASE: you have to dob them in. 
BUT: you also HAVE TO TELL THE PATIENT THAT YOU ARE 
DOBBING THEM IN.  
AND, of course, DOCUMENT EVERYTHING lest ye be sued. 
 More info at http://www.austroads.com.au/aftd.html  
 

 

LONG TERM 
MAINTENACE OF GLUCOSE 
LEVELS WITHIN NORMAL 
RANGE 

Long acting insulin twice daily 
Regular monitoring of glucose levels 
FOOT + VAGINA  WATCH: don’t let the ulcers get too far; don’t let 
the candidiasis spread into peritoneum (eeew) 
 

!!COMPLIANCE!!  

 

 
 
 
 
 
 
 

IDEAL GLUCOSE TARGETS 



INSULIN and the METABOLISM       7.04 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=endocrin.section.114 

INSULIN is: 
- Small polypeptide, weight 5000 
- 2 chains, A and B joined by disuphide bonds 
- structurally homologous to insulin-like growth 

factors 1 and 2 (IGF-1 and -2) and also to the 
ovarian hormone, relaxin 

- secreted in pulses every 10 min  
- a t1/2 of 3 minutes.  
- About 50% is removed by the liver 
-  

The major signal for insulin secretion is a 
rise in blood glucose levels above 5 mM 
lower than 3 - 4 mM = brain starvation.  
above 9-10 mM for a while  = cellular damage  

INCREASED  
Fatty Acids 
(minor effect) 

INCREASED  
Amino Acids 
@ bloodstream 

FACILITATED DIFFUSION of trigger 
 into the cell where K+ channels close 
and Ca++ channels open, thus  
DEPOLARISING the Islet beta-cell 

IMMEDIATELY: 
Insulin is released from 
storage granules 
(if this peak is blunt and low, 
you may have diabetes) 

SLOWLY: 
Insulin is synthesised de novo by the below mechanism: 
 
 
 

Also stimulated by 
gastrointestinal 
hormones  and 
sympathetic nerves 
which stimulate insulin 
release  
via beta-adrenergic 
receptors 
 (and inhibit via alpha-
adrenergic receptors)  

 
 

Preproinsulin mRNA is transcribed 

Preproinsulin is inserted into the Endoplasmic 
reticulum; thus signal protein is removed, making it 
PROINSULIN: a 3-part peptide 

 
CLEAVAGE by 

endopeptidases  
 

Ready INSULIN is 
packaged by the golgi 
apparatus into secretory 
granules and is left 
hanging around in the 
cytoplasm  

 

C-Peptide is co-
secreted with insulin 
 THE EFFECTS: “pleiotropic” 

insulin is the BUILDER 
- stimulates the use and storage of carbohydrate by 

promoting the synthesis of macromolecular fuel 
stores such as glycogen and lipid. 

-  Insulin also has powerful anti-degradative effects 
and inhibits the breakdown of glycogen, lipid and 
protein.  

- Insulin stimulates the synthesis of protein.  

- Insulin can modulate the transcription and 
translation of many genes and can stimulate the 
division (mitosis) of cells 

 

@ LIVER, FAT and MUSCLE: 
glucose homeostatic effects: 
 FAT AND MUSCLE: insulin binding to receptor causes 
vesicles with GLUT-4 hexose transporters to fuse with the 
membrane of the cell; THUS: 
INCREASE IN GLUCOSE UPTAKE BY GLUT-4  
When the glucose concentration falls, GLUT-4 is withdrawn 
back into the cytoplasm. 
Insulin inhibits breakdown of fat in adipose tissue by 
inhibiting the intracellular lipase that hydrolyzes 
triglycerides to release fatty acids. 
Insulin also increases triglyceride synthesis by increasing 
uptake and synthesis of glycerol, and upregulation of 
pyruvate dehydrogenase, acetyl CoA carboxylase, and fatty 
acid synthetase.  

!! BRAIN AND LIVER DO NOT REQUIRE INSULIN 

TO SUCK UP THEIR GLUCOSE!! 

@ LIVER: insulin stimulates GLYCOGEN SYNTHESIS 

- Upregulates hexokinase, which traps glucose in cells by 
phosphorylating it. Also disables glucose-6-phosphatase 

- PLUS: activates  phosphofructokinase and glycogen synthase 
- THUS: increased glycogen synthesis and storage 
When the liver is saturated with glycogen ( ~5%of liver 
mass!) , any additional glucose taken up by hepatocytes is 
shunted into pathways leading to synthesis of fatty acids, 
which are exported from the liver as lipoproteins. 
 

@ EVERYWHERE: nuclear and protein synthesis effects 

- Increased uptake of amino acids, and decreased proteolysis 
- Increased permeability to magnesium, potassium and phosphate 

(eg. Na+/ K+ ATPase is activated, depleting K+ from the ECF) 

- Inhibits the release of cAMP which phosphorylates all 

those glycogen-cleaving enzymes; THUS the fuel is stored 
 

The insulin receptor is a tyrosine 
kinase. In other words, it functions as 
an enzyme that transfers phosphate 
groups from ATP to tyrosine residues 
on intracellular target proteins. Binding 
of insulin to the alpha subunits causes 
the beta subunits to phosphorylate 
themselves (autophosphorylation), 
thus activating the catalytic activity of 
the receptor. The activated receptor 
then phosphorylates a number of 
intracellular proteins, which in turn 
alters their activity, thereby generating 
a biological response.  

 



METABOLIC CONSEQUENCES OF INSULIN DEFICIENCY      7.04 
 
1. Insulin levels decline 
2. Glucose uptake decreases because GLUT-4 transporters are withdrawn from cell surfaces 

3. In absence of insulin inhibition, cAMP is free to phosphorylate lytic enzymes: 

- @ LIVER: glycogen phosphorylase 
- degrades glycogen, releasing glucose into the bloodstream 
- this is good; brain needs over 4mM/L of glucose 

- @ADIPOCYTE: triacylglycerol lipase, 
- which catalyses the release of fatty acids and glycerol 
- this is OK, but brain cant use fatty acids. 
- BUT everything else can, thus muscle fat and liver cells switch to 

using fatty acids so as to save the glucose for the brain 
ALSO: fatty acid oxidation inhibits PYRUVATE DEHYDROGENASE  
(enzyme which converts Pyruvate into Acetyl CoA) 
THUS: no wasteful glucose oxidation. Glucose can be recycled! 
Instead of turning into acetyl CoA irreversibly, pyruvate is converted into 
lactate  which is transported into the liver and turned into glucose again 

 

4. PROLONGED EXPOSURE TO SO LITTLE INSULIN results in massive lipolysis (!) 
- Excess fatty acids are thus released into the bloodstream 
- They are converted into ketone bodies by the liver; 
- BECAUSE the brain can slowly nibble on ketone bodies but not on fatty acids 

5. Plus  there is !! massive PROTEOLYSIS !! which means some glucose is still available 
(some amino acids can be turned into glucose by the liver) 

 
Diabetes Type 1   

- CHRONIC HYPOINSULINAEMIA = GREAT HARM  
- Disposal of glucose from the bloodstream is impaired: THUS after a meal… 

- CONCENTRATION WILL RISE ABOVE 10mM (glucose will appear in urine at this stage) 
- Later, UNCONTROLLED LIPO+PROTEOLYSIS = release of fatty acids and ketone bodies 

- THUS inhibition of carbohydrate metabolism by switching off of pyruvate dehydrogenase 
- So much glucose! THUS osmotic changes: glucose in blood starts draining water from the tissues! 
- THEREFORE CELLULAR DEHYDRATION RESULTS:  
- Hence, UNQUENCHABLE THIRST and frequent urination (kidney expells water and glucose) 
- So much acid (ketones, lactic acid, fatty acids) in the bloodstream upsets the pH: 

- THUS: ACIDOSIS (KETOACOIDOSIS)  
- And, from proteolysis/lipolysis, ENORMOUS + RAPID WEIGHT LOSS 

  

 
HYPOGLYCAEMIA          7.04 
The brain loves its glucose, will do anything to maintain normal levels.  
Its acts of desperation in the face of falling glucose concentration are as follows: 
DECREASE INSULIN SECRETION thus, less glucose taken up into fat and muscle 
INCREASE  
- GLUCAGON thus more glycogen breakdown 
- ADRENALINE  
- GROWTH HORMONE 
- CORTISOL 
GLUCOSE LEVELS STILL FALLING DESPITE COUNTERMEASURES? 
���� NEUROGLYCOPENIC SYMPTOMS: brain is starving! 

���� headache, altered mental status, visual disturbances, neurological deficit and seizures. 
 Common causes of hypoglycaemia  
- increased physical activity with insufficient food,  
- consumption of alcohol (which inhibits gluconeogenesis),  
- delayed or missed meals, 
- errors in insulin dose or inappropriate insulin regimens. 
- many episodes of hypoglycaemia have no identifiable precipitating factor. 
Management of hypo attacks: 
- ingestion of 15 to 20 G of oral glucose (eg. 6-7 jelly beans OR 150 mls normal Coke)  
- followed by some complex carbohydrate (eg. a slice of bread OR a piece of fruit). 
- patient is unconscious? treat with either an intravenous injection of glucose (50%), 
- or an intramuscular injection of glucagon, followed by ingestion of complex carbohydrate as soon as the patient regains 

consciousness. 
 

OVERALL: 
Insulin deficiency 

causes everything to 
stop using glucose, 
and switch to fatty 
acids and ketone 

bodies if at all possible. 
~~ 

A TOTAL FUEL 
CONSERVATION 

REGIME 

Within normal range: insulin regulated 
Below 3.8 mmol/L: hormonal response  

with glucagon, adrenaline etc. 
Below 3 mM/L: symptoms of hypo 
Below 2.7mM/L: cognitive dysfunction 

Sympathetic symptoms of hypo 
attack: tremor, tachycardia, 
palpitations, sweating, weakness  

This response may become blunted 
after years of hypoglycemia; thus patient 
may be unaware of having a hypo  

Near-Normoglycaemia ���� less pathology 
BUT ���� more chances of hypoglycaemia 
THUS if youre at risk of sever hypo (eg. have 
had them recently and en masse) its better to 
be slightly hyperglycemic 



So, You’ve Got Ketoacidosis.        7.04 
     !!! Keep that pH between 7.37 and 7.45 !!! 
 
Normally, blood is slightly alkaline: 
proteins suspended in it are alkaline, plus there is the bicarbonate and phosphate. 
However, it also contains carbonic acid  
THUS there is a balance between the main acid and the main base. 
THEREFORE: @ ketoacidosis 
  ���� Acetoacetate and beta-hydroxybutyrate are acidic molecules which release H+ ions 
  ���� These H+ ions react with bicarbonate to form carbonic acid;  
  � THUS blood becomes even MORE ACIDIC but its good CO 2  acid and can be exhaled 
  � ...Which is indeed what happens: “Kussmaul’s breathing”-style hyperventilation 
  � This happens because of rising acidity of the blood as sensed by the respiratory centres at the  

open medulla (floor of 4th Ventricle ) 
 
MEANWHILE AT THE KIDNEY:  
bicarbonate ions are resorbed  
so as to keep some alkali in the bloodstream while the lungs puff out all that acidic CO 2 

PLUS tubule cells create new bicarbonate 
PLUS the same cells excrete ammonia in the urine…  
…which scavenges H+ ions and thus also de-acidifies the blood 
PLUS you can also excrete amino acidsthsi way. 

THEREFORE slowly does the balance creep back into place between 7.37 and 7.45 pH 
 

 GENETICS OF TYPE 1 DIABETES       7.04 
Autoimmune destruction of beta cells @ pancreas: CAUSE UNKNOWN 

    NO ONE SINGLE GENE RESPONSIBLE!! 
Associated genes: diabetes is more likely in Caucasians if these genes are expressed 

• HLA DR type 3 and or 4  

• HLA DQ ß an amino acid other than aspartate in position 57  
• HLA DQa the amino acid arginine in position 52  

amino acid aspartate in position 57 on DQ ß conveys protection from developing diabetes. (!) 
 
if one concordant twin develops diabetes, the other twin has only a 50% chance of developing this disorder. 

THUS there are non-genetic factors which affect the expression of the genetic material. 
 
INHERITANCE: 
- Generations are often skipped 
- Risk is higher if the father has diabetes (rather than mother) 
- Families with inherited Type 1 diabetes are at NO HIGHER RISK of developing Type 2  
 
PREDICTING THE LIKELIHOOD: look for 

- antibodies to islet cells,  
- antibodies to insulin  
- antibodies for glutamic acid decarboxylase. 

- can be detected in the serum of more than 90% of patients with newly diagnosed Type 1 diabetes. 

these antibodies can also be detected prior to diagnosis  

 
Factors associated with a higher risk of progression to Type 1 diabetes are 
- younger age, 
- presence of multiple autoantibodies in serum, 
- finding of low first phase insulin production in a glucose challenge test 
- HLA identity with the relative who has Type 1 diabetes. 

 
In addition, anti-islet autoantibodies have been detected in the serum of patients presenting with clinical features of Type 2 
diabetes, but who progress to require insulin more rapidly. These patients are thought to have "slowly progressive Type 1 
diabetes" and could account for up to 10% of patients presenting with apparent Type 2 diabetes. 
 
Despite the strong familial association of Type 1 diabetes it should be emphasised that  

90% of individuals developing the disease do not have an affected first degree relative. 

Thus, if preclinical screening and prevention are to become a reality, it will be critical to develop methods by which those 
without a first degree relative with Type 1 diabetes, destined themselves to develop Type 1 diabetes can be identified. 
 
 



GOOD CONTROL OF GLUCOSE LEVELS 
= EQUALS = 
FEWER MICROVASCULAR COMPLICATIONS 
…but: 

NO CHANGE IN MACROvascular EFFECTS 

(which depend more on cholesterol and blood pressure) 

DIABETIC RETINOPATHY 

!! VISION-THREATENING !! 
i.e you WILL GO BLIND unless its managed 

=  affects approximately 30% of 
people with Type 1 diabetes.  
INCIDENCE IS IMPROVING 
due to improved diabetic and 
blood pressure control.  
 

DIABETIC NEPHROPATHY 

DIABETIC NEUROPATHY 

MACROVASCULAR  DISEASE 

CHRONIC COMPLICATIONS OF DIABETES      7.04 
 
 
  
= one of the most common causes of new blindness. 
 
Background retinopathy = 
- weakening,  
- rupture 
-  leakage  
- occlusion of blood vessels  
- manifest as  

- microaneurysms, 
-  dot and blot haemorrhages,  
- hard exudates (lipid deposits)  
- cotton-wool spot ischaemic exudates, due to localised arteriolar occlusion.  
 

In proliferative retinopathy, new fragile vessels form on the retina,  
= substantial risk of rupture with haemorrhage. 
 
 Maculopathy, occuring more in Type 2 diabetes,  
=  swelling, exudate or haemorrhage close to the macula.  
 
due to privacy considerations,  

doctors are not generally required to inform authorities that their patients have diabetes 

unless it is considered to be absolutely necessary.  
They should only do so after discussing with the patients.  
 
 
 
  
characterised by 

- proteinuria,  
- hypertension, 
- oedema  
- renal insufficiency.  

 
CHRONOLOGY of PATHOGENESIS: 
2-3 years from diagnosis of diabetes: 

- some histological evidence of mesangial expansion and basement membrane thickening  
- accumulation of these extracellular matrix materials is central to the development of nephropathy. 

microalbuminuria, after many years progresses to overt proteinuria.  
A patient with microalbuminuria has 10-20 fold increased risk of developing diabetic nephropathy.  
Levels of 20-200ug/min, may be reversed with intensive glycaemic control, treatment of blood pressure and by ACE 
inhibitors, even in normotensive patients.  
 

Microalbuminuria in Type 2 diabetes also indicates severe vascular disease.  

Those with overt proteinuria (>0.5gm/day) must have their hypertension aggressively managed.  
By this stage, deterioration is inevitable and improving glycaemic contol is of less benefit. 
 If end stage renal failure ensues, dialysis or transplantation are the options. 
 
 

most common = sensory neuropathy 
, mainly affecting the lower limbs,  
“ stocking and glove distribution”.  
Patients may complain of pain, paraesthesia or numbness at these sites.  
 
Paradoxically, some with chronic neuropathy have no symptoms, but physical examination reveals a loss of sensation which 
predisposes to foot ulceration.  
It is therefore important to look for neuropathy irrespective of whether a patient complains of any symptom.  
 
 
 
=  affect coronary arteries, peripheral and cerebral vessels.  

They are commoner, occur at an earlier age, and are more extensive and severe in diabetes.  

Diabetes =  independent risk factor for cardiovascular disease !! AS BAS AS HAVING HAD A PREVIOUS ATTACK !! 
 Patients with microalbuminuria or proteinuria have increased risk of cardiovascular death 
Controlling glucose levels does nothing. ACE inhibitors sem to help normotensive diabetics.  
MUST ALSO CONTROL CHOLESTEROL !! 
Diabetic foot disease : Neuropathy + microvascular disease = gangrene, ulceration, imnfection. 

Screening for diabetic complications  

All people with Type 1 diabetes should be 
assessed for diabetic complications by five years 
after diagnosis and then annually. As Type 2 
diabetes may be present for many years before 
diagnosis, 20% already have a complication, so 
they should be assessed annually. Routine 
screening for diabetic complications is important, 
as symptoms do not develop until late in the 
natural history of the complication. Once present 
in a clinically severe form, complications cannot be 
reversed even with meticulous control. 



INSULIN THERAPY        
 
About 25% of all patients with diabetes will require insulin therapy, 
This includes everyone with Type 1 diabetes  
PLUS a proportion of patients with Type 2 diabetes in whom oral therapy has failed.  
 

In patients with Type 1 diabetes, insulin is essential in preventing death from ketoacidosis. 
 Insulin also relieves symptoms of hyperglycaemia. In addition, an important goal of insulin therapy is to maintain a near-to-
normal blood glucose concentrations to prevent development of diabetic complications. Tight metabolic control before and 
during pregnancy is also essential to minimise the risk of fetal abnormalities and to prevent maternal ketoacidosis during 
pregnancy. 
An essential prerequisite for successful insulin therapy is for all patients and their immediate family to  

- receive practical education about giving insulin,  
- avoiding metabolic complications (eg. hypoglycaemia) by keeping the blood glucose 

levels within the normal range (3.5 - 7 mmol/L), 
- and monitoring blood glucose levels at home. 

 Ideally this training should be given by a specialised diabetes nurse educator. 
Insulin must be given parenterally because it is degraded by proteolytic enzymes in the gastrointestinal tract.  
After subcutaneous injection, the absorption and therefore the therapeutic action of insulin can vary considerably both 
between but also within individuals. This variability is one of the major reasons for the difficulties encountered in trying to 
maintain normoglycaemia in a diabetic individual. The major route of elimination of insulin is via cellular uptake, by 
internalisation of the insulin-receptor complex in liver and muscle.  
The plasma half-life for insulin is 4 minutes.  
Most insulin used nowadays is human insulin derived biosynthetically using recombinant DNA techniques. 
Classification of Insulin:             
The various formulations of insulin vary in their absorption profile and duration of action. Patients are usually treated with a 
combination of insulins, to provide their tissues with appropriate insulin availability throughout the day.  

i. Short acting insulin (synthetic soluble or regular)  
This is a solution of insulin (clear to inspection) with an onset of action within 30 mins of subcutaneous injection and a 
duration of effect of 6-8 hours. This can be given intravenously or intramuscularly in emergencies.  

ii. Intermediate-acting insulin (synthetic isophane or NPH)  
This is a complex of insulin (cloudy to inspection) bound to a fish protein known as protamine, which is non-
immunogenic; the insulin is released gradually in the tissues and absorbed into the circulation.  

iii. Long-acting insulin  
Insulin is complexed with zinc to form an insulin zinc suspension (IZS). IZSs are either amorphous with intermediate 
duration of action or crystalline with a more prolonged action. Intermediate and long-acting insulins have an onset of 
action about 1-2 hours after subcutaneous injection, a maximal effect at 4-12 hours, and a duration of action of 16-35 
hours.  

iv. Very rapid and short acting insulin  
These are analogues of human insulin with minor modifications to the amino acid sequence of the native hormone. 
As a result they are absorbed very rapidly and have a short acting time of 2-3 hours. Their injection must be followed 
immediately by a meal (ie. quite different from conventional insulins). They are best given before each meal to control 
the post-prandial hyperglycaemia. Their short action means they are less likely to cause hypoglycaemia.  

v. Pre-mixed insulin  
Some insulins contain a mixture of short (or very short) acting insulin with longer acting insulin. They are very popular 
because they are more convenient for some patients.  

vi. Very long acting insulin  
Two very long acting insulins have been developed ( ~ 24 hours in duration of action). Glargine is an insulin 
chemically modified so that it has an isoelectric pH which renders it insoluble after injection. It is therefore absorbed 
slowly. Detemir is an insulin which binds to albumin from which it is released slowly, again giving it a prolonged 
action. These very long acting insulins are particularly suitable to provide a basal level of insulin and complements 
with the injections of short acting insulin before each meal.  

Insulin regimens are tailored 
to the needs of individual 
patients. The number of 
injections per day varies from 
1 to 4.  
Currently, many patients 
receive a twice-daily mixture 
of short and intermediate-
acting insulin or short-acting 
insulin before meals and 
intermediate-acting insulin 
before bed.  
Conventional iInsulin 
injections are given 15-20 
minutes before a meal but the 
very short and rapid acting 
insulins need to be given 
immediately before meals. 

 



INFECTIONS OF DIABETICS        7.04 
Organism : widely occurring soil fungus Candida Albicans 
 It is a yeast which occurs mainly as single cells (blastospores) though elongated forms (pseudohyphae) are also seen. They 
are about 5 micrometres in diameter and are easily recognised by direct microscopy (stained or unstained). They also grow on 
many common bacteriological media within 24-48 hours, but better on special fungal media (e.g. Sabouraud's medium). They 
are usually acquired from the environment (especially in foods) but may be transmitted sexually or to the child during birth.  

Infections usually involve only mucous membranes (mainly oral cavity, vagina/vulva).  
They cause an intense irritation (commonly called "thrush") leading to a raw, red mucosa, often with a white cheesy exudate, 
which consists of clumps of organisms. Although unpleasant, in most individuals deep tissue invasion does not occur and the 
infection is more an annoyance than a serious medical problem. Oral cavity infections are common in young children. Vaginitis 
and vulvitis are common in women of reproductive age. Some women have frequent recurrences after successful treatment. 
Infections in moist folded skin are also common e.g. under the prepuce, under pendulous breasts, in the groin folds (especially 
in babies with wet nappies).  
Diagnosis  
This is often clinically apparent, though identification (direct microscopy, culture) of yeasts from surface specimens 
is confirmatory. Culture and histology of deeper specimens may be necessary in deep-seated disease. Drug sensitivity 
testing is usually not performed as sensitivities are very predictable except when the patient has had significant prior exposure 
to antifungal drugs.  
Treatment  

1. Remove or modify the underlying predisposing cause, if possible.  
2. Topical (usually creams, pessaries) poorly-absorbed drugs are used for mild to moderate mucosal infections ( mainly 

the imidazole group or amphotericin).  
3.  

Systemic drugs are given by mouth (imidazoles) or occasionally intravenously (imidazoles or amphotericin) for more 
serious infection.  

 
Patients with diabetes mellitus, especially if poorly controlled, are generally more susceptible to infections, 
especially those caused by bacteria and fungi, than other individuals. Such infections are also associated with worse 

outcomes. The risk is substantially greater in the presence of ketoacidosis. 
Common examples are:  

Skin and soft tissue infections:  

*furunculosis, cellulitis, and infected wounds (after either trauma or surgery);  

Foot ulcers:  

*diabetic patients often develop ulcers on the feet, in association with sensory loss from 

peripheral neuropathy. These may give rise to superficial cellulitis or extend into deeper 

structures (notably bones) where infection may occur (osteomyelitis)  

Urinary tract infections:  
*cystitis, pyelonephritis, complicated UTIs (associated with urinary obstruction, stones, 

pregnancy  

Deep infections associated with surgery or other invasive medical interventions. Diabetes is associated with ischaemia from 
angiopathy and poor wound healing. These predispose to local infection which may give rise to systemic sepsis (septicaemia). 
The microorganisms causing these infections are usually similar in diabetic and nondiabetic patients. 

 
BLOOD SUGAR TUTORIAL: Glycaemic index    7.04 
Glycaemic index is the ability of a food to raise blood sugar 
Western starchy foods, eg. white bread = HIGH index 
Barley, legumes, pasta, wholegrain bread, pita and sourdough- not so much 
LOW GI eating = more satisfying and longer lasting energy 
Chose low saturated fat. 
 

 
 
 
 
 
 
 



 
 
Insulin signal transduction 
pathway. The insulin receptor has 
intrinsic tyrosine kinase activity 
and interacts with insulin receptor 
substrates (IRS and Shc) 
proteins. A number of "docking" 
proteins bind to these cellular 
proteins and initiate the metabolic 
actions of insulin [GrB-2, SOS, 
SHP-2, p65, p110, and 
phosphoinositol phosphate 3-
kinase (PI 3-kinase)]. Insulin 
increases glucose transport 
through PI 3-kinase, which 
promotes the translocation of 
intracellular vesicles containing 
GLUT4 glucose transporter to the 
plasma membrane.(Adapted from 
Lowe, 1998; Virkamaki et al, 
1999)  

 
 

 
: Temporal model for development 
of type 1 diabetes. Individuals with 
a genetic predisposition are 
exposed to an immunologic trigger 
that initiates an autoimmune 
process, resulting in a gradual 
decline in beta cell mass. The 
downward slope of the beta cell 
mass varies among individuals. 
This progressive impairment in 
insulin release results in diabetes 
when ~80% of the beta cell mass is 
destroyed. A "honeymoon" phase 
may be seen in the first 1 or 2 
years after the onset of diabetes 
and is associated with reduced 
insulin requirements. (Adapted 
from Medical Management of Type 
1 Diabetes, 3d ed, JS Skyler (ed). 
Alexandria, VA, American Diabetes 
Association, 1998)  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pancreatitis and Pancreatic Cancer At-A-Glance: 
 PANCREATITIS: 
Acute vs. Chronic 
Acute is worse!! � Hemorrhage, necroisis,infarction 
Extremely scary, histologically: great big holes in parenchyma  
(!! AUTODIGESTION !! Fat necrosis = because the lysis of 
pancreatic acinar cells releases LIPASES which rampage though) 
Leucocytes infiltrate + inflame, thusmore destruction and necrosis 
A MAJOR ARTERY MAY BECOME DIGESTED � HEMORRHAGE 
 

PANCREATIC CANCER: “Why am I yellow, Doctor?” 
���� asymptomatic at early stage 
� LATER = VERY PAINFUL 
� may result in jaundice 

weight loss 
malaise 

 KEY TO SURVIVAL is to STOP EATING 
 



 



 

SPECIAL CASES OF INSULIN ACTION

SEQUESTERS STORES PREVENTS BREAKDOWN
MUSCLE, FAT

? GLUCOSE UPTAKE
Golgi vesicles (containing
glucose transporters GLUT-4)
fuse with cell membrane,
GLUTs brought to surface
(liver +++ GLUTS @ surface)
= FACILITATED DIFFUSION
LIVER

? GLYCOLYSIS
ie. glucose utilization – FUEL!!

MUSCLE, LIVER

GLYCOGEN-ESIS:
Glucose ------->  Glycogen
    (glycogen synthase)
FAT

GLYCEROL synth
esterified with FA’s to form
triglycerides

LIVER
prevents breakdown by glycogen
phosphorylase

? GLYCOGENO-LYSIS
? GLUCO-NEOGENESIS*

*glucose synth from non carbo
sources

? LIPID UPTAKE

via LDL receptors on cell
surface

FAT    FA’s + glycerol ?  3-glycerides

TRIGLYCERIDE synth
      ? pyruvate dehydrogenase
      ? acetyl CoA carboxylase

FATTY ACID synth
      ? FA synthetase
LIVER

? LIPOGENESIS (> fat cells)

if glycogens stores full, glucose ?
fatty acids, exported to fat

FAT, LIVER
inhibits breakdown by
triacylglycerol lipase

? LIPOLYSIS

MUSCLE

? AA UPTAKE
MUSCLE

? PROTEIN synth
LIVER

? PROTEIN breakdown
ie. [ox] amino acids

GLUCOSE enters cell by GLUT-2 and
metabolised
 1?  phosphorylation by GLUCOSE KINASE
      ?  produces ATP

           ?  blocks K+ channels
                DEPOLARIZATION

              ?  Ca2+ channels open INFLUX
 2?  granules move to cell surface

  !!! INSULIN SECRETION!!!

PULSATILE EXOCYTOSIS
daily adult secretion=5mg

(1/5 stores)
phase 1 =RAPID, stores

phase 2 =SLOWER, synth

SYNTHESIS
PREPROINSULIN  (rough
endo retic)
?  PROINSULIN 2 chains
joined by C-peptide
?  cleaved in secretory

granules to form INSULIN
and C-PEPTIDE (both

secreted = marker of endo
vs exog insulin

GLUT-2
GLUT-2

GLUT-2

GI HORMONE POTENTIATORS
req’d by β to deal with glucose:
- glucagon
- glucagon-like peptide I
- gastric inhibitory peptide
NEURAL EFFECTORS
SYMPT ?  inhibits secretion
PARASYMP ?  ? secretion
= powerful: can cause secretion
minus glucose (sight/smell food)
pre-absorptive insulin release

β ISLET CELL

@ LIVER: REDUCE GLUCOSE OUTPUT
!!! STORAGE !!!

(1)    Glycogen
           Glucose         Blood

Gluconeogenesis

(2) ? ketone body formation

@ KIDNEY: excretes XS glucose
deals indirectly with insulin via fx on [glucose]

NORMALLY, XS glucose filtered out of blood, then

reabsorbed (high threshhold capacity exists)

BUT if ??? blood glucose, max capacity reached

?  XS must be excreted in urine
?  indicates HYPERGLYCAEMIA
Glucose holds water to it – when filtered for excretion

?  water follows ?  ? vol sweet urine
!!POLYURIA!!     !!POLYDIPSIA!!

@ BRAIN: maintains fuel
     supply

independent glucose transport
(except SATIETY CENTRE:
hypothalamus) but Insulin maintains
ADEQUATE blood glucose levels:

LOW <3-4mM brain suffers
HIGH >9-10mM cellular damage
            (if prolonged)

@ INTESTINE
independent glucose transport

@ MUSCLES
EXERCISE ?  independent glucose

uptake (GLUTs recruited by exercise)

GLUCOSE

FAT

PROTEIN

 PORTAL
 CIRCULATION
 ?  LIVER gets most
 exposure to insulin

? BLOOD GLUCOSE = 5Mm
MAJOR STIMULUS

? AMINO ACIDS
FOOD

INTAKE

ACTION @ CELL
INSULIN affects all tissue cells
Insulin receptor : 2 subunits –α2β2.

Receptor = a TYROSINE KINASE enzyme.
ie. Transfers phosphates from ATP

?  INSULIN BINDING @ α subunit activates
TYROSINE KINASE @ β subunit
?  β subunits PHOSPHORYLATE themselves
?  activated receptor phosphorylates
intracellular proteins, especially:

INSULIN RECEPTOR SUBSTRATE:
IRS-1,2,… interact with & activate
downstream elements

                            

Somatostatin (GHIH)
Phenytoin (anti-convulsant)

Thiazide diuretics  (anti-HT)

INSULIN: RELEASE & ACTIONS

α–subunit
(hormone binding
domains)

β-subunit
(ATP binding &
tyrosine kinase
domains)

cytoplasmic

extracellular



HOW ARE APPETITE & BODY WEIGHT CONTROLLED? 
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LEPTIN 

Choroid 
plexus 

 blocks NPY 
potent appetite 
stimulant !! STOP!! 

 @ VMH 

PATHOLOGICAL 
OBESITIES: (RARE) 
early onset hyperphagia 
→ ob gene abnormality: 
HUMAN LEPTIN DEFICIENCY    
spontaneous mutn, consang 
family 
→ POMC abn: no MSH prodn 
→ MCR-4 receptor defect 
5% of early onset obese ppl 
heterozygous for this 
→ (mice) Agouti & Agouti-
related peptide (AGRP)  
dysregulation. These antagonize 

α-MSH, preventing satiety signal 
 – if unregulated, no stop signal 

ADIPOSE 
TISSUE 

[leptin] 
released in 
Also, STOMACH 
& PLACENTA  

GLUCOCORTICOI
DS 
& 

INSULIN 

regulates 
REPRODUCTIVE fn 
stim GNRH → LH, FSH 

Stimulates POMC to 

release αααα-MSH which acts 
on MCR-4 receptor 
(hypothal) that says 
!! STOP EATING!! 
also acts on MCR-1 (hair 
follicle): pale skin, red hair 
 

↑ ENERGY 
EXPENDITURE 
thru lipolysis 
↑↑↑↑ metabolism 

VAGAL NERVE 
AFFERENTS 

Gut-brain conversation  
re: carbo’s & proteins in gut 

NUTRIENT 
SIGNALS 
↑ glucose 

↑ a.acids 

↑ f.acids 
!!STOP EATING!! 

HORMONES 
Insulin 
Cholecystokinin  
Glucagon 
Adr 

BRAIN 

BODY 
TEMP 
HOT 
!STOP!! 

leptin recepts 
on 
T-CELLS & 
VASCULAR 
ENDOTHEL 

LEPTIN    !!! THIN !!! 
= protein product of the obese (ob) gene, on 
chromosome 7. SYNTHESIZED in the 
ADIPOCYTE. Functions as a SATIETY FACTOR, 
with specific transport protein to cross blood brain 
barrier. 
Fat cell release stimulated by: 

INSULIN, G-C’S, ↑ NUTRITION 

leptin secretion rate and plasma content 
determined by size of adipose tiss 
→→ role in long-term weight control 

if high [leptin]  →  thin, ↑ metab, early 
puberty 
but/ obese tend to have high leptin, suggesting 
resistance to its actions, not deficency 

PSYCH  
FACTORS 

FEEDING BEHAVIOUR (-‘ve feedback sys) 
TO BRAIN 

(1)  neural signals from digestive tract 
(2)  bloodborne signals relating to E stores 
(3)  hormones 
(4)  body temp 
(5)  psych factors 

APPETITE STIMULANTS 
 
- Neuropeptide Y (NPY): synth & fns 
in hypothal → CARBO CRAVING 
- Melanin-concentrating hormone 
- Agouti & Agouti-related peptide: 
endogenous antags to MC4 recepts 
- Ghrelin (gut) 

- Orexin (hypothal: responds to ∆s in 
NPY and POMC neurons) 
- NAdr 
- Opioids 
- Galanin → FAT CRAVING 
- Nitric oxide 

APPETITE SUPPRESSANTS 
 
- Serotonin (hypothal) 

- αααα-MSH 
- CART: cocaine-amphetamine-
related-transcript (hypothal) 
- CCK: cholycystokinin (released by 
intestine during digestion) 
- CRH: corticotrophin-rel hormone 
- glucagon 
- bombesin/gastrin-releasing    
  peptide   
- neurotensin 

@ BRAIN  
→ thermoreceptors 
→ chemoreceptors: gluc, insulin  
→ peptide receptors 
HYPOTHALAMUS, Brainstem, 
periph sensors (liver & gut)  
= KEY PLAYERS 



ANATOMY OF THE PANCREAS         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Viewed Posteriorly: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SCHEMA OF ANASOMOSIS IN THE PANCREATIC BLOOD SUPPLY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The pancreas is for the most part 
retroperitoneal but becomes suspended 
in a mesentery (the lienorenal ligament) 
as the tail reaches the hilum of the 
spleen. The uncinate process, head and 
neck of the pancreas lie within the 
curvature of the duodenum. The 
pancreatic ducts drain into the 
duodenum. The main pancreatic duct 
drains the tail, body, uncinate process 
and part of the head. In the head the 
main pancreatic duct joins the bile duct to 
form the ampulla of Vater to drain into the 
second part of the duodenum. The 
sphincter of Oddi controls flow into the 
duodenum through the major duodenal 
papilla. The accessory pancreatic duct 
drains part of the head, either joining the 
main pancreatic duct or entering the 
duodenum separately as the minor 
duodenal papilla. The portal vein is 
formed behind the neck of the pancreas. 
The superior mesenteric artery and vein 
lie anterior to the uncinate process. The 
splenic artery supplies the body and tail 
of the pancreas. The neck and head of 
the pancreas are supplied by the anterior 
and posterior superior 
pancreaticoduodenal arteries which 
branch from the gastroduodenal artery. 
The uncinate process and part of the 
head are supplied by the anterior and 
posterior inferior pancreaticoduodenal 
arteries which arise from the superior 
mesenteric artery. The pancreatic veins 
drain into the portal vein.  



 

 



PATHOPHYSIOLOGY OF REENTRY CIRCUITS       
 First, the sinoatrial node fires as normal; the impulse travels through 

both the AV node and the accessory pathway. Pre-excitation is the 
phenomenon of seeing some of the ventricle, triggered by the accessory pathway, 
start to depolarize before the bulk of it; this causes a delta wave. 

 
 
 

With the conducting system in revolt, the sinoatrial node struggles for 
control, still firing regularly – but its impulses meet a useless refractory 
atrial wall, and so its commands are rudely ignored. 
 

The ectopic impulse, conducted through the AV node and the ventricle, 
takes its time to get back to the reentry circuit area: but the time it gets 
there, the accessory pathway is no longer refractory and can now be 
excited again. The same for the atrium. The sinoatrial node hasn’t fired 
yet – all this business happens between beats. So the re-entering 
impulse can once again be conducted via the atria to the AV node, and 
then to the ventricles, thereby setting up a whole separate (and faster) 
rhythm. 
 

Then, an accessory pacemaker – some random atrial ectopic – fires a 
premature P wave, a premature atrial impulse.  The accessory pathway 
is still in the refractory period, because it had just conducted a proper 
sinoatrial impulse. So it cannot conduct the ectopic premature impulse 
just yet. 
This impulse can only be conducted through the AV node. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

30%

“Orthodromic” AV reentrant 
tachycardia 
If you have an accessory pathway, this is 
your tachycardia. The impulse travels just 
like in the pictures above: from atrium, to 
AV node, to ventricles, and back to the 
atrium via the accessory pathway. 
Antidromic tachycardias follow the 
opposite route: to the ventricles via the 
accessory pathway, then to the AV node, 
and then back to the atrium. 
The QRS complex in these is typically 
broad, and therefore very similar to a 
proper ventricular tachycardia. 

Atrial Flutter with 2:1 conduction can sometimes 
look like SVT; adenosine reveals its true nature. It is 
usually a large circuit, around the tricuspid valve. 

AV nodal reentrant 
tachycardia:The AV node is 
normally a one-way street, but in 
this instance, it becomes two 
pathways: one fast, one slow. 
The slow pathway conducts the 
impulse to the beginning of the 
fast pathway; by the time the 
impulse got there, the beginning 
of the slow pathway is already 
ready to receive an impulse. The  
fast pathway conducts the 
impulse back up into the 
beginning of the slow pathway. 
And so it continues. 

60% 



CAUSES OF SVT            
AV nodal reentry circuit – 60% of cases 
Another 30% are due to an accessory pathway. 
10% are focal atrial causes, ectopic pacemakers of some sort. 
 

RARE SPECIES: 
- Inappropriate Sinus Tachycardia 

- Poorly understood; seems like something in the SA node has gone wrong. May be a 
dysautonomic thing, but we just don’t know. 

- TOTALLY NORMAL RHYTHM! ECG looks like a sinus tachy; just with a very high rate. 
- Occasionally you may discover an inappropriately increased tachycardia response to 

exercise or an elevated resting heart rate. 
- Typically, these patients don’t have any heart disease or hyperthyroidism, and are not 

coke fiends. 
Treatment is the usual - vagus, adenosine, verapimil… Slow AV conduction and you  
Slow the ventricular response; increase vagal tone and you slow down the SA node. 

- Sinus node reentrant tachycardia:  
- This is initiated in much the same way as any other sinus beat; except the sinoatrial 

node keeps sending impulses. The atria, behaving normally, transmit these to the rest 
of the heart, and the the P wave looks completely normal. 
Most of the time this is caused either by a reentry circuit within the SA node itself, or by  
a reentry circuit which lies just next to the node- either way, the SA nodes’ own impulse  
triggers further impulses.  
- rate is usually 100 to 150 bpm. Treatment is the usual - vagus, adenosine, verapimil… 

- Intraatrial reentry tachycardia:  
- usually initiated with a premature atrial ectopic, and so the P wave looks abnormal. In 

V1, it will be negatively deflected if it starts in the right atrium, and positively deflected if 
it starts in the left atrium 

- This sometimes happens after a large atrial incision, in cardiac surgery. 
- Treatment, once again, is just the usual. 

- Ectopic Junctional  tachycardia and nonparoxysmal junctional  tachycardia:  
- A weird tachycardia, arising from the AV bundle- NOT the AV node! So there’s no 

reentry to speak of.  Seems to be a matter of increased automaticity. 
- Occasionally this is the result of digoxin toxicity or a big heart attack. 
- This is also a congenital condition affecting neonates. 
- Adenosine is useless: AV node is not involved. Some trials recommend amiodarone. 

STRUCTURAL DEFECTS 
- Hypertrophic cardiomyopathy:  

- These people often get transient and asymptomatic SVT events.  
- Ebsteins’ Anomaly:  

- This is a conjenital abnormality, where the tricuspid leaflets are malformed, and there is 
some degree of “atrialisation” of the right ventricle. 

- 20% of these people end up with an accessory pathway, seeing as the normal fibrous 
insulation between the atria and ventricles is so disturbed and abnormal. 

 
Etienne Delacrétaz, M.D. Supraventricular Tachycardia N Engl J Med  march 9, 2006;354:1039-51.   
Henry Gray (1825–1861).  Anatomy of the Human Body.  1918. Fig. 518 
Emergency Medicine Education Online http://www.emedu.org/ecg/givemall.php 
Amiodarone for post-operative junctional ectopic tachycardia Kevin Plumpton, Robert Justo, Nikolaus Haas Cardiol 
Young 2005; 15: 13–18.   Also UP TO DATE, of course.  
 Pharmacologic Therapy of Supraventricular Tachycardia - Bruce B. Lerman, MD 
http://www.hrsonline.org/Education/SelfStudy/Articles/lerman.cfm

These 
do not 
involve the 
AV node or 
accessory 
pathways! 
Don’t get me 
wrong: those 
pathways might 
exist, but they 
don’t participate in 
the primary 
mechanism. 

 
 
 
 
 
 
 
Kister PM, Pharmacological management of tachycardia.  Australian Family Physician Vol. 36, No. 7, July 2007 

http://www.hrsonline.org/Education/SelfStudy/Articles/lerman.cfm


Supraventricular Tachycardias         
Abnormal circulating impulse in a relatively normal heart, causing a regular 
narrow-complex tachycardia. 
SYMPTOMS:             

- syncope 
- dizziness, light-headedness 
- palpitations 
- shortness of breath 
- panic, anxiety 

Associated historical evidence:          
- This patient is a coffee glutton, cocaine fiend, or otherwise given to excess with stimulants 

SIGNS: 
- Ridiculous fast pulse rate 
- Sometimes pallor 
- Most of the time, no signs. 

 ASSESS IMMEDIATELY: is this patient hemodynamically 
stable? Are they crumbly enough to crash right now? Do they 
have a crappy heart already?  

FACTOIDS: 
Incidence is 35 per 100,000 
Prevalence is 2.5 per 1000 

- Alcohol consumptions is a risk factor- causes both atrial arrhythmias and SVT 
- Hyperthyroidism  

ECG findings:by the time you saunter up to the patient, an ECG is usually ready for you to look at.   
- 90% will have a NARROW QRS COMPLEX, with a rate of about 200. There may be ST depression. 

 
Investigating the cause: to consider later… 

- CHEST XRAY to look for gross abnormalities, eg. hugely dilated heart 
- ECHOCARDIOGRAPHY to look for structural heart disease in detail 
- ELECTROPHYSIOLOGY is usually something you do with a view to ablate an accessory pathway 

 
 
 
 
 
 
 
 
 
 

In the emergency department, you will find yourself ordering the following: 
- ECG 
- Chest X ray 
- CK, Troponin 
- EUC and CMP 
- TFT 

You will give them oxygen. 
 

 
 
 

Alex Yartsev
My Disclaimer



DIAGNOSIS: Which narrow-complex tachycardia is it?       
So, you wander up to the bedside, following the frantic beeping of the ECG monitor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Here’s one from real life. pt. hemodynamically stable, conscious, and known to have a “silent” reentry 
pathway, which was investigated with EPS only a day ago - but not ablated owing to its proximity to the AV node. 

 

IS THE PATIENT STABLE? Or has the blood pressure suddenly dropped, and they are unconscious? 
- Narrow complex tachy? Stop diagnosing them and give a DC shock.  

So maybe they are stable. Is the rhythm regular?  
- Irregular rhythm? Can you see any P waves? 

- If  not, its probably ATRIAL FIBRILLATION. 
- If you see any P waves, they are likely to have many weird morphologies, and 

so this is likely MULTIFOCAL ATRIAL TACHYCARDIA; this happens to people 
with huge dilated atria.  

- Regular rhythm? Detectable P waves? 
- Cant make out those P waves? Try adenosine. You will either convert it to sinus 

OR you will slow the ventricular rate to get a good look at the P waves. 
Or, if its WPW, you may induce a fatal VT or VF with adenosine. RARELY. 

NOW THAT YOU CAN SEE SOME P WAVES:  
- Atrial rate of 250, sawtooth pattern?  Its FLUTTER. 
- Totally normal P waves?? Is got to be a SA node reentrant tachycardia. 
- Abnormal (maybe inverted) P waves and prolonged RP interval? It has to be an ATRIAL 

TACHYCARDIA, i.e. some ectopic focus sending impulses which are conducted 1:1 
- RETROGRADE P waves and SHORT RP interval?  Its an AV reentry tachycardia with an 

accessory pathway, or AV nodal reentrant tachycardia. 
- Retrograde Ps and a LONG RP interval? – its AV reentry tachy with a slow-conducting 

accessory pathway 
- NO ATRIAL ACTIVITY?? It was probably atrial fibrillation, or an ectopic junctional tachycardia.. 

 

ADENOSINE 
Should be OK; with an 
accessory pathway the 
chances of AF with 1:1 
conduction are tiny; 
…but… have the crash 
trolley parked at the 
end of the bed anyway. 
Chance favors the 
prepared man. 

The above arrhythmia was terminated with a Valsalva manoeuvre in emergency. Despite having an 
accessory pathway, the pt. reported this being managed with adenosine in the past, with good effect.

Regular rhythm, 200 



MANAGEMENT            
- If they are unconscious because of their SVT, you need to DC-shock them immediately. 
- Otherwise, in an otherwise well person, you are permitted to try any number of measures: 
VAGAL MANOEUVRES: the idea is to increase vagal tone. Increased parasympathetic input will slow  

conduction through the AV node; acetylcholine causes an increased permeability to potassium which leaks 
out of the conducting fibers, taking positive charge with it and thus hyperpolarizing them. 
- carotid massage: one side at a time 
- Valsalva manoeuvre: exhale against a closed epiglottis, like clearing “popped” ears 
- Ice pack on the face: works best in children 
- Precordial Thump: a dangerous and out-of-date practice. May induce arrest. May be hilarious. 

 
 
 
 
 
 
 
 
 

DC CARDIOVERSION 
Cardioversion vs. defibrillation: cardioversion is synchronized to the QRS complexes, whereas 
defibrillation just intrudes rudely and randomly into the electrical activity of the heart. 
THE THEORY: when you zap someone, you suddenly depolarize the whole of the excitable muscle, and 
that includes the aberrant reentry circuit. Once you depolarize everything, you put the whole of the 
myocardium into a refractive period, and so the next thing to fire should be the normal SA nodal 
pacemaker, kickstarting a normal sequence of conduction.  

 
PHARMACOLOGICAL MEASURES:because the vagal manoeuvres only work 25% of the time  
Mighty ADENOSINE – both diagnostic and therapeutic value 
  Causes a transient AV node block. The node just stops working for a few seconds. Mediated via  Antidromic SVT is 

 much less common 
than orthodromic, 
even in accessory 
pathway scenarios. 

the A1 receptor, adenosine inhibits adenyl cyclase, reducing cAMP and thus causing potassium to  
flood out of the cell, reducing its positive ion content and thus hyperpolarizing it. This is basically  
what the vagus nerve does, but it bypasses the whole acetylcholine business. Interestingly, these  
are the same receptors which caffeine binds to. 
- Given 6 to 8mg IV, VERY QUICKLY (in 2 seconds) because it gets metabolized 

very quickly in the bloodstream. 
- If ineffective the first time, give a larger dose (12 to 16mg) 
- 90% of SVT will be terminated by the second larger dose. 
- Just make sure resus equipment is around, and youre confident in intubation. 
- In instances of atrial flutter, adenosine will block conduction long enough for you 

to get a good flutter trace in lead V1, thereby confirming the diagnosis of flutter. 
CONTRAINDICATIONS: 

- ACCESSORY PATHWAY! Adenosine also shortens the refractory 
period. It can induce atrial fibrillation.  If you have WPW or something similar, 
adenosine might induce ventricular fibrillation.  THIS IS VERY RARE. 
Most senior ED staff just give adenosine to WPW anyway. 
You can always bring out the cardioverter and zap them. 

- Asthma or severe COPD (may cause bronchospasm) 
- Sick sinus syndrome  
- Broad complex tachycardia 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.  So you used adenosine anyway. After you were told not to. That’s just fine. Vast majority of the time you 
will actually get away with it. Only very occasionally you might induce AF in a patient with an accessory pathway. 

This is what happens.. The patient is looking slightly unwell. 

This is very rare and requires a DC shock.  
The DC current is an effective rescue measure; so in reality… you can always just give adenosine, and if 
everything goes to hell- there is always the defibrillator. 
 

Now what are you going to do..  
For all intents and purposes this is VF; through 
technically its AF with 1:1 conduction.  
Normal drugs wont work: blocking the AV 
node just makes the accessory pathway take 
over more of the conduction role. The rate 
would actually increase. 
Two strategies: target the accessory pathway 
to slow its rate of conduction, or just cardiovert 
the whole thing and hope the AV node takes 
over the role of conduction (DC shock should 
silence ectopic atrial foci). Procainamide 
seems to be the agent of choice in the US. 
Antipodes prefer Flecainide. 

Second line agents            You wouldn’t use any of these in patients with severe hypotension, 
history of congestive heart failure, WPW or some sort of heart block. Verapimil 

- Calcium channel blocker; blocking the calcium channels will slow the rate of AV 
node conduction and prolong the AV refractory period. LV function will also be 
depressed, so this is not any good in people with low LVEF. 

- Usually given as a slow bolus of 5-10mg IV, with constant (preferably arterial line) 
blood pressure monitoring. 

Beta-blockers 
- Beta-blockade slows the rate of sinus pacemakers, or any ectopic pacemakers. 

It also increases the refractory period of the AV node, and it will slow 
conduction of retrograde or anterograde accessory pathways. 

 

Third line agents            

Class 1a: Procainamide 

Class 1c: Flecainide and Propafenone 
Fast sodium channel blockers, best for VT; they will lengthen the refractory period 
of the accessory pathway and sometimes terminate AF. 

 In WPW with atrial fibrillation, these drugs are used if DC cardioversion is impossible. 
IN SVT with definite preexcitation, these are SECOND LINE AGENTS.   

 
 
 
 

Wolff-Parkinson-White: Verapimil, digoxin and adenosine are said to be contraindicated. 
- DC Cardiovert these people as a first line treatment. 
- Only if that fails, move onto Class 1c or 1a fast sodium channel blockers 

 



PATHOPHYSIOLOGY OF REENTRY CIRCUITS       
 First, the sinoatrial node fires as normal; the impulse travels through 

both the AV node and the accessory pathway. Pre-excitation is the 
phenomenon of seeing some of the ventricle, triggered by the accessory pathway, 
start to depolarize before the bulk of it; this causes a delta wave. 

 
 
 

With the conducting system in revolt, the sinoatrial node struggles for 
control, still firing regularly – but its impulses meet a useless refractory 
atrial wall, and so its commands are rudely ignored. 
 

The ectopic impulse, conducted through the AV node and the ventricle, 
takes its time to get back to the reentry circuit area: but the time it gets 
there, the accessory pathway is no longer refractory and can now be 
excited again. The same for the atrium. The sinoatrial node hasn’t fired 
yet – all this business happens between beats. So the re-entering 
impulse can once again be conducted via the atria to the AV node, and 
then to the ventricles, thereby setting up a whole separate (and faster) 
rhythm. 
 

Then, an accessory pacemaker – some random atrial ectopic – fires a 
premature P wave, a premature atrial impulse.  The accessory pathway 
is still in the refractory period, because it had just conducted a proper 
sinoatrial impulse. So it cannot conduct the ectopic premature impulse 
just yet. 
This impulse can only be conducted through the AV node. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

30%

“Orthodromic” AV reentrant 
tachycardia 
If you have an accessory pathway, this is 
your tachycardia. The impulse travels just 
like in the pictures above: from atrium, to 
AV node, to ventricles, and back to the 
atrium via the accessory pathway. 
Antidromic tachycardias follow the 
opposite route: to the ventricles via the 
accessory pathway, then to the AV node, 
and then back to the atrium. 
The QRS complex in these is typically 
broad, and therefore very similar to a 
proper ventricular tachycardia. 

Atrial Flutter with 2:1 conduction can sometimes 
look like SVT; adenosine reveals its true nature. It is 
usually a large circuit, around the tricuspid valve. 

AV nodal reentrant 
tachycardia:The AV node is 
normally a one-way street, but in 
this instance, it becomes two 
pathways: one fast, one slow. 
The slow pathway conducts the 
impulse to the beginning of the 
fast pathway; by the time the 
impulse got there, the beginning 
of the slow pathway is already 
ready to receive an impulse. The  
fast pathway conducts the 
impulse back up into the 
beginning of the slow pathway. 
And so it continues. 

60% 



CAUSES OF SVT            
AV nodal reentry circuit – 60% of cases 
Another 30% are due to an accessory pathway. 
10% are focal atrial causes, ectopic pacemakers of some sort. 
 

RARE SPECIES: 
- Inappropriate Sinus Tachycardia 

- Poorly understood; seems like something in the SA node has gone wrong. May be a 
dysautonomic thing, but we just don’t know. 

- TOTALLY NORMAL RHYTHM! ECG looks like a sinus tachy; just with a very high rate. 
- Occasionally you may discover an inappropriately increased tachycardia response to 

exercise or an elevated resting heart rate. 
- Typically, these patients don’t have any heart disease or hyperthyroidism, and are not 

coke fiends. 
Treatment is the usual - vagus, adenosine, verapimil… Slow AV conduction and you  
Slow the ventricular response; increase vagal tone and you slow down the SA node. 

- Sinus node reentrant tachycardia:  
- This is initiated in much the same way as any other sinus beat; except the sinoatrial 

node keeps sending impulses. The atria, behaving normally, transmit these to the rest 
of the heart, and the the P wave looks completely normal. 
Most of the time this is caused either by a reentry circuit within the SA node itself, or by  
a reentry circuit which lies just next to the node- either way, the SA nodes’ own impulse  
triggers further impulses.  
- rate is usually 100 to 150 bpm. Treatment is the usual - vagus, adenosine, verapimil… 

- Intraatrial reentry tachycardia:  
- usually initiated with a premature atrial ectopic, and so the P wave looks abnormal. In 

V1, it will be negatively deflected if it starts in the right atrium, and positively deflected if 
it starts in the left atrium 

- This sometimes happens after a large atrial incision, in cardiac surgery. 
- Treatment, once again, is just the usual. 

- Ectopic Junctional  tachycardia and nonparoxysmal junctional  tachycardia:  
- A weird tachycardia, arising from the AV bundle- NOT the AV node! So there’s no 

reentry to speak of.  Seems to be a matter of increased automaticity. 
- Occasionally this is the result of digoxin toxicity or a big heart attack. 
- This is also a congenital condition affecting neonates. 
- Adenosine is useless: AV node is not involved. Some trials recommend amiodarone. 

STRUCTURAL DEFECTS 
- Hypertrophic cardiomyopathy:  

- These people often get transient and asymptomatic SVT events.  
- Ebsteins’ Anomaly:  

- This is a conjenital abnormality, where the tricuspid leaflets are malformed, and there is 
some degree of “atrialisation” of the right ventricle. 

- 20% of these people end up with an accessory pathway, seeing as the normal fibrous 
insulation between the atria and ventricles is so disturbed and abnormal. 

 
Etienne Delacrétaz, M.D. Supraventricular Tachycardia N Engl J Med  march 9, 2006;354:1039-51.   
Henry Gray (1825–1861).  Anatomy of the Human Body.  1918. Fig. 518 
Emergency Medicine Education Online http://www.emedu.org/ecg/givemall.php 
Amiodarone for post-operative junctional ectopic tachycardia Kevin Plumpton, Robert Justo, Nikolaus Haas Cardiol 
Young 2005; 15: 13–18.   Also UP TO DATE, of course.  
 Pharmacologic Therapy of Supraventricular Tachycardia - Bruce B. Lerman, MD 
http://www.hrsonline.org/Education/SelfStudy/Articles/lerman.cfm

These 
do not 
involve the 
AV node or 
accessory 
pathways! 
Don’t get me 
wrong: those 
pathways might 
exist, but they 
don’t participate in 
the primary 
mechanism. 

 
 
 
 
 
 
 
Kister PM, Pharmacological management of tachycardia.  Australian Family Physician Vol. 36, No. 7, July 2007 

http://www.hrsonline.org/Education/SelfStudy/Articles/lerman.cfm


Wolff-Parkinson-White and Arrhythmias      
 
 

A Left Lateral pathway is 
further away, and so it 
conducts AFTER the AV 
node. This means there is 
either no pre-excitation at 
all, or the pre-excitation 
wave is buried in the 
normal QRS complex. 

Prevalence is 0.15 to 0.25% of the population; or about 0.5% 
among first-degree relatives. Predistposition to arrhythmias 
favours AV reentrant tachy. An ectopic atrial beat can produce 
an orthodromic SVT if it is nearer to the AV node, and an 
antodromic SVT if it is near the accessory pathway. 

The atria are behaving ; they politely conduct the impulse 
from the SA node along the usual fast conduits. The P wave, 
therefore, is normal. 

Because some portion of the ventricle depolarizes BEFORE 
the rest, the QRS upstroke is “slurred”. This is a Delta Wave. 
 
Because the Bundle of Kent is closer  to the SA node it will 
trigger a QRS complex to begin sooner, and so the PR interval 
is abnormally shortened. 

The Bundle of Kent is an accessory pathway which is closer 
to the SA node. It conducts the impulse first, BEFORE the AV 
node has a chance.  

Delta  wave 

Short PR interval 

WPW and atrial fibrillation 
AF is disturbingly common in WPW- 10 to 30% of patients will have it at some point.  Having AVRT predisposes one to AF in 
this situation because the reentry circuit via the accessory pathway can cause the atria to contract quite randomly (after all, 
the accessory pathway is not a serious part of the conducting system, and it doesn’t link into any sort of conduction 
pathways- its just going to excite any old patch of atrium).  
 The ECG will throw you off. The conduction rate is roughly 1:1.5; the QRS rate is about 180 to 200. It is hard to tell 
that its irregularly irregular. The QRS complexes will be a mixture of pre-excited delta-waving ones, and normal-looking 
narrow ones.  If the accessory pathway has a short refractory period, it will conduct more often and therefore there will be 
more broad complexes than narrow ones.  The shorter the refractory period of the accessory pathway, the broader the QRS. 
The broader the QRS, the greater the chance of this thing degenerating into ventricular fibrillation. 
REMEMBER: the wider the QRS, the more chance of VF.   

WPW and SVT 
Remember: if the complexes are narrow, its orthodromic. If they are wide and with delta-waves, its antidromic. 
Does that really matter? No. Of course not. If you know this patient has WPW, you can give them adenosine 
fearlessly; VF is rare and you can just shock them anyway, so why mess around with toxic class 1a agents?... 

 

WPW and ventricular fibrillation 
So, in AF with WPW conduction, the rate of ventricular contraction is increased, and the regularity is decreased. This 
fractionates the wavefront of ventricular depolarization. Soon enough, there are numerous wavefronts all moving around the 
ventricle. This is ventricular fibrillation. If you block the AV node, occasionally the accessory pathway will launch the 
ventricles into this. It’s a known, and extremely uncommon, complication of adenosine. 

WPW and atrial flutter 
Just like atrial fibrillation, flutter can conduct via the bundle of Kent. There will be 1:1 conduction. Ventricular rate 
will approach 300. Because this is an antidromic way of conducting impulses, the QRS complexes will be broad 
and there will be delta waves. Unlike AF, the rate runs with a metronome-like regularity. 

Alex Yartsev
Stamp



The major risk factors for type 2 diabetes mellitus  
• Age - Older than 45 years 

• Obesity - Weight greater than 120% of desirable body weight 
(true for approximately 90% of patients with type 2 diabetes) 

• Family history of type 2 diabetes in a first-degree relative 
(parent or sibling) 

• Hispanic, Native American, African American, Asian 
American, or Pacific Islander descent 

• History of prior impaired glucose tolerance (IGT) or impaired 
fasting glucose (IFG) 

• Hypertension (>140/90 mm Hg) or dyslipidemia (high-density 
lipoprotein [HDL] cholesterol <35 mg/dL or triglyceride level >250 
mg/dL) 

• History of GDM or delivering a baby who weighed more than      
9 pounds, which suggests GDM 

Diabetes type Diabetes type Diabetes type Diabetes type 2222                                
Jeffrey Pond is a 48-year-old sales manager who has come to see his general practitioner complaining of continual tiredness, which he feels is 

largely the result of broken sleep.  

History of Presenting Illness … is not very exciting     
Presents in middle or later life with… 
- Weight gain 
- Polydipsia 
- Polyuria 
- Blurred vision ( !! means sugar is over 20mmol/L) 
- Increased appetite  
- Frequent Urinary Tract Infections  
- Frequent yeast infections 
-  Fatigue  
- Dry or pruritic skin  
- Numbness or 

tingling in the 
extremities  

 

Findings on Examination 
LOOK: 
Dehydrated? 
Comatose? 
Kussmaul Breathing (“air hunger”, deep and 
rapid)  
= ketoacidosis 
Obese? (type 2) 
Recent weight loss 
Abnormal endocrine face? Eg. cushings, 
acromegaly? 
Pigmenatation: bronze? = haemochromatosis 

 
BEGIN WITH LOWER LIMBS: 
Skin: 
Hairless and atrophied with loss of subcutaneous tissue 
Ulcers 
Infections, eg. cellulitis, boils, fungus 
Pigmented scars 
Fistulae with underlying abscess 
Muscle wasting 
Charcots joint (horribly swollen due to repeated injury) 

 
PALPATE LEG PULSES and 
TEMPERATURE OF EXTREMITIES 
Check capillary return 
Auscultate femoral and popliteal bruits 
!!! Neuro exam @ the lower limbs !!! 
 
UPPER LIMBS: 
Look at the injection sites 
Blood pressure lying and standing (autonomic 
neuropathy) 

 
 
 
 
 
 
 

 
EYES 
Test visual acuity 
Look for Argyll-Robertson pupil (accommodates but does 
not react to light) 
Cataracts 
 
FUNDOSCOPY 
Look for proliferative retinopathy, dot-and-blot 
haemorrhages and microaneurysms 

 
NEURO EXAM OF CN 3, 4, 6 
(diabetic 3

rd
 nerve palsy affects movement but not the 

pupil reflex) 

 
EARS: 
Infected? 

 
MOUTH 
Candida thrush? 

 
NECK + SHOULDERS: 
Carotids: bruit? 
Scleroderma? 
Acanthosis nigricans? 
 
ABDOMEN:  
hepatosplenomegaly?

 
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



DIABETIC PATIENT IN FRONT OF YOU: ask yourself:  
WHY ARENT THEY ON THE FOLLOWING DRUGS: 

• Statins 

• ACE inhibitors 

• Metformin 

• Aspirin 
A SMOKER?? ���� aspirin right away. 

THUS REDUCE MACROVASCULAR RISK FACTORS: LIVE LONGER 

 

PAINFUL NEUROPATHY? 
���� give antiepileptics; 
lower the glutamate = reduce 
neuropathic pain 
 

Tests and Investigations          
Fasting Glucose (after overnight fast) 

> 7 mmol/L = diabetic 

Random Glucose (after meal) 
   > 11 mmol/L = diabetic 
Glycosylated Hemoglobin (Hemoglobin A1C):  

to gauge the average glucose levels of the last 120 days  

Gold standard: Oral Glucose Tolerance Test 
   High carbohydrate diet for 3 days 
   Overnight fast (8-14hrs) 
   75g of glucose in 1 cup of water over 5 minutes 
   BLOOD TAKEN FASTING and 2 hrs after  

  DIABETIC IF over 7 fasting, over 11 after glucose 
IMPAIRED GLUCOSE TOLERANCE if  

- over 7 fasting  
- between 7 and 11 after glucose 

Diabetes established as definitive diagnosis: now investigate complications: 
Battery of tests include 

- ECG 
- Doppler ultrasound of major arteries 
- Evoked potential testing 
- Nerve conduction studies 
- Urine 24 hr collection tests (for microalbuminuria, proteinuria, hematuria) 
- Creatinine, Urea, Electrolytes 

Management            
1. WEIGHT LOSS via Diet + exercise: see the management of obesity 
2. METFORMIN bidaily, unless liver is diseased or kidneys are failing 
3. SULPHONYLUREAS: NOT the long-acting varieties, else you’ll get hypo episodes 
4. Alpha-glucosidase inhibitors for after-meal hyperglycaemia 

5. Thiazolidinediones  REDUCE the nsuline resistance � BUT not on PBS,  
Thus only for those who are METFORMIN-INTOLERANT 

ALL ELSE HAS FAILED: go to insulin. + STAY ON METFORMIN and all  the others. 

Prognosis    
= one of the leading causes of 
morbidity and mortality in the US  
due to its effects on the development of optic, 
renal, neuropathic, and cardiovascular disease.  

• Diabetes is the leading cause 
of blindness in working-age 

adults in the US, accounting for 24,000 new blind persons every year. 90% of this lost vision is preventable.  

• Diabetes is the leading cause of end-stage renal disease (ESRD) in the US. 

Approximately 28,000 patients with diabetes develop ESRD every year.  
With current therapeutic modalities, most future ESRD probably is preventable.  

• Diabetes  is the leading cause of lower extremity amputations in the US,  

with a 15- to 40-fold increase in risk compared to the nondiabetic population.  
• Epidemiology 

Over 90% of diabetes is type 2 diabetes mellitus.  
The concordance of type 2 DM in identical twins is between 70 and 90%.  

5-10% of Australians have Diabetes type 2 �  
AND HALF OF THEM ARE UNAWARE THEY HAVE IT 



51% of Australians 

ARE  NOT DOING 

ENOUGH EXERCISE 

to get any sort of 

HEALTH  BENEFITS FROM IT 

Why? Technology is making life easier 

for us, thus no sweeping, no chopping 

wood, no long travel on foot- plus 

TV/video games/computers/mobile 

phones are making it more 

comfortable to communicate from 

home rather than in person:  

all the makings of an  

~OBESOGENIC SOCIETY~ 
where a high energy intake 

is matched by 
a low energy expenditure 

Management of Obesity:           
A Soft and Fluffy Approach 

Rationale: why do we want to be thinner? These are just the Physiological Benefits: 
Weight loss of 10kg: 20% fall in overall mortality  
    50% fall in fasting glucose in diabetes 
   10/20 mm fall in blood pressure (sys/dias) 
   15% less LDLS 
   30% less triglycerides 
   improved fibrinolysis, 

reduced RBC agglutination 

 

History and Examination of Obesity:     
Can be triggered by smoking cessation, puberty, menopause, steroid treatment, pregnancy or bed-confined illness. 

 
 
 
 
 
 
 
 

GOALS OF MANAGEMENT 
- Maintain weight (don’t gain any) 
- Moderate weight loss 
- Change behaviour to keep it lost 
- Improve mobility 
- Improve wellbeing 
- Improve self-perception 
- Control co-morbidities 

- Eg. hypertension, diabetes 

OPTIONS FOR MANAGEMENT:          

Diet 
- short-term fix, not lifestyle modification 
- usually involves deprivation of a nutrient 
- THIS HAS BAD CONSEQUENCES: 

- Deprivation of food = preoccupation with food 
- Thus, obsession with recipes, cookbooks, plus 

increased food-seeking behaviour 
- Thus, there is GORGING at the completion of 

such a hunger strike 
- Plus, the effects of starvation: lethargy, decreased 

concentration, irritability and depression 
- Best long term achievement of most diets 

 = 10% reduction in weight on average 
 in controlled conditions 

- One to two thirds of this is regained in one year 
- The rest is regained within 5 years 
- Most people end up fatter. 

Why? Willpower is a short-term skill, but eating and 

drinking are not short term habits. THUS: cant change with 
willpower alone, or you will exhaust yourself. 
- Changes must be small, sustainable, and must be made gradually. 
- Let patients decide which changes  

- Plus, must reduce non-hungry eating; identify satiety and hunger 
signals and how to control them 

THUS: discuss their diet esp. fat and sugar; discuss their activity 
plans and reasons for exercise 

Exercise                
Must find out physical capabilities, 
- previous activity level, current activity level 
- what the obstacles to exercise are 

MAKE THEM UNDERSTAND:  its NOT OPTIONAL 
But message must be positive; tell them that it will get easier 
Reduce excuses as much as possible: eg. contingency plans for when 
its raining, or too hot, etc.;SPEND AS MUCH TIME COUNCELLING 
ON ACTIVITY AS ON DIET! Must acquire NEW HABITS, or else the fat 
will return worse than ever 

 

An aside: MOST TEENAGE GIRLS KNOW MORE 

ABOUT DIETING AND NUTRITION 

THAN A GENERAL PRACTITIONER 

THUS: less death from stroke, MI, 
and diabetic complications; PLUS 
improved QOL because no sleep 
apnoea, no exercise limitation, and 
no social phobia complexes (eg. 
unwillingness to exercise in public) 

Ask about  
- family history 
- duration of current weight state 
- age of onset 
- weight loss attempts 
- perceived level of disability 
- associated co-morbidities 

Look for 
- height, weight, waist measurement  

(beware of cultural bias of  
BMI standards; i.e what’s normal for 
Anglo is skinny for Tonga ) 

- Blood Pressure 
- Fat neck, crowded oropharynx 

(Sleeping Ok?..) 
- Hirsuitism  
- Hepatomegaly (portal hypertension or 

fatty change?) 
- Cardiomegaly 
- Venous stasis 

- Hernia 

Investigate 
- Lipids: triglycerides, cholesterol, 

LDL, HDL,  
- Glucose, Insulin (do tolerance test or 

random fasting sugar twice) 
- Liver Function Tests  
- Testosterone 
- SHBG (Sex hormone-binding 

globulin)  
- FAI (free androgen index;  

= total testosterone x 100 / sex  
hormone binding globulin].  

- TSH to see if hypothyroid 

Boring STATISTICS: 
We’re all eating 5% less fat, but more sugar (since 1983) 
More food budget being spent on meals away from home 

Frequency of eating out is strongly associated with obesity 
Consumption of soft drink up 500% in last 50 years! 

THEN WHY ARE WE ALL SO FAT? 
- Fat tastes nice; + easily chewed/swallowed 
- Genetic predisposition to liking fat comes from 

its poor availability during our evolution (where 
a high fat meal was a rare treat) 

- Obese men prefer high fat and protein; 
- Obese women go for high fat and sweet 
- THIS IS NOT ABNORMAL PHYSIOLOGY: 
Society has taken advantage of a genetic weakness 



MANAGEMENT OF OBESITY:  the Hard, Scaly approach      7.05 Lecture 6 

Drugs: only ever effective in combination with lifestyle changes!! 

NORADRENERGIC AGENTS: 
- eg. phentermine, diethylpropion; � ARE AMPHETAMNINE DERIVATIVES: 
- THUS: side effects are tachycardia, hight blood pressure, insomina, anxiety, hyperactivity… 
- These drugs are HABIT FORMING and BEHAVIOUR  MODIFYING 
- Effects are MODEST 

PANCREATIC LIPASE INHIBITORS: 
- Eg. Orlistat (Xenical) 
- Slightly more sensible, these drugs prevent the emulsification and subsequent breakdown of 

triglyceribes in the duodenum by the pancreatic lipase ensyme. 
- THUS you malabsorb fat, up to 30%  of it is lost; good if youre hyperlipidaemic 
- BUT: fat soluble vitamins are also malabsorbed 
- Effects are MODEST: better than placebo by 3-5kg of weight loss 

SSRIs: 
- Used outside of their antidepressant domain 
- Eg.: Sibutramine ™, blocks re-uptake of serotonin and noradrenaline 
- THUS: increases satiety AND increases energy use by increasing the basal metabolic rate 
- Causes dry mouth, constipation, hypertension, insomnia 

Other Agents:  
- Include METFORMIN (drug of choice for obese diabetes II ) 
- Include STATINS which improve cardiovascular co-morbidities 
- Include ANTIHYPERTENSIVES for the same reason 
- Include standard ANTIDEPRESSANTS to lift mood and reduce noose-seeking behaviour  

 
“Bariatric surgery”           

LAST DITCH EFFORT, very rarely justifiable.  
Involves either  
- stapling some of the stomach  

(thus reducing its ability to distend)  
- removing some of the small intestine  

(to facilitate malabsorption) 
INDICATIONS: 
- Massive co-morbidity 
- Morbid obesity  

(BMI over 40; i.e such obesity that places one at a risk of death that is greater by orders of magnitude, eg. Gina ) 
- ABSENCE OF 

- Binge eating 
- Serious psychiatric illness 
- Cardiac, respiratory or renal impairment 

The total picture :     TERM OF TREATMENT = WHOLE OF LIFE  

Successful weight management is  
- Improved well being 
- Better family function 
- Improved social interaction 
- Narrowed gap between fantasy & reality  
AVOID RELAPSES!! But…Reduce guilt, plan for times of high risk; accept relapses as normal 
One will never lose those qualities which make one prone to over-eating 

 not including LIPOSUCTION, which is an 
acceptable method to reduce weight in order 
to lighten the individual and thus ENABLE 
THEM TO EXERCISE WITHOUT UNDUE 
EFFORT OR SOCIAL STIGMA 

SUCCESSFUL PEOPLE who were 
FORMERLY FAT report  

CAREFUL RESTRICTIVE EATING 
and HIGH LEVEL EXERCISE 

minimum 60min per day 
 

Body weight

Years of management or intermittent monitoring

Normal

Overweight

Obese

Natural course of further weight gain

Successes

1. Sustained weight, no increase

2. Minor weight loss with dietary
    change to reduce risk of complications

3. Modest weight loss with
    clear risk factor reduction e.g. B.P.

4. Weight normalisation: rare

Adapted from Rössner, 1997



Inside the  

VISCERAL ADIPOCYTE 
Which features an already-high rate of lipolysis 

 

 

Possible Mechanism of DIABETES TYPE 2           7.05 
 
 

 
 
 
 

 

 

 

 
 

Counter-Insulinergic Hormones: 
- CORTISOL 
- ADRENALINE 
- Growth Hormone 
 

PPAR-gamma normally inhibits  
11-beta-HSD-1 enzyme which interconverts 
inactive cortisone into cortisol; THUS: underactive 
PPAR-gamma = overproduction of cortisol inside 
insulin-sensitive tissues 

 INSULIN 
Normally acts to 
counter lipolysis 
and will do so if 
administered 
therapeutically 
In insulin-
dependent DM 2 

ACTIVATION INHIBITION 
Hormone 
Sensitive 

Lipase 
 

This mechanism omits HONK and all the 
complications of diabetes because they were 
exhaustively covered in mechanism for DM1. -ay  

  DIET 
 

Pancreatic 
Lipase 

  @ duodenum 

Inhibited by orlistat 
(xenical) thus = 
malabsorption of fat 

Intake / satiety moderated by LEPTIN : 
which is normally produced in proportion 
to how much adipose tissue you have 

triglycerides 

FREE FATTY ACIDS 
 

At the HEPATOCYTE 
Visceral adipocytes secrete their FFAs straight 
into the portal vein system; THUS the liver is first 
to encounter the massive load of fat. 
 
This causes an increased uptake of FFAs 
� increased rate of lipid oxidation  
    (the beta-oxidation pathway ) 
�thus, increased AcetylCoA 
�AcetylCoA activates enzymes: 
- Pyruvate Carboxylase 
- Phosphoenol Pyruvate Carboxykinase 
- Glucose-6-phosphatase 
!! THESE ARE RATE-LIMITING ENZYMES OF 
GLUCONEOGENESIS !! 
THUS:  

gluconeogenesis goes out of control 
THUS: 
INCREASED SECRETION OF GLUCOSE FROM 
HEPATOCYTES 

 
 

At the MUSCLE CELL 
 

At the ADIPOCYTE: 
Obesity is for some reason associated 

with greater production of 

TNF -Alpha 
Which alters gene expression 

There must be 
considerable 
central adiposity 
for these effects 
to cause 
pathology 

Biochemical Competition: 
FFAs compete with glucose for 
oxygen in the mitochondria (each 
requires oxygen for its metabolism) 

THUS: reduced glucose 
metabolism 

Post-receptor Defect: 
Reduced activity of IRS-1  
(insulin receptor substrate-1) 

THUS: Reduced activity of PI-3 
(protein responsible for proper 
expression of GLUT-4 transporters)  

THUS : reduced response 
to insulin 

Metabolic Readjustment: 
Fatty acid oxidation increases fatty 
Acyl CoA concentration:  
� Acyl CoA  
directly inhibits Glycogen Synthase;  
THUS � no glycogen is made 
THUS:  

Reduced Glucose Utilisation 

Increase in NAD to NADH ratio: 
���� SLOWING OF KREBS CYCLE   

Accumulation of AcetylCoA which has 
nowehere else to go: results in 
���� INHIBITION of Pyruvate  
                             Dehydrogenase   
thus � accumulation of CITRATE 
thus � Inhibition of  

     phosphofructokinase 
thus accumulation of glucose-6-phosphate; 
thus � inhibition of  

hexokinase 2 
THUS: BLOCK OF GLUCOSE 
PHOSPORYLATION and hence  
INCREASED INTRACELLULAR GLUCOSE 
AND DECREASED TRANSPORT OF 
GLUCOSE INTO THE CELL 

Receptor Defect: 
Reduced expression 

of insulin receptor 

Reduced 
expression of 
IRS-1 gene 
and GLUT-4 
gene 

HYPERGLYCAEMIA 
 

INSULIN RESISTANCE 
 

HSL breaks down stored and 
newly acquired triglycerides into 
glycerol and free fatty acids 

Beta-cells respond by secreting 
more insulin 
 

AMYLIN is co-secreted from beta-cells; 
� over time forms disorganised aggregates 

in the islets of pancreas 
 

HYPERINSULINAEMIA 
 

Compensation 
for increased 
insulin = 
downregulation 
or receptor 

“GLUCOSE TOXICITY” causes 

the beta cells to become 
unresponsive to glucose  

 AMYLIN receptors present in the kidney: we 
don’t know what hey do, but they seem to cause 
accumulation of amylin and hence a  

CHARACTERISTIC DM 2 
NEPHROPATHY 

Amylin (presumably) choke 
sthe beta cells and brings about 
ISLET FAILURE , thus no further 

insulin is secreted 

HYPOINSULINAEMIA 
And subsequently 

INSULIN DEPENDANCE 
 



@ Duodenal or   
jejunal epithelial cell 

~LIVER~ 
 

 
Lipid Transport in the Bloodstream            7.05 
Since they are not water soluble, the lipids must make alternative transport arrangements.  

This involves being carted around in microscopic lipoprotein particles. 

 

THE TYPICAL LIPOPROTEIN PARTICLE: is of SPHERICAL SHAPE, with a COAT and a CORE 

 
 
 
 
 
 

 

 
 
 

OUTSIDE:  

Made of phosphatidyl choline, aka. LECITHIN 

This is a glycerol backbone with two fatty acids. 
Being hydrophilic, the glycerol end of a lecithin molecule faces 
outwards, and the fatty acids face inwards, thus giving the 
lipoprotein a roughly spherical shape. 
THIS IS A LIPID MONOLAYER  
(not bilayer like in cell membranes, because the inside of a 
lipoprotein is made of  hydrophobic lipids) 

ALSO: the coat contains PROTEINS which give 

lipoproteins their name. These are responsible for 
targeting these proteins to specific cells. 

INSIDE: the TRANSPORTED LIPIDS: 

- Triglycerides and Cholesterol esters 
 

EMBEDDED PROTEINS: 
So-called “Apolipoproteins” 
because all lipid content has 
been leeched from them.  
 
2 groups: 

EXCHANGEABLE 
- (can be swapped between 

two lipoprotein particles)  

- A1, A2, C2, E 

And 

NON-EXCHANGEABLE 
- (embedded forever in the 

lecithin layer) 

- B48, B100 
 

~TYPES OF LIPOPROTEINS~ 
  type          density (g/ml) 
Largest;  
 
 
 
 
Smallest 

* The higher the density, the greater the cholesterol content 

(cholesterol is the densest of the transported lipids) 
THUS the big chylomicrons are almost completely full of triglycerides 
And HDL is made completely of cholesterol.  

Chylomicrons  0.95  
Chylomicron remnants 1.0 
VLDL    1.0 
VLDL remnants  1.05 
LDL    1.1 
HDL    1.2 

ingested 
TRIGLYCERIDES 
 

Pancreatic 
lipase 

 

Fatty Acids 
 

Reassembled and 
packaged into 
CHYLOMICRONS 
Which are too big to travel 
through capillaries in the gut; 
THUS: must use the 
lymphatics! 

Very unusual; chylomycrons 
totally bypass the liver, so there 
is no first pass metabolism 

Into circulation � 
Via the Thoracic Duct 

chylomicrons 
Immobilised @ 
capillary beds 

 
Lipoprotein Lipase (LPL) 
@cell surface extracts the 
triglycerides and breaks them 
down to monoglycerides and FFAs 

 

ApoC2 
switches 
 on LPL 

Chylomicron 
remnants are 

slightly richer in 
cholesterol 

Recirculate and get taken up by up by the 
liver which recognises ApoB48 and ApoE 

 
VLDLs get synthesised and 
 released by the LIVER: used in 
starvation as a source of energy 

ApoC2 
switches 
 on LPL 

LPL  

VLDL remnants (slightly richer in 
cholesterol) are either reabsorbed by the 

liver, or modified in the circulation into LDLs  

LDLs: only one apoprotein (B100)  

� bind to surfaces of cells which need cholesterol via LDL receptors  
( statin drugs usefully promote experession of these) 
!! if the apoB100 protein gets oxidised or glycosylated (eg. in diabetes) it can no longer be 
recognised by the LDL receptor: needs to be taken care of by the “scavenger” receptor of 
macrophages: and macrophages then turn into the FOAM CELLS of atheroma!! 
 

HDLs: the GOOD cholesterol 
� are the BACKWARD TRANSPORT 
 of cholesterol esters  to the liver;  

EARLY  HDL: no cholesterol; just a disk of 

lecithin; and ApoA1 is present in the coat: docks 
with cells which are releasing cholesterol. 
�this causes uptake of cholesterol into the HDL 
blob; BUT: the cholesterol is immature,i.e needs 
to be esterified. This is done by the enzyme 
Lecithin Cholesterol Acyl-Transferase (LCAT) 
which transfers one fatty acid from lecithin into 
the cholesterol (thus esterifying it) and leaving a 
lysophosphatidyl-choline remnant (glycerol 
backbone with just one fatty acid); 

THUS THE  MATURE HDL IS FORGED 



The properties of the principal lipoprotein classes      
Lipoprotein  
class  

Major lipids  Apoproteins  Density  
(g/ml)  

Diame
ter  
(mm)  

Origin  Destination  

Chylomicrons  TAG and SE 
from diet  

A I , A II , B 48  
C II , C III , E  

<0.94  80-500  Enterocytes  Capillary beds in adipose 
tissue  

Chylomicron 
remnants  

CE from diet  A I , A II , B 48  
C II , C III , E  

<1.006  40-100  Capillary beds  Hepatocytes  

VLDL  TAG from 
liver  

B 100 , C II  
C III , E  

<1.006  30-80  Hepatocytes  Peripheral capillary beds  

VLDL 
remnants  

TAG and CE  B 100 , C III , 
E  

<1.019  25-35  VLDL  LDL  

LDL  CE  B 100  1.019-
1.063  

15-25  VLDL  Peripheral tissues and 
hepatocytes  

HDL  Cholesterol, 
CE and TAG  

A I , A II , E  1.063-
1.21  

5-12  Enterocytes  Hepatocytes  

Where an apoprotein has a demonstrated function with respect to a particular lipoprotein class, the code is shown in 
boldface. Only apoproteins discussed in the text have been included; others have been identified, but their functions have 
not yet been established unequivocally.  
CE, cholesterol ester; TAG, triaclglycerol; VLDL, very low density lipoproteins; LDL, low density lipoproteins; HDL, high 
density lipoproteins 

Organ Pathology in Diabetes: PANCREAS       7.05 

TYPE I 
This is an insulitis of 

an islet of Langerhans 

in a patient who will 

eventually develop 

type I diabetes 

mellitus. The presence 

of the lymphocytic 

infiltrates in this 

edematous islet 

suggests an 

autoimmune 

mechanism for this 

process. The 

destruction of the islets 

leads to an absolute 

lack of insulin that 

characterizes type I 

diabetes mellitus. 
 

TYPE II             
In Type II, the islets 
often look normal. 
This islet of Langerhans 
demonstrates pink 
hyalinization (with 
deposition of collagen 
or amyloid) in many of 
the islet cells. This 
change is common in 
the islets of patients 
with type II diabetes 
mellitus. 
 
The latter is beta-pleated 
amylin, that new islet 
hormone. It is common in 
Type II diabetes, it may 
precede the overt disease, 
and it now appears that its 
massive accumulation in 
islets of type II diabetes 
does impair insulin 
production, and possibly is 

toxic to the beta-cells (Nature 368: 756, 1994).  



      In turn, amyloid-laden islets seems to be the result of chronic 
over-stimulation of beta-cells (J. Clin. End. Met. 79: 290, 1994).  

Islet amyloid is considered by many to be an epi-phenomenon. Could amyloid be 
a "tombstone" or a "trigger" or a combination of both in regards to these two 
exponentially growing diseases? Whether or not it is causal (a trigger), or a 
bystander (a tombstone) or a combination we know that islet amyloid is being 
deposited in up to 70-90% of patients with T2DM and we must continue to study 
this phenomenon and better understand its plight. Amyloid is literally defined as 
being "starchlike" from the Greek root word amylo because these areas turned 
blue when iodine was applied to the tissue. This definition however is a misnomer 
as amyloid is a proteinaceous extracellular deposit resulting from the 
polymerization of polypeptides which undergo aggregation into antiparallel 
crossed beta pleated sheets. A characteristic feature of amyloid histologically is 
the positive staining with Congo red and birefringence on viewing with polarized 
light. Electron microscopy reveals interlacing bundles of parallel arrays of fibrils 
with a diameter of 7-10 nanometers (Figure 3). X-Ray diffraction reveals the 
adjacent amyloid fibrils to be organized as antiparallel crossed beta-pleated  

          sheets. 

Amylin or Islet Amyloid Polypeptide (IAPP)        
Cooper GJS in 1988 was responsible for giving the name "amylin" to islet amyloid polypeptide [13]. Amylin and islet amyloid polypeptide are 
currently interchangeable terms for the 37 amino acid polypeptide which forms the monomeric unit of polymerized, aggregated, and beta 
pleated sheet structure of islet amyloid (Figures 1, 2, 3). 
Amylin is co-synthesized, co-packaged within the Golgi apparatus, and co-secreted within the secretory granule by the islet beta 
cell in response to elevations of plasma glucose. 
 Amylin may be referred to as insulin’s "fraternal twin"  
as it is constitutively expressed with insulin when exposed to non-glucose and glucose stimulation (nutrient stimuli). 
 
The amylin gene is located on the short arm of chromosome 12 and transcribes an 89 amino acid precursor peptide (Figure 4) [14].  
Proprotein convertases (PC1, PC2, and PC3) are responsible for the processing of the prehormones to the active secreted hormones 
insulin and amylin.  
It is primarily PC2 that is responsible for amylin processing within the secretory granule and is responsible for converting the prohormone 
(89 amino acid) to the actively secreted (37 amino acid) amylin [15]. Since amylin’s discovery in 1987 it is currently thought to be the third 
active pancreatic islet hormone important in glucose homeostasis. It potently inhibits gastric emptying and is important in controlling and 
delaying the rate of meal derived glucose. It inhibits hepatic release and production of glucose in the postprandial period. In addition to the 
above amylin has been shown to inhibit glucagon secretion as well as somatostatin. Amylin’s synthesis and excretion parallels insulin in the 
beta cell. 
Amylin levels are elevated in the type 2 diabetic patient, the insulin resistant obese patient, and the patient with impaired glucose tolerance  
 
In addition to producing satiety, amylin also increases thirst which indicates it has an action within the central nervous system  
 
Amylin has been shown to have binding sites within the renal cortex in the area of the juxtaglomerular apparatus.  
 
Amylin has been shown to activate the rennin angiotensin aldosterone system  

Table 2. The five stages of T2DM: historical time line of T2DM. 
I. (LATENT) TYPE 2 DIABETES MELLITUS PREDIABETES: [EARLY] 

Insulin Resistance: (Figure 5) 
Genetic Component. 
Environmental Component. Modifiable: Obesity / Sedentary life style; Nonmodifiable: Ageing 

Beta Cell Defect: (Dysfunction) 
Genetic....... Abnormal processing, storage, or secretion. 
Intracellular extracellular amylin fibril toxicity [23]. Abnormal processing, storage, or secretion. 

Intra-Islet Endothelial Absorptive Defect: 
Heparan sulfate proteoglycan (HSPG) PERLECAN of the capillary endothelial cells avidly attracts 
amylin (IAPP) and islet amyloid forms an envelope around the capillary. This is in addition to the 
increase in basement membrane associated with the pseudohypoxia (associated with glucotoxicity) 
and the redox stress within the capillary (Figure 7) 

II. PROGRESSIVE: [MIDDLE] 
Persistent Hyperinsulinemia 
Persistent Hyperamylimemia 

Continued remodeling of endocrine pancreas (amyloid). 
Beta cell displacement, dysfunction, mass reduction, and diffusion barrier. 

III. IGT (Impaired Glucose Tolerance): [LATE] 
[Start treatment at this time] 
[Diagnose earlier: Rejuvenation of the 2 hour glucose tolerance blood sugar 140-199 mg/dL] 

Increased insulin resistance [Feeds forward] > Glucotoxicity [Feeds forward] > Insulin resistance 
[Feeds forward] > Glucotoxicity: creating a vicious cycle. 
Islet amyloid. Increasing beta cell defect. Loss of beta cell mass with displacement. 
[Remodeling of islet architecture including ECM] Beta cell loss centrally [35] 

IV. IFG (Impaired Fasting Glucose): [LATER] 
[Blood sugar ranging 110-126 mg/dL] 
[Impaired hepatic glucose production (HGP)] 

Increasing global insulin resistance (HEPATIC) with subsequent gluconeogenesis. Feeding forward 
in the vicious to accelerate insulin resistance globally. 

V. (OVERT) TYPE 2 DIABETES MELLITUS: [TOO LATE] 
Change in treatment modality: Start treatment at stage III-IV (IGT)  
Paradigm Shift. Va. Vb. Vc. Moderate. Moderate/Severe. Severe. 

 



REACTIVE OXYGEN SPECIES: 
 
These ROS create an "elevated tension" of "Redox Stress" (reduction and oxidation: the damaging process of unpaired 
electrons attempting to re-pair to become more stable) within the islet contributing to an unstable milieu with unfolding of 
native protein (polypeptide) structures. This redox stress is likened to a violent thunderstorm within the islet. The unfolding of 
amyloidogenic amylin’s native secondary structure to allow fibril and amyloid formation, damage to the plasma membrane 
via calcium channel formation, vesicle bleb formation, increased cytosolic calcium, and swelling of the intracellular 
organelles can be compared to lightning strikes of a thunderstorm. As nature tries to re-pair these unpaired electrons (in 
order to obtain a more stable electrostatic state) there will be damage to the surrounding elements  
 

 
 
 

LARGE VESSEL DISEASE ("macroangiopathy"): accelerated atherosclerosis  

Diabetics have a variety of poorly-understood disturbances of lipid metabolism. Nonenzymatic glycosylation of 
lipoproteins seems to be a problem, LDL's stick best to glycosylated collagen, etc., and glycation products (when 
they bind to their special receptors in the intima) cause the production of fibrous tissue.  
The result is the rapid development of severe atherosclerosis, with strokes, gangrene of the lower extremities, and 
myocardial infarcts taking their toll, often early in life. Of course, this is all much worse if the diabetic also smokes 
cigarettes.  

Good glycemic control does help the accelerated atherosclerosis, confirming the idea that it's due largely 
to the accumulation of advanced glycation products which cause collagen production.  

Big news: Administering the soluble form of the glycation product receptor seems to stop the accelerated 
atherosclerosis. Definitely stay tuned. Nature 4: 1025, 1998.  

 
 
SMALL VESSEL DISEASE ("microangiopathy"): hyaline arteriolar sclerosis  

This is a complex problem.  
The basement membrane of the capillaries and the arterioles becomes much thicker 
("hyaline arteriolar sclerosis"). Its expansion eventually compromises the lumen of the 
vessels.  
Not surprisingly, these vessels are relatively inelastic, and this is an early, important 
problem: Br. Med. J. 312: 744, 1996.  
Even if the lumen is not badly compromised and the wall isn't excessively stiff, the small 
vessels of diabetics open and close chaotically, and proper tissue perfusion cannot be 
assured.  



Additionally, the pericytes can proliferate (especially in the glomeruli, where pericytes are 
called "mesangial cells") or die off (especially in the retina, where pericytes are called "mural 
cells"). This causes trouble at both sites.  
* Endothelial cells can also proliferate, narrowing the lumen further.  
* Other factors that are cited are the over-sticky platelets of diabetics, increased blood 
viscosity, increased RBC rigidity, and increased numbers of free radicals.  

Microangiopathy augments the ischemia caused by atherosclerosis, which is why so many 
diabetics lose legs. It may account for other problems also.  
Tight diabetic control may reduce or even reverse microangiopathy. See NEJM 309: 1546 & 
1551, 1983, and many others since.  
Most diabetics eventually become hypertensive. Nobody knows why, but inability to handle 
sodium seems essential: Am. J. Med. Sci. 307(S1): S-53, 1994.  

Many diabetics are greatly troubled by congestive heart failure as the disease progresses, and perhaps 
nonenzymatic glycosylation of the heart muscle proteins itself is part of the problem, since even if you 
control for other factors, poor glycemic control correlates strongly with the development of CHF 
(Circulation 103 2668, 2001).  

 
DIABETIC KIDNEY DISEASE         

Diabetic kidney: This kidney shows a 
glomerulus with changes due to diabetes. 
The mesangium (supportive tissue) 
becomes expanded into nodules and 
compresses surrounding capillary loops. 
This causes proteinuria, and eventually 
renal failure. 
 ("diabetic nephropathy"; Disease-A-Month 44: 
214, 1998; NEJM 341: 1127, 1999):  
Renal failure causes much disability and death 
among type I diabetics; this is now the #1 single 
cause of end-stage renal disease in the U.S. 

Type II diabetics generally die of 
something else before their kidneys 
fail.  
Kimmelstiel-Wilson Lesion 
At low power, the overall architecture of the 
kidney is normal, but several components 
are abnormal. Although the predominant 
lesion is in the glomeruli, there are also 

vascular changes and secondary interstitial and tubular abnormalities. Many of the glomeruli are completely sclerosed, 
replaced by dense connective tissue. 
Several of the better preserved glomeruli 
show nodules of dense hyaline (mesangial 
matrix) surrounded by open capillaries. 
Look for arterioles in the close proximity of 
glomeruli that also show marked thickening 
of their walls with the same basement 
membrane type material. Characteristic of 
diabetes is the involvement of both the 
afferent and the efferent arterioles. In 
addition, the larger vessels show intimal and 
medial thickening. The interstitium shows 
chronic inflammation and fibrosis, and there 
is a focus near the medulla of dilated 
tubules with neutrophils in the lumen 
indicative of acute pyelonephritis. The 
atrophic changes in the interstitium are in 
large part the result of the glomerular 
disease with superimposed chronic 
pyelonephritis 

Renal vascular lesions  
Arteriolar sclerosis of both afferent and efferent arterioles at the glomerular pole is highly 
characteristic of diabetes. (The other diseases of renal arterioles, notably common-type high blood 
pressure, only cause sclerosis of the afferent arteriole.)  
* Atherosclerosis of intrarenal arteries is common in diabetics and rare in non-diabetics; it is not the 
major problem.  

Glomerular lesions  
Always present:  

1. Thickening of the glomerular basement membrane because of increased production of 
GBM (sometimes called "diffuse glomerulosclerosis").  
2. Increased amounts of mesangial matrix (also sometimes called "diffuse 
glomerulosclerosis"). Increased number of mesangial cells in the early lesion, later 
decreased as the entire glomerulus is replaced by matrix ("hyalinization" of the glomerulus.)  
* 3. The GBM, mesangial matrix, and tubular basement membranes (also thick) are bind 
albumin and other proteins non-specifically ("all that sticky sugar....")  



* These three features, together, are pathognomonic of diabetes mellitus (but you probably 
knew already....) They occur separately in other diseases.  

Often present:  
Nodular glomerulosclerosis or (nodular) Kimmelstiel-Wilson disease. Big balls of GBM-
mesangial matrix material in the glomerular tufts. Highly characteristic of diabetes.  

Sometimes present:  
* "Fibrin caps" ("exudative lesion", "hyperfiltration lesion") -- hyaline crescents on a glomerular tuft  
* "Capsular drops" -- hyaline material on the inside surface of Bowman's capsule (highly characteristic 
of diabetes.)  

Clinically, patients have albuminuria (rarely heavy proteinuria), then renal failure (probably due to the 
mesangium crunching the glomerular capillaries).  
The etiology of diabetic glomerulopathy is complex and poorly-understood. Intrarenal fluid dynamics are 
involved. We don't even know why the kidneys enlarge in diabetics (NEJM 324: 1662, 1991).  

Tight control of blood glucose does seem to benefit these patients, and reduces the hyperfiltration 
response to amino acids (NEJM 324: 1629, 1991). Patients are now put on ACE-inhibitors and 
protein-restricted to prevent progression of the renal disease.  

Other renal lesions in diabetes:  
* Thick tubular basement membranes (not a health problem).  
* Fatty change of tubular cells (systemic lipid disturbance, not a health problem).  
* Glycogen in proximal tubular cells (Armanni-Ebstein lesion, a sign of heavy glycosuria, not itself a health 
problem).  

Kidney infections (gram-negative bacilli causing infection of renal pelvis in pyelonephritis, staphylococci causing cortical 
infections, candida infections, etc.)  

Renal papillary necrosis -- just like it sounds. (* "Baby Robbins" misnames it "necrotizing papillitis". The 
lesion is seen in diabetes, obstruction, sickle cell disease, Wegener's, or abuse of he analgesic phenacetin.)  

pyelonephritis and papillary necrosis in a diabetic  

 
EYES: Diabetes is the commonest cause of blindness before old age in the US. Review: Lancet 350: 197, 1998.  

Cataracts: a variety of types, including some clearly caused by sorbitol deposition (proof Proc. Nat. Acad. Sci. 
9: 2780, 1995).  
Glaucoma: reason for its being more common with diabetes is uncertain.  
Diabetic retinopathy: the most serious diabetic eye problem  

Nonproliferative phase (NEJM 322: 978, 1990)  
Edema, protein exudates, hemorrhages, microinfarcts ("cotton-wool patches") all indicate 
vascular problems  
Microaneurysms (the first change, and highly characteristic of diabetes): ballooning of 
capillaries where perhaps a pericyte has come off.  

Proliferative phase: new vessels grow, eventually invading vitreous humor, with hemorrhage, 
granulation tissue, fibrosis, retinal detachment. These patients get photocoagulation.  
proliferative retinopathy – the scar contracts and tears off the retina  

The molecular biology remains puzzling. Sudden normalization of a poorly-controlled 
diabetic's glucose can accelerate proliferative retinopathy (Arch. Ophth. 116: 874, 1998).  

 
PERIPHERAL NERVES (morphology: Diabetes 46 S 2: S 50, 1997)  

Manifests as symmetrical sensory loss, sometimes with uncomfortable paresthesias, and as autonomic 
disturbances such as diarrhea (Am. J. Gastro. 94: 2165, 1999), bladder problems, orthostatic hypotension, 
impotence. Less often a mononeuropathy, perhaps due to infarction of a nerve.  
Axons are lost, and Schwann cells also take a beating.  

Probable chemistry: increased availability of glucose for polyol pathway results in more sorbitol.  
* Aldose reductase produces polyols which are linked to the late complications in nerve and kidney. 
Inhibitors were not a great success for the neuropathy, but different alleles confer susceptibility to or 
protection from the glomerulopathy. (Diabetes Diabetes: 46: 1997.)  

The most interesting new work in diabetic neuropathy focuses on the ability of ACE inhibitors to stop the progression 
independent of effects on blood pressure (NEJM 345: 851, 2001) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



When lipids remain a problem the modification of 
both the type and amount carbohydrate and or fat 
have been shown to be beneficial, for instance an 
increase in monounsaturated fat maybe of more 
benefit than an increase in carbohydrate if lipid 
levels are not reducing adequately. 

WEIGHT GAIN             
four major causes: 
growth or an increase in lean body mass, fat or fluid in the body. 
Societal factors eg. inappropriate food (energy) intake and lack of activity are the predominant causes today.  
The composition of the diet, particularly the amount of fat eaten, is also important.  
Inactivity may also be due to illness or injury. 
 

ENDOCRINE WEIGHT GAIN: 
- hyperinsulinaemia and Type 2 diabetes,  
- acromegaly,  
- Cushing's Syndrome,  
- hypothyroidism  
- raised prolactin levels.  

the amount of weight gain caused by these conditions is not great, 
 though body composition may change substantially. 

 

Fluid retention as oedema: 
- retained by local mechanical factors (varicose veins, groin constriction, removal of lymphatics etc.) 

- general mechanical factors such as ischaemic cardiac failure or cardiomyopathy.  

- due to failure of excretion (renal failure).  

- Altered osmotic pressure of the plasma due to protein loss usually through the bowel or kidney is a further cause as is the 

inability of the liver to manufacture albumin and other proteins due to disease of that organ. 

 
DIET AND DIABETES            
  

 
Aims of Medical Nutrition therapy  

1. Reducing initial symptoms  
2. Integrating the overall principles into person's lifestyle  
3. Achieving and maintaining optimal levels of body fat  
4. Managing cholesterol and triglyceride levels  
5. Helping the patient to understand the relationship between blood sugar and various 

lifestyle factors (food, physical activity, dining out, alcohol, losing excess body fat, 
stress and illness) …thus, EDUCATION 

6. Independence of management  
7. Adequate energy and nutrition for growth and development  
8. Achieving optimum health in the long term  

 
Weight loss : educate re. Exercise; ADVICE: reduce portion size and reduce the daily ingested fat 
 

Fat : SATURATED bad, UNSATURATED good! 

The recommendations for fat are as follows; 
• Minimize saturated fat, to no more than 10% of total energy  

• Reduce polyunsaturated fat , no more than 10% of total fat  

• increase the intake of omega-3 fats :  fish 3-4 times per week  

• Choose monounsaturated fats eg. olive oil canola  avocad and most nuts  
• Reducing the amount of fat consumed of all types may help if you are trying to lose weight  

Carbohydrate            
EVENLY SPREAD: nibble throughout the day  = reduce blood sugars, cholesterol and triglycerides. 
WATCH OUT and don’t eat too much (tendency for oversnacking) 
… best to leave 2 hours between intakes 
The following factors need to be taken into consideration when looking at a patient carbohydrate intake: 

• Is the person eating adequately to get the necessary vitamins minerals and fibre  

• What has their glycaemic control been like (HbA1c)  

• The type and spread of carbohydrate  

• The timing of carbohydrate particularly in relation to physical activity  

• The total and saturated fat content of the carbohydrate foods eaten  
 
TESTS OF CARBOHYDRATE TOLERANCE: assess blood sugar 2hrs after eating. 
CONFOUNDED !! by medication (insulin, OHA, timing and amount), intra-abdominal fat, the glycaemic index of the food, 
amount and timing of physical activity, the fat content of the meal, stress and anxiety, abnormal GIT motility (delayed) and 
the unknown or individual differences. 
 
 
 
 
 
 

For type 2 diabetes dietary intervention  
= main stay of treatment  

� can delay the onset of medication. 



Glycaemic Index           

� is a ranking of the effect on blood glucose of a 50g carbohydrate load from any food.  
It does not reflect the nutritional value of a food, its fat, sugar or fibre content.  
Low GI foods can improve QOL by improving sugar control 
  

Exchanges : a 15 gram QUANT of carbohydrate 

. This system allowed a person to keep the carbohydrate intake consistent while eating a variety of foods.  
On the down side it meant that people were often weighing and measuring foods consistently.  
It is therefore often used in the following situations;  

• for people who like to work out how much they are having particularly for people who like structure and detail,  

• for people on insulin who find it useful to work out how much insulin certain amount of carbohydrate they need or 
can have,  

• for parents or children who feel secure knowing the quantity of carbohydrate their child is eating  

• It also is useful to make comparisons in blood glucose response between two different carbohydrates where the 
quantity needs to be the same  

• to make sure that a person eats an adequate amount of carbohydrate  

• For the patient to know for himself or herself how much they need to eat to cope with a hypo  

• and to assess whether a person is eating adequately for their nutritional needs.  
The number of exchanges a person eats should be based on their appetite, their activity levels, if they are growing or are 
pregnant and whether they need to gain, lose or maintain weight. 
 

Regular physical activity  

 physical activity reduces blood glucose, blood pressure and improves lipids.  
In type 2 diabetes physical activities can mean a reduction or elimination of medication.  

It reduces intra abdominal fat and insulin resistance and increased HDL cholesterol. 
People with type 1 diabetes who exercise should carry a carbohydrate source with them or have it close by (not in the locker room).  

 

Artificial sweeteners  

-  useful to reduce total carbohydrate load  
- However, now there is less need for them  
- PLUS the addition of some sucrose (table sugar) has been shown to lower blood glucose.  
 

Alcohol  
recommendations are the same for everybody. 

� no more that 4 standard drinks for men  
� no more than 2 standard drinks for women  
� two alcohol free days a week. 

 Alcohol should be consumed with food as alcohol on an empty stomach can precipitate hypoglycaemia.  

Low alcohol beer, spirits and dry wines are preferred because of their lower kilojoule content.  
 
 
 
 

INSULIN RELEASE AND ACTION        
Mechanism: 
�glucose rises over 5mM/L 
�sensed by hypothalamus � parasympathetic stimulation 
�sensed by beta-cell: � GLUT-2 transporters take it up 
�phosporylation of glucose by glucokinase (determines Beta-cell response threshold) 
�potassium channel gets blocked by ATP ( insulin-generating drugs work by blocking this channel!!) 
important because the concentration of calcium outside the cell is 10,000 times greater than that inside the 
cell 
�thus potential difference becomes more positive 
� Voltage-gated Ca+ channels are triggered 
�calcium is injected into beta-cell  
�Ca++ triggers fusion of vesicles to outer membrane via cytoskeletal phosphorylation 
�THUS insulin is exocytosed 

 
 

C-peptide: 35 a.a. polypeptide  

 Non-diabetic individuals secrete C-peptide along with insulin.  
  

Hormonal and Neural effectors  

The beta cell requires other compounds (called potentiators) to respond to glucose.  
Tonic amounts of hormones such as glucagon, glucagon like polypeptide I, and gastric inhibitory polypeptide, etc are required to 
allow some beta cells to respond to glucose. Beta cells are well innervated with branches from both the sympathetic and parasympathetic 
arms of the central nervous system. Stimulation by the former inhibits secretion but the latter augments glucose induced secretion.  

So powerful are the hormonal and neural potentiators that some insulin release can occur at the sight/smell of food (pre-
absorptive insulin release).  
 



Biphasic response  

first phase: release of preformed insulin 
Second phase: synthesis of new insulin 
Type II diabetic patients often have a defect in first phase secretion, but exhibit a normal 2nd phase response.  
 

Insulin action  

The key target tissues of insulin are liver, muscle and adipose tissue. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

LEPTIN AND THE CONTROL OF BODY WEIGHT    
Leptin is the product of the obese (ob) gene, on chromosome 7 in humans.  
= an 162 amino acid protein  
synthesised in the adipocyte.  
In mice this protein acts as a satiety factor, perhaps by reducing Neuropeptide Y (a peptide which stimulates food intake) in 
the brain. There is a specific transport protein to move leptin across the blood brain barrier. 
 
Leptin levels are increased by insulin, glucocorticoids and increased nutrition.  
There are strains of obese animals which cannot produce leptin (ob/ob mouse) and others which have abnormal receptors 
(db/db mouse, fa/fa rat).  
In human obesity leptin levels are elevated and so far only 3 individuals have been found to have obesity due to 
abnormalities in this gene (1, 2).  
Leptin levels in humans are related to adipose tissue size and this may be the reason why levels in women are higher 
than in men. 
The exact role of leptin in humans, in obesity and in control of food intake and metabolism is still being investigated.  
 
It appears likely that in humans leptin plays a role in protection from starvation, the timing of puberty and in substrate partitioning. 

 

factors which signal satiety and control food intake.  

These include insulin and cholecystokinin as well as neuropeptide Y and the glucocorticoids. 
 Serotonin appears to be an important neurotransmitter in the hypothalamus in those areas involved in the control of appetite 
and eating and the alteration of local serotonin levels is the mechanism by which appetite suppressant drugs work. 
There is alteration of autonomic nervous system outflow with changes in thermogenesis and metabolism.  
 
Whilst the possibility of "set points" regulating weight in humans may be mentioned, in the current state of knowledge it 
appears that the control of weight can be explained by a series of equilibria in the metabolic processes of the body. 
Any disruption tends to be returned to the equilibrium position, though with time and a constant stimulus (eg lack of activity 
or increased eating) these equilibrium processes can be reset. 

 
 
 
 

DIET, LIFESTYLE AND LIPOPROTEINS      
Lifestyle, including diet, effectively prevents or treats lipoprotein abnormalities especially for the obese or patient with 
diabetes. 

Fat and fibre in the diet  

The composition of the fatty acids consumed influences plasma cholesterol and its distribution among lipoproteins.  

Saturated fats especially lauric (C12:0), myristic (C14:0) and palmitic (C16:0) acid increase LDL cholesterol and 
hence total cholesterol.  
Stearic (C18:0) acid is believed to be neutral.  
Monounsaturated fat in the Australian diet consists of almost entirely oleic acid ( ! OLIVE OIL ! ) (C18:1) which has 
been found to increase HDL and lower LDL cholesterol. The most potent LDL cholesterol-lowering effect is from linoleic 
acid (C18:2 n-6).  
The omega 3 alpha-linolenic acid (C18:3 n-3) also lowers LDL cholesterol but to a lesser extent.  
 
As well as lowering total and LDL cholesterol, HDL cholesterol may be lowered on regimes rich in polyunsaturated 
fat. Very long chain n-3 polyunsaturated fats (found in fish oils and cold-water fatty fish), eicosapentaenoic acid (C20:5) and 
docosahexaenoic acid (C22:6) have triglyceride-lowering properties and lower the risk of thrombosis.  
 
However, in some studies large amounts (in the form of supplements) have been shown to raise LDL cholesterol. The 
combination of the three types of fat is important. It is recommended that the percentage of total energy from saturated fat 
should be less than 8%; polyunsaturated around 6% (the ideal ratio of n-6 to n-3 is unknown but 1:7 currently suggested in 
Australia); monounsaturated fat makes up the difference.  
Lauric and myristic acid are found mainly in dairy foods and tropical oils and palmitic acid is found in most foods of animal 
origin and tropical oils. Oleic acid is widely distributed in foods, often in combination with saturated fatty acids, but comprises 
most of olive, high oleic safflower and Canola oils and margarines. Sources of polyunsaturated fat include sunflower and 
safflower oil for n-6. The main source of n-3 linolenic acid is Canola. 
Trans fatty acids are found in dairy and meat products but those which occur during hydrogenation of polyunsaturated oils 
in margarine manufacture (mainly elaidic acid C18:1 trans) caused concern. When consumed in larger amounts (7% energy) 
they have been shown to lower HDL and raise LDL. Trans fatty acids which result from industrial hydrogenation are slowly 
being phased out of the Australian food supply. 
Soluble fibre like pectins and gums have mild cholesterol-lowering properties and augment fat modification. 

Cholesterol, sterols and stanols    

There is clear evidence that dietary cholesterol increases total and LDL-cholesterol.  
It is estimated that for each 100mg of cholesterol consumed (up to a total of 500mg) there is a 2-3% increase in 
plasma cholesterol.  
 
Hence a reduction in dietary cholesterol from 500 to 250 mg per day will reduce plasma cholesterol by 5-7%.  
Plant sterols and stanols have a similar structure to cholesterol, the difference being the presence of a methyl or ethyl group 
in their side chain. Studies indicate that incorporating plant sterols and stanols into the diet may be an effective method 



of lowering total and LDL cholesterol levels. These substances are found mainly in wood pulp, leaves, nuts and 
vegetable oils. These have also been incorporated in the food supply in margarines and other foods.  
A daily intake of 2-3g of plant sterols or stanols reduces LDL cholesterol by 10-15%.  

 
Energy and exercise  

Weight reduction in overweight individuals improves the lipoprotein profile.  
Triglycerides are lowered and HDL cholesterol rises with regular exercise. 
 As the energy restricted diet will be modified in fatty acid profile LDL cholesterol decreases.  
A number of fat replacers and synthetic triglycerides have been developed that are either unabsorbed or have half the 
energy content of normal fat. Hence they may have a role to play in energy restricted diets and if they replace saturated fat 
have lipid lowering potential.  
Most have not been approved for use in Australia as yet. 

Alcohol  
Consumption of moderate amounts of alcohol on a regular basis will increase HDL cholesterol and has a variety of 
effects which are beneficial with respect to coronary heart disease.  
Red wine contributes to the intake of polyphenolic compounds which act as antioxidants.  

Smoking  

Smoking is a strong risk factor for coronary heart disease and should most definitely be avoided by those with 
hyperlipidaemia. There is some research to indicate that smokers develop an insulin resistance-like syndrome with 
associated hypertriglyceridaemia.  
 
 
 
 

The METABOLIC SYNDROME X         
 
a number of disorders cluster together.  
These are Type 2 diabetes, abdominal obesity, hypertension and dyslipidaemia. 
it was noted that insulin resistance was associated with all disorders. 
 It is sometimes fancifully called the "Deadly Quartet".  
It is not yet clear whether insulin resistance is the underlying mechanism, but it certainly coexists and plausible theories 
demonstrating how insulin resistance can produce all the abnormalities of the Metabolic Syndrome are possible. 
 
Though originally thought to be a disorder of western society, it is now found in many societies throughout the world as 
they become more affluent and move from their traditional diets and activity patterns.  
 
The Metabolic Syndrome is associated with abdominal adiposity particularly,  
and some ethnic groups seem predisposed to the laying down of this particular fat deposit, with subsequent metabolic 
complications occurring at degrees of adiposity less than that causing this syndrome in Caucasians. 
 
Mechanism: 
  Genetic predisposition + dietary insult (western diet) 
  �visceral fat being laid down  
  � is active metabolically, i.e responsive to li[polytic stimuli 
  � is also right next to the liver, thus there is a HIGH FLUX of lipids into the liver each time 
  � provides energy for increased gluconeogenesis (increased hepatic glucose output[HGO]) and lipid  

(VLDL) production. 
� BUT the glucose UPTAKE is limitd because of insulin resistance 
� hyperglycaemia, the source of all your woe 
 

 Resistin, a newly described adipocyte factor, may play a role in inducing insulin resistance and impair glucose 
tolerance. 
Hypertension may be related to altered activities of membrane ion pumps. 
 

The usual dyslipidaemia associated with the syndrome is raised triglycerides with low HDL cholesterol, LDL cholesterol may 
be normal of marginally elevated. However these lipid changes do cause vascular disease as the lipid particles are small 
and dense and hence more atherogenic. There are also changes in the oxidisability of these particles which also add 
to their potential for causing vascular damage. 
 
 The high levels of apoprotein B and insulin are also atherogenic.  

The dyslipidaemia is related to the visceral fat area. 
 
Since the original description other features have been added to the Metabolic Syndrome, including hyperfibrinogenaemia, 
hyperleptinaemia, elevated PAI1 levels and so on. However the basic components, obesity, Type 2 diabetes and 
hypertension together with hypertriglyceridaemia remain the important ones. 
 
 
 
 
 
 
 
 
 



 
 

ORAL HYPOGLYCAEMIC DRUGS       
Type 2 usually treated initially with an appropriate diet and exercise.  
If these measures fail then give drugs. 

OLD SCHOOL: the sulphonylureas, biguanides, and αααα glucosidase inhibitors.  
NOVEAU: meglitinides and the glitazones ..  
 

Sulphonylureas  
� bind to Sulphonylurea” receptors 
� these receptors are linked to K+ channels 
� S.ur. close these channels,thus � depolarisation of the cell 
 Although in experimental systems they have been shown to improve peripheral glucose uptake their predominant action is 
to stimulate insulin secretion. In fact the drugs have no hypoglycaemic action in pancreatectomised animals or humans.  
The only differences between the various drugs in this group relate to their half-life, duration of action and relative disposal 
by hepatic metabolism and renal excretion. The most important side effect of drugs in this group is hypoglycaemia but some 
patients do get allergic skin rashes particularly if they are allergic to sulphonamides which are chemically related 
compounds. The principal problem with using sulphonylureas is that they tend to stimulate appetite and cause weight 
gain. For this reason they are first choice of drug only in non-obese patients. They may be added to other therapies as 
second line drugs in obese patients. 
 

Biguanides  

Eg. METFORMIN 
� INCREASES glucose uptake into muscle and fat 
� DECREASES appetite by ?gastric irrits 
� DECREASES intestinal glycose absorption 
� DECREASES gluconeogenesis 

Metformin is the only biguanide currently available. It works by a combination of effects including increased glucose uptake 
into skeletal muscle and fat, appetite suppression (possibly related to gastric irritation), decreased intestinal glucose 
absorption and decreased gluconeogenesis. It does not stimulate insulin release in either the fed or fasting state and 
therefore lowers elevated blood glucose towards normal but does not cause hypoglycaemia.  
Metformin is excreted entirely by the kidney and hence accumulates in the presence of renal failure. The most 
important side effect of Metformin is lactic acidosis which can be life threatening. This is very important and renal function 
should be checked in all patients for whom Metformin is prescribed. It is contraindicated in significant renal failure. 
Its other side effects are gastric intolerance and diarrhoea and about 10% of diabetics cannot tolerate the drug for these 
reasons. The majority will be able to tolerate it if they are given it initially in low dose and it is taken after meals to reduce the 
gastric irritation. It has the major advantage that it prevents weight gain and sometimes assists weight loss and it is 

therefore the drug of first choice in obese Type 2 diabetes patients. It may be used in combination 

with sulphonylureas if glycaemic control is inadequate with either therapy alone. 

    

αααα glucosidase inhibitors  

���� inhibit the activity of alpha-glycosidase: which normally breaks down complex carbs 
into sugars (@ intestine) 
� THUS: less absorption of glucose through gut wall 

The most widely available drug in this group is acarbose. It is less effective than drugs from the other two groups in 

reducing blood glucose but may be used in combination with the sulphonylureas or metformin. It is not very well tolerated 
since it acts by causing malabsorption of carbohydrates which travel on to the colon, are fermented by colonic 
bacteria and produce abdominal distension, pain and flatulence.  
 

Meglitinides  

Exactly the bloody same as Sulphonylureas 

The only drug in this group currently available is repaglinide. They work by stimulating the same receptor as the 
sulphonylureas but at a slightly different site. Actions and side effects, particularly hypoglycaemia , are therefore very similar 
to the sulphonylureas. Repaglinide is short acting and must be taken at least twice a day.  
 

Glitazones  

� act on Peroxisome Proliferator Receptors in adipocytes: 
� MAY CAUSE WEIGHT GAIN!! 
 
The correct chemical name for these is thiazolidinediones. They work by a novel method to reduce insulin resistance by 
acting on the Peroxisome Proliferator Receptors (PPARg) in fat cells. They are effective in lowering blood glucose but can 
cause weight gain and should be avoided in obese patients. The two currently available are rosiglitazone and pioglitazone. 
They have not been shown to cause liver damage but liver function test monitoring is recommended because the first drug 
of this type (troglitazone) caused svere liver damage in some people.  
 



GENETIC HYPERLIPIDAEMIA        
Several genetic diseases result in hyperlipidaemia. Although some patients have hyperlipidaemia which is secondary to 
another disease, primary and secondary hyperlipidaemia often co-exist. The primary hyperlipidaemias are: 

9. Common (polygenic) hypercholesterolaemia. This is the most frequent cause of cholesterol levels exceeding 
5.2 mmol/L. It reflects an interaction between multiple genes and dietary and other environmental factors, and has 
more than one metabolic basis. Variations in environmental factors are the main reason for differences between 
countries in cholesterol levels and consequently prevalence of CHD.  

10. Familial hypercholesterolaemia (FH). This results in a significant increase in CHD risk. Heterozygous FH affects 
1 in 500 although some racial groups, such as Lebanese, South Africans and French Canadians, are at higher risk. 
Heart disease may occur as early as the second decade of life or as late as the 6th or 7th. The condition is caused 
by the impaired function of LDL receptors which leads to a marked elevation in LDL cholesterol concentrations. 
Hypercholesterolaemia often coupled with the presence of tendon xanthomas in the patient provide a definitive 
diagnosis. The disease is transmitted by autosomal dominant inheritance. Homozygous FH affects about 1 per 
million and leads to cholesterol levels as high as 18-30 mmol/L while heterozygous is more commen (1 per 500) 
and cholesterol levels reach 10-13 mmol/L.  

11. Remnant hyperlipidaemia or Type III hyperlipidaemia. This disorder is one cause of early onset CHD. Typically 
there is a marked elevation in cholesterol and triacylglycerol levels. Laboratory confirmation requires demonstration 
of abnormal apo E (apo E2/2 is typical) or cholesterol enrichment of VLDL. Physical signs include tuberous 
xanthomas. Other lipoprotein abnormalities are often unmasked by the presence of this apo E phenotype.  

12. Familial Combined hyperlipidaemia (FCH). This is the most common genetic disorder of lipoprotein metabolism. 
It has a strong environmental component and is associated with insulin resistance. This condition has no unique 
clinical features. Elevated cholesterol and/or triglycerides are observed. The production of apoB is increased, levels 
of both VLDL and LDL are increased (alone or together). Diagnosis is helped by the presence of a family history of 
elevated lipid levels.  

13. Chylomicronaemia. This is a rare cause of elevated triacylglycerol levels and low HDL levels in early life. The 
accumulation of triacylglycerol is of dietary origin. It may be caused secondary to diseases e.g. diabetes, or by a 
deficiency of lipoprotein lipase or its cofactor apolipoprotein CII. Transmission is by autosomal recessive 
inheritance. There is no excess risk of CHD.  

14. Familial hypertriacylglycerolaemia. This disease is characterised by moderately elevated triacylglycerol which is 
evident at adulthood. If exacerbated it may lead to chylomicronaemia. This disorder is similar to chylomicronaemia 
syndrome but the mechanism is different. The severity of hypertriacylglycerolaemia is variable and this is 
associated with VLDL. The metabolic defect is unknown.  

 
 
SO… 

Most frequent cause of elevation: “Polygenic Hypercholesterolaemia” 
Earliest onset: Type 3; +xanthoma 
Most common genetic cause: “familial Combined”, assoc. with insulin resistance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BELOW: The regulation of glucose metabolism in the liver. In the hepatocyte, insulin stimulates the utilization and storage of 
glucose as lipid and glycogen, while repressing glucose synthesis and release. This is accomplished through a coordinated 
regulation of enzyme synthesis and activity. Insulin stimulates the expression of genes encoding glycolytic and fatty-acid 
synthetic enzymes (in blue), while inhibiting the expression of those encoding gluconeogenic enzymes (in red). These 
effects are mediated by a series of transcription factors and co-factors, including sterol regulatory element-binding protein 
(SREBP)-1, hepatic nuclear factor (HNF)-4, the forkhead protein family (Fox) and PPAR co-activator 1 (PGC1). The 
hormone also regulates the activities of some enzymes, such as glycogen synthase and citrate lyase (in green), through 
changes in phosphorylation state. GK, glucokinase; Glucose-6-P, glucose-6-phosphate; G-6-Pase, glucose-6-phosphatase; 
F-1,6-Pase, fructose-1,6-bisphosphatase; PEPCK, phosphoenolpyruvate carboxykinase; PFK, phosphofructokinase; PK, 
pyruvate kinase; ACC, acetyl-CoA carboxylase; FAS, fatty-acid synthase.  

 
Cross-talk between tissues in the regulation of glucose metabolism. Insulin is secreted from the -cells of the pancreas in 
response to elevations in plasma glucose. The hormone decreases glucose production from the liver, and increases glucose 
uptake, utilization and storage in fat and muscle. The fat cell is important in metabolic regulation, releasing FFAs that reduce 
glucose uptake in muscle, insulin secretion from the beta-cell, and increase glucose production from the liver. The fat cell 
can also secrete 'adipokines' such as leptin, adiponectin and TNF, which regulate food intake, energy expenditure and 
insulin sensitivity.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Glitazone receptor activity: a summary 
Similar to other nuclear hormone receptores, PPAR acts as a ligand activated transcription factor. Upon 

binding fatty acids or hypolipidemic drugs, PPARa interacts with RXR and regulates the expression of target 

genes. These genes are involved in the catabolism of fatty acids. Conversely, PPARg is activated by 

prostaglandins, leukotrienes and anti-diabetic thiazolidinediones and affects the expression of genes 

involved in the storage of the fatty acids. PPARb is only weakly activated by fatty acids, prostaglandins and 

leukotrienes and has no known physiologically relevant ligand. However, data from PPARb null mice suggest 

PPARb does serve a role in fatty acid metabolism and perhaps in skin proliferation and cancer 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 



 

So, You’ve Got Ketoacidosis.          
     !!! Keep that pH between 7.37 and 7.45 !!! 
 
Normally, blood is slightly alkaline: 
proteins suspended in it are alkaline, plus there is the bicarbonate and phosphate. 
However, it also contains carbonic acid  
THUS there is a balance between the main acid and the main base. 
THEREFORE: @ ketoacidosis 
  ���� Acetoacetate and beta-hydroxybutyrate are acidic molecules which release H+ ions 
  ���� These H+ ions react with bicarbonate to form carbonic acid;  
  � THUS blood becomes even MORE ACIDIC but its good CO 2  acid and can be exhaled 
  � ...Which is indeed what happens: “Kussmaul’s breathing”-style hyperventilation 
  � This happens because of rising acidity of the blood as sensed by the respiratory centres at the  

open medulla (floor of 4th Ventricle ) 
 
MEANWHILE, BACK AT THE KIDNEY:  
bicarbonate ions are resorbed  
so as to keep some alkali in the bloodstream while the lungs puff out all that acidic CO 2 

PLUS tubule cells create new bicarbonate 
PLUS the same cells excrete ammonia in the urine…  
…which scavenges H+ ions and thus also sort-of de-acidifies the blood 
PLUS you can also excrete amino acidsthsi way. 

THEREFORE slowly doth the balance creep back t’ward the normal range of 7.37 and 7.45 pH 
 
  
 
 
 
 
 
 
 
 
 
 

HOW IS ANY OF THAT RELEVANT TO EMERGENCY MANAGEMENT? 
1 to 3 day history of gradual decline into ... 

− Peeing lots 

− Very thirsty and dry 

− Lethargic 

− Not eating 

− Hyperventilating 

− Breath reeks of nail-polish remover 

− Maybe stomach pains and cramping... 

− And amylase raised, but no pancreatitis- so dont fret 

YOU WANT TO... 

− Put a line in and start fluids. DEHYDRATION IS MORE SCARY THAN HYPERGLYCAEMIA. 
− 1 litre of saline stat,  1 littre over next hour, 1 litre over next 2 hrs, 1 litre 

over next 4 hrs,  1 litre over next 6 hrs 
− Check glucose: its going to be probably over 20 

−  If so, give 4-8 units of insulin IV. AIM for a glucose fall of 5 mmol/hour. 
− Change to subcutaneous insulin when ketones below 1, and eating normally. 

− Now, watch them carefully for hypo symptoms and arrhythmias while you run tests: 
− LAB BSL 
− EUC (!! Potassium!!) plus hyponatremia as part of compensation for 

hyperglycaemia; IF HYPERNATREMIA the dehydration is dire indeed! 
− PLUS creatinine assays cross react with ketones so you wont et a 

clear picture of renal function. 
− BLOOD GAS (!! PH !!) 
− FBC  probably high WCC even in absence of infection 
− Urinalysis for ketones and glucose  

Slightly better now? Not yet out of the dark woods; 

− Continue fluids and K+ replacement if warranted 

− Check glucose and EUC for K+ HOURLY 
 

Ketones in your urine? Not abnormal! 
Normal people can have up to ++ of ketones in their pee 
after an overnight fast. No cause for dismay, this. 

IN MANAGEMENT, WATCH OUT FOR: 
 Hypokalemia, hypophosphataemia, hypomagnesiemia, 
thromboembolism, coma from cerebral oedema.  
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GLUCOSE 

GLYCOGEN 

AMINO 
ACIDS 

TRIGLYCERIDES 

Glucose-6-Phosphate 
gluconeogenesis 

glycolysis 

Glyco-
genesis 

Glycogen
-olysis 

glycolysis 

Glyconeo- 
genesis 

PYRUVATE ANAEROBIC with 
Lactate 
Dehydrogenase 

Lactic 
acid 

AEROBIC with 
Pyruvate 
Dehydrogenase 

DEAMINATION  into carbon skeletons 

 
 
 

Acetyl 
CoA 
= C2  

FREE FATTY ACIDS 

Lipolysis 
 Esteri- 

fication 

β-oxidation of 
fatty acids 

into C2 chunks 
 

lipogenesis 

 

KETONE OXIDATION 

KETOGENESIS 

KETONE 
BODIES 

eg. 
acetoacetate 

hydroxybutyrate  

Incorporated into Krebs cycle  

Krebs Cycle 
 

USEFUL PRODUCTS: 
Electron and H+ carriers 
eg. NAD, FAD: 
transport H ions and electrons 
into oxidative phosphorylation 
reaction  

PRODUCTS: 
Coenzyme A 

(reused)  
H2O 

(reused) 
CO2 

(exhaled) 

Electron Transport Chain: 
A sequence of membrane proteins arranged 
in order of increasing redox potential; 
operated by NADH and FADH. Electrons 
move down the redox gradient and the 
resulting energy is used to pump H+ ions out 
of the inner mitochondrial membrane. 
Purpose is to build a negative charge inside 
membrane and thus attract H+ ions back into 
the mitochondrion. (the membrane is 
impervious to H+ except for proton channels; 
therefore the protons have no choice but to 
operate the ATPase enzyme)  

Oxidative Phosphorylation: 
The conversion of ADP and inorganic 
phosphate into ATP. This is done by Proton-
translocating ATPase. This enzyme is 
activated by the passage of H+ ions into the 
mitochondrion though a proton channel to 
which the ATPase is linked.  
3 H+ ions for 1 ATP molecule  
 
  

RAW MATERIALS: 
ADP,  
Inorganic Phosphate, 
Oxygen. 
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                  yperparathyroidismyperparathyroidismyperparathyroidismyperparathyroidism                                            
     HISTORY of PRESENTING ILLNESS       

     BRAINS 

     BONES 
     STONES 
     GROANS 
     Thirst 
     Polydipsia 
     Polyuria  
     Nausea, vomiting, anorexia, weight loss 
     Fatigue and weakness 
     Anxiety, depression, apathy, psychosis 
Examination: no real findings apart from dehydration;   

Look for: 
- Pancreatitis 
- Proximal muscle weakness 
- Hyper-reflexia / Fasciculations 

INVESTIGATIONS:           
Need to demonstrate PTH rise:     
   Thus: 
    PTH levels 
          CMP  
    Chest X-ray 
    BSL: polydipsia, polyuria, dehydration… Could it be uncontrolled diabetes??… 
    LFT: what is alk phos doing? Could bone lysis be happening? 

EUC could it be secondary hyperparathyroidism?  

i.e when the parathyroid glands are chronically stimulated 2ndary to chronic renal failure 

ECG: long Q-T interval = hypercalcemia 

IMAGING : SESTAMIBI Tc99 scan will show which gland to operate on 

 
 

 

     

     
 
  
 
 
 
 
 

50% will not report any symptoms! 

Painful bones 

Acute confusion, drowsyness, changes in mental state 

Renal stones, and all the attendant pains 

Of severe Abdominal pain 

DEHYDRATION 

HYPERCALCEMIA 

The diagnosis of hyperparathyroidism is made by demonstrating elevated 
parathyroid hormone levels in the setting of high serum calcium. Almost all 
other causes of hypercalcemia suppress the release of parathyroid hormone. 

This is all you really need, but you should exclude 
all the other reasons for hypercalcemia… 
Including lung cancer!… 

Symptomatic from 3.5 mmol/l total Ca++  

Alkalosis is associated 
with decreased serum 
Ca due to increased 
protein binding.  
 

Acidosis is associated 
with increased ionized 
Ca due to decreased 
protein binding 
 

MANAGEMENT: fix the electrolytes first 
- Mild hypercalcemia only warrants some normal saline rehydration 
Severe hypercalcemia requires NS as well as Pamidronate (bisphosphonate) 30-60mg IV 

- Surgery is the definitive treatment: get rid of those glands; INDICATIONS ARE: 
• Elevation of serum calcium more than 1 mg/dL above reference range  

• History of an episode of life-threatening hypercalcemia  

• Reduction of creatinine clearance by more than 30%  

• History of nephrolithiasis  

• Elevation of 24-hour urinary calcium excretion higher than 400 mg  

• Reduction of bone mass more than 2 standard deviations below normal  

• Surgical referral is also recommended if consistent follow-up of the patient is difficult or if hypercalcemia 
complicates the management of other medical problems.  

-  
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Pathophysiology of the parathyroid         
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

PRIMARY: 
High PTH 
High Ca++ 
Abnormal production of parathyroid 
hormone without any stimulus 

SECONDARY: 
High PTH 
Low or Normal Ca++ 

Normal compensation for hypocalcemia; 
the parathyroid gland’s attempt to maintain 
normal Ca++ 

TERTIARY: 
High PTH 
High Ca++ 
After a long time of secondary 
hyperparathyroidism, the gland 
hypertrophies and begins to over-secrete. 
THUS tertiary hyperparathyroidism occurs 

         Parathyroid Cell: 
Responds by secreting   
Parathyroid Hormone

  

 HYPOCALCEMIA 

 

CaR 

Calcium ++ Receptor; 
G-protein coupled complex 

 PTH Released 

 HYPERCALCEMIA  

Osteoclast: 
Responds by increasing 

 the rate of bone resorption 

 PTHr     Renal Tubule Cell 
-  

- increases the reabsorption of calcium 
(distal convoluted tubule) 

- inhibits the reabsorption of phosphate  
(proximal tubule) 

PTH also inhibits NA+/H+ antiporter activity and 
bicarbonate reabsorption, causing a mild 
hyperchloremic metabolic acidosis. 

   PTHr 

 HYPOPHOSPHATAEMIA  

    Indirect Effect in the GI  
- Acts by increasing the renal production of 

1,25-Vit D- which acts on the gut epithelium 
of the jejunum and ilium 

- THIS CAUSES AN INCREASE IN 
CALCIUM ABSORPTION and some 
increase in phosphate absorption 

   
PTHr 

Renal resorption of PO4 is the MAIN HOMEOSTATIC 
MECHANISM in control of your phosphate! 
 PTH and CT increase phosphorus excretion, and Vitamin D decreases its excretion  
 



Graves’ Autoimmune Thyroiditis Graves’ Autoimmune Thyroiditis Graves’ Autoimmune Thyroiditis Graves’ Autoimmune Thyroiditis                             
  

History of Presenting Illness          
- Goiter 
- Tachycardia 
- widened pulse pressure 
- warm, fine, moist skin 
- tremor 
- eye signs (!! EXOPHTHALMOS !!) 
- atrial fibrillation 
- nervousness and increased activity 
- increased sweating 

- hypersensitivity to heat 
- palpitations 
- fatigue 
- more appetite 
- weight loss 
- insomnia 
- weakness 
- frequent bowel movements 

(occasionally diarrhea). 

Differential Diagnoses            
Anxiety Disorders  
Hashimoto Thyroiditis  
Hyperemesis Gravidarum  
Pheochromocytoma  

Pituitary Macroadenomas  
Pituitary Microadenomas  
Struma Ovarii  
Thyroid, Papillary Carcinoma  

Thyroiditis, Subacute  
Cocaine  
Wolff-Parkinson-White Syndrome 

Findings on History            
Has there been an ABRUPT ONSET OF FLORID SYMPTOMS?? 

- Fever 
- Marked weakness and muscle 

wasting 
- extreme restlessness 
- wide emotional swings 

- confusion 
- psychosis 
- coma; 
- hepatomegaly 

- mild jaundice
 

 

 
 
Findings on Examination           

LOOK 
- Weight loss 
- Anxiety 
- Frightened thyrotoxic stare 

- Patient may be pacing and unable to sit still 
 

HANDS 
- Put arms out: fine resting tremor 
- Onycholysis – rarely Graves 
- Acropachy (clubbing) 
- Palmar erythema 
- Warmth 

- Sweaty palms 
 

PULSE 
- Sinus tachy 
- !! Could be in atrial fibrillation if elderly !! 

- collapsing “bounding” pulse 
 

PROXIMAL MYOPATHY  
- test for weakness 

 
REFLEXES 

- Brisk but not hyper-reflexive 
 

HEART: 
- Systolic flow murmurs due to massive increase in 

cardiac output 
- Atrial fibrillation in the elderly 

Congestive heart failure in the elderly 

 
EYES: 

- exopthalmos: !! bilateral = always Graves !!  
- look from the side or from above 

- complications thereof = scleral injection, oedema of the 
conjunctiva ( “chemosis”) +corneal ulceration, inferior 
rectus muscle weakness  

- Lid retraction  and lid lag  

- ?? IS THERE PTOSIS as well ?? there shouldn’t be! 
 
NECK: 

- Feel the thyroid from behind and from in front; Graves 
Dz may be enlarged all over and smoothly, while 
everything else will be nodular or unilateral. 

- THYROIDECTOMY SCAR� look for Trousseau’s sign 

(hypoparathyroid) 
 
ARMS: 

- Raise arms above head, keep em there: proximal 
myopathy means patient cant do that 

 
CHEST: 

- Gynacomastia, occasionally. 

 
LEGS: 

- Pretibial myxoedema: spongy swelling of anterior 
tibia, elevated dermal nodules and plaques ���� ONLY 
GRAVES! 

 

 

Only Graves 

 disease causes 

 ~BILATERAL~  

~EXOPHTHALMOS~ 

~”THYROID STORM” ~ 

= life threatening !! 
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Tests and Investigations: THYROID HORMONE TESTING    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thyroid Auto-Antibodies      

The Antithyroid Microsomal Antibodies 
 are usually elevated in patients with Autoimmune Thyroiditis (Hashimoto’s Thyroiditis)  

Antithyroglobulin antibodies may also be elevated in patients with autoimmune 

thyroiditis, but this is less frequent and to a lesser degree.  

Thyroid Stimulating Immunoglobulins are associated with Grave’s Disease and 

are the likely cause of the hyperthyroidism seen in this condition. 
Management             

Radioactive Iodine: an outpatient treatment (6-8wks) 
May end up destroying whole gland; � Thyroxine supplements ever since 

OPHTHALMOPATHY:  major issue: eyes will dry out, get infected and DIE 

���� THUS: early Ophthalmopathy = artificial tears ointment, dark sunglasses, eye-patches at night 

  Late (fibrotic) Ophthalmopathy =  orbital radiotherapy (~!! CAREFULLY !!~) + steroids 
  If that fails ���� surgery  

BEFORE THYROID SURGERY : must ablate thyroid gland,  or else! 

If the surgeon happens to nick some thyroid tissues, THYROID STORM will 
ensue due to massive sudden release of thyroid hormones.  

MUST PREPARE FOR THIS POSSIBILITY: “beta-blockade” before getting on the table 
Overall: surgery nowadays reserved for only the biggest most obstructive goitres 

 

DECREASEDINCREASED NORMAL

INCREASED Pituitary tumour,
hypothalamus
tumour…
Secondary
hyperthyroidism

Sub-Acute
hyperthyroid

Hashimoto’s
atrophic thyroidits

RARE
DISORDERS

EUTHYROID RARE
DISORDERS

NORMAL

DECREASED Graves disease
Early thyroidits
Abuse of oral
thyroxine

Subacute
hypothyroid

Pituitary surgery, or
non-secreting tumour
(or a tumour that is
secreting something
other than TSH

TSH

Free T4

NSW government is
too poor to let us run
all thyroid function
tests; only TSH and
T4 are allowed

Early thyroiditis results
in cellular damage and
hence the release of
great quantities of T4
and t3; later, thyroiditis
becomes atrophic and
the  efflux of hormones
stops.

I131

 

~A note on thyroid drugs~ 
Propylthiouracil -- inhibits organification of iodine 
by thyroid gland. Blocks oxidation of iodine in 
thyroid gland, thereby inhibiting thyroid hormone 
synthesis; inhibits T4-to-T3 conversion by blocking 
type I deiodinase (advantage over other agents).  
Methimazole (Tapazole) -- Inhibits thyroid 
hormone by blocking oxidation of iodine in thyroid 
gland; however, not known to inhibit peripheral 
conversion of thyroid hormone.  
 



Epidemiology             
- Approx. 30 cases per 100,000 persons per year.  

Commonly, patients have a family history involving a wide spectrum of autoimmune thyroid diseases 

such as Graves disease, Hashimoto thyroiditis, or postpartum thyroiditis, among others.  

Thyroid storm (an exaggerated state of manifestation of thyrotoxicosis)  

� with aggressive therapy and early recognition, the mortality rate remains approximately 20%.  

GENETICS: ���� 
Susceptibility is influenced by genes in the HLA region on chromosome 6 and CTLA-4 on chromosome 2q33.  

The gene focus CTLA-4 appears to be an important locus because it contains code for a negative 

regulator of T-cell activation and may play an important role in the pathogenesis of Graves disease.  

Sex:  

• As with most autoimmune diseases, susceptibility is increased in females. 
Hyperthyroidism due to Graves disease has a female-to-male ratio of 7-8 : 1 

• The female-to-male ratio for pretibial myxedema is 3.5  :  1.  
Age:  

• Typically, it is a disease of young women, but it may occur at any age.  

• The typical age range is 20-40 years.  

• Most affected women are aged 30-60 years.  

 
Behavioural science: MANIFESTATIONS OF ANXIETY    
SOMATIC SYMPTOMS of anxiety: “fight or flight response” 

� mediated by CNS, ANS and hypothalamus-pituitary-adrenal axis 
- shakiness/trembling 
- flushes/chills 
- sweating 
- nausea/"stomach churning"  
- palpitations. 

 
The heightened alertness,  
quick reactions  
enhanced muscle function  
= evolutionary advantage  

 
SEQUENCE OF EVENTS:          

1. STRESSOR: charging bull, senior staff specialist, etc: 
2. CNS: appreciates the level of danger according to limbic system (amygdala, hippocampus) 
3. CNS: sends input to HYPOTHALAMUS 
4. HYPOTHALAMUS: secretes CRH, activates sympathetic nervous system 

Prolactin and vasopressin release seems a collateral effect of  
central hypothalamic stimulation 

5. PITUITARY: in response to CRH secretes  ACTH 
6. ADRENAL GLANDS: in response to ACTH, 

Secretes CORTISOL  
 

 
 
 
 

 
 
 
 
 
 
 
 

WHAT INCREASES IN ANXIETY 
- heart rate 
- respiration rate, 
- blood glucose  
- triglyceride concentrations 
- corticotrophin releasing hormone (CRH)  
- adrenocorticotrophic hormone (ACTH)  
- prolactin (from the anterior pituitary) 
- vasopressin (from the posterior pituitary)  
- cortisol and adrenalin  
 

 Activates adrenal glands: 
ADRENALINE released,  
thus increases heart rate and blood 
pressure;  vasoconstricts selectively 
to redistribute blood flow : 
FAVOURING MUSCLES, 
 LUNGS, HEART and BRAIN  BOTH COUNTERACT  INSULIN: 

- increase glycogenolysis 
 (breakdown of glycogen)  

- increase gluconeogenesis  
(formation of glucose from some amino acids)  

- increase hepatic glucose output.  

As a result, an increased supply of glucose is 
available for muscle action.   

WHAT LOOKS LIKE ANXIETY: 
Catecholamine secreting tumour 
(phaeochromocytoma) 
OR 
Thyrotoxicosis  (catecholamine 
effects are potentiated but circulating 
titres are not increased 
 



BMR Management and THERMOGENESIS       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IN THE MITOCHONDRIA: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Basal Metabolic Rate 
= the idling of the body engine 
=  the energy expended when 
completely at rest but not asleep, 
 in the absence of muscle movement and 
without any sympathetic nervous system 
arousal. 

Resting Metabolic Rate 
Unlike BMR is ACTUALLY MEASURABLE 

~ 10-15% over the BMR 

measured in Kilocarlories / 24 hrs 

BMR is primarily dependent on lean body mass (LBM). 

The greater the LBM,  the higher the BMR 

 
Shivering thermogenesis  
involves muscle contraction and superficial circulatory vasoconstriction to 
reduce the loss of normally produced heat energy to the atmosphere.  

Non- shivering thermogenesis 
 is the production of additional heat energy via biochemical reactions. In 
rodents heat production occurs in brown adipose tissue whereas in humans 
the main site of this energy production is the skeletal muscle. 

 

Basic premises: 

HEAT is produced as the 
result of exothermic 
chemical reactions  
It also arises from 
 MOLECULAR MOVEMENT 

OBLIGATORY THERMOGENESIS 
� is the heat produced at BMR 
ADAPTIVE THERMOGENESIS      
� triggered by exposure to cold, intake of nutrients etc. 
� is coordinated by the HYPOTHALAMUS  
    (increases SNS activity, triggers TSH release) 

THERMOGENESIS for the biochem psycho:      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ALSO: in skeletal muscle:      

T3/T4 control a protein by name of SERCA : 
“smooth endoplasmic reticulum Ca++ -ATPase” 

Which cycles in a futile manner: 
Ca++ will MOVE BACK AND FORTH  
across the reticulum membrane 
Not enough to contract the muscle, but enough to consume ATP 
THUS ���� HEAT ENERGY IS RELEASED 

Brown Adipose Tissue: 
@ neonate or small mammal 
Brown because of all the mitochondria in it 
HERE, THERMOGENESIS IS DEPENDENT  
ON “UNCOUPLING” PROTEIN  
UPREGULATION BY T3 and T4 

SKELETAL MUSCLE 
Thermogenesis here is either shivering or nonshivering 
SHIVERING: 
Muscle contraction relies on the breakdown of ATP, which is an  

� EXOTHERMIC REACTION 
Non-SHIVERING: 
Theres no contraction, but metabolic cycles run back and forth  
���� FUTILE CYCLES, do nothing except convert a chemical back and forth 
eg: gluconeogenesis can run both ways: 
 

gluconeogenesis 
glycolysis 

GLUCOSE 

PYRUVATE 

If ATP is being consumed  
without real work being done, then 

THERE WILL BE  

HEAT GENERATED 

SITES OF ADAPTIVE THERMOGENESIS:         

Citrate 

Oxaloacetate 

Acetyl CoA 
VARIOUS 
NUTRIENTS 

 3 NAD + 
recycled 

 

Its all about taking 

the electrons away 

from the nutrients 

Intra- 

-membrane 

 space; 

 pH of 3; 

lots of (H+) 

 

 

 
 

Mitochondrial matrix (the inside bit): H+ cycles back into the matrix via Complex V; this drives the synthesis of ATP from ADP 

Membrane���� 

complexes 

 
each complex is also 
a proton pump: pumping  
H+ out of matrix 

      With co- 
        enzyme Q 

I 

With 
cytochrome C 

III 

With reduction of 

Oxygen�H2O 
IV 

 

 

V 

3NADH 
= electron 
carriers 

e
-
 e

-
 

 e
-
 

H+ 

H+ H+ H+ ADP 

ATP 

H+ 

NORMALLY complex V happily converts ADP into ATP using the H+ gradient  
BUT When the uncoupling protein is activated by T3/T4, or by beta-3 adrenergic 
receptors…  IT CONVERTS ATP BACK TO ADP and thus GENERATES HEAT 

Uncoupling 
protein 

H+ 



 
 

 
 
 

T3: 20 times more active than T4 

 

Control of thyroid hormone secretion: 
HYPOTHALAMUS: commands the Anterior 
Pituitary via Thyroxin-Releasing Hormone 
(TRH); thus stimulated, the anterior pituitary 
produces Thyroid-Stimulating Hormone (TSH) 

PATHOGENESIS OF GRAVE’S DISEASE: 

LOSS OF SELF-TOLERANCE: 

immature self-reactive T-helper cells somehow 

escape the thymus without being destroyed 

!!OR!! 

CROSS-REACTIVITY with a microbial antigen 

that somehow happens to closely resemble the 

TSH receptor  

…either way… 

AUTOIMMUNE REACTION TAKES PLACE 

TSH  binds to a receptor on the follicular cells, thus inducing 

increased iodine uptake, increased thyroid peroxidase activity, 

increased proteolysis of thyroglobulin inside the cells, and thus 

more T3 and T4 in the blood 

B-Lymphocytes  
(stimulated by T-helper cells 
via IL-4, IL-5) 
Produce TONS OF 
ANTIBODIES; and they are  
high affinity IgG antibodies. 

 

THYROID-STIMULATING ANTIBODY 

binds to the TSH receptor 

 

THYROID GLAND REACTS by 

relentlessly secreting T4 and T3 

 

The Hypothalamus, whose 

job it is to control the 

thyroid, senses this excess 

and down-regulates the 

production of TSH 

 

 

THUS the thyroid function 

test will show a massively 

raised T3, T4 and a totally 

absent (or very tiny )TSH 
 

The ANTIBODIES cause 

peripheral effects, specific to 

Graves disease only;  

GRAVES OPHTHALMOPATHY 

Antibody reacts with 
something in the retro-orbital 
space; NOBODY knows 
exactly what 
 

This triggers INFLUX of  

Fibroblasts and 

polymorph. Leucocytes 

= basically, like chronic 

inflammation. 

PLUS: fibroblasts  deposit 

glycosaminoglycans, and 

these trap water  

= INCREASING 

OEDEMA and 

EXOPHTHALMOS 

 

Retro-orbital oedema 

chokes off the draining 

veins of the eye; thus; 

CHEMOSIS (puffy eyes) 

and SCLERAL 

INJECTION (bloodshot) 

Hence, the 
“Thyrotoxic Stare” 
 

HORRIBLE METABOLIC 
EFFECTS: “FUTILE CYCLES” 

���� Increased 

thermogenesis 
-Due to T3-induced expression of an extra 
protein into the elctron transport chain of 
the mitochondria: the “UNCOUPLING 
PROTEIN” which turns the oxidative 
phosphorylation reaction into a “futile 
cycle” where ATP is not produced, but 
rather repetitively turned back and forth 
into ADP. This generates HEAT. 
 ALSO T3 induces a skeletal muscle 
protein “SERCA” to do something similar 
by pumping Ca++ ions back and forth out 
of the sarcoplasmic reticulum  
�Also a net gain of heat and nothing 
else. 

T3 induces the up-regulation of the 
NUMBER of beta-adrenergic 
receptors,and enhances the activity of the 
G-protein to which these receptors are 
coupled: HENCE the sympathetic effects 

 

 

BECAUSE the futile cycles don’t synthesise anything and the beta (3) 
receptors on adipose tissue are upregulated and potentiated, the poor 
thyrotoxic patient LOSES WEIGHT 
(beta-3 receptors mediate lipolysis and the release of free fatty acids) 

!! THERE ARENT ANY MORE 

CATECHOLAMINES IN THE BLOOD IN 

THYROTOXICOSIS !! 

they just have a greater effect on tissues 

 

Travelling in blood: 

75% bound to 

Thyroxine-binding 

Globulin 

the rest bound to 

Thyroxine-binding 
Prealbumin 
And normal simple 

Albumin 

MECHANISM OF GRAVES DISEASE         7.01 



THYROID ANATOMY AND PHYSIOLOGY     
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/index.html 
The thyroid gland is located in the neck, in close approximation to the first part of the trachea. In humans, the thyroid 
gland has a "butterfly" shape, with two lateral lobes that are connected by a narrow section called the isthmus. Most animals, 
however, have two separate glands on either side of the trachea. Thyroid glands are brownish-red in color.  

Close examination of a thyroid gland will 
reveal one or more small, light-colored 
nodules on or protruding from its surface - 
these are parathyroid glands (meaning 
"beside the thyroid"). The image to the right 
shows a canine thyroid gland and one attached 
parathyroid gland.  
The microscopic structure of the thyroid is quite 
distinctive. Thyroid epithelial cells - the cells 
responsible for synthesis of thyroid 
hormones - are arranged in spheres called 
thyroid follicles. Follicles are filled with colloid, 
a proteinaceous depot of thyroid hormone 
precursor (more about that later). In the low (left) 
and high-magnification (right) images of a cat 
thyroid below, follicles are cut in cross section at 
different levels, appearing as roughly circular 
forms of varying size. In standard histologic 
preparations such as these, colloid stains pink.  
In addition to thyroid epithelial cells, the thyroid 
gland houses one other important endocrine 
cell. Nestled in spaces between thyroid 
follicles are parafollicular or C cells, which 
secrete the hormone calcitonin.  

The structure of a parathyroid gland is distinctly different from a thyroid gland. The cells that synthesize and secrete 
parathyroid hormone are arranged in rather dense cords or nests around abundant capillaries. The image below shows a 
section of a feline parathyroid gland on the left, associated with thyroid gland (note the follicles) on the right.  

 

Chemistry of Thyroid Hormones 

 
Thyroid hormones are derivatives of the the amino acid tyrosine bound covalently to iodine. The two 
principal thyroid hormones are:  

• thyroxine (known affectionately as T4 or L-3,5,3',5'-tetraiodothyronine)  

• triiodotyronine (T3 or L-3,5,3'-triiodothyronine).  
As shown in the following diagram, the thyroid hormones are basically two tyrosines linked together 
with the critical addition of iodine at three or four positions on the aromatic rings. The number and 
position of the iodines is important. Several other iodinated molecules are generated that have little or no 
biological activity; so called "reverse T3" (3,3',5'-T3) is such an example.  

 
 
A large majority of the thyroid hormone 
secreted from the thyroid gland is T4, but 
T3 is the considerably more active 
hormone. Although some T3 is also secreted, 
the bulk of the T3 is derived by deiodination of 
T4 in peripheral tissues, especially liver and 
kidney. Deiodination of T4 also yields reverse 
T3, a molecule with no known metabolic 
activity.  
Thyroid hormones are poorly soluble in 
water, and more than 99% of the T3 and T4 
circulating in blood is bound to carrier 
proteins. The principle carrier of thyroid 
hormones is thyroxine-binding globulin, a 
glycoprotein synthesized in the liver. Two 

other carriers of import are transthyrein and albumin. Carrier proteins allow maintenance of a stable pool of thyroid hormones 
from which the active, free hormones are released for uptake by target cells 
 
 
 
 
 
 
 
 
 
 



Fabrication of thyroid hormones is conducted by the enzyme thyroid peroxidase, an 
integral membrane protein present in the apical (colloid-facing) plasma membrane of thyroid 
epithelial cells. Thyroid peroxidase catalyzes two sequential reactions:  

1. Iodination of tyrosines on thyroglobulin (also known as "organification of iodide").  
2. Synthesis of thyroxine (or triiodothyronine) from two iodotyrosines. 

 
 
 
 
 
 
 
 
 

 
Through the action of thyroid peroxidase, thyroid hormones accumulate in colloid, on the surface of thyroid 
epithelial cells. Remember that hormone is still tied up in molecules of thyroglobulin - the task remaining is to 

liberate it from the scaffold and secrete free hormone into blood.  
Thyroid hormones are excised from their thyroglobulin scaffold by 
digestion in lysosomes of thyroid epithelial cells. This final act in thyroid 
hormone synthesis proceeds in the following steps:  
 
- Thyroid epithelial cells ingest colloid by endocytosis from their apical 

borders - that colloid contains thyroglobulin decorated with thyroid 
hormone. 
 
 

- Colloid-laden endosomes fuse with lysosomes, which contain hydrolytic 
enzymes that digest thyroglobluin, thereby liberating free thyroid 
hormones. 
 
 

- Finally, free thyroid hormones apparently diffuse out of lysosomes, 
through the basal plasma membrane of the cell, and into blood where 
they quickly bind to carrier proteins for transport to target cells.  

 
 
 

ANATOMY OF THE NECK and the structures thereof    
Thyroid Gland 

• Curves across anterior surface of the trachea just inferior to the thyroid cartilage 

• 2 Lobes of the thyroid gland are united by slender connection called the isthmus 

  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

CALCIUM HOMEOSTASIS: important but underexplained  
The C cells of the Thyroid Gland: Calcitonin 

 

• A 2nd population of endocrine cells lies between the cuboidal follicle cells and their basement membrane. These cells are larger than those of 
follicular epithelium 

• These C (clear) cells, or parafollicular cells produce the hormone calcitonin (CT). Calcitonin aids in the regulation of Ca2+ concentrations in 
body fluids.  The net effect of calcitonin release is a drop in the Ca2+ concentrations in body fluids. This leads to the inhibition of osteoclasts 
(slows the rate of Ca2+ release from bones), and the stimulation of Ca2+ excretion at the kidneys. 

• Control of calcitonin is an example of direct endocrine regulation, because the C cells respond directly to elevations of Ca2+ concentrations of 

the blood. ↑ Ca2+ levels → ↑ Calcitonin release 

• Calcitonin is most important during childhood, when it stimulates bone growth and mineral deposition in the skeleton. Also important in reducing 
the loss of bone mass 1) during prolonged starvation and 2) in the late stages of pregnancy (when maternal skeleton competes with developing 
foetus for calcium ions) 

 
The Parathyroid Glands 

• 2 pairs of parathyroid glands are embedded in the posterior surface of the thyroid gland (separated by the dense capsular fibres of the thyroid) 

• At least 2 different cell populations in the parathyroid. The chief cells produce parathyroid hormone (PTH); the functions of the other cells, 
called oxyphils are unknown 

• The chief cells monitor the circulating concentration of Ca2+ (like the C cells) When the Ca2+ level ↓’s below normal, the chief cells secrete PTH 

→ net result of ↑ Ca2+ concentration in body fluids. 

• PTH has 4 major effects 

o Stimulates osteoclasts → ↑’d mineral turnover and release of Ca2+ from bone 

o Inhibits osteoblasts → ↓’d rate of calcium deposition in the bone 

o ↓’s urinary excretion of Ca2+ 
o Stimulates the formation and secretion of calcitriol at the kidneys (the general effects of calcitriol enhance those of PTH but also 

enhances Ca2+ and PO4
3- absorption by the digestive tract. 

• PTH (aided by calcitriol) is likely the 1º regulator of circulating calcium ion concentrations in healthy adults 

 

 



Hypopituitarism and Puberty            Hypopituitarism and Puberty            Hypopituitarism and Puberty            Hypopituitarism and Puberty            7.027.027.027.02    
Liam Storey is a 13-year-old child, whose mother has noticed shortness of stature, and deteriorating performance at school.  

History of Presenting Illness          
- Short Stature 

- Failure of Normal Puberty: eg. axillary hair, acne, etc… 

- polyuria and polydipsia  
       (diabetes insipidus secondary to ADH deficiency) 

- Hypoglycemia 
- delay in tooth development.  
- microgenitalia  
- fatigue,  
- cold intolerance,  
- constipation,  
- dry skin,  
- slow growth,  
- weight gain. 
- headaches, 
- visual disturbances 

Differential Diagnoses           
Adrenal Insufficiency  
Craniopharyngioma  
Diabetes Insipidus  
Growth Hormone Deficiency  

Histiocytosis  
Hypoglycemia  
Hypogonadism  
Hypothyroidism  

Ambiguous Genitalia and 
Intersexuality  
Growth Failure  
Growth Hormone Deficiency  
Hypernatremia  
Hyponatremia  

Hyposomatotropism  
Microphallus  
 

 

 
Findings on Examination           

 
- LOOK:  
- Short stature = reduced GH 
- Pallor = reduced MSH due to reduced ACTH production  
- Lack of body hair = Hypogonadism 
- Finely wrinkled skin = hypogonadism 

- Absence of secondary sexual characteristics = 
hypogonadism 

 
- BLOOD PRESSURE: 
- Postural hypo due to ACTH deficiency 

 
- FACE: 
- Multiple eye wrinkles = hypogonadism 
- Hypophysectomy scars on upper lip 

- Facial hair present? should it be?  
 

- VISUAL FIELDS:  
- bitemporal hemianopia 
- Assess nerves 3, 4, 6 and ophthalmic branch of 5 

 

- FUNDOSCOPY: 
- Optic nerve atrophy? Pale useless disk 

 
- NECK:  
- enlarged thyroid due to hypothyroidism from reduced 

TSH 
 

- CHEST: 
- Hairless = hypogonadism 
- Pale = reduced MSH from reduced ACTH 
- Nipple pigment absent 

- Breast atrophy = hypogonadism 
 

- GENITALS: 
- Loss of pubic hair = hypogonadism 

- Atrophied testes? = normally 15 to 25 ml 
 

- ANKLE REFLEXES: 
- “hung up” reflexes of hypothyroid

 

PRODUCTION OF HORMONES IS LOST IN ORDER: 
1. GH  � dwarfism in kids 

 (insulin sensitivity in adults) 

2. PROLACTIN � failure to lactate on cue 

3. GONADOTROPINS � reduced expression of 

secondary sexual characteristics 

4. TSH ���� hypothyroidism 

5. ACTH ���� hypoadrenalism and hypopigmentation 

SINISTER SIGNS 
�   Headache 
�   Vomiting  
�   Nausea 
�   Convulsions 

� Coma 
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Tests and Investigations           
Serum Biochemistry: MAINLY SODIUM:  

- looking for an elevated serum sodium, high osmolality  
combined with low or normal urine osmolality 

ALL HORMONES: 
Free T4 + TSH testing for hypothyroidism 

LH for hypogonadism 
FSH for hypogonadism 
Insulin-Like Growth Factor  for growth failure    

FORMAL VISUAL FIELD TESTS for bitemporal hemianopia 

Radiography of Left Hand and Wrist for Bone Age: 
Not very specific or sensitive � rough indication of IGF-1 activity 

MRI of Sella Turcica looking for macroadenoma 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DIABETES INSIPIDUS 

MALE TANNER STAGING 
Tanner Stage 1 (Prepubertal)  

Height increases at basal rate: 5-6 cm/year  
Testes Smaller than 4 ml or long axis <2.5 cm  
Pubic Hair No coarse, pigmented hair  
Penis Stage No growth  

Tanner Stage 2  
Height increases at basal rate: 5-6 cm/year  
Testes Size 4 ml or long axis 2.5 to 3.2 cm  
Age 11.5 years (age 9.5 to 13.5 years)  
Pubic Hair Minimal coarse, pigmented hair at base of 
penis  
Age 12.0 years (age 9.9 to 14.0 years)  
Penis Stage Earliest increased length and width  
Age 11.5 years (age 10.5-14.5 years)  

Tanner Stage 3  
Height increases at accelerated rate: 7-8 cm/year  
Testes Size 12 ml or long axis 3.6 cm  
Age 14.0 years (11.5-16.5 years)  
Pubic Hair Coarse, dark curly hair spread over the pubis  
Age 13.1 years (11.2-15.0 years)  
Penis Stage Increased length and width  
Age 12.4 years (10.1-14.6 years)  
Other Changes Gynecomastia may occur (age 13.2 years)  
Voice breaks (age 13.5 years); Muscle mass increases  

Tanner Stage 4  
Height increases at peak rate: 10 cm/year (age 13.8)  
Pubic Hair Hair of adult quality Not spread to junction of 
medial thigh with perineum  
Age 13.9 years (12.0-15.8 years)  
Penis Continued growth in length and width  
Age 13.2 years (11.2-15.3 years)  
Testes Length 4.1 to 4.5 cm  
Other Changes Axillary hair (age 14.0 years)  
Voice changes (age 14.1 years)  
Acne Vulgaris (age 14.3 years)  

Tanner Stage 5  
No further height increases after age 17 years  
Pubic Hair Adult pubic hair distribution (15.3 years)  
Pubic hair spreads to medial thigh  
No hair spread to linea alba  
Penis Mature genital size by 16.5 years  
Testes Length >4.5 cm  
Secondary sexual characteristics  
Facial hair present on sides; Mature male physique  
Gynecomastia disappears  

Growth in Boys  
Peak height velocity: Age 13.5 (11.7-15.3 years)  
Basal growth occurs up until Tanner Stage 3  
Basal Growth rate: 5.0 to 6.0 cm per year  
Pubertal Growth  
Boys who mature average time: 9.5 (7.1-11.9) cm/yr  
Boys who mature early: 10.3 (7.9-12.5) cm/yr  
Boys who mature late: 8.5 (6.3-10.7) cm/yr  

FEMALE TANNER STAGING 
Tanner Stage 1 (Prepubertal)  

Height increases at basal rate: 5-6 cm/year  
Breast :Papilla elevation only  

Pubic Hair : Villus hair only ; No coarse, pigmented hair  

Tanner Stage 2  
Height increases at accelerated rate: 7-8 cm/year  
Breast  Breast buds palpable and areolae enlarge  
Age 10.9 years (8.9-12.9 years)  
Pubic Hair  Minimal coarse, pigmented hair mainly on labia  
Age 11.2 years (9.0-13.4 years)  
Modifications based on increasingly earlier Puberty  
White: Stage 2 changes may appear one year earlier  
Black: Stage 2 changes may appear two years earlier  

Tanner Stage 3  
Height increases at peak rate: 8 cm/year (age 12.5)  
Breast Elevation of breast contour; areolae enlarge  
Age 11.9 years (9.9-13.9 years)  
Pubic Hair Dark, coarse, curly hair spreads over mons pubis  
Age 11.9 years (9.6-14.1 years)  
Other changes Axillary hair develops (13.1 years)  
 Acne Vulgaris develops (13.2 years)  

Tanner Stage 4  
Height increases at 7 cm/year  
Breast Areolae forms secondary mound on the breast  
Age: 12.9 years (10.5-15.3 years)  
Pubic Hair Hair of adult quality  
No spread to junction of medial thigh with perineum  
Age: 12.6 years (10.4-14.8 years)  

Tanner Stage 5  
No further height increases after age 16 years  
Breast Adult breast contour  
Areola recesses to general contour of breast  
Pubic hair  Adult distribution of hair  
Pubic hair spreads to medial thigh  
Pubic hair does not extend up linea alba  

Other Milestones  
Adrenarche: Age 6 to 8 years  
Menarche: Age 12.7 years (10.8-14.5 years)  
Delayed >1 year if low body fat (e.g. athlete)  

Growth in Girls  
Peak height velocity: 11.5 years (9.7-13.3 years)  
Basal growth occurs up until Tanner Stage 2  
Basal Growth rate: 5.0 to 6.0 cm per year  
Pubertal Growth  
Girls who mature average time: 8.3 (6.1-10.4) cm/yr  
Girls who mature early: 9.0 (7.0-11.0) cm/yr  
Girls who mature late: 7.5 (5.4-9.6) cm/yr  

 



  
Disease Definition      
The tumour results in destruction of normal pituitary tissue resulting in 
reduced hormone production. The most obvious hormone deficiency is 
growth hormone resulting in decreased growth velocity and short stature. 
Decreased thyroid hormone and gonadotrophins contribute to short stature 
and delayed puberty.  

 
Management       

- depends on the symptoms and the extent of disease 

Asymptomatic microadenoma ���� periodic follow-up until symptoms appear 

 
SURGERY: transspehnoidal microsurgery  
( unless extended into the subfrontal, retrochiasmatic or middle cranial fossae =  need a transcranial route) 

 
Incomplete Excision (positive margins) = RADIOTHERAPY 

A choice of  
- EXTERNAL BEAM,  
- BRACHYTHERAPY or 

- isotope labelled radiopharmaceuticals. 
 

Prolactinomas:  
Bromocriptine, a dopamine agonist, is the most widely used medical treatment for 
prolactinomas because of its efficacy in inhibiting synthesis and release of prolactin 
and reducing the level of serum prolactin.  

Growth hormone secreting tumours:  
Octreotide is an analogue of somatostatin and has been associated with decrease in 
growth hormone levels an tumour size.  

Corticotropin secreting tumours: 
Ketoconazole, an anti-fungal agent which inhibits adrenal steroidogenesis, is 
commonly used, however medical therapy is usually reserved for patients unsuitable 
for surgery or for patients with recurrent tumour after surgery or radiation.  

Craniopharyngeomas:  
Surgery can result in partial or almost complete removal of the lesion. Regrowth may occur. 

!! Replace whichever hormones are lacking 

SIDE EFFECTS: treats the  whole sella turcica. 
 

THERE IS NO EVIDENCE THAT 
MALE GENITAL PUBERTY IS BEING 
ACHIEVED AT AN EARLIER TIME: 

CHICKEN ESTROGEN 
THEORIES ARE WRONG  

AT LEAST AS FAR AS 
 BOYS ARE CONCERNED 



Epidemiology             
   There is no correlation with either race or sex. 
   Neither for age, as there are both congenital and acquired forms. 

  Frequency in the population: ~  1 in 4000 for growth hormone deficiency 
       ~ 3 in 1,000,000 for panhypopituitarism 
 

 

Behavioural science: short stature and social development  
 
 
 

Psychological consequences  

- lack of self-esteem 
- Depression 
- underachievement  

 
       

 
 
  HEIGHT AGE influences responses more        
  than CHRONOLOGICAL AGE: 

 Teachers, peers may regard the short person as being younger  
This may lead to reduced expectations and fewer demands than are placed on the child's age peers. 

 NEED TO RECONFIGURE ENVIRONMENT FOR PROPER DEVELOPMENT: 
Reachable Shelves, low chairs to allow the feet to touch the floor 

 
 
 

PITUITARY TUMOURS           
   ���� Common Autopsy Findings: 6 to 23% of people have one when they die 
   ���� 20% of “normal” glands look tumourous on MRI 
    rarely metastasise but may be locally invasive.  

less than 1 cm in diameter are microadenomas,  
greater than 1 cm are macroadenomas.  

Symptoms of Compression or invasion: 
- headache from stretching of the dura mater, or with very large tumours,  
- CSF obstruction and hydrocephalus;  
- visual field disturbances from optic nerve compression, classically a bitemporal hemianopia;  
- IIIrd, IVth or VIth cranial nerve palsies;  
- CSF rhinorrhoea from erosion of the sella turcica.  

 

The principal tumour types: 
- non-functioning adenoma (32%),  
- prolactinoma (27%),  
- growth hormone producing adenoma (13%), 
- corticotrope adenoma (10%),  
- gonadotrope adenoma (9%),  
- combined GH and prolactin producing adenoma (8%), 
- thyrotrope adenoma (1%).  

It is more important for a short child to acquire coping skills 
 than to buy inches through pharmacological means". 
 

SUPPORT GROUPS: 
- offer psychological support,  
- disseminate information, 
- lobby for special consideration  
- offer practical help suggestions 
eg: 
 Little People's Association 

 
SHORT STATURED PEOPLE OF 
AUSTRALIA (INC),  
(9642 5046).  
 
Care is usually managed through special 
multi-disciplinary clinics associated with 
teaching hospitals.  
 

Parents and health professionals  
rate the child as having more problems  
than the children demonstrate on formal testing. 

Non-functioning adenomas do in fact 
frequently stain positive for one or more 
glycoprotein hormones, in particular 
gonadotropins, a subunit or the b 
subunit of LH, FSH or TSH, and ACTH. 
However, they are non-secretory or 
secrete only biologically inactive 
hormones, such as a subunit 



 
Normal Growth in Childhood        
…is LINEAR but in 4 stages:Prenatal growth: 30% of total linear growth ; 5% of weight (!!) 

 

-  !! RAPID !! 50 cm in 9 months,  
 
- is largely independent of foetal and maternal hormonal control.  
- Major regulators include  

- foetal nutrition 
- placental function 
- maternal health 
- intra uterine infections 
- toxins  
- genetic factors.  

 

Postnatal growth (3 phases) approximately 113 (females) - 126 (males)cm  

 infantile phase for the first 3 years: triple weight in 1 year!! 
 

- rapidly decelerating  
- largely dependent upon nutrition and genetic factors.  
- The endocrine hormones and other growth factors have a contributory role.  

 

Childhood growth  from age 3 to onset of puberty: Weight gain is steady  

- slowly decelerating  
- is largely regulated by genetic factors and growth hormone. 

  

 The pubertal growth spurt : accelerated increase in weight 
- approximately 30 cm in males and 27 cm in females  
- dependent upon sex steroids and growth hormone. 
- Females have a significant increase in body fat, 
- Males have a greater increase in lean tissue  
- Males continue to accrue lean tissue until their early 20's.  
- Bone mineral increases parallel to height and weight growth curves  
- peak bone mass is attained within a few years of completing the growth spurt 

 
GENETICS are most responsible for variations between individuals. 
i.e: if youre genes determine you to be tall, you will grow faster during childhood. 
BUT NEVER AT THE SAME RATE!! 

consistently slow or fast growth velocities = an underlying disorder of growth or puberty. 

 
GROWTH HORMONE ENDOCRINOLOGY: all actions are via G-protein coupled cAMP 2ndary messages 
 

STIMULATED by  
- decrease in blood sugar 
- exercise 
- stress 
- excess amino acids in blood stream 
- deficit of free fatty acids  
INHIBITED by 
- hyperglycaemia 
- hyperlipidaemia 
- obesity 
- malnutrition 
 

 
 
 
 
 
Growth hormone secretion is cyclical, 
 pulsatile, and is greatest during SLEEP  

the two year delay before the onset of the male 
growth spurt +  3 cm greater total growth during 
puberty accounts for the average 13 cm difference 
in final height between males and females. 
Thus, males spend longer in childhood growth 
phase, and their puberty is slightly more effective 

achievement of 
optimal growth 
depends upon  
- nutrition, 
- general health,  
- emotional 

health,  
- genetic factors  
- hormones.  
 

Somatostatin, GHIH 

Somatoliberin, GHRH RELEASE OF GH (somatotropin) 
From somatotroph cells @ 
anterior pituitary (acidophilic) 

DIRECT EFFECTS: 
Response is from most tissues: 
- Lipolysis, and subsequently 
- Release of free fatty acids 

- Decreased uptake of fatty 
acids from the blood stream 

- INSULIN RESISTANCE: 
reduced uptake of glucose  

- Increased gluconeogenesis 
 

LIVER, MUSCLE, 
CARTILAGE and BONE 
respond by 
PRODUCING IGFs 
(Insulin-like Growth factors) 
aka. SOMATOMEDINS 

SOMATOMEDINS INDUCE 
INDIRECT CHANGES in most tissues 
Anabolic + Mitogenic: 
- INCREASE of amino acid uptake, thus 
- INCREASE of protein synthesis 
- THUS cartilage bone and muscle growth 
 

NEGATIVE FEEDBACK back to 
hypothalamus and pituitary occurs 
via direct concentartions of GH 
and IGF-1, plus via the increase in 
concentrations of free fatty acids, 
amino acids and glucose 
 



ANTERIOR PITUITARY and its HORMONES      
 
 
 
 
 
 
 
 
 
 
 
 

MICRO-ANATOMY 

Pars 
distalis 

winding cords of epithelial 
cells & fenestrated 
capillaries  
 
(helps hormone delivery 
into blood) 

Acidophils (red stain) 
Lactotropes (PRL)  
somatotropes (GH) 
Basophils (blue) 
gonatotropes (LH, FSH) 
thyrotropes (TSH) 
corticotropes (VPR) 
 
 

Pars 
nervosa 

unmyelinated axons, glial 
cells, fenestrated capillaries 

Herring bodies: bulges nr axon endings 
containing stored hormones.OT and VPR 
bound to neurophysins (carrier protein) 
Near capillaries. 

Pars 
intermedia 

large pale cells among 
follicles 

Melanocyte-stimulating hormone 
predominates 

 
 

 
 

All ant. pituitary hormones use cAMP 
2e messenger system 
 
GH     somatotropin   (high %) 
Prolactin     mammotrop 
LH     lutropin 
TSH     thyrotropin 
ACTH     corticotropin 
FSH     follitropin 

GROWTH HORMONE 
stim:   ↓[GH]  inhib:  ↑ GH and IGF (fb) 
also/ - estrogen also/         - hyperglycaemia 
 - hypoglycaemia  - hyperlipidaemia 
   -↑ blood aa’s  - emot. deprive. 

-↓ fatty acids  - obesity & malnutrition 
- exercise & stress  (all trigger GHIH) 

 (all trigger GHRH) 
 
effects:  
 
*receptors 
present on 
most tissues 
 
 
 
 
 
 
cycle: peaks at sleep (early phase), adolescence 
excess: (child) gigantism (epiphyseal plates still open) 
 (adult) acromegaly: enlarged extremities 
defic: (child) pituitary dwarfism:  
 

DIRECT (anti-insulin fx) 
    fats as fuels    (adipose release & lipolysis) 
    spare glucose (↓ uptake, glycogenolysis liver) 
 
INDIRECT (anabolic, mitogenic) 
    stim liver, skeletal m, bone, cartilage release 
    of IGFs (somatomedins) 
        → ↑ cartilage & skeletal growth 
        → ↑protein synth, cell growth & prolif 

TSH 
stim: TRH    
also/        - cold weather 

- pregnancy 
inhib: TH  (acts at pit & hypothal) 
 GHIH (from TH at hypothal 
 
effects: 
 
 
 
excess: Grave’s disease 
defic: (child)  cretinism 
 (adult) myxedema 

stimulates thryoid 
gland to release TH 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

POSTERIOR PITUITARY HORMONES 
 
Storage of hormones made in hypothalamus and  
forwarded thru neurons. 
Secreted in response to hypothalamic stimulus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ACTH 
stim: CRH  
 - fever (all trigger CRH) 
 - stress  
 - hypoglycemia    
inhib: glucocorticoids (fb) inhib CRH 
 
effects: 
 
 
 
 
 
 
 
excess: Cushing’s disease 
cycle: peaks morning after rising (stress) 

1.)Stimulates adrenal cortex 
to release glucocorticoids  
& mineralocorticoids 
(ie. Cortisol: stress fighter) and 
androgens 
2.) controls adrenal size  

Gonadotropins 
 

        FSH          LH 
stim: GnRH        stim:   GnRH  
 
inhib: ♀ oestrogen        inhib:   ♀ oestrogen 
 (fb) ♂ testosterone        progesterone 

    inhibin                ♂ testosterone        
 

          effects: ovaries & testes 
 
 
 
 
 
 
 

 
excess: ♂  sexual dysfn / gynaecomastia 
defic: no puberty  
cycle: absent pre-puberty,  
 ↑ puberty causing gonad 
 maturation 
 ↑↑ menopause 

 
♀ ovarian follicle maturation 
    oestrogen production 
♂ sperm production 

 
♀  triggers ovulation 
    stim ovarian oestrogen 
           & progesterone 
♂  testosterone production 
          (acts on Leydig cells) 

PROLACTIN 
stim: oestrogens (♀) } 
 contraceptive pill }  → PRH → prolactin 
 opiates  } 
 lactation  } 
 
inhib: PIH (dopamine) 
 (predominates in non-pregnant life ♀ & ♂) 
 PRL (fb) 
 
effects:  
 
 
 
 
excess: galactorrhoea (also caused by loss of doaminergic 
neurons in hypothal) 
  ♀ cessation menses, infertility 
  ♂ impotence, gynaecomastia 
 
cycle: ♀ prolactin varies w oestrogen levels 
 ↑ pre-menstrual period (breast swelling, tender) 

pregnancy: oestrogens & progesterone counter PRL, 

Promotes lactation in breasts 
♂ enhances testosterone production 

OXYTOCIN (OT) 
oxytocia = childbirth 

 
stim: cervical/uterine stretch  }   →  hypothal  →  sythesis 
 suckling        }             → pit. Release 
 
inhib: lack of stim 
 
effects: 
 
 
 
 
 
 
 
 
 
cycle: ↑ seceretion & receptor no. at birth 

uterus: stim contractions (used to induce labour) 
breast: triggers milk ejection 
            sensory signals (breast) →  hypothal   
            nuclei →  ↑OT ↑VP →  mammary gland 
coitus: ↑ secretion, uterine contrxn propels  
            semen 
behaviour:  “cuddle” hormone, nurture 
 

VASOPRESSIN, VP 
(Antidiuretic hormone, ADH) 

 
actions:  
 
↑ blood osmolarity*  →  osmoreceptors  →  SON & PVN  →  ↑VP 
     (hypothal)            ↓ 
                                        kidney tubules 
                   -‘ve fb   ←                            ←    resorb water 
(V2r) 
 
↓BP 
(baro-  →     hypothal     →      V1 receptors   →   ↑ Ca         →   
receptors)    (vascular sm musc)                         ↑ DAG/IP3 
 
[*2% ↓ body water / 25% blood vol = max VP secretion] 
[*VP also lowers HR, so no dramatic ↑ BP] 
pressure drop is key, not volume 
 
other stim: pain, drugs (nicotine) 
inhib:  alcohol, adequate hydration 
 
defic:  Diabetes insipidus – cell body destruction in  

hypothal / mutation VP gene (head trauma pts 
need monitoring in case damage to hypothal) 
(pit removal won’t disrupt) 
Px = thirst, freq urination 
Rx = nasal VP 

 
excess: childhood meningitis / post neuroSx / hypothal Ix / tumour 
 = inappropriate ADH secretion syndome 
 →   hypo-osmolar blood, brain oedema 
 →   fluid retention, headache, disorientation 

↑ bl vol 
↓ urine 

↑ periph 
   resist* 



Anterior Cranial Fossa

Posterior Cranial Fossa

*PFC is roofed by the
Tentorium Cerebelli

Middle Cranial Fossa

 Sella Turcica

 Posterior Clinoid Process

Foramen Lacerum, for Internal Carotid

 Internal Acoustic Meatus

 Jugular Foramen

 Hypoglossal Canal

 Foramen Magnum

Crista Galli:
 Is the Anterior
Attachment of Falx
Cerebri

 Cribiform plate

 Anterior Clinoid Process: Optic nerve
 emerges from under this process

 Lateral crest:  deep inside lateral fissure

 Supraorbital fissure, for CNs 3, 4, 6 ,
 + the opthlamic branch of CN 5

Dorsum sellae

 Foramen Rotundum for Maxillary nerve (5)

 Foramen Ovale for Mandibular (5)
 + Lesser Petrosal (parasympathetic)

 Foramen Spinosum
For

 
 
 
 
 
 
 
 
 
 
NOW ABOUT THAT SINUS: 
- 2 layers of dura 
- Venous blood between 
- Contains numerous  
important things and  
frequently gets into trouble 
 
 
 
 
 

 

Base of Skull: Home of  the Cavernous Sinus     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Foramen Spinosum: for the  

 Middle 

Posterior communicating INTERNAL CAROTID  
Travels inside the sinus!  

Roof of the pituitary fossa 

is the Sellar Diaphragm: 
Stretched between the 
clinoid processes like a 
trampoline.   
ABOVE THAT: 
Chiasm, 
hypothalamus, 3

rd
 

ventricle 

OCULOMOTOR nerve  

TROCHLEAR nerve  

ABDUCENS nerve  

MAXILLARY branch of CN 5  

OPHTHALMIC branch of CN 5 

 The PITUITARY gland: a pea on a stalk 
Stalk: INFUNDIBULUM: contains portal veins and  

UNMYELINATED AXONS from the hypothalamus; 
  + send inhibiting signals to ant. pituitary 
 
POSTERIOR: “pars nervosa” = contains axons of  

hypothalamic neurons and some glial cells 

HORMONES STORED AT AXON 
TERMINALS 
 

ANTERIOR: “pars Distalis” = 
glandular tissue, localised  

hormone production 
 

melanocyte-stimulating 

MIDDLE MENINGEAL ARTERY 



HISTOLOGY OF THE PITUITARY GLAND      
ANTERIOR: pars distalis    

  
 Winding cords of cells and fenestrated vessels:  
high surface area, rapid hormone delivery 
 
 

 
 
 
 

pars intermedia contains large pale 

cells that often surround follicles filled with ill-
defined "colloid". Melanocyte-stimulating 
hormone is the predominant hormone 
secreted by the pars intermedia. 
 

POSTERIOR: pars nervosa     
 Bulging unmyelinated axons and fenestrated vessels:  
high surface area, rapid hormone delivery… 

PLUS: HERRING BODIES, = fat ends of axons, swollen with 
stored hormones.  
THESE HORMONES ARE BOUND to CARRIER PROTEINS 

(neurophysins) 

GROWTH PATTERNS           
4 stages of (linear) growth: 

Stage Normal growth 1° Determinants 
PRENATAL: 9m 
 

50cm 
(rapid) 
 
* 30% total linear growth 
  achieved in utero 
  5% adult weight 

foetal nutrition 
placental function 
maternal health 
in-utero infxn 
toxins 
genetics 

INFANTILE: 1-3y (rapid deceleration) 
rapid weight gain: birth wt x3 by 1y 

nutrition 
genetics 
hormones & growth factors 

CHILDHOOD: 3y-puberty (slow deceleration) 
steady wt gain 

growth hormones 
genetics 

PUBERTY: ♀   27cm 
♂   30cm 
 
2yr delay for male growth spurt : taller 
starting point for spurt + 3cm more growth 
→ av 13cm difference betw ♀ & ♂ 
(no gender diffs pre-puberty) 
 
rapid wt gain ♀ - fat 
                     ♂ - lean muscle 

sex steroids (gonadotropins) 
growth hormone 

General: 
- nutrition, health (phys & emotional), hormones and genetics important for max growth at all stages 
- most height variability → genetic 
- bone mineralisation in parallel with height & weight curves, peak bone mass within few years of completing   
  pubertal growth spurt 
- Growth velocity: (cm/yr) Tall people = higher growth velocs. Varies thru stages. Problem if consistently   
  high/low relative to population standards 

ACIDOPHILS: 
Lactotroph 

Somatotroph 

BASOPHILS: 
Gonadotroph 
Thyrotroph 
Corticotroph 



 
 

PUBERTY 
 
= attainment of 2° sexual characteristics & reproductive capabilities 
 
 
 
 
                    

  GABA, NAdr              
 Inhibin  = spermatogenesis                                 
barometer, ↑[sperm], ↑ inhibin             
   
 
                                            ↑ GnRH 
                                           binds to 
   gonadotrophs 
  inhibits FSH 
            ??? 

   T   –‘ve fb 
 (but insuffic in       LH 
   puberty)                FSH 

 
          GONADARCHE               
  gonads mature               
                    

           
 
        TESTES 
 
 LH  stimulates 

interstitial cells 
→ T secretion 
 
 
 FSH → spermato- 

 genesis 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

♀ :  8 – 13.5y 
♂ :    9.5 – 14y 

higher  
centres 

hypothal 

pituitary 

Gonads 

Puberty initiated when 
hypothalamus resumes  

pulsatile GnRH secretion 
→ GnRH pulse generator 
fires up: neurones inter-
connected via gap junctions 
(previously active in utero & 
postnatal) 
Causes ↑ GnRH secretion 
* nocturnal peaks 

Adrenal 
glands 

ADRENARCHE 
adrenal glands mature 
 
= production of weak 
androgens 
(gonadocorticoids) from ~ 
age 7 
♀ & ♂  equal amts 
include: DHEA 
 androstenedione 
converted to 
→ testosterone ♂ 
→ oestrogen ♀ 
 
 
 

hair → pubic 
        → axillary 
acne 
oily skin & hair 
perspiration odour 

Genitalia  – growth & maturation 
    (int & ext) 
                – maintains adult size & fn 
                – testes descent 
                – spermatogenesis 
                – inhibs mammary gl devt 
puberty – voice 
 – growth & anabolism  
 – bones: ↑mass, epiphyseal closure 
 – hair 
 – sebum secretion 
metabolism   – ↑ BMR 
      – haematopoeisis 
neural – libido (♂&♀), aggression 



MALE :              
 
    ~ 9.5 ------   
        (1)  testes 1-3ml  (prepuberty) 

    
        (2)  testes  4-8ml       (early testicular) 

              penile & scrotal growth  
 
 
 
 
    
          
         
                     
         
        (3)  testes 10-15ml 
       13.5        (4)  testes 15-20ml 
              early sideburns 
 
        (5)  testes 25ml 
              beard 
 
 
 
 
 
 
 
 
 
 
 

DISORDERS OF PUBERTY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                  *T = testosterone 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

voice breaks 
vocal cords lengthen 
enlarg’t :  larynx 
 cricothyroid cartilage 
 laryngeal mm 
 

growth spurt (max) 

emotional changes 
metabolism:  ↑ protein 
           ↓ fat 
bone mineralisation 
↑ BP  
 

hair:  pubic → axillary → facial 

acne Testicular changes 
growth Seminiferous tubules 
Sertoli cells mature 
Seminal vesicles enlarge 
↑ blood flow 
penis 6.2cm → 12.4 cm 

endpoints: 
voice changes 
shaving 
male musculature 
epiphyseal closure 

PRECOCIOUS PUBERTY (< 9.5y) 
 
True / Complete   Pseudo   Incomplete 
→ [a] hypo-pit-gonads → [suppression] h-p-g → immature h-p-g 
 
Cause: CNS abn  ingestion sex steroids  

Genetic  adrenal (tumour, CAH) 
Idiopathic  gonadal tumour 

 
Px: ↑ LH, FSH, T ↓ LH, FSH  premature adrenarche 
 large testes ↑ T   (virilisation) 
   small testes  LH, FSH, T prepubertal 
      small testes 
      ~↑ DHEAS 

RX: 
- treat 1° cause (MRI) 
   → 75% organic cause 
- Androgen antagonist 
- Steroid synth inhibitor 
- GnRH superagonist  
 (as yet unavail) 
 
if untreated: 
- short stature (long-term) 
- aggression, inapprop libido   

       (short-term) 

DELAYED PUBERTY (no changes>14y / 
incomplete devt) 

→ Hypogonadism no fx on adrenarche 

 
Cause: Hypothalamic   Pituitary   Gonadal 

(3° hypogonadism)  (2°)   (1°) 

  
- familial   - lesion (tumour/trauma) - lesion (torsion / trauma) 

 - childhood sickness - genetic defic  - chromosomal 
 - lesion affecting GnRH     - radiation / chemo 
damage 

(tumour / trauma / infxn)    - cryptorchidism 
 - genetic GnRH defx 

 
PX: ↓ LH, FSH, T   all ↓   ↑ LH, FSH 
 (rise in LH, FSH   (no rise with stim)  ↓ T 

with GnRH stim)  
 

sperm production 

GYNAECOMASTIA 
 
types: 
- neonatal (1

st
 6m) 

- pubertal (67% boys) 
- congenital → Klinefelter’s 
- drugs → marijuana 
- tumours  
  (feminising fx : eg. secreting 
  aromatase – converts T to E) 
 
RX: 
no signs of puberty → explore 
puberty → reassure / Sx 



HORMONE TESTING 
 
 

ACTH:       

                                                                               
       
   CRF    
 
       
 
   ACTH              
 
 
 
 
                 Mineralo-          Glucocorticoids 
     corticoids                (cortisol) 
             (aldosterone) 
 
   

         ↑ blood glucose 

 
 
 
 
 
 
 
 
 
 
 
 
 
GROWTH HORMONE: 
 
 
 
 
               GHIH        GHRH 
 
 
 
                    GH 

 
 
                          IGFs       

 
 
 
  
             skeletal growth              fat breakdown 
            cell proliferation              ↑ blood sugar 
             protein synth 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

hypothal 

pituitary  

adrenals 

metyrapone 

hypothal 

periph tissue 

pituitary 

anti-insulin fx 

liver 

Where is the problem? 
(if normal response to stimulus, problem is higher up chain) 
 
ACTH stimulation test  →  adrenal health 
abN results may still indicate higher pit prob causing adrenal       
atrophy (if so, repeats will improve) 
 
CRF stimulation →  pituitary health 
 
Metyrapone stimulation → -‘ve feedback health 
blocks cortisol 
 

Insulin  →  -‘ve feedback health 
↓ blood glucose 
 
*compare [ACTH] with [cortisol] to pinpoint irregularity 
 
dexamethasone suppression →  secretory pwrs of tumour 

INDICATIONS: low cortisol, suspicion of  
                         pituitary / adrenal disease 

Disease: 
↑ ACTH  →  hypersecretion →  pit tumour (Cushings) 
    →  ectopic tumour (apical lung) 
 →  decreased uptake  →  adrenal damage  (Addison’s) 
↓ ACTH →  decreased production  →  non-functional pit tumour 

→  xs -‘ve feedback     →  adrenal (functional) tumour 
 

INDICATIONS:   (not routine screening) 
GH abnormalities  
follow-up for other abN results  
monitor long-term chemoRx fx (children) 

 

“GH stimulation” 
insulin / arginine  →  shows hypo-pituitarism 
“GH suppression” 
glucose soln  →  shows hyper-pituitarism 
 

IGF-1 assay  →  [IGF1] reflects 
[GH] 
IGF<GH = problem higher up: → liver/kidney d, malnutrit 
                  → ineffective form of GH 
 
GHRH  →  pituitary health 
L-dopa  →      “       “ 

 

↓ GH  →  less secretion  →  hypopituitarism (↓ fn) →  genetic 
     →  damage (trauma / infxn / inflam) 
          →  non-functional pit tumour 
   
↑ GH  →  ↑ secretion  →  functional pit tumour (poly/monoclonal) 
 



 
TSH :      cold / trauma / stress 

   

 
 
 
 
    
                      GHIH                TRH 
 
 
   TSH 
 
 
 
 
          T4 
  

              
            T3  

 
 
 
 
 
 
 
PROLACTIN : 
 
 
 
 
  
            PRH PRIF (dopamine) 

 
 
 
    
             Prolactin 
            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

hypothal 

pituitary 

thyroid 

INDICATIONS: 
diagnosis / screening thyroid disorder 
monitor  → hormone Rx 
 → ♀ infertility probs 

TSH  →  pit & thyroid health 
T3         (may be spot-checked as less pulsatile 
secretion) 
T4 
TRH stimulation  →  pituitary health 

↑TSH  →  ↓T3, T4  →  underactive thyroid (hypothyroidism) 
                      (or insuffic replacement H) 
           →  hypersecretion  →  pit tumour (rare) 
 
↓TSH  → ↑T3, T4  →  overactive thyroid (hyperthyroidism) 
               →  XS replacement H 
           →  insuffic secretion  →  pit damage 
 

hypothal 

Mammary 
glands 

pituitary 
suckling 

reflex 

INDICATIONS: 
↑ prolactin signs 
investigs  →  infertility (♂ & ♀) 
 →  ↓ testosterone (♂) 
 

Prolactin  →  pituitary health 
(spot test) 
 
PRH  →  pit health 

↑ PRL  →  pregnancy & lactation 
            →  hypersecretion  →  pit tumour (prolactinoma = common) 
 



 
 
 
GONADOTROPINS  
 
female : 
 
 
 
 
      GnRH 
 
   
  inhibin 
    FSH        LH 

 

         
 
 
 
                      Oestrogen              Progesterone        
 graafian follicle           corpus luteum 

 
 
                         reproductive tract & elsewhere 

 
 
 
 
 
 
 
 
 
Male : 
 
 
     
      GnRH 

 
 
 
     FSH            ICSH 

 
 
 
 
 
 
 
          testosterone 

 
 
          2° sex organs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

* ↑ FSH, ↑LH in children → precocious puberty 
 
 
 

 

hypothal 

ovary 

pituitary 

INDICATIONS: 
suspicion thyroid disorder 
infertility 
irreg menstruation 
early/late puberty 
menopause confirm 

FSH, LH (ICSH) levels  →  gonad health 
                  →  pituitary health 
 
GnRH stimulation  →  pituitary health 

↑FSH, LH →  hypersecretion  →  pituitary adenoma (rare)  
→  ovary failure  →  devt dfx  →  agenesis 

    →  chromosomal (Turner’s) 
    →  steroidogenesis dfx 
               →  damage →  radiation / chemoRx 
    → autoimmune 
               →  failure to ovulate →  polycystic ovary 
     → thyroid disease 
     →  adrenal disease 
     →  tumour 
     →  menopause 
↓FSH, LH  →  pituitary / hypothal failure    
 
    

hypothal 

              testis 

pituitary 

leydig cell sertoli 

spermatogenesis 

INDICATIONS: 
cause of ↓ sperm count 
infertility 
early/late puberty 

↑FSH  →  no –‘ve fb  →  testicular failure  →  devt defx  →  agenesis 
              →  chromosomal (Klinefelter’s) 
       →  viral infxn (mumps) 
       →  trauma 
       →  radio / chemoRx 
       →  autoimmune 
       →  tumour 
↓FSH  →  ↓ secretion  →  pit / hypothal prob 



General: 

 
3 TYPES OF TEST- 
 
Stimulation tests → deficiency (spot tests may reflect normal cyclical/ pulsatile variation)                                                                           
Suppression tests → overproduction (must prove you can’t suppress) 
spot tests: random sampling of hormone levels (non-stimulated) 
 
FOLLOW-UP 
Must investigate glands if abnormality detected 
Pituitary  →  MRI / CT (expansion) 
  →  visual fx (VER) 
  →  X-ray 
 
Adrenal →  MRI / CT 
 
Thyroid →  ultrasound 
  →  radioactive I scan 
  →  FNAB 
 

Gonads 
 
USE OF HORMONE TESTING 
- diagnosis of disorder 
- long term monitoring of Rx 
- tumour recurrence monitoring (post-op) 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



~ENDOCRINOPATHY~      
 
 

 

Mechanism of Craniopharyngioma and Hypopituitarism         7.02 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHILDHOOD ONSET: most comm. = 
“adamantinous type” Craniopharyngioma 
�  composed of duct lining remnants, epithelioid  
�  is cyst-like, with turbid proteinaceous material. 
SLOW GROWING AND BENIGN (non-metastatic)  
…BUT INVASIVE by direct extension along paths 
of least resistance.  
 

ADULT ONSET: metaplasia of 
residual squamous cells on the 
inside of the remaining duct 

Ectoblast cells 

Floor of primitive oral cavity, the “stomodeum”  
 

Neck of pouch = “craniopharyngeal duct”  

Duct closes by 2
nd

 month 

Invading intra-sellar tumour 
crushes the fragile pituitary  tissue 

 complex histology: 
epithelial-looking cells 
with palisading at the 
edges of the lesion 
and scattered 
nodules of “wet” 
immature keratin. 
The surrounding brain 

parenchyma is filled with densely packed glial filaments, which 
is apparently a normal astrocyte response to chronic 
compression. THE BLOOD BRAIN BARRIER IS BROKEN. 
 

Anterior pituitary suffers the most from the pressure,  
� blood supply blocked: starvation and ischaemia of pituitary 
� Secretory cells stop functioning due to direct pressure 
� portal veins are crushed and  thus the hypothalamic  

hormonal stimulation is blocked 

Low GH 
 

Low LH+ FSH 
 

Low TSH 

ADIPOCYTES: 
- Reduced rate of 

lipolysis;  
- Increased rate of 

glucose uptake  
 

MUSCLES: 
-   Reduced protein synthesis 
 

LIVER  
Reduced protein synthesis 
Reduced gluconeogenesis 
(pro-insulin activity) 
Reduced synthesis of 
INSULIN-LIKE GROWTH 
FACTORS (somatomedins) 
 

CHONDROCYTES AND 
OSTEOBLASTS  

THUS:  
decreased rate of collagen synthesis 
decreased rate of cartilage formation 
decreased protein synthesis in general 
decreased rate of cell proliferation 
THUS: young bone age; plus ���� 
DECREASED LINEAR GROWTH 

CHUBBYNES

Thus: tertiary 
HYPOTHYROIDISM� 

Reduced fat mobilisation 
via lipolysis 
Reduced heart rate 
Reduced metabolic rate 
!! reduced adrenoceptor 
expression and activity !! 
THUS:   
Reduced attention 
Reduced alertness 

Reduced memory 
formation 
 

LETHARGY & 
WEAKNESS 

 

SHORT STATURE 

POOR SCHOOL 
PERFORMANCE 

 

Tissues in general: 
DECREASED RATE OF DNA & RNA 
SYNTEHSIS and thus 
REDUCED RATE OF MITOSIS 
Therefore: 

REDUCED TISSUE 
GROWTH and ORGAN SIZE 

Both sexes: 
Reduced 
secretion of 
TESTOSTERONE 

MALE: 
Cant produce 
normal sperm 

FEMALE: 
Cant ovulate 
 

No androgens except what the 
maturing adrenals can 
produce (weak androgens, 
“gonadocorticoids”)  

THUS ���� NO PUBERTY 
 

NO PUBIC HAIR 
TINY USELESS TESTES 
NO CHANGE IN VOICE 
NO SEXY MAN-STINK 
(hypothetically,  no pheromones) 

MICROADENOMA: 
Incomplete filling of the 
sella; therefore no tell-tale 
neuro signs  

MACROADENOMA: 
Over 10mm���� 
Compression of the 
suprasellar diaphragm and 
OPTIC CHIASM:  

BITEMPORAL 
HEMIANOPIA 
 

TUMOUR > 1.5cm 
� mass effects cause 
headache (increase in 
pressure by 20mmHg is 
enough to cause headache by 
compressing soft venous walls 
 

LOCAL INVASION: 
� into the cavernous sinus:  
THUS � cranial nerve signs 
 
� into hypothalamus 
THUS � autonomic dysf(n) 
 
� through the wall of the 3rd ventr. 

THUS � hydrocephalus 
 

Tumour Necrosis and Calcification 
Due to disruption of blood-brain barrier and tissue necrosis (as 
the tumour chokes its own blood supply) the shreds of 
decomposing proteins bind calcium and become consolidated 
into calcified masses. Which looks lovely on CT or X-ray 
 



Investigating Cushings Disease         
So, on the basis of your history and exam you suspect Cushings disease, and the 
patient is not taking exogenous steroids. So where is that cortisol coming from? 
…Its either 

- CRH-releasing hypothalamic tumour  (VERY RARE) 
- ACTH-secreting pituitary tumour  
- ACTH-secreting ectopic focus eg. small cell lung cancer 
- Adrenal cortisol-secreting tumour 
 

FIRST: you need to prove that there is an excess of cortisol  

24 hr urinary free cortisol will demonstrate hypercortisolaemia 
  Generally you’d expect about 4 times elevation, for a symptomatic textbook case of Cushings. 

  Ok, so the CORTISOL IS HIGH. Is it DISREGULATED AS WELL?  

Overnight Dex Suppression Test:  
take 1mg of Dex at 11pm. Test cortisol the next morning. 
Dex should suppress both ACTH and cortisol by sunrise. 
LOW CORTISOL? = healthy person.   
HIGH AS EVER? =  feedback loop has broken down; its Cushings. 

 

 
SO WHERE IS THIS UNRULY CORTISOL COMING FROM? 

Serum ACTH assay:  
 - if ACTH is very low and the cortisol is very high, it means there 
 must be something wrong with the adrenals. The negative inhibition 
loop is working, and the pituitary has responded to the high cortisol. 
So its not the pituitary’s fault. 

 THUS: NOW CT-SCAN THE ABDOMEN FOR ADRENAL ADENOMA. 
  

if ACTH is high, its probably responsible for the high cortisol.  
It should be low because of negative inhibition-  
- so if ACTH very high and cortisol is very high, the ACTH is to blame. 

THUS: LOOK FOR SOURCE OF ACTH. 
HINT: its either pituitary or ectopic. So WHICH IS IT? 
 

Inferior Petrosal Sinus Sampling: 
Stimulate ACTH secretion with sheep CRH, and take two samples: 
a peripheral ACTH count and a inf. petrosal sinus ACTH count. 
IF ACTH IS ECTOPIC: the two tests will be the same. 
IF ACTH is from the PITUTARY, the IPS sample will be higher. 

 

 Pituitary cause: do MRI of sella turcica, refer ����neurosurgeon 

Ectopic ACTH:  numerous CTs and uptake scans. May take years 
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Alcoholism and Hepatitis   Alcoholism and Hepatitis   Alcoholism and Hepatitis   Alcoholism and Hepatitis                                    

History of Presenting Illness          

- Anorexia  
- Nausea and Vomiting  
- Weight loss  
- Fever  
- Generalized Abdominal Pain 

 
ASK ABOUT:      

- Tattoos 
- Blood trasnfusions 
- Needlestick injury 
- Injecting drug use 
- Sexual practices 
- recent contacts 
- Travel 
- MEDICATIONS ( see below) 

Differential Diagnoses            
Nonalcoholic steatohepatitis (NASH) 
Drug-induced liver disease  
(valproic acid, tetracycline,  
antiviral agents such as zidovudine) 
Viral hepatitis 

Examination              
- Tender Hepatomegaly (80-90% of cases)  
- Jaundice  
- Ascites  
- Splenomegaly  

- Spider naevi 
Epidemiology              
Alcoholic Hepatitis seen in 33% of chronic alcoholics  

 
 
 
 
 

JAUNDICE 

- The eyes are first to go. 
ASK ABOUT THE COLOUR OF URINE AND STOOL: 
 
JAUNDICE WITHOUT DARK URINE OR PALE STOOL 

means HAEMOLYSIS (unconjugated bilirubin released 
@ circulation, thus not water soluble and cannot be 
excreted by kidneys) 
 
JAUNDICE WITH DARK URINE AND PALE STOOLS 
means OBSTRUCTIVE JAUNDICE 

 Acute fatty liver of pregnancy 
Metabolic liver disease and inborn 
errors of metabolism 
Reye syndrome 
Congestive Heart failure 
 

- Malaise 
- Diarrhoea 
- Ankle swelling 
- Abdomen distension 
 

- Yellow eyes 
- Itching 
- Bruising 
- Black tarry stools 
-   

Acute fatty liver of pregnancy 
Metabolic liver disease and inborn 
errors of metabolism 
Reye syndrome 
Congestive Heart failure 
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Tests and Investigations          
FBC + blood microscopy: 

looking for macrocytic anaemia of alcoholism 

alpha-fetoprotein: very specific marker of hepatocellular carcinoma 
LIVER FUNCTION TESTS: 

ALT= the necrosis enzyme 
AST = alcoholic heptitis enzyme 
SAP/ALP = cholestasis enzymes (with GGT)                      
GGT =induceable acoholism enzyme 
Bilirubin: 
 Conjugated = hemolysis or liver dysfunction 
 Unconjugated = biliary obstruction or liver failure 
SERUM ALBUMIN � will be low; trying to explain ascites 
PROTHROMBIN Time ���� low due to  reduced rate of cloting factor synthesis 
Thiamine =low mainly due to malnutrition 
RBC Folate (alcohol inhibits the gut tranbsporter of folate)  
HEPATITIS VIRUS SEROLOGY: 

HBsAg -earliest ACUTE marker, may persist chronically 
HBeAg -ACTIVE INFECTION, virus is replicating (25% don’t have this) 
HBV DNA 

Ascites Fluid Aspiration: Looking for malignant cells 
Abdominal ultrasound 

Looking for cysts, focal lesions, biliary tree stones etc.  

Abdominal CT scan 
Looking for masses, enlarged lymph nodes, vascular malformations 

Liver Biopsy: only way to objectively diagnose alcoholic liver disease 
 
MANAGEMENT:            
Limit progression to cirrhosis: 

 Stop drinking. 
 Antiviral drugs: 

- nucleoside analogue lamivudine for hepatitis B  
- interferon-alpha plus ribavirin for hepatitis C 

 Immune suppression may work for autoimmune disease 
 Control lipid vitamin deficiencies: A, D, E, K 
 For ascites: 

- salt restriction, 
- aldosterone antagonist (first choice)  
- loop diuretic (second choice) diuretics  

control variceal bleeding  
by means of endoscopic surgery (banding or adrenaline injection) 

by reducing portal pressure pharmacologically  
(eg by somatostatin analogues (octreotide) and b-adrenergic blocking agents).  

Screen for hepatocellular carcinoma 
 
LOOK FOR LIVER TRANSPLANT DONOR 
Survival rates are about 80% in adults and 90% in children 

 

 AST to ALT ratio = 2:1 
 



An Occupational Hazard              7.10 by Eleanor Curtin 

 
Problem summary  Seok Kim is a 52-year-old importer. He migrated to Australia with his family from 

Korea in 1995.Mr Kim has noticed dark urine and yellow eyes for the past three 
weeks. For about three months he has noticed a poor appetite and decreasing 
energy . He is known to have a history heavy alcohol intake and hypertension. He 
has a past history of hepatitis. There is no history of blood transfusion, tattoos or 
injecting drug use but his mother had liver disease. 

 
Diagnosis & defn PROLONGED ALCOHOL INTAKE and infection with HEPATITIS B VIRUS 

resulted in damage to the liver parenchyma, inflammation, fatty infiltration and 
cirrhosis. 

 

Hepatitis B Virus 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DEFINITION 
A. Hepadna virus  
B. Small double-stranded DNA genome, viral DNA polymerase (DNAP) 
C. envelope (SURFACE), protein coat (CORE) 
Incubation: 1-5 months (~ 2m) 
Transmission:  blood**, vertical**, sexual*, saliva     
Replication: @ HEPATOCYTE, salivary glands, pancreas, testis 
(1) ATTACHMENT: unknown receptor 
(2) UNCOATING: core released, DNAP makes DNA circular - CCC DNA (covalently closed circular DNA) 
(3) NUCLEUS ENTRY: CCC DNA  very stable → PERSISTS for life of cell, may also integrate in host DNA 
(4) VIRAL PROTEIN SYNTHESIS:  

 ENVELOPE  encodes surface antigen   HBsAg 
 CAPSID  encodes core antigen    HBcAg  (not found in blood) 
    encodes circulating peptide  HBeAg 
Host response: THIS CAUSES THE MOST DAMAGE!!!! 
A. Innate immune response INDUCES APOPTOSIS to clear infxd cells. 
T-CELL MEDIATED RESPONSE: HBcAg induces cytotoxic Tcell response → FIBROSIS (worse with alcohol) 
***if impaired T-cell immunity → less damage to liver but virus never clears & higher cancer risk (high level replication) 
B. three antibodies: anti-HBs, anti-HBc, anti-HBe. 
Durable & highly infectious 
Stable to temperature, dryness, anti-septics 
Inactivated by: glutaraldehyde, formulin, urea 

INITIAL ACUTE PHASE   LATER ACUTE 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
CHILDHOOD INFXN → ASYMPTOMATIC → flares in adulthood → SEVERE CHRONIC LIVER DISEASE (high prevalence pattern) 
ADULT / OLDER CHILD INFXN → ACUTE HEPATITIS →RECOVERY (low prevalence pattern) 
 

HPI ~~MOSTLY ASYMPTOMATIC 

A. TYPICAL ACUTE INFXN 
a. FATIGUE, HEADACHE  
b. FEVER (low grade) 

B. GIT  a. NAUSEA 
 b. ANOREXIA 
 c. DISTASTE FOR CIGS 
 d. DIARRHOEA 
C. ABDO PAIN (right upper quad)  
→peritoneum stretches over big liver 
 
PHYS EXAM 
A. TENDER LIVER 
B. CERVICAL LYMPH NODES 
C. SPLENOMEG (esp. children) 

D. “SERUM SICKNESS ∆”         (10%) 
     circulating Ag-Ab complexes deposited 

 a. ARTHRALGIA 
 b. RASH 
 c. FEVER 

A. GIT RESOLVES 

A. JAUNDICE → SCLERAL 
  → DARK URINE 
       (advancing) → PALE STOOLS 
  → PALPABLE LIVER 

 
3-6 

WEEKS 

RESOLUTION 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EPIDEMIOLOGY 
PREVALENCE:  
Persistent HBV ~ 300 million worldwide 
-ENDEMIC sub-Saharan Africa, China, SE Asia 
(different viral genotypes) 

→vertical transmission (at birth) 
 →chronic liver disease 5-20% 
acute hep B rare, 10-20% adults are carriers, 
most non-carriers are immune 
-LOW prev: →acute hepatitis 
  →sexual transmission, IV drugs 
-AUSTRALIA: 1-2% carriers 

HISTORY 
RISK FACTORS 
A. IV drug user 
B. HOMOSEXUAL (male) 
C. CLOSE CONTACT with infxd individuals 
 1. mother 
 2. regular sexual partners 
D. HAEMODIALYSIS 
E. HEALTHCARE worker 
F. TRAVEL 1. Asia 
  2. Pacific Islands 
  3. Eskimo 
  4. India 
  5. Sub-Saharan Africa 

 6. Haiti  
G. TATTOO’S / ACUPUNCTURE 
 

DIFFERENTIAL DIAGNOSES 

A. ALCOHOLIC HEPATITIS 
B. MEDICATIONS 
C. ISCHAEMIA 
D. BILIARY TRACT ∆ 

DIAGNOSIS 
A. SEROLOGY - !!GOLD STANDARD!! 
Antigens: 
HBsAg -earliest ACUTE marker, may persist chronically 
HBeAg -ACTIVE INFECTION, virus is replicating (25% don’t have this) 
HBV DNA 
DNA polymerase 
Antibodies: 
HBsAb -previous Hep B INFECTION + IMMUNITY 
          or VACCINATION + IMMUNITY 
HBcAb -CONVALESCENCE: core window as surface Ag cleared by surface Ab 
HBeAb -earliest Ab, LOW INFECTIVITY: predicts Hep B resolution 
LIVER FUNCTION TESTS 
* ALBUMIN normal 
* BILIRUBIN-URIA early →perists to convalescence 

FBC 
*WCC high 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ACUTE HEPATITIS 

IMMUNE RESPONSE CAUSES CELL DAMAGE!! (immuno-suppressed & neonates →asymptomatic infection) 

a. immune response against viral Ag’s damages virus-infxd hepatocytes 
A. cytotoxic T-cells react to virus Ag’s or virus-modified cell membrane Ag’s → CELL LYSIS 
B. antibody-dependent cytoxicity → circulating immune complexes containing viral Ag’s and Ab’s can cause POLYARTHRITIS, VASCULITIS, 
GLOMERULO-NEPHRITIS 

b. strength of immune response determines clinical expression 
PROMPT response  → cell injury & virus clearance – ACUTE HEPATITIS 
ACCELERATED & EXCESSIVE response → fulminant liver necrosis → total clearance – FULMINANT HEPATITIS 
WEAK response →persistence of antigenic hepatocytes →continued low-level destruxn – CHRONIC HEPATITIS 
FAILED response →virus perpetuates, no liver damage – CARRIER STATE 
  

INCUBATION 

DNA Viral replication 
ACUTE –preicteric 

Immune response causing liver cell 
destruction 

 ACUTE –icteric  
Bile canaliculi obstruction & 
damage → cholestasis 

CONVALESCENCE 
Viral replication stops, LIVER 
architecture restores, 
inflammatory exudate clears 

asymptomatic usually mild illness 
SYMPTOMS 

→ malaise, nausea, anorexia 
→ “serum sickness” 
PHYS EXAM 

→ tender LIVER 

Non-specific symptoms intensify 
(or cessation = “anicteric”) 

→high fever, chills, headache 
→abdo pain 
 

→ big, tender LIVER 
→ jaundice 
→ pale stools (cholestasis) 
→ pruritis (bile salt irritation) 

Clinical & chemical recovery in 12-
16wks 

 
 
 
(late stage) HBsAg  

↑ ALT, AST 
 
 
early acute markers HBsAg, HBeAg 

↑ Bilirubin (conjugated) 
   → serum 
   → urine DARK 
 

as acute phase ends, HBcAb 
rises and e Ag falls 

 
 
 
(1) HBcAb (2)HBeAb 
(3)HBsAb (gives immunity) 
antigens no longer detectable 

 

 
ACUTE HEP B – LIVER (gross) 
A. NECROSIS, LOBULE COLLAPSE 
(pale yellow areas) 

 
ACUTE HEP B – LIVER  (micro) 

 

Ballooning 
degeneration 

Councilman 
body 

 
ACUTE HEP B – LIVER (low power)  
A. portal MONONUCLEAR INFLAMM EXUDATE: 
limited to hepatocyte plate – “PIECEMEAL NECROSIS” 

HISTOLOGY – ACUTE HEPATITIS 
GROSS 
A. enlarged 
B. pigmented: red, greenish (if cholestasis) 
MICRO 

A. CELL INJURY – lobular disarray 
 BALLOON DEGENERATION: cytoplasm swelling (E.R., MITO ) 

B. NECROSIS – single cells / sml clusters 
 (1) Cytolysis: cells “disappear” from framework 
 (2) Apoptosis: condensation & fragmentation → COUNCILMAN BODIES 

C. INFLAMMATORY ∆’S 
 (1) KUPFFER CELL HYPERTROPHY  

 (2) MONONUCLEAR INFLAMMATORY INFILTRATE  from portal region 
D. BILE DROPLETS 
 @ ballooned cells, Kupffer cells, within canaliculi 

E. REGENERATION (in recovery phase) 
 (1) nuclei enlargement & mitosis 
 (2) hepatocyte plates 2 cells thick 
       
  

NORMAL LIVER 

Portal tract 

Central vein 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FULMINANT HEPATITIS (1-4%) 

MASSIVE LIVER NECROSIS 

Can supervene any type of hepatitis, often kills the patient 
Acute hepatitis deteriorates within TWO WEEKS of symptom onset 
A. LIVER FAILURE: coagulopathy 
B. ENCEPHALOPATHY 
(submassive necrosis lasts several months, same outcome) 
PROGNOSIS – 70-90% mortality 
       – if you survive, life is good! 

A. lifelong immunity 
B. no liver damage 
C. not carriers  

HISTOLOGY – GROSS 
  Shrunken, red, soft, flabby 
      – MICRO 
  A. liver cells almost all gone 
  B. little inflammation 
CARRIER STATE 

CHRONIC INFXN, INFECTIOUS 
Clinically either ASYMPTOMATIC or CHRONIC HEPATITIS→ 
VERTICAL TRANSMISSION responsible for high carrier rates 
(transplacental / perinatal). Persistence of virus in infxd infants 
suggests TOLERANCE produced by early exposure. 
DIAGNOSIS: HBsAg, ↑AST, ALT (detects early stage disease) 
HISTOLOGY of “asymptomatic carrier” 

 - GROUND GLASS hepatocytes 
Cytoplasm filled with HBsAg particles 

 

CHRONIC HEPATITIS 

LASTS LONGER THAN 6 MONTHS 
Weak immune response. HB X antigen incorporated into host 
genome allowing chronic infxn and expresses oncogene 
inactivating p53. 
NON-VIRAL CAUSES:  
a.DRUGS (methotrexate) & ALCOHOL 
b.AUTO-IMMUNE ∆  

→ WILSON’S ∆ – Cu overload 

→ HAEMOCHROMATOSIS – Fe overload 

→ α-1 ANTI-TRYPSIN defic 
ONSET  A. follows ACUTE or  

B. develop independently INSIDIOUS ONSET 
DIAGNOSIS 
All antigen markers + anti-HBc – but NO anti-HBe 
HIGH RISK GROUP 
→ male   → renal dialysis 
→ very young & elderly → Down’s ∆ 
→ immunodeficient 
2 COURSES either- 
A. BETTER - persistent hepatitis with little damage 
a. usually ASYMPTOMATIC 
b. maybe episodic MALAISE, ANOREXIA, NAUSEA 
c. ↑ LIVER ENZYMES 

HISTO: LIMITING PLATE PRESERVED 
 (row of cells adj to portal tract) 

A. INFLAMMATION +/- necrosis  
B. OMINOUS - chronic ACTIVE hep with progressive liver 
destruxn →CIRRHOSIS → liver failure → death 
variable presentation, either- 
a. asymptomatic 
b. PERSISTENCE of acute symptoms 
c. CIRRHOSIS 
unpredictable course – can improve or deteriorate 
***HEPATOCELLULAR CARCINOMA risk*** 

HISTO: A. INFLAMMATORY infiltrate, portal region 
       Spill-over into parenchyma 

  B. NECROSIS despite regeneration 

      “drop out necrosis” ** high mortality 

  D. FIBROSIS - PORTAL 
      [a] STELLATE CELLS – collagen deposition 

MANAGEMENT 
HEP B VACCINE: recombinant HBsAg. Effective & affordable 
→ WHO policy to provide neo-natal vax 
ANTI-VIRAL DRUGS limited success, resistant virus common 
A. LAMIVUDINE: targets viral enzyme (reverse trasncriptase) 
B. PEGYLATED IFN: mimics innate immune response 
LIVER TRANSPLANT 
Reinfection from extra-hepatic reservoir → prevention with 
HepB specific Ig + lamivudine 
Acute support 
→ BED-REST until signs & symptoms disappeared 
→ DRUG AVOIDANCE until recovery (incl alcohol, OCP) 
 

COMPLICATIONS 

PROGNOSIS –acute hepatitis 

Low mortality ~0.5% 
Higher if 
 → over-60’s  
 → other serious disease 
 → hep E in pregnancy 



Alcoholic Liver Disease 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 ALCOHOL METABOLISM @ LIVER 

 ABSORPTION 
 @ STOMACH: some metabolized here (first pass metabolism) 
 **bulk of Alcohol metabolism @ LIVER but also @ STOMACH: fasting increases gastric    
 emptying, decreases first pass metabolism, gets into blood quicker. 
 @ PROX INTESTINE 
 2 MAIN METABOLIC PATHWAYS @ LIVER CELL 

 BOTH OXIDIZE ETHANOL TO PRODUCE TOXIC ACETALDEHYDE 

 (1) ADH-mediated (MAJOR PATHWAY – STANDARD) 
 
 
 
 
 
 

 EXCESS H+ IONS produced → impairs FATTY ACID [o] → FFA’s accumulate 

 → esterified to 3-GLY’s → FATTY CHANGE (REVERSIBLE) 

 enhanced by FATTY DIET (↑ flux FFA’s to LIVER), LIVER DISEASE (impaired   
 lipoprotein synth) 

(2) MEOS & CYP2E1 (INDUCED BY CHRONIC DRINKING) 
 

 
 
 
 
 

MEOS – microsomal ethanol-oxidising system. Involves cytochrome P450 2E1 
(key enzyme in alcohol toxicity).  INDUCIBLE ENZYME →thus the more you drink, 
the more you produce, the more damage it causes 

a)OXYGEN RADICALS produced→lipid peroxidation→cell membrane damage 
b)chronic alcohol UPREGULATES  P4502E1→other metabolic actions 
upregulated (with toxic products) –thus, toxicity of certain drugs & chemicals is 
greater 
How does ACETALDEHYDE cause problems? 
A. MITOCHONDRIA DAMAGE – impaired cellular respiration 

B. IMPAIRED MICROTUBULAR CELL TRANSPORT 
C. protein-acetaldehyde ADDUCTS → immunogenic! 

→ Incite B-cell & cytotoxic T-cell response  
→ Associated with COLLAGEN DEPOSITION in ALD (fibrosis pathogenesis) 

D. OXIDATIVE STRESS: cell membrane damage, fat can’t exit →fatty accumulation   
→enhanced free radical activity 
→lipid peroxidation 

 **P4502E1 contributes directly to this damage 
GLUTATHIONE (GSH) = Major cellular anti-oxidant @ LIVER, decreased 
with chronic alcohol exposure 

E. ↑ CYTOKINE RELEASE (TNF, TGF-β) from KUPFFER CELLS 

HEPATITIS 
A. ADDUCTS incite immune response 
B. ↑ENDOTOXIN = a LPS (lipopolysaccharide) found in wall of gram –‘ve bacteria.  
High levels in ALD (increased gut bacteria?)  
- induces ↑ TNF-α → apoptosis / necrosis of hepatocyte 
C. N-PHIL & MONONUCLEAR INFILTRATE 

CIRRHOSIS 
A. FIBROSIS STARTS AROUND CENTRAL VV (home of P4502E1 →major site of 
oxidative stress) STELLATE (ITO) CELLS → COLLAGEN deposition 
B. NODULES: hepatocyte regeneration confined with FIBROUS BANDS →disrupts 
vasculature and bile channels (twists & squashes) 
→ PORTAL HT 

 

Ethanol 
 

Acetaldehyde 
 

Acetate ADH ALDH 

       

                        NAD      NADH                                    NAD     NADH 
 

@ CYTOPLASM 
 

@ MITOCHONDRIA 

ADH-alcohol 
dehydrogenase 
ALDH-aldehyde 
dehydrogenase 

 

Ethanol 
 

Acetaldehyde 

 

CYP2E1 
@ Endoplasmic 
     Reticulum 

(centrilobular) 
NADP NADPH 

 
(1) FATTY CHANGE 

damaged hepatocytes take up FATTY ACIDS, 
convert to 3-GLY’s but ↓ lipoprotein synth 
prevents exit → FAT ACCUMULATION 
 

(2) ALCOHOLIC HEPATITIS 
-INFLAMM. INFILTRATE – lymphocytes (top R) 
-HEPATOCYTE NECROSIS 
-COLLAGEN deposition 
 

 (3) CIRRHOSIS 
-NODULE FORMATION: hepatocyte regeneration 
confined within FIBROUS CT BANDS 
 

  !! MOST COMMON CAUSE OF LIVER DISEASE IN WESTERN SOCIETIES!! 

AETIOLOGY – who is at risk? 
ALCOHOL TOXICITY DEPENDS ON HOST 
RESPONSE – no dose response, unpredictable 
A. HAZARDOUS DRINKING 
Yet only 10% alcoholics develop cirrhosis!! 
>60g / day -male 
>30g / day -female 
(without 2 alcohol free days) 
B. FEMALE:  
A. ↓body weight  ↑ fat content 
B. smaller 1

st
 pass metabolism (less able to metabolize 

alcohol in gastric mucosa →more delivered to blood) 
C. NUTRITION 
High sat fats & low carbo diet 
D. OTHER LIVER INSULTS: co-toxins, drugs, disease 
E. ORIENTAL ETHNICITY 
Inactive ALDEHYDE DEHYDROGENASE 
→accumulation of toxic ACETALDEHYDE 

CIRRHOSIS – micronodular 
(gross) 

Stellate cells produce 
collagen & ECM 

PDGF – Stellate cell growth factor 
TGF β – for ECM production 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TREATMENT 

SYMPTOMATIC & SUPPORTIVE 
A. STOP ALCOHOL →beat craving with naltrexone 
B. NUTRITION: B12, protein control etc. 
C. PREDNISALONE (severe hepatitis) 
D. BLOCK TNF with PENTOXYFILLINE 

DIAGNOSIS 

A. HISTORY 
B. MACROCYTOSIS: vit B12 deficiency 

C. LFTS:  AST > ALT 

  high GGT 

PROGNOSIS 

A. FATTY LIVER: disappears after 3 months abstinence 
B. HEPATITIS: one third die in acute phase (esp if poor 
liver function), if keep drinking… 
C. CIRRHOSIS:  
(only 10% alcoholics get this) 
→serious complications : ascites, varices 
→if keep drinking: 35% survive 5y 
→if quit: 70% survive beyond 5y 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LIVER: ANATOMY 
 

SITUATION: upper abdo (R) cavity, 
inside thoracic cage but midline covered by 
abdo mm. 

SURFACES: 
Diaphragmatic 
A. SUPERIOR: peritoneum covering, 
DIAPHRAGM above, FALCIFORM 
LIGAMENT divides into R & L lobes. 
B. POSTERIOR: R lobe connects to 
DIAPHRAGM via CORONARY LIGAMENT 
(folds of peritoneum, in between is the 
BARE AREA: direct contact with 
diaphragm). Behind are R ADRENAL, IVC, 
AORTA, OESOPHAGUS. 
C. ANTERIOR: contact with DIAPHRAGM, 
ANT ABDO WALL.  
D. RIGHT 

Visceral 
!!H-SHAPED!! UPRIGHTS: fissures for 
ligamentum venosum & teres (L), fossae 
for IVC, GALL BLADDER (L). CROSSBAR: 
porta hepatis. Contacts OESOPH, 
STOMACH, DUO, TRANSVERSE COLON, 
R COLIC FLEX, R KIDNEY, ADRENAL, 
GALL BLADDER.  

LIGAMENTS: (mostly deflections of 

peritoneum) 
A. FALCIFORM: attaches to DIAPHRAGM 
and UMBILICUS, divides into RIGHT & LEFT 
LOBES 
B. TRIANGULAR:continuous with- 
C. CORONARY: attaches POSTERIOR 
surface to DIAPHRAGM 
D. ROUND: remnant of left umbilical vein, 
enclosed by inferior FALCIFORM LIGAMENT 

LOBES: 
A. LEFT (sml) & RIGHT (big): separated by 
FALCIFORM (anterior) & FISSURES 
(visceral). FUNCTIONAL LOBES: divided by 
line betw fossae for GALLBLADDER and 
IVC. Separate blood supply & bile drainage.  
B. QUADRATE & CAUDATE 

BLOOD SUPPLY ~~ DUAL SUPPLY~~ highly vascularized, easily ruptured (1.5L blood/min) 

OXY-blood  

DEOXY-blood & 
digestion prods 
from GIT,  
RBC breakdown 
prods from 
SPLEEN (for bile 
pigments) 

    R 

  Cystic A. 
    GALL-
BLADDER 

   
 
 PORTA         PORTA 

 HEPATIS  sinusoids   HEPATIS 

LUNGS 

STOMACH 

SPLEEN 

PANCREAS/ 
DUODENUM 

SML INTEST 

COLON 

 AORTA    coeliac 

      R, L Gastric veins 

 R,L Gastroepiploic vv 

Pancreatico-duodenal v 

 Sup mesenteric vein 

    Inf mesenteric vein 

Proper hepatic A 
        (30%) 

 
 
   Portal vein 
        (70%) 

 

 Hepatic vv   IVC 

  BILE DUCTS 

HEPATIC 
TRIAD: travel 
throughout 
liver together  

    

        Lymphatic vessels thoracic 
   duct 

       Common hepatic duct 

 
Visceral surface 

THE LOBULE: the functional unit 

 
 = hexagonal unit, 1mm diameter. 

BLOOD FLOW:  
At each corner of hexagon = HEPATIC TRIAD 
At centre = CENTRAL VEIN 
Blood flows from triad → mixed in SINUSOIDS (large, leaky 
capillaries) → drains thru central vein → hepatic veins → 
IVC 
**Cells near central vein most vulnerable to O2 depletion 
**Cells near portal triad most vulnerable to poisons  
SINUSOIDS: 
DISCONTINUOUS (leaky) EPITHELIUM lined with 
MPHAGES (KUPFFER CELLS): remove debris and old 
RBC’s 
**beneath endothelium = PERISINUSOIDAL SPACE (of 
Disse) 
→drains interstitial fluid: much of body’s lymph 
→site of HAEMATOPOIESIS for anaemics, foetus. 
BILE FLOW: 
Sheets of HEPATOCYTES (1 cell thick) radiate from central 
vein = PARENCHYMA. Bile made in hepatocytes →secreted 
into BILE CANALICULI (betw h-cytes) →drain to PORTAL 
TRIAD DUCTS 
BLOOD & BILE TRAVEL OPPOSITE DIRECTIONS!!! 

 

Bile duct 

Portal V 

Disse space 

      Bile caniculus 
betw hepatocytes 

  hepatocyte 

           Hepatic    
         sinusoids 

fenestrae 

 
Kupffer  
  cell 

Central   
  vein 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SML 
INTESTINE 

BILE 
CHANNELS 

HEP-CYTE PLASMA MACROPHAGES 
@ LIVER, SPLEEN 

LIVER FUNCTION 

A. KUPFFER CELLS (2%) 
-reticular endothelial MACROPHAGE 
-endocytosis: Ag-Ab, toxins, microparticles 
-killer function: release superoxide 
-TNF-α release 
B. ENDOTHELIAL CELLS (3%) 
-barrier 
-endocytosis: receptor-mediated (lipids) 
-pinocytosis possible  
-FENESTRATED = PERMEABLE!!! 
LIVER = MAJOR PRODUCER OF BODY PROTEINS 
-standard fns (eg factor VIII synth) 
C. ITO CELLS (1.5%) 
-FAT STORAGE 
-vit A storage 
-contractile: can adjust blood flow in response to  
local immune events 
D. PIT CELLS (<1%) 
-NATURAL KILLER CELLS 
E. HEPATOCYTES  
REGENERATE!!! 
(1)  METABOLISM: carbo’s, lipids, proteins & AA’s 
(2)  ACID-BASE balance 
(3)  HORMONE activation & inactivation 
(4)  DETOX & EXCRETION 
 endogenous: BILIRUBIN 
 exogenous: DRUGS 
(5)  PLASMA PROTEIN production 
(6)  BILE SALTS 
(7)  BILE 
(8)  VITAMIN, MINERALS storage 
(9)  ??ENDOCRINE role 
 

METABOLISM 

CARBOHYDRATE 

LIVER KEEPS BLOOD GLUCOSE STABLE: hormonal triggers 
A. If low (<4-5mmol) GLUCAGON  
→ GLUCOSE RELEASE from glycogen stores 
GLYCOGEN → Glucose-6-phosphate →(G-6-p-ase)→ GLUCOSE 
→ GLUCONEOGENESIS from AA’s & glycerol when glycogen used up 
B. if high (>5mmol) INSULIN  
→ GLYCONEOGENESIS: stores as glycogen 
(all monosaccharides converted to glycogen) 
GLUCOSE →(hexokinase)→ Glucose-6-phosphate → GLYCOGEN 
→ LIPOGENESIS: excess glucose stored as fat 
GLUCOSE → glycolysis → ACETYL CoA → diverted to FATTY ACID synth  

        instead of Krebs cycle 
        =LONG-CHAIN FATTY ACIDS 

LCFA’s → 3-GLY’S → transported as VLDL’s to ADIPOSE TISSUE for storage 
C. LACTATE DISPOSAL 
Taken up from RBC, WHITE MUSCLE metabolism → oxidised / converted to glucose 

FATS 
LIVER IS MAIN PLAYER IN FAT METABOLISM 
A. when more energy needed, 
→ FAT BREAKDOWN = β oxidation @ MITOCHONDRIA: 
FATTY ACIDS → acetyl CoA  → krebs or (if glucose sparing)        
   → KETONE BODIES & CHOLESTEROL 
(ketones diffuse into blood, providing alternative fuel for tissues) 
B. if XS carbo’s AA’s 
→ LIPOGENESIS: fat storage 
C. CHOLESTEROL METABOLISM 
SATURATED FA’s love cholesterol: enhance synthesis, inhibit excretion from body 
UNSAT FA’s healthy: enhance catabolism and excretion 
CHOLESTEROL  → BILE SALTS → excreted in BILE 
  → STEROIDS 
D. LIPOPROTEIN SYNTHESIS 
Contain 3-GLY’S, PHOSPHOLIPIDS, CHOLESTEROL, PROTEIN. Function as 
transporters: (1) make hydrophobic lipids soluble (2) docking signals for target cells 
VLDL → ADIPOSE TISSUE (once 3-GLY’s unloaded, VLDL→LDL) 
LDL →cholesterol to PERIPH TISSUE 
HDL →XS cholesterol @ PERIPH TISSUE → LIVER → BILE 

PROTEIN 

MOST VITAL ROLE OF LIVER, ~all significant proteins made @ LIVER  
A. ESSENTIAL PROTEIN SYNTH 
A. ***ALBUMIN*** 
B. COAGULATION FACTORS: exc VIII –@ ENDOTHELIUM 
C. TRANSPORT PROTEINS: dfx can affect nutrient absorption eg. Fe++ 
D. ACUTE PHASE REACTANTS: released at inflammation 
E. INHIBITORS OF INFLAMM & COAGULATION eg. α1-antitrypsin 
F. APO-LIPOPROTEINS 
B. AMINO ACID FUEL USE 
(1) TRANSAMINATION 
(2) OXIDATIVE DEAMINATION: NH2 removal for → KREBS  or 
     → GLUCONEOGENESIS 
C. RIDS AMMONIA 
Ammonia toxic to cells: from (1) deamination (2) pyrimidine breakdown 
AMMONIA (NH3) + CO2 → H20 + UREA → urine 

VITS / MINS STORAGE 

A. VITS A, (months) D, B12 (years) 
B. IRON  as FERRITIN (most stored here) 

BIOTRANSFORMATION & DETOX 

LIVER alters exogenous & endogenous CHEMICALS, 
FOREIGN MOLECS, HORMONES to make less toxic / active. 
Metabolism & Excretion. 

2 PHASES: 
PHASE I – addition of REACTIVE GP via REDOX rxns 
PHASE II – makes WATER SOLUBLE by adding POLAR GP  

   via CONJUGATION rxns 
**Transformations USUALLY PROTECTIVE but PHASE I 
CAN INCREASE TOXICITY when end-products become 
toxins.  
eg. Alcohol → acetaldehyde (mito damage) + H+ (fat acclm) 
 
 
 
 
 
 
 
 
 
 
 
 
 

BILIRUBIN – Haem breakdown product 

PROTECTIVE as anti-oxidant, also HARMFUL to 
NEURONES, therefore LIVER must dispose of it. 
A. UNCONJUGATED Br binds to Albumin in blood (soluble) 
B. undergoes Phase II → CONJUGATED Br (water soluble) 
C. DECONJUGATED by gut flora @ terminal ILEUM   
    → urobilinogen → urine 
Bilirubin = PIGMENT in BILE (brown), URINE (yellow)  

toxin Phase I 

Phase II 

Water soluble 
waste prods 

 

GALL 
BLADDER 

KIDNEY 

BILE 

Bowel 
actions 

Urine 

 

RBC 
destruxn 

 

Hb 

globin 

 

haem 
 

Biliverdin unconjug. 
Bilirubin 

AA pool 

+ albumin 
unconj. 
Bilirubin 

glucuronic 
acid 

Conj. 
Bilirubin 
excreted 
in BILE 

gut 
 flora 

urobilinogen 

 

urine 

 faeces 

iron 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LIVER FUNCTION TESTS → COLLECTIVE PATTERN IMPORTANT, individual tests often vary 

USE: disease progress (not cause, prognosis, liver function)  
SPECIMEN: serum sample 

ALT, AST (serum TRANSFERASES / TRANSAMINASES) 
Neither specific to LIVER but higher [ALT] there (constant low levels in plasma – 10x normal significant) 

@ CYTOPLASM & MITOCHONDRIA → leak out with cell damage. 
ALT: [alanine aminotransferase]  - MORE SPECIFIC FOR LIVER  
AST: [aspartate aminotransferase] 

HIGH [ALT], [AST] → NECROSIS of LIVER CELLS 
ALT > AST  → LIVER DISEASE 
AST > ALT  → ALCOHOLIC HEPATITIS (rarely 10xN) 

    → CHRONIC HEPATITIS @ Cirrhosis stage 

SAP, GGT (“Biliary Enzymes”) 
@ CELL MEMBRANES – Bile salts damage membranes in bile obstruction (cholestasis) 
NB/ increase much less with cell damage 
SAP: [Alkaline Phosphatase] : also @ BONE, INTESTINE, PLACENTA 
GGT: [Gamma-glutamyl transpeptidase) : everywhere but sensitive to LIVER 

HIGH [GGT], [SAP] → CHOLESTASIS 
     GGT may be normal EARLY in course of acute hepatocellular damage 

HIGH [GGT]  → ALCOHOL / DRUGS (eg. anti-convulsants) 
       Induce synthesis & release of enzymes in absence of disease 
     alcohol > 60g / d 
    → PANCREATITIS / PROSTATITIS 

SERUM BILIRUBIN 

HIGH   → A. increased production 
    → B. impaired uptake & conjugation @  hepatocyte  
    → C. impaired secretion into BILE 

 ↑ UNCONJUGATED → ↑ Bilirubin production 

  (no un-Br in urine as   - haemolysis 
   binds to Albumin)   - ineffxive erythropoiesis 

    → Conjugation prob @ LIVER 

→ Transport prob @ LIVER – Gilbert’s ∆ 

 ↑ CONJUGATED  → bile duct obstruction 
   (rare, c-Br in urine) 

ALBUMIN 

Specific: made only in LIVER 

 LOW  → chronic disease (long half-life 3-4 wks: no changes with acute disease) 

    A. ↓ synthesis @ LIVER 

    B. ↑ excretion @ KIDNEY 

    C. malnutrition 
    D. dilution due to ascites 

GLOBULINS 

( = total protein – albumin) 

 HIGH  → dysregulation of protein synth in liver disease 

   → ↑ immune cells? 

    IgA – alcoholic liver disease 
    IgM – 1° biliary cirrhosis 
    IgG – autoimmune hepatitis 

COAGULATION FACTORS 

LIVER makes all factors. Prothrombin Time (I, II, V, VII, X) = good indicator of acute liver disease since short half-life of factors 
(5-72h). 30% reduction in coags will increase PT. 
 PT prolonged → SEVERE LIVER DAMAGE 

   → PROLONGED BILE OBSTRUCTION 

        prevents fat absorption → ↓ VIT K absorption → vit-K dependent factors inactivated (TV) 

    **give Vit K suppts & repeat to distinguish 

OTHER TESTS 

↑↑↑↑ FERRITIN → A. haemochromatosis 

  → B. Alcoholic Liver disease 
Caeruloplasmin: copper-containing globulin, made @ LIVER 

serum LOW → Wilson’s ∆ 

   → LIVER fulminant failure / severe disease 

   → malabsorption 

 serum HIGH → inflammation 

   → neoplasm 

  → BILE obstruction 
α1-antitrypsin: made by LIVER, a protease inhibitor 

 serum LOW → LIVER / LUNG disease 
α-fetoprotein: made by FOETAL LIVER: falls after birth 

 sig HIGH → HEPATOCELLULAR CARCINOMA 

 

URINE BILIRUBIN 
NEGATIVE 

→ A. normal 

→ B. (if jaundice) unconjugated hyper- 

         bilirubinaemia: Albumin-bound 
POSITIVE 

→ conjugated hyperbilirubinaemia 

SEROLOGICAL TESTS 
Hep A (HAV) 
anti-HAV (of IgM type): acute infection (lasts 1-2wks post onset) 
 (of IgG type): lasts years, implies immunity 
Hep B (HBV)  - ACUTE 
HBsAg (surface Ag): acute infection (days-wks post onset) 
anti-HB: (antibody) previous infxn / vaccination (3-6months post infxn) 
anti-HBc (antibody to core Ag) acute (early marker, subsides & persists) 
HBeAg (e Ag): active replication in LIVER  (transient at onset) 
anti-Hbe: follows HBeAg 
  - CHRONIC 
HbsAg and anti-HBc (IgG) 

AUTOANTIBODIES 
IMAGING 

BIOPSY 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHRONIC LIVER DISEASE 
~~HEPATOCYTE DAMAGE~~ 
→ usually CHRONIC HEPATITIS 
CAUSES: 

A. ALCOHOL 
B. VIRUSES (hep B, C, D) 
C. DRUGS & TOXINS 

D. FATTY LIVER ∆ (NASH) → assoc with METABOLIC ∆ 
E. AUTOIMMUNE 
 -autoimmune chronic hepatitis:  

genetic, mostly female, associated with other AID, ↑↑↑↑ IgG & AUTO-ANTIBODIES 

 -Wilson’s ∆ – toxic Cu overload → CONSIDER IF UNKNOWN CAUSE OF LIVER DISEASE IN <40’s (childhood PX) 

autosomal recessive, abN Cu metabolism. Normal: absorbed @ stomach, sml intestine → LIVER stores & makes caeruloplasmin → into 

blood → excretion via bile. Failed: caeruloplasmin synth or bile excretion 
Affects LIVER (acute/chronic disease starts in childhood), BASAL GANGLIA (dementia late adolescence), EYES (KAYSER-FLEISCHER 
RINGS), KIDNEYS, SKELETON 

LOW SERUM CAERULOPLASMIN 
PENICILLAMINE = Cu-binding agent – GIVE ASAP, must produce Cu in urine 

-Haemachromatosis – toxic Fe overload    ~~ LEAD-GREY SKIN ~~ childhood PX 
Autosomal recessive, male 

Increased absorption of dietary Iron → portal fibrosis & cirrhosis. Affects LIVER (macronodular cirrhosis), PANCREATIC ISLETS 

(DIABETES), ENDOCRINE GLANDS, HEART (HEART FAILURE)   

↑ SERUM IRON  ↑↑↑↑ FERRITIN  ↑ IRON-BINDING CAPACITY, BIOPSY 
WEEKLY VENESECTION!! 

Prognosis: HEPATOCELLULLAR carcinoma (one third of ppl ± RX) 

-α-1 anti-trypsin deficiency → CIRRHOSIS IN CHILDREN 

α-1 antitrypsin = a protease inhibitor. LIVER fails to secrete into blood → necrosis, inflammation 

CHOLESTATIC JAUNDICE (neonates) ACUTE HEPATITIS (children) CIRRHOSIS (adults) 
LOW PLASMA α-1 AT 

 
CHRONIC CHOLESTATIC DISEASE 
~~BILIARY SYSTEM DAMAGE~~ 
injury to small intrahepatic ducts or larger bile ducts. Causes (1) PROLIFERATION of small ducts (2)HEPATOCYTE damage → CIRRHOSIS 
CAUSES: 
A. OBSTRUCTION: gallstones, cancer 
B. SURGERY 
C. DRUG REACTION 
 -Anti-psychotics – CHLORPROMAZINE 
 -Anti-biotics – FLUCLOXACILLIN, AUGMENTIN 
D. AUTOIMMUNE 
 -Primary biliary cirrhosis:  
 Chronic granulomatous inflammation damages intrahepatic bile ducts. Portal fibrosis spreads. Cirrhosis. 
 middle-aged WOMEN, PRURITIS & BIG LIVER (no abdo pain & fever of large bile duct obstruction) 

  anti-mitochondrial AUTOANTIBODIES, ↑↑↑↑ IgM,  ERCP BIOPSY 
 -Primary sclerosing cholangitis →→→→ ASSOC WITH INFLAMM BOWEL DISEASE (70%) 
 strictures & dilatation throughout LIVER 
  ERCP IMAGING of biliary system 
 

HEPATOCELLULAR CANCER  →→→→SUSPECT WHEN CIRRHOTICS START TO DETERIORATE 

→→Most common 1° liver malignancy 
CAUSES: 
CIRRHOSIS of any cause PREDIPOSES: especially HAEMOCHROMATOSIS and ALCOHOLIC CIRRHOSIS 
HISTO: 
-well-differentiated tumour cells (look like hepatocytes) 
-BILE SECRETION 
-spreads to regional lymph nodes, LUNGS, BONES 

MASSIVE α-FETOPROTEIN 
Bleak future – surgery only possible if tumour in one lobe + no cirrhosis, few survive beyond 1 year 
3 Mechanisms: 
A. CHRONIC NON-SPECIFIC INJURY + REGENERATION: predisposes to host oncogene [a] 
B. VIRAL ACTIVATION OF HOST ONCOGENES: upon integration into host genome 
C. VIRUS ONCOGENES: eg. HBX 
 

SECONDARY METASTASES 
→→→→ SUDDEN BIG LIVER + FEVER, WEIGHT LOSS, JAUNDICE 

from  (-4 step ladder) 

BRONCHUS       BREAST      ABDOMEN       PELVIS 
 

IMAGING & BIOPSY (LFT’s may be normal, ↑SAP, high protein ascites) 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LIVER FAILURE           7.10 
either ACUTE - massive hepatocyte destruction – VIRAL HEPATITIS, DRUGS (paracetamol), idiopathic 

or CHRONIC – CIRRHOSIS 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

 
 
 
 

CHRONIC 

Hepatocyte loss + portal HT 
A. PORTAL HT 
=increased pressure on PORTAL VEIN from blockage higher up: 

(1)  VARICES 
    FIBROSIS and REGENERATIVE NODULES squash vasculature.  
    Since flow can’t pass thru liver -- EXITS THE WAY IT CAME IN –  
    causing high pressure flow thru COLLATERAL veins @: 

a.    OESOPHAGUS 
b. ANT. ABDO WALL  (caput medusae) 
c. RECTAL VV   
d. VERTEBRAL VV 

 
 (2) SPLEEN → THRMBOCYTOPENIA 
 (3) ASCITES & OEDEMA (also ALBUMIN deficiency) 
  risk SPONTANEOUS BACTERIAL PERITONITIS 
B. GYNAECOMASTIA & hypogonadism 
 Impaired OESTROGEN breakdown 
C. WASTING & MALNUTRITION 
 Metabolic disturbances: ↓ gluconeogenesis 
D. PALMAR ERYTHEMA 
E. SPIDER NAEVI (upper body) 

 both from ↑ OESTROGEN 

in GENERAL… 
A. ENCEPHALOPATHY  ++ metabolic flap 
toxic METABOLITES now able to reach brain because  

(1) un-toxified blood shunted into systemic circulation  
(2) loss of detox function with hepatocyte death 

ATTENTION → BEHAVIOURAL → SLEEP → COMA 
NEUROLOGIC → RIGIDITY / SEIZURES 

B. JAUNDICE  
 Altered BILIRUBIN metabolism 
C. COAGULOPATHY 
 ↓ clotting factors 
D. LOW BP 
 

ACUTE 

Massive loss of hepatocytes causes: 

A. FEVER 

B. ACIDOSIS 

C. RENAL FAILURE 

     Mechanism unclear but evidence for DECREASED RENAL  
     BLOOD FLOW due to vasoconstriction from: 
     (1) gut flora endotoxins not cleared 
     (2) ↑ thomboxane A2 by platelets 
     (3) ↑ renin & aldosterone from effective ↓ blood volume 
(ascites) 
D. HAEMORRHAGE 
 

 

Liver necrosis 

BILIRUBIN FX 
 

↓ bilirubin metabolism 
      hyperbilirubinemia 
      jaundice 
↓ bile in GIT 
      pale stools 
↓ vit K absorption 
      bleeding 
↑ urobilinogen 
      dark urine 

PROTEIN metabolism 
↓ metabolism of proteins, carbos, 
fats 
 hypoglycaemia 
↓ plasma proteins 
 ascites & oedema 

 

Liver failure 

 

encephalopathy 
 

coma 
 

Death 

Liver 
inflammation 

 

pain 
 

fever 

 

Nausea, vomiting, 
anorexia 

 

fatigue 

↓ HORMONE metabolism 

↑ androgens & oestrogens 
      gynaecomastia 
      loss of body hair 
      menstrual dysfn 
      spider naevi 
      palmar erythema 
↑ ADH & aldosterone 
      oedema 

 

Liver fibrosis & scarring 

 

PORTAL 
HYPERTENSION 

-ascites 
-oedema 
-splenomegaly 
      anaemia 
      thrombocytopenia 
      leukopenia 
-varices 

BIOCHEMISTRY 

-↑ ASR, ALT 
-↑ SAP 
-↑ bilirubin 
-low albumin 
-↑ PT 

 

Hepatorenal failure 

Liver failure of CIRRHOSIS… 
 

CIRRHOSIS GRADING 
SYSTEM exists → affects 
PROGNOSIS significantly. 
Based on: 

- ascites 
- bilirubin 
- encephalopathy 
- serum albumin 
-I NR 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ASCITES 

= accumulation of free fluid in peritoneal cavity 
CAUSES: 

A. CIRRHOSIS (high pressure in mesenteric circulation) >11g/L 

B. MALIGNANCY    < 11 
C. INFECTION     < 11 
D. BILIARY COMMUNICATION 
E. LYMPHATIC OBSTRUCTION 
CLINICAL: 
A. ABDO DISTENSION & FLANK FULLNESS 
B. SHIFTING DULLNESS 
(only if fluid > 1L) 
C. UMBILICUS EVERSION 
D. HERNIAE 
E. STRIAE 
**pleural effusion in 10% people (RHS, if LHS →check out) 
INVESTIGATIONS: 

ULTRASOUND → diagnosis 
PARACENTESIS  (fluid analysis) → cause 
Serum-ascitic fluid albumin gradient → cirrhosis / infxn / malig 
 
PATHOGENESIS: 
Arterial vasodilation theory 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

MANGEMENT: 
(1) low salt diet 
(2) diuretics 
(3) drain + IV albumin 
(4) shunt – peritovenous 
(5) liver transplant 

COMPLICATIONS:  - !!! OMINOUS !!! 
A. SPONTANEOUS BACTERIAL PERITONITIS  
(1) Portal HT → gut wall oedema 
(2) bacteria translocate from gut lumen → circulation 
(3) poor Retic Endo System fn → bacteraemia 
(4) ascitic fluid poor antimicrobial defences → infxn 

a. ASCITES 
b. FEVER, CHILLS  
c. SUDDEN ABDO PAIN 
d. ENCEPHALOPATHY –worse 

ASYMPTOMATIC (30%) 
Diagnosis: 

Ascitic  WCC > 500/µL 
 PMN > 250/µL 

(no need to culture but – MOSTLY single organism,   
---E.COLI--- 70% gram negative bacteria 
 
→if multiple organisms & HUGE protein level 
think 2° BACTERIAL PERITONITIS 
Causes:  
BOWEL PERFORATION 
ABSCESS 
ISCHAEMIA 
Prognosis: NOT GOOD!!! 
only 25% survival after 5y 

high recurrence but – NORFLOXACIN v.fxive 

CIRRHOSIS 

 

Portal HT ↓ hepatocyte function 
& endotoxaemia 

 

Splanchnic & systemic vasodilation 

↓ effective blood vol 

Renin-angiotensin system activation 
(symp NS, ADH) 

 

Na & water retention 

 

↑ plasma vol 

 

Continuous Na & water retention 

 

ASCITES 

 

endogenous vasodilators (NO) 

 

Inadequate for homeostasis 

PHYSIOLOGY OF ASCITES 

↑ Hydrostatic P 
↓ Oncotic P 

Na+/water retention 

Liver lymphatics work overtime but can’t fully 
compensate → fluid escapes liver capsule “jail” 
into peritoneal cavity 

B. HEPATORENAL ∆ – !!! OMINOUS !!! 
= progressive renal failure with advanced CIRRHOSIS 
and ASCITES (no actual renal disease) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diagnosis: 
CREATININE  rises & URINE reduces 
→ LIVER DISEASE + portal HT 
→ low GFR  
→ no obvious trigger: 
 -shock 
 -sepsis 
 -nephrotoxic drugs 
 -XS fluid losses 
→ no other renal ∆ (no proteinuria) 
→ no improvement with volume expansion 
Prognosis: 
50-95% mortality 

Liver failure 

Vasodilation 
followed by SNS 
vasoconstriction 

↓ BP thus  
↓ 
perfusion 
pressure 

toxic waste 
-endotoxin 
-free radicals 
-shear stress 
→trigger 
VASOACTIVE 
MEDIATORS 

↓ GFR 

↓ renal blood flow 

Hepatorenal 

 

 COMPLICATIONS OF LIVER FAILURE 

WHAT FAVOURS OEDEMA?? 
A. ↑ hydrostatic P (high pressure flow) 
 -venous obstruxn 
 -Na/water retention 
B. ↓ oncotic P (low plasma protein) 
 ALBUMIN defic 
 -liver disease 
 -malnutirition 
 -renal disease 
 -wounds / haemorrhage 

 
C. ↑ capillary membrane 
permeability 
 -inflammation 
 -immune response 
 -neoplasm 
 -allergic response 
D. lymphatic obstrxn 
 -inflammation 
 -tumour 
 -surgical removal 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PORTAL HYPERTENSION 

= INCREASED PRESSURE on PORTAL VEIN leaving 
liver from any cause: 
intrahepatic → obstruction 
pre-hepatic → obstructive thrombosis 
post-hepatic → ® Heart failure 
since can’t pass thru liver, EXITS THE WAY IT CAME IN causing 
VARICES @: 
(1) OESOPHAGUS 
(2) ANT. ABDO WALL (caput medusae) 
(3) RECTAL VV (haemorrhoids) 
(4) VERTEBRAL VV 
FOUR MAJOR CLINICAL CONSEQS: 
A. ascites 
B. varices 
C. splenomegaly 
D. hepatic encephalopathy 

GI BLEEDS 

A. VARICES 
B. PEPTIC ULCER ∆ 
C. CLOTTING DYSFN 
  ↓ clotting factors @ LIVER 
  ↓ platelets @ SPLEEN 
 
high risk of VARICES?? 
CLINICAL: cirrhosis, severe disease 
BLOOD PRESSURE:  HVPG >12mmHg (portal venous P) 
   ** higher it gets, less chance of survival 

variceal >15 
ENDOSCOPY: diameter >5mm 
ULTRASOUND: portal flow 
OTHER: (1) bacterial infxn 
 (2) NSAIDS 
 (3) alcohol 
 
 



Cholestasis and Biliary ColicCholestasis and Biliary ColicCholestasis and Biliary ColicCholestasis and Biliary Colic                                
History of Presenting Illness:        FAT, FEMALE, FERTILE,  40 y.o. 

- YELLOW EYES 

- DARK URINE 
- YELLOW SKIN 
- ITCHY ALL OVER 

- PALE STOOLS 

- FAT MALABSORPTION 

- High Cholesterol 
- Xanthomae 

- Nausea, Anorexia, Vomiting 

FEVER, perhaps even SEPSIS 

PAIN: 
- Right Upper Quadrant  

- Radiating to the back 
- Severe + Constant 
- Dull, “boring” pain 
- Pleuritic-sounding  
- Worst with fatty foods 
-  Onset in 1-2 hrs after meals  
- Lasting 1 to 6 hours per episode:����  
- Not relieved by any position 
- not responding to antacids 

(ED staff are prone to throwing a  
“pink lady” at any epigastric discomfort; 
a “pink lady” being 60ml milk of  
magnesia +  30ml of xylocaine viscous) 

= so if that doesn’t fix the epigastric pain,  
ITS NOT IN THE OESOPHAGUS OR STOMACH 

EXAMINATION           
Try to find something to support a gallbladder source for this pain: 

MURPHY’S SIGN: patient inspires while you have your hand deep in their RUQ. This causes the 
diseased gall bladder to ride into your fingers as the liver slips downwards. If there is any gall 
bladder inflammation, it will cause a sudden stop to the inspiration, due to extreme pain.   
CORVOISIER’S LAW states that IF YOU CAN FEEL THEIR GALL BLADDER AND THERE IS 
JAUNDICE, then the patient is NOT JAUNDICED BECAUSE OF STONES. Basically this means they 
have a cancer in the biliary tree. Why? A fibrotic gall bladder, chronically ridden with stones, is not able to 
distend to a large enough size for you to feel it. If you can feel it, its probably a soft non-fibrosed gall 
bladder, dilated because a tumour is obstructing the outflow.  
STIGMA OF CHRONIC LIVER DISEASE will probably be absent but if there is anything to suggest 
chronicity, ask yourself: is it due to the chronic bile outflow obstruction, or is there some other 
pathology which is causing it?  

DIFFERENTIALS: why could they be yellow?…     
 
 

RULES OF THUMB: 
- The eyes are the FIRST thing to go yellow. 

- Bilirubin over 30 = yellow eyes 

- Bilirubin over 50 = yellow skin 

- The severity of itching does not correlate 
well with the bilirubin  or bile salt levels.  

- The elderly will itch more. 
-  

Mainly with the 
distension of  the 
common bile duct; 
 

CHOLESTASIS 
 

Cholangitis 
 

If it lasts any longer, 
it may be an acute 

cholecystitis. 
Uncomplicated 
biliary colic 
leaves NO lasting 
symptoms after 

an acute attack.  

Lasting Longer than 
6 hours: 

PROBABLY 
CHOLECYSTITIS 

 

- Biliary colic (small stone) 
- Choledocholithiasis (big stone) 
- Cholecystitis  
- Cholangitis 

- ..and Pancreatitis (?) 
- …and SEPSIS?? 

- Cancer of the Bile Duct,  Gall Bladder or Head of Pancreas 
- Recent transfusion can make your eyes go yellow (blood in those bags is very old) 
- Chronic or acute liver disease can cause this sort of presentation 
- Surgery (prolonged bed rest, TPN, � gall bladder hypomotility, thus bile stasis, etc) 
- Are drugs responsible (eg. asymptomatic anaesthesisa jaundice,  flucloxicillin hepatitis) 
- “Gut claudication” can cause transient pain right after meals (vascular disease in the gut results in  

exercise-induced lactic acidosis and thus PAIN) 

Pain should be poorly localised to T8 – 
T9 dermatomes. Localised Murphy’s 
point pain = inflammation has reached 
the peritoneum, eg. cholecystitis.  
 

The guy with cholestasis is otherwise 
asymptomatic and comes into hospital 
because his family made him. “Youre 
turning yellow, dad!” 
 
The guy with biliary colic comes in to 
hospital because it hurts, though he can 
put up with it most days.  He may not be 
yellow or particularly ill. 
 
The guy with cholecystitis comes in 
to hospital because of constant 
unbearable localised RUQ pain, worse 
on inspiration. He’s slightly febrile. 
 
The guy with cholangitis  is brought in 
by ambulance, is pale, febrile,  and  
says he feels like he’s about to die.  

Relieved by nitrates! Weird…  

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



INVESTIGATIONS           
The USUALS: 
  FBC – maybe leukocytosis, largely neutrophilic. Maybe nothing. 
  EUC – maybe hypokalemic, if patient has been vomiting. Probably nothing. 
  LFT – Alk Phos and GGT – will be elevated: it’s the classical “obstructive pattern” 
            - Bilirubin will also be up if they are jaundiced 
  URINE DIPSTICK – will probably do nothing for you except exclude hematuria as  

the cause of the dark urine.  
URINALYSIS bilirubin and urobilinogen will be present if the jaundice is  

due to poor bile flow (i.e conjugated bilirubin is in the blood stream) 
The SPECIALS:            
  AMYLASE + LIPASE may be elevated if the pancreatic duct is also blocked 
    (i.e the stone is at Ampulla of Vater level) 

Also important because a head of pancreas cancer is one of the 
differentials for obstructive jaundice.    

  BLOOD CULTURES 
   Especially if the patient is febrile and acutely unwell; must rule out sepsis of  

an ascending biliary origin 
  Prothrombin Time (PT) 

May be elevated, as you start losing your synthetic liver functions when there 
is a back-log of bile, and the fat-soluble vitamins aren’t getting absorbed. 

Fat-Soluble Vitamin Levels: if your bile is not making it out of the duct,  
you are malabsorbing fat and everything that comes along with fat. 
Can test for vitamins A, D, E, and K if the problem is long-standing 

  

IMAGING to CONFIRM your DIAGNOSIS       
  UPPER ABDO ULTRASOUND: 

 Ultrasonography provides greater than 95% sensitivity and specificity for the diagnosis of 
gallstones more than 2 mm in diameter. Ultrasonography is 90-95% sensitive for cholecystitis and 
is 78-80% specific. Studies indicate that emergency physicians require minimal training in order to 
use right upper quadrant ultrasonography in their practice. 

Endoscopic Retrograde Cholangio-Pancreatography (ERCP) 
allows visualization of the anatomy and may be therapeutic by removing stones from the common 
bile duct. In a major teaching hospital, with two on-call gastroenterologists, this is the diagnostic 
and management measure of choice after a small stone has been visualised with ultrasound. 

  Magnetic Resonance Cholangio-Pancreatography 
Non-invasive, but therefore also not a management option. 

Findings suggestive of cholecystitis include: 
- wall thickening (>4 mm),  
- pericholecystic fluid,  
- subserosal edema (in the absence of ascites),  
- intramural gas (gas gangrene of the gall bladder),  
- sloughed mucosa. 

Abdo X-ray will only pick up ~10% of the stones. Sometimes you may see  
- - A calcified “porcelain” Gall Bladder  
- - An obvious huge radio-opaque stone 
- - Free air in the biliary tree and gall bladder wall: the “emphysematous”   
-   gall bladder, like gas gangrene: E.Coli and Clostridium.  

Both have 
about the same 
sensitivity + 
specificity. 

 

You need K to clot properly 

These will be 
NORMAL in any 
uncomplicated 
biliary colic. 
 

What if the imaging shows no stones? 
         About 5 to 10% of acute cholecystitis is acaclulous 
The Gall Bladder is distended, theres fluid around and in its 
walls, the patient is febrile BUT NO  STONE TO BE SEEN. 

Whats happened? BILE STASIS due to some critical illness 

All these lead to hypomotility, increasing bile viscosity, 
microscopic stone formation and infiltration with gut 
flora, superimposed on a possibly ischaemic gall-
bladder which makes an excellent host for bugs. 
MORTALITY OF ACALCULOUS CHOLECYSTITIS IS 
FAR GREATER THAN OF THE CALCULOUS TYPE: 
Already the patient is very ill, PLUS this is the sort of 

cholecystitis which can erode  the wall quickly 

 
- Prolonged TPN feeding 
- Dehydration 
- Heart failure 

                  Commonly seen in  
   acalculous cholecystitis. 
       - SINISTER SIGN: Free air under the diaphragm; means its perforated!!  
        Means  that BILIOUS PERITONITIS IS ON ITS WAY!! >Unspeakable Nightmare< 
 



 

Pondering Liver Function Tests                                                           

AST = everywhere Aspartate aminotransferase

= when AST is the highest, its ALCOHOLIC LIVER DISEASE

ALT = LIVER ONLY Alanine aminotransferase

= when ALT is the highest, its VIRAL HEPATITIS

also glandular fever,

AP = everywhere
(bone, kidney, intestines)
Alkaline Phosphatase
THE MARKER OF POOR BILE FLOW
You may justifiably ask for AP fractionation (and this will tell you if it came from bone or liver).

GGT = LIVER ONLY;
Gamma Glutamyl Transpeptidase

Gets elevated in practically all types of liver disease

LDH = in every tissue
Increased levels are found in myocardial infarction, liver disease, haemolysis, ineffective
erythropoiesis, some malignancies (esp non-Hodgkin’s lymphoma), muscle disease etc…

BILIRUBIN: is there too much of it or is it not being disposed of?

i.e ���� HAEMOLYSIS or LIVER DISEASE / CHOLESTASIS
���� bilirubin, GGT and AP = cholestasis
Levels greater than 3 mg/dL are usually noticeable as jaundice.
Because only conjugated bilirubin appears in urine,

the finding of bilirubinuria also implies liver disease.
THUS:

���� ELEVATED CONJUGATED = look for liver disorder
 in absence of liver disease, its got to be a weird congenital defect
 eg. Dubin-Johnson syndrome

���� ELEVATED UNCONJUGATED = look at the blood smear
Normal everything? Its probably ANOTHER weird syndrome,
probably Gilbert’s Syndrome which causes failure of hepatic bilirubin uptake

ALBUMIN:
A true indicator of liver function: a gauge of its failure, a herald of impending
complications.
The half-life of serum albumin normally is 19–21 days,
Thus � shows up CHRONIC PROBLEMS
Albumin levels may be diminished due to poor nutritional status, severe illness
with protein catabolism, nephrosis, and malabsorption

Prothrombin Time: vitamin K factors ( 2, 7, 9, 10)
May be diminished due to malabsorption

Half life of factors is 1-2 days ,

Thus ���� show up ACUTE PROBLEMS

LIVER DEATH
ENZYMES
(transaminases)
Indicate liver
parenchyma is
involved.
LOOK AT WHICH IS
THE HIGHEST!

CHOLESTASIS
ENZYMES
Indicate that the bile
duct cells are involved.
Will elevate to ~10x the
normal in cholestasis.

WEIRDO TESTS

Ceruloplasmin for Wilson’s disease (presents as psychiatric problem)
Blood Ammonia tests for hepatic encephalopathy ( but EEG is diagnostic!)
Alpha-Fetoprotein is a sensitive marker for hepatocellular carcinoma
Alpha-1 Antytripsin deficiency of which causes hepatitis and cirrhosis
Anti-mitochondrial Antibody: if you suspect PRIMARY BILIARY CIRRHOSIS

(only other elevated enzyme = AP)

MASSIVE ELEVATION OF ALT+AST
= 15 times the norm =
ACUTE hepatitis, ischaemic hepatitis,
Paracetamol overdose, drug reaction,
hepatic vein thrombosis

Solitary AST:  mild elevation normal,

���� exercise, or acute skeletal or
cardiac muscle injury

SOLITARY ELEVATION?
THINK EXTRAHEPATIC CAUSE !!… unless its AP

Solitary GGT is too sensitive: may be
elevated in absence of liver disease.
Usually indicates enzyme induction, eg.

���� recent alcohol ingestion

Solitary AP = Bone disease, Pregnancy Chronic renal failure,
Malignancies Congestive heart failure… TAKES DAYS TO RISE
Fungal infection of the liver, Amyloidosis,  Lymphoma
Metastasis, Hepatocellular carcinoma, Tuberculosis…

Bilirubin SHOULD NOT be up in
INFILTRATIVE liver disease

IN CIRRHOSIS:
The enzymes
may NOT be
elevated at all;
Not enough
liver cells to

produce them!

Speaking  of LFTs…   



In elective laparoscopic cholecystectomy, 
the rate of conversion from a laparoscopic 
procedure to an open surgical procedure is 
approximately 5%. The conversion rate for 
emergency cholecystectomy where 
perforation or gangrene is present may be  
as high as 30%. 

 

Wait 6 hours:  
let it develop into 

MANAGEMENT: SYMPTOMATIC (at the emergency department)  
- Place patient on Nil-by-mouth (They may be having surgery soon) 
- Rehydrate intravenously (patient may have been not eating and vomiting) 
- Control itching with opiates!  They will also help the RUQ pain. 

- Swine may tell you that morphine increases sphincter of Oddi spasm, and 
that therefore you should avoid it in this setting. Practically speaking, often 
the NSAIDs these swine would give do nothing for the patient’s pain, and one 
may justifiably ignore their feeble complaints and opt in favour of more 
powerful and thus humanitarian opiate analgesia. Go Mighty Opium! 

- Control nausea + vomiting with metaclopromide or ondansetron 
- IF FEBRILE, OR YOURE CERTAIN ITS CHOLECYSTITIS OR CHOLANGITIS: 

- Give Triple Antibiotic Therapy, favoured by the GI surgeons 
 
 
 
 

MANAGEMENT: DEFINITIVE; …meaning surgical.     
ACUTE BILIARY COLIC: 
  Analgesia is all that is required in most cases. 
  Uncomplicated colic resolves by itself without surgical intervention. 
  Repeated rapidly recurring episodes herald the onset of complications 

  (eg. cholecystitis). BOOK an OUT-PATIENT ELECTIVE ERCP for later… 

���� ERCP: if there is a common bile duct stone, you should go after it.. Otherwise, 
  

 
ACUTE CHOLECYSTITIS: 
  Admit the pt.;   

Now  that your patient has a fever and physical signs, the surgeons will be 
much more interested. They may be persuaded to perform a 

   LAPAROSCOPIC CHOLECYSTECTOMY which may upgrade to  
   OPEN CHOLECYSTECTOMY if there is empyema, gangrene, abscess etc. 

Either way: the gall bladder is now uselessly damaged and needs to come out. 
If the patient is particularly elderly and feeble, you may want to merely decompress the gall bladder 
with a percutaneous draining tube which is less dangerous to install  

ACUTE ACALCULOUS CHOLECYSTITIS 
  The patient is in great danger, MUST OPERATE:  
This is an emergency open cholecystectomy, with drainage  and debridement of any gangrenous tissue and debris.  

CHOLANGITIS:obstruction of the common bile duct has favoured its 

colonisation with gut organisms, and now they creep up the hepatic biliary tree, soon to 
break into the hepatic parenchyma and subsequently into your bloodstream. 

 INFECTION LOCALISED TO BILIARY TREE:     

- Endoscopic Decompression + Drainage of bile duct 
- Broad-spectrum Antibiotics, INTRAVENOUSLY  

INFECTION SPREAD : SEPTIC, LIVER ABSCESSES, etc   

- Open Cholecystectomy + Debridement 
- Broad-spectrum Antibiotics, INTRAVENOUSLY 

PROGNOSIS      EPIDEMIOLOGY   
 
 
 
 

Ampicillin, Gentamicin, Metronidazole 

CONTROVERSY: do you wait for complications? 
Studies show that patients who have elective cholecystectomy after their 
episode of colic have shorter hospital stay and a less problematic recovery 
than those who patiently wait for a stone to obstruct their common bile duct.  
 

Most common organisms are  
- Escherichia coli (39%)  
- Klebsiella (54%)  
- Enterobacter (34%) 
- enterococci (34%)  

and most infections are polymicrobial 

Asymptomatic individuals with gallstones develop pain at a rate of 1% 
per year (i.e 10% chance in 10 years) 
The frequency of progression to acute cholecystitis is 10-30%.  
Most patients with acute cholecystitis have a complete remission within 
1-4 days. However, 25-30% of patients either require surgery or 
develop some complication 
Cholangitis mortality ranges from 7-40%. 

Rare in the under-20s 
Prevalence increases with age 
Women more than men 
More common with obesogenic Western McDiet 
Acalculous cholecystitis is more common in 
elderly men. 



BASIC SCIENCES: ANATOMY + HISTOLOGY OF THE GALL BLADDER 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- 50-100ml capacity;  attached to posterior surface of Rt Lobe of Liver 
- total daily flow about 500 to 600 ml of bile 
- the FUNDUS touches the abdominal wall and causes localisation of pain 
- the VEINS draining from the gall bladder pass directly into the liver.  
 

A half-full healthy gall bladder on CT 

Stones love to get caught in 
those spiral valves. That’s your 
typical biliary colic location. 

A proper Hartmann’s pouch 
does not really form until 
you have had a gallstone to 
stretch out the GB wall 
here. Its just not visible in 
healthy gall bladders. 

The gallbladder is a distensible sac and, when not distended, its mucosa is thrown into many folds. The lumen of the gallbladder is lined with a high 
columnar epithelium. The connective tissue wall contains abundant elastic fibers and layers of smooth muscle which predominantly run obliquely. The whole 
columnar lining is very uniform and rests on a highly vascular basement membrane.  Its duty is to absorb inorganic salts and water, and these get carried off 
by the veins in the gall bladder wall � they go back to the liver. 
 

Major Function: 
STORE and 

CONCENTRATE the BILE 
And release it at the behest of 

Cholecystokinin the Gut Hormone 

Mucosa: simple high columnar epithelium 

Many blood vessels 

Serosa, interface with peritoneum  

Smooth muscle which propels the 
bile in response to CCK  

Arterial Supply: Cystic Artery (branch of the Right Hepatic Artery ) 
Venous Drainage: Cystic Veins (go directly from GB wall to hepatic sinusoids 
Sensory innervation: Right Phrenic Nerve 
 

The fundus is in contact with 
the anterior abdominal wall;    
when it gets inflamed the pain 
localises to Murphy’s Point 



 The HEPATOCYTE ���� 

 

 

 
 
 
 
 
 
 
 
 
Solubility in water: 
VERY POOR 

10 –8 mmol/l will dissolve 

BASIC SCIENCES: CHOLESTEROL & BILE      | 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

25% of cholesterol comes from DE-NOVO BIOSYNTHESIS: 
10% in the hepatocytes, 15% in the small intestine. 

Hydrophilic polar group  
(internalised, useless – does 

not confer water solubility) 

Cholesterol molecule  

Non-polar sterol 
ABCD group and 
fatty side chain = 
EXTERNAL 
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 Acetyl CoA x 3 molecules 

HMG-CoA Synthase 

HMG-CoA  

HMG-CoA 
Reductase 

RATE LIMITING STEP!!  
HMG-CoA reductase 
inhibitors halt this de -
novo synthesis. THEY 
ARE KNOWN AS THE 

 ! STATINS ! 

NUMEROUS INTERMEDIATE STEPS: 
Mevalonate � isopentinyl pyrophosphate� 
geranyl pyrophosphate � farnesyl pyrophosphate 
�squalene � lanosterol � and finally… 

CHOLESTEROL  

BILE ACID SYNTHESIS:  
this is how you rid yourself of excess cholesterol 

The by-products of this synthesis have 
their own weird little usefulness. They 
form coenzyme Q of the electron 
transport chain in the mitochondrion; they 
form the side chain of the Heme Alpha 
subunit; and some others.          

STATINS WILL INHIBIT THIS AS WELL. 
CHOLESTEROL  

7-alpha-hydroxylase RATE LIMITING STEP!!  
 

7-hydroxycholesterol  

Numerous complicated steps which 
we don’t need to know  about 

Cholic Acid Chenodeoxycholic Acid 

 

 PRIMARY � 
Bile Acids 

 CONJUGATED ���� 

with TAURINE or GLYCINE 
by Acyltransferase 

Glycochenodeoxycholic Acid 
Taurochenodeoxycholic Acid 

 

That’s supposed to be a sinusoid vein 

Biliary Canaliculus: 
Where the organic  components of 
the bile will meet and mingle. 
bile acids (80%) phospholipids (16%), 
unesterified cholesterol (4.0%).  
 

SECRETION OF BILE ACIDS: (very soluble, up to 10-3 mmol/L)- via 
 the bile salt export pump (BSEP)  
 the conjugate export pump (MRP2) - also exports conjugated Bilirubin 

the multidrug export pump (MDR1) - for hydrophobic cationic compounds 

 

Glycocholic acid 
Taurocholic Acid 

 

PHOSPHOLIPIDS 
= another bile 
component; the 
commonest one is  
Lecithin (phosphatidyl-
choline). These are only 
slightly more water 
soluble than cholesterol. 
EXIT via phospholipid 

export pump (MDR3) 
 

Un-esterified raw 

CHOLESTEROL: 
Exit via two 
hemitransporters 
ABCG5 and ABCG8 
  

 
 

GALL BLADDER: 
Bile maturation  

TRANSPORT from the 

sinusoid to the liver happens 
via the Na

+
/taurocholate 

cotransporter (NTCP) and 

the organic anion 
transporting proteins 

(OATPs), which also 

transport a large variety of 
non-bile salt organic anions. 
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So how do these three behave in aqueous solution? 
- Cholesterol forms cholesterol monohydrate crystals in water. 
- Lecithin forms bi-layered micelles, like oil droplets 
- Bile salts will form micro-micelles (only a few molecules) 
BUT: together they will form small micelles half-lecithin, half-bile 
salt; and within these the cholesterol can be dissolved as if in fat 
(though in reality the bile here is very watery). !! IMPORTANT !! 
 The Gall Bladder epithelium actively 

pumps out much of the Na+, K+, Cl-, 
HCO3- and therefore also WATER. 

BILE CONCENTRATED 10 to 15 times  
RELEASE STIMULATED by 
cholecystokinin (when fat hits the 
gastric mucosa) and by secretin (when 
the duodenum becomes acidic) 

Canalicular cell: 
Concentrates the bile using the 
Cl–/HCO3

– anion exchanger ) 
 

Cl– HCO3

– 

Gut bacteria convert the primary bile acids into the secondary bile 

acids, DEOXYCHOLATE and LITHOCHOLATE 
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Most bile acids don’t get 
synthesised. They are 
reabsorbed from the distal 
ileum and recirculated. 

Bile is released into the duodenum, where it does the needful 
(i.e neutralises stomach acid and emulsifies the dietary fats like a 
detergent so that the lipases have more surface area to work on.) 



BASIC SCIENCES: PATHOLOGY OF STONE FORMATION   
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHOLESTEROL in bile will be dissolved UP TO A POINT: 
It requires the presence of much bile acid and phospholipid to form those 
mixed micelles it loves so well.  
The Cholesterol Saturation Index (CSI) is a measure of whether there 
is enough micelles to dissolve it all. 
Normally bile is UNDERSATURATED, i.e. CSI less than 1.0 – meaning that there’s more 
than enough bile acids and phospholipids to dissolve the cholesterol. 
A CSI greater than 1.0 means that the bile is supersaturated with cholesterol. 
THUS: seeing as it cant very well dissolve in water, the cholesterol will 
PRECIPITATE INTO CHOLESTEROL MONOHYDRATE CRYSTALS 
 

80% are cholesterol stones; 
20% are bile pigment stones 

composed of calcium bilirubinate 
…pigment stones only form when 
there is too much bilirubin being 
formed. Eg. when there is excess 
erythrocyte destruction. Plus normally 
bilirubin is conjugated and soluble. 
THUS: pigment stones will only 
form when: 

1. There is too much bilirubin 
2. Some bacterium crawls up the 

common duct and 
deconjugates it, causing it to 

precipitate from the solution. 

SUPER-SATURATED BILE: why?? 
- Increased biliary cholesterol secretion 

- As you AGE you lose some of your 7-alpha-hydroxylase, the rate-

limiting step in making bile acids out of cholesterol.  THUS you excrete 
more cholesterol and less  bile acids, and the CSI rises to over 1.0  

- OBESITY : there is a linear relationship between weight and biliary 
cholesterol secretion. This may be due to increased de-novo synthesis. 

- FEMALENESS = estrogen causes more cholesterol to be 

excreted into bile, partly by increasing hepatic lipoprotein uptake. It’s the 
downside of estrogen’s lipid-lowering cardiovascular protection.  

- McDiet : vegetarians don’t get gall stones. Fat carnivores always do. 
- GENETICS: stupidly, the liver of individuals so predisposed does 

not divert more cholesterol into bile acid synthesis. Instead it allows it all to 
just leak out into the biliary canaliculus. Seems to be some sort of negative 
feedback loop dysfunction, dominant trait involving at least 2 genes. 

 

SUPERSATURATED 

BILE 

GALL BLADDER MOTILITY DYSFUNCTION: Why?? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!!! THIS IS AN INFLAMMATORY PROCESS !!! the bile-soaked 
epithelium goes overboard with the production of mucous proteins. 
THUS ���� MORE PROTEIN IN THE BILE 
Plus, IgG secreted from the biliary canaliculi epithelium also contributes. 

But… healthy people often 
have supersaturated bile. 

GALL BLADDER 

MOTILITY 
DYSFUNCTION 

Penetration of bile into 
gall bladder wall 

Smooth muscle contractility 
impaired: poisonous bile! 

And cholesterol is the culprit; 
it does something to the 

smooth muscle cells 

Exposure to bile 

Reduced emptying;  
GALL BLADDER HYPOMOTILITY 

ALTERED KINETICS: 
too much protein in 

the bile 

Immobile bile forms many tiny 
cholesterol monohydrate 
crystals, which form a sludge. 

Protein in the bile causes 
NUCLEATION, where all the tiny 
crystals congregate into larger 
ones, and thus the stone is formed 

A STONE SITS IN THE 
GALL BLADDER 

Prolonged FASTING and PREGNANCY 
also lead to gall bladder hypomotility 

Contractions push it 
into the bile duct 

PAIN referring to back + shoulder blades 

Obstruction 
of bilirubin 
secretion  

Distension + 
inflammation 

of gall bladder  

PAIN localising to Murphy’s point 

JAUNDICE  
INFECTION ascending 
the stagnant bile duct 

FEVER 

Penetration of liver ���� SEPSIS  



ACUTE ABDOMEN :  PANCREATITIS        
SYMPTOMS: 
- Pain which is eventually VERY SEVERE 
- Epigastric or LUQ 
- MUCH WORSE AFTER EATING!! 
- Better by leaning forward 
- May be nauseous, light-headed, anaemic 

SIGNS: 
- EXQUISITE EPIGASTRIC TENDERNESS 
- Possibly positive rebound 

- Signs of SHOCK !! 
 
PROGNOSTIC FACTORS          

Early multiorgan failure from shock = 50% mortality 
Mild disease = <5% mortality 
Late infected necrosis = WILL KILL YOU 

            If youre over 55, with WCC over 16 and rising LFTs, youre prognosis is very poor 
 
PATHOPHYSIOLOGY OF SHOCK FROM PANCREATITIS     
 
 
 
 
 
IMMEDIATE MANAGEMENT:         
Goal is to arrest progression before the development of systemic symptoms: 
- Na+, Cl-, K+ and H+ are lost through vomiting: NEED TO REPLACE 

- Thus give oxygen, normal saline, analgesia,  
- Put in a central line 
- Urinary catheter to watch output: if acutely dropping,  WORRY! 
- Replace fluids 

RUN TESTS: 
- FBC 
- LFTs 
- EUC + CMP(watch potassium and calcium)  
- AMYLASE / LIPASE  

: not specific or sensitive; 20% of cases have normal results 
UNLESS: good pancreatitis history and levels elevated to over 1000 !! 

   LIPASE MAY BE MORE SENSITIVE… 

 
SURGICAL MANAGEMENT:          

NECROSECTOMY: scoop out the abscess, if… 
- Clinical deterioration, AND 
- Bacteriological proof of infection 

High intraoperative mortality (~40%), due to Hemorrhage of splenic artery 

 (the one that runs almost through the pancreas) 
= caused by inflammation, which weakens the vessel wall and produces 

a PSEUDOANEURYSM which often bursts in the surgeons hands.  
 

90% caused by alcohol and gallstones 
the other 10% : 
- Hypercalcemia 

- Drugs: 

- Sodium valproate 
- Salicylates 
- ACE inhibitors 
- Azathioprine 

- Tumour 

- Mumps or coxsackie virus 

- Vascular anomaly 

- ERCP complication 

- Scorpion bite 

vomiting 

PANCREATITIS 

dehydration visceral hypoperfusion Gram-neg. translocation into 
the ischaemic gut wall 

Bacteremia  Septic shock 

GALLSTONE PANCREATITIS 
Have to do ERCP within 48 hrs; 
STILL PROGRESSING? �  
do a contrast CT;  

may have become necrotic 



 
 
COMPLICATIONS:            

- Necrosis and infection in the remains of the pancreas 
- Fluid at the operating site � increased intrabdominal pressure � 

� abdo compartment syndrome 
- Colonic necrosis, inflammation and subsequent colonic artery thrombosis 
- GI haemorrhage 
- Respiratory failure 
- Renal failure: 

- PRE due to hypovolemia 
- INTRA due to ischaemic tubular necrosis 
- POST due to pressure obstruction by abdominal compartment syndrome 

- Hyperglycaemia (effectively, diabettis mellitus type 1) 
- Hypocalcemia 

PSEUDOCYST:    (fake cyst - wall is not lined with epithelium) 
Not cyst- instead a pocket formed by fibrin sheaths and adjacent organ walls; filled with 
necrotic filth.  

- 35% of cases will go on to develop pseudocysts after pancreatitis 
- Takes about a month to develop.  
- 50% resolve in 3 months 

  SYMPTOMS:  
pain (radiates to back) + gastric outlet obstruction 

 SIGNS: epigastric tenderness 
 Investigate with ultrasound and CT scan.  

Management: drain it before it becomes infected!  
- Endoscopy or US-guided  

 
 

Cancers   of the Bile Duct, Gall Bladder and Liver Tissue  

- Most will be secondaries. Even if you cant find the primary, its probably still secondaries. 

Commonest mets are from colo-rectal, lung, breast, pancreas , and stomach. 
IN ABSENCE OF CIRRHOSIS, HEPATITIS or HAEMOCHROMATOSIS, PRIMARY 
LIVER CANCER IS ALMOST UNHEARD OF.  Likewise cancer of the gallbladder, 
biliary tree and common bile duct. Rare as hens teeth, they are. But… 
  You have to start thinking along the CANCER lines if your patient has 

- PAINLESS INSIDIOUS JAUNDICE 
- ACALCULOUS CHOLECYSTITIS 
- WEIGHT LOSS 
- FAT MALABSORPTION 
- Employ Courvoisier’s Law: if the gall bladder is distended in painless 

jaundice, there must be a tumour constricting the common bile duct 

- These people will have a raised PT due to Vit. K malabsorption 

- Bilirubin, Alk Phos and GGT will be elevated. 
Gall Bladder Cancer: 

associated with gallstone disease, estrogens, cigarette smoking, alcohol consumption, 
obesity, and female sex. The epicenter of the tumor usually is the fundus, or neck, of the 
gallbladder. Local spread through the organ wall leads to direct liver invasion, or, if in the 
opposite direction, leads to transperitoneal spread (20% of patients at presentation).  

Cholangiocarcinoma: More than 90% are adenocarcinomas, and the remainder are squamous cell tumors. 

    Arise from the intrahepatic or extrahepatic biliary epithelium 
 

 
Complete surgical resection is the only therapy to afford a chance of cure. 
Unfortunately, only 10% of patients present with early stage disease and are 
considered for curative resection. 

Barrier Key-word for 
Hepatocellular carcinoma: 
Alpha-Foeto-Protein 



 
 
 
 
 

 
* oesophagus pain mimics cardiac pain – same referral 
 

Obstruction            
Most often caused by post-operative adhesion (may take years) 

- Acute constipation, distension, nausea + vomiting, pain 
- If constipation + distension is long-standing and progressive, consider partial 

narrowing or chronic process 
- ASK how often the pain pulses are felt 
ASK ABOUT: 
- Previous episodes of obstruction 
- Previous abdo / pelvic operations 
- History of abdo cancer 
- History of abdominal inflammatory disease: Eg. 

- Inflammatory bowel disease 
- Cholecystitis 
- Pancreatitis 
- Pelvic inflammatory disease 
- Abdominal trauma 

EXAMINATION: 
- How does the patient look? 

- If they are lying quite still, it looks like peritonism (bad sign !) 
- What was aspirated through the NG tube? 

- CLEAR +/- food = gastric outlet obstruction 
- FECULENT = distal small bowel  …or 

 colonic obstruction with incomptetent iliocaecal valve 
- BILIOUS but NON-FECULENT = either 

- A medial or proximal small bowel obstruction, OR 
- a colonic obstruction with a competent ileocaecal valve 

(or else the faeces would be regurgitating into the stomach out of the incompetent 
iliocaecal valve) 

- PUT YOUR FINGER IN IT!! ���� hematomae / abscesses get forgotten 

- ABSENT BOWEL SOUNDS? – sinister; maybe ileus 
- PICTURE OF ILEUS: mild diffuse pain, not the severe increasing 

localised pain of obstruction 

Obstructive symptoms which come and 
go suddenly for several days in an 
elderly patient (over 65) should make 
you suspicious of a GALLSTONE ILEUS 

Proximal obstruction =  
pain pulses  every 3-4 minutes; 
 

Distal obstruction = 

Pain pulses every 10-15 minutes 

The Acutely Painful Abdomen: Where does it hurt?…     
Rules of thumb: 
- Midline structure pain will radiate to the back 
-  If the viscera are inflamed, pain is diffuse 
- If the abdominal wall is inflamed, the pain is localised to a discrete area 

Characteristic locations:           

APPENDIX PAIN: 
Embarrassing to miss this diagnosis,  
its bread-and-butter stuff. 
- Diffuse and Periumbilical pain 

at first; 

- Moved to Right Iliac Fossa 
- Now sharper 
- The patient can not hop on 

their right leg ( psoas 
contraction pushes the 
appendix into the abdominal 
wall, causing a lot of pain) 

Colic is distension  

of a hollow viscus. 



 

INVESTIGATIONS for bowel obstruction:      
Bloods: 
 EUC (Hypokalemic? Hyponatremic? Hypochloremic? ) 
 FBC for Hb and white cells 
 LFT for cholestatic issues or portal HT 
 Amylase + Lipase for pancreatitis 

 

Abdo Xray 
May see characteristic water vs. gas levels in distended loops of 
small or large bowel. 

- ? is there gas distal to the obstruction ( if yes, then it is only a partial 
obstruction) 

- So theres no gas BELOW the obstructed section of colon; 
BUT: is there gas in the small bowel?  
Is it regurgitating into the small bowel from the blocked colon? 
IF NOT = the iliocaecal valve is still competent 
- are there haustra still visible (if not, its REALLY distended!)  
- are there visible calculi, or air in the biliary tree? 

- Is there air under the diaphragm? = perforated viscus  

    Barium enema 
For bird-beak sign: demonstrates sigmoid volvulus 
For apple-core sign: demonstrates colonic carcinoma 

CT with oral / rectal contrast 
 
 
 

MANAGEMENT           
Resuscitation 

- IV fluids (crystalloids, NS with K+ is good) 
- Urine output should be at least 0.5 ml/hr (i.e halve the patients 
weight and expect it in mls of urine per hour) 

- Monitor fluid response: within 10-15minutes the urine output should change 
- The need for surgery must be assessed: most of these things 
resolve on their own, but if the bowel wall is so distended that its 
ischaemic, then there is risk of fecal peritonitis from which theres a 
50% chance of death – so don’t let it get that far.  

- !! NEVER LET THE SUN GO DOWN TWICE ON A BOWEL 
OBSTRUCTION!!   

 
 
 
 
 

 



Anaesthesiology 1.01          
INDUCED, MAINTAINED, REVERSIBLE UNCONSCIOUSNESS with PARALYSIS 
 

Induced how: WITH INTRAVENOUS  DRUGS;  

WHICH ARE RAPIDLY ACTING AND WILL PUT YOU OUT VERY QUICKLY. 
BUT the IV drugs will only last a short while, as their circulating volume will decrease (with them being taken up into 
the tissue and metabolised) 

MAINTAINED HOW? 
WITH GAS. 
The gas acts slowly (and smells bad) and therefore is useless for inducing the unconsciousness. 
However, it works well as maintenance. Mix with O2 for maximum effect. Serve chilled.  

 
 
 

 
 
 
REVERSIBLE BY WHAT MEANS? 

when the gas is turned off, it will diffuse out of the patient along a concentration gradient, just the way it entered. This means the 
patient will wake up (the initial IV drugs having worn off hours ago) 

 

UNCONSCIOUSNESS is useful. 
It dissociates the higher processing centres from the physical sensation of injury, which is pain. 
HOWEVER because there are lower and more primitive processing bodies, pain stimulus will still provoke a response: a totally 
autonomic and animal response, namely- 
- the signs of shock (peripheral vasoconstriction, tachycardia, increased BP, RAAS activation)  
and also the WITHDRAWAL REFLEX:  the spinal cord will command the limbs to jerk away from the injury. 

 
THAT’S WHY WE SOMETIMES NEED PARALYSIS 

This must be controlled with MUSCULAR RELAXANTS (paralysis toxins, eg. curare) 
There are short acting ones eg. suxamethonium = acteylcholine receptor agonist 

- causes prolonged depolarisation of skeletal muscles to a membrane potential above 
which an action potential can be triggered. The onset of muscle relaxation will be rapid after 
intravenous injection (30-60 seconds), and lasts 5-10 minutes. The muscle paralysis can be 
continued with intermittent intravenous boluses, using about 25% of the initial dose. The total dose 
should not exceed 6-8 mg/kg.) 

 

 
There are long acting ones eg. rocuronium = competitive acetylcholine receptor blocker 

These work when they outnumber the concentration of acetycholine at the neuromuscular junction.   
TO COMBAT AND  REVERSE THIS you need to give an acetylcholinesterase inhibitor eg. sarin gas  
(too permanent for clinical use but the concept is the same)- which will restore the balance in favour of acetylcholine  
(by inhibiting its breakdown). 
BUT!! Its fine at the NICOTINIC neuromuscular junction receptors, but it will also happen at the MUSCARINIC 
receptors eg. the parasympathetic M3 receptors at the end of the avgus nerve, in the heart. 
THIS CAUSES A PROFOUND BRADYCARDIA. To protect against this one must also give some atropine (or 
equivalent anticholinergic) to restore the heart rate. 

 
 
 
 
 
 
 
 
 

PROPOFOL, the Milky Intravenous Beverage of Blissful Absence 
 Its lipid soluble, so it comes in an opaque white emulsion. Nobody knows exactly what 
it does, but it does it within 30 seconds; and within 5 minutes you’re awake again. 

ANAESTHETIC GASES: isofluorane, sevofluorane, enfluorane, desfluorane. 
Once again, noby knows how they do what they do. Strangely, the noble gas Xenon  has excellent anaesthetic properties, but 
its shamelessly expensive and  the only people to use it routinely are Russians (who have cubic miles of it left over after their 
Cold-war uranium enrichment program.) Of course, there is the much maligned  'Critical Volume Hypothesis'. It states that 
the absorption of anaesthetic molecules could expand the volume of a hydrophobic region within the cell 
membrane and subsequently distort channels necessary for sodium ion flux and the development of action 
potentials necessary for synaptic transmission. There is limited support for this theory. 

 



Anaesthesiology 1.02          
What you will see on an anaesthetic monitor: 
  ECG lead II (the one in the direction of heart propagation) 
  SaO2 saturation 
  Capnograph (measuring expired CO2) 
    (this means during expiration the trace falls to zero) 
    NEED TO KEEP THIS NUMBER ABOVE 30 
    - or else respiratory drive fails 
    Over 40 will probably trigger hyperventilation 

Opiated patient breathing on their own can have  
a CO2 of 50 and still breathe: opiate drugs  
increase the respiratory drive threshold 

 

ANAESTHETIC ASSESSMENT: pre-operative evaluation of fitness  

Question One: can this patient get better before surgery?  
Can we optimise their chances of surviving surgery by waiting for any other problems to be fixed first? 

 

AIRWAY: can this patient be intubated? 
  Need to check thyro-mental distance (from tip of thyroid cartilage to chin) 
  Should be at least 3 fingers of t-m distance  

How much of the UVULA can you see? 
   Mallampati score of laryngoscopability: 
    Grade 1: whole uvula can be seen 
    Grade 2: partially blocked 
    Grade 3: no uvula but soft palate 
    Grade 4: cant see anything except tongue 
    Can you fit your finger into the open TMJ? 
  Can you fit 2 fingers into the mouth? (width of laryngoscope blade) 
  Can you hyper-extend their neck?… 
 
Then ask about medical background, eg.  
- previous anaesthetic reactions 
- exercise tolerance (2 flights of stairs MINIMUM!!) 
- functional impairment due to respiratory or CVS disease 
- can they lie down in the way which their procedure requires? 
- Then, talk about liver + kidney disease 



- Acquisition of nutrients - 
Metabolic Biochemistry: Fuel Use in Cells, made Unnecessarily Complicated 

 
 CARBOHYDRATES 

. 
LIPIDS 

Travel the bloodstream as lipoproteins. The lipoproteins bind 
to LDL receptors on cells, and the cells endocytose the 
whole blob of lipoprotein. Free fatty acids can get across the 
membrane by passive diffusion, and apparently by uptake via 
the “Fatty Acid Binding Protein” (FABP), but that’s still a bit  

          controversial… 

 
 

Glucose active 
transporter  

FABP  AA transporter  

ONLY during times of 
starvation the reduced 
carbon skeleton is used 
for energy production, with 
the result that it is oxidized 
to CO2 and H2O.  
 

ANAEROBIC PATHWAY: 

GLYCOLYSIS 
- No oxygen required 
- Happens in the cytoplasm 
- Yields 6 to 8 moles of ATP 
- Whats the goddamn point? 
Well; glycolysis yields ATP but 
requires no oxygen- PLUS it 
runs like 100 times faster than 
the TCA cycle. Exercising 
muscles use this pathway to 
produce some quick energy.  

 

PRIMING PHASE 

- Uses up 2 ATP to make 
glyceraldehyde-3-phosphate 

DEGRADATION 
The g-3-p is degraded into 

pyruvate, yielding 4 ATP 
and 2 NADH out of 2 NAD+ 
 

PYRUVATE  

 
 
 
Otherwise… 

LACTATE 
 

Lactate Dehydrogenase (LDH) 

If there is no oxygen, 
the NAD get depleted 
quickly, and glycolysis 
stops. THUS, LDH 
converts NADH back 
to NAD+ so the cycle 
may continue.  

 

IF theres plenty of oxygen, 
the NAD+ is oxidised in the 
oxidative phosphorylation 
reaction, and pyruvate may 
proceed to the TCA cycle 

…Wheres all that lactate going to 
go? Well; it diffuses back into the 
bloodstream and travels to highly 
oxygenated tissues so that it may 
return to being PYRUVATE. 

 

Pulled from the bloodstream, as glucose. Insulin increases 
this by acting on some of the GLUT transporters in fat and 
muscle tissues. Also you can get hold of glucose by lysis 
of intracellular glycogen, a starchy glucose chain which is 
the major form of long-term glucose storage. 
 

These circulate, being largely soluble; there are numerous 
transporter proteins mediating their uptake.  Transport is 
usually active, and/or sodium-associated. Most amino 
acids are intracellularly derived, by de-novo synthesis or  
from lysis of old proteins. Using the AAs for fuel is a last-
ditch measure, like selling your furniture for drug money.  
 

When UNDER            

ANAEROBIC 
CONDITIONS 

NAD+ 

 

3-carbon PYRUVATE 

Coenzyme A 

This is the Pyruvate Dehydrogenase 
Complex, which connects fatty 
acids, amino acids and glucose into 
the TCA cycle. 

 

 

4C Oxaloacetate 
                     The TCA or “Kreb’s” Cycle 

     6 carbon citrate is broken down progressively back into the 4 carbon oxaloacetate. This releases some CO2, 
             some water and some hydrogen ions which are picked up by NAD and FAD, which turn into NADH  

and FADH.  Its all about those hydrogen ions!       

6C Isocitrate 

5C α-Ketoglutarate 
4C Succinate 

4C Fumarate 

4C Malate 

NADH 

ACETYL-CoA 
2 carbons; 1 lost to CO2 

6C Citrate 

NAD and FAD 

   Intermembrane space: 

    pH of 3; lots of H+  

Complex III 

  

NAD is recycled into the TCA 

  Complex IV 
 

 Complex V: 
     ATP Synthase 
Driven by the gradient of 
H+ concentration; 
The protons stream back 
into the matrix. 
Inorganic phosphate (pi) 
is bound to adenosine 
diphosphate, making  
    ATP (Triphosphate) 
 

 

Coenzyme Q 

Coenzyme 

C 

e-
 

H2O OH-
 

 

H+ 
H+ 

ULTIMATELY: you get a   
whole lot of NAD and FAD  
carrying hydrogen ions.  
 

4C Succinil-CoA 
NADH and FADH 

H+ 

Here, complex III uses the 
travelling electron to lure a 
hydrogen atom out of a 
water molecule. Negative 
OH molecules begin to 
collect in the matrix. 

H+ 
H+ 

H+ 

COMPLEXES I and II:  
   Complex I strips hydrogen   
      from the NADH and pumps  
      them into the intermembrane  

 space. Also takes an       
 Electron (red arrow)    
  and passes it along the  
  transport chain. Complex II  

        does this for FADH. Both       
      complexes I and II contribute  
      e- and H+ to Coensyme Q 

 

H2O 
O2

 
H+ 

e-
 

H+ 
H+ 

Complex IV marks the end of 
the electron’s travels; it comes 
to rest with an oxygen atom, 
making up a molecule of water. 
This is used to pump another 
H+ ion out of the matrix  

H+ 

H+ 
H+ 

H+ H+ 

H+ H+ 

H+ 
H+ 

H+ 

pi 

ADP 

!!! 

ATP 

Once you got ATP, its no 
use to you hanging around 
the mitochondria, so it gets 
exchanged for ADP by  the 
Adenine Nucleotide 
Translocase protein 
 

ANTp 

Tg. 

 
 CARNITINE 

Acyltransferase 
 

Fatty Acyl CoA Synthase 

 Fatty Acyl CoA  
 

β- Oxidation 
 

 Fatty acids must  
 bind CoA to be of 
any to the fuel cycle 
 

Triglycerides have to be 
broken down into 3 fatty 
acids and glycerol  

 
 

 
 

Repetitive removal of 2 
 carbon atoms from the fatty 
acids each turn of  the cycle. 
each turn of the beta-oxidation spiral produces 
one NADH, one FADH2, and one acetyl-CoA. 
All reduced cofactors are used to produce heaps 
and heaps of ATP.  Palmitate produces 129 ATPs 

 ACETYL-CoA 
 

FADH + NADH 
 

amino acids fall into three categories:  

glucogenic  
ketogenic 
both glucogenic and ketogenic. 
All amino acids except lysine and 
leucine are at least partly glucogenic. 
GLUCOGENIC means they can be 
stripped of their amine group (turning 
into alpha-ketoacids) and sent into 
the TCA cycle. The amine group is 
essentially ammonia and needs to be 
eliminated via the UREA CYCLE. 
KETOGENIC means they can be 
made into fatty acids and stored in 
this way until they are required- 
whenh they are transformed into 
ketones and sent into the 
bloodstream. 
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                 agets disease of boneagets disease of boneagets disease of boneagets disease of bone                                                    
  HISTORY OF PRESENTING ILLNESS:        

            GRADUALLY WORSENING PAIN AND DEFORMITY: 

      most affected are  

- Pelvis 
- Spine 
- Skull 
- Femur 
- Tibia 

          The pain is typically bony pain,  
i.e dull and gnawing, worse @ night 

 

                      What kind of deformity? 
- BOWING of the tibia  
- Worsening KYPHOSIS 
- FRONTAL BOSSING  
- HEAD ENLARGEMENT (!)  
- FACIAL DEFORMITY 
- LOSS OF TEETH 
- CRANIAL NERVE ENTRAPMENT especially 

         CN 8- thus, HEARING LOSS 
         

 

INVESTIGATIONS            
- Alkaline Phosphatase: Bone-specific AP is better; marker of bone formation 
- Urinary Hydroxyproline levels, marker of bone resorption 

The degree of bone marker elevation reflects the extent and severity of the disease. 

Serum total ALP remains the test of choice for assessing response to treatment 
 

- Calcium, Phosphorus 
- Serum 25OH Vitamin D 

RADIOLOGY             
 
 
 
 
 
 
 
 
 

MANAGEMENT: must stop the osteoclasts! 
CALCIUM SUPPLEMENTS + BISPHOSPONATES: the “-dronates”; tiludronate, alendronate, and risedronate 
    PAMIDRONATE is the only one used intravenously. !! BE SURE TO GET ENOUGH Ca++ 

 
 
 

 
 

the second most common bone disorder 
in elderly persons (after osteoporosis)  

DIFFERENTIALS ACCORDING TO THE FACULTY 
Metabolic bone disease  
      - osteoporosis +/- crush fractures, Paget's disease.  
Primary malignancy of bone or marrow  
     - e.g. multiple myeloma, osteosarcoma 
Extra-vertebral disease effecting bone,  
     - eg bony metastases from remote tumour.  
Infection 
     - spinal osteomyelitis or epidural abscess.  
Degenerative spinal disease  
     - facet joint OA,  disc herniation, spinal canal stenosis,  
Referred pain  
  - abdominal aortic aneurysm, carcinoma pancreas 

MOST COMMONLY: 
Isolated LFT abnormality: 
Raised Alkaline Phosphatase 
And otherwise asymptomatic… 

FRACTURE 
may be the first 
presenting sign 
 EXAMINATION: 

- Obvious deformities 
- Warmth + tenderness to palpation 
- Examine the JOINTS for OA 
- TEST HEARING!! 
- Scope the fundus: Optic Nerve Atrophy? 
-  

May cause secondary 
arthritis; walking on 
bowed tibias causes 
unnatural mechanical 
stresses on your joints 

Should all be normal if this is really Paget disease! 
Sometimes they CAN get hypercalcemic, but its uncommon 

CHARACTERISTIC FEATURES: 
- Blade of grass lesion (advancing lytic front) 

- Cortical Thickening:  Vertebral cortical thickening of the superior and inferior 

end plates creates a "picture frame" vertebra 

- Bone bowing  

- Fused sacroiliac joint 
- Sclerotic changes (dense brittle bone) 

- Diffuse radiodense enlargement of a vertebra is referred to as "ivory vertebra." 
“Blade-of-grass” lesion – first phase  
( its in someone’s distal humerus)

DIAGNOSIS IS USUALLY MADE THOUGH 
CHARACTERISTIC X-RAY AND BIOCHEM 

RADIONUCLIDE BONE 
SCAN for active disease 

FOSAMAX 
Is Alendronate 

synthetic analogues of pyrophosphate that bind to the hydroxyapatite found in bone. Fosamax 
(alendronate sodium) is a bisphosphonate that acts as a potent, specific inhibitor of osteoclast 
mediated bone resorption. Preferentially to sites of bone resorption, specifically under 
osteoclasts, and inhibits osteoclastic bone resorption with no direct effect on bone formation. 

May result in hypocalcemia if bone formation proceeds at a ridiculous rate while bone resorption is inhibited. 

ANALGESIA – NSAIDs + / - Opiates (try to stay out of the opiates) 

Plus… SURGICAL MANAGEMENT of severe deformity + access devices eg canes, walkers… 
 

BEWARE: Bisphosphonates arent very well absorbed PO.  
Its even worse- Calcium Supplements interfere with the 
absorption as well! SO: don’t take them within 2 hrs of each other 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Pathophysiology of Paget’s Disease and its Complications 
 
 
 
 
 
 
 
 
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RISK FACTORS: 
Genetics 

- positive family history in 5 to 25% of patients  
- disease 7 or 10 times more prevalent in first degree relatives 
- genes implicated include a receptor activator for a nuclear 

factor (RANK) involved in osteoclast differentiation. 
- Other genes as well, far too many to list 

Overall, a heterogenous multigenic inheritance pattern 
  

Increased NUMBER and ACTIVITY of  

Pagetic osteoclasts  

- Large 

- Increased 10- to 100-fold in number, 
- A greater number of nuclei (as many as 100 

compared to the normal 3 to 5 nuclei) 

- THUS: sevenfold increase in 
resorptive surfaces; and so   

- Erosion rate of 9  times the normal 
 

Hyper-responsiveness of the precursor 
(inactive) osteoclasts to active Vit D 

OVER- Expression of the c-fos proto-
oncogene in the osteoclast: (thus 
launching osteoclasts into relentless activity) 

Over-recruitment of precursors by an 
increased level of IL-6 

Osteoclasts are hyper-responsive to the 
RANK ligand (genetic abnormality)  
(RANK seems to mediate the effects of all other bone 
growth factors on the osteoclast) 

OVER-Expression of the anti-apoptotic 
bcl-2 gene: hence prolonged osteoclast survival 

Thus, the CHARACTERISTIC FEATURES: 

increased bone resorption + 
 accelerated bone formation 
 

The final Sclerotic Phase, 

bone resorption declines progressively  
Remaining behind from this process: 

hard, dense, less vascular pagetic or 
mosaic bone, which represents the so-
called burned-out phase of Paget disease.  
 

WITH MASSIVE SKELETON INVOLVEMENT: the diversion of blood into the great volume of 
hypervascular bone may cause HIGH OUTPUT HEART FAILURE; PLUS so much calcium floating 
around causes AORTIC STENOSIS and diffuse VASCULAR CALCIFICATION 
 

The cells that come to replace the bone that is being 

destroyed are FUNCTIONALLY NORMAL OSTEOBLASTS 

Hypervascularity 
Happens because 
woven bone is much 
more permeable to 
blood vessels 
 

Alkaline 
Phosphatase 
is released 

EXACT AETIOLOGY IS UNKNOWN: 
? does a virus (measles) alter the DNA of those 
osteoclasts? Maybe another virus? 
 

Second phase: Woven Bone Formation 
replaces normal lamellar bone with haphazard 
(woven) bone. Not structurally sound, is it. 

At the same time, fibrous connective 
tissue may replace normal bone marrow 

 

initial osteolytic phase  
 - prominent bone resorption  
 - marked hypervascularization. 
 - warmth and swelling can be palpated   

Radiographically, this looks like an advancing 
lytic wedge, or "blade of grass" lesion 



                  rolactinomarolactinomarolactinomarolactinoma                                                    
     HISTORY of PRESENTING ILLNESS      

- May or may not be lactating uncontrollably 

- May or may not be vexed by VISUAL PROBLEMS 

EXAMINATION:          
- Mainly interested in non-pituitary reasons for amenorrhoea 

    However; it only takes a moment to check for 
      BITEMPORAL HEMIANOPIA 

 
 
 
 
 
 
 
 
 
 
 
Exam specifically for prolactin: try to express milk  
          (demonstrate galactorrhoea)     
 
 
 
 
 
 
 
 
 
DIFFERENTIALS of high prolactin        

- Pregnancy – is she post-partum? 
- Excessive exercise 
- History of chest wall surgery or trauma 
- Chronic renal failure 
- Cirrhosis 

- Postictal patients also develop hyperprolactinemia  

within 1-2 hours after a seizure.    

- Hypothyroidism 

- microadenomas (more common in premenopausal women), which are smaller than 10 mm   

- macroadenomas (more common in men and postmenopausal women), which are >10 mm. 

- Macroprolactinemia is the apparent increase in serum prolactin without symptoms. In this 

condition, serum prolactin molecules can polymerize and subsequently bind to immunoglobulin G (IgG). 
This form of prolactin is unable to bind to prolactin receptors and exhibits no systemic response. In the 
asymptomatic patient with hyperprolactinemia, this condition should be considered. The discovery of 
macroprolactinemia could save the patient the inconvenience and cost of an in-depth evaluation for a 
microadenoma. If this condition is suspected, specific serum immunoassays must be performed to detect 
this form of prolactin. Women with macroprolactinemia are able to conceive. This condition generally 
requires no treatment. 

AMENORRHOEA in chicks 
LOSS OF LIBIDO in dudes 

FEMALE examination   
Signs of Endocrinopathy  

- Hirsuitism 
- Stigma of Cushings disease 
- Hypopituitaristic hypogonadism 
- THYROID DISEASE 

Genital exam  

- Sexually transmitted pathogens eg. Chlamydia 
- Anatomical defects 
- Assess cervical os for patency 

 

Rectal exam  
Assess for pelvic inflammatory disease 

  
 

MALE examination    
Signs of Endocrinopathy  

(Hypogonadotropic Hypogonadism)  
- Thyromegaly  
- Dermatologic changes in hair or fat  
- THYROID DISEASE 

Genital exam  

- Hypospadias  
(Congenital defect of urethral meatus) 

- Assess testicular size  
- Normal <20 cm or >4 cm   

- Varicocele  

Rectal exam  
- Assess prostate gland for 

 Nodules or swelling  
  

ASK ABOUT THE 

DRUGS 
Dopamine 
receptor 
antagonists  
- phenothiazines  
- butyrophenones  
- thioxanthenes  
- risperidone  
- metoclopramide  
- sulpiride  
- pimozide 

 

Dopamine-depleting 
agents, eg.   

- methyldopa 
- reserpine 

 
 

Others:  
- Isoniazid 
- Danazol 
- Tricyclic 

antidepressants,  
- monoamine 

antihypertensives,  
- verapamil,  
- estrogens,  
- antiandrogens,  
- cyproheptadine,  
- opiates,  
- H2-blockers 

[cimetidine],  
- cocaine 
 

These conditions 
usually produce a 
prolactin level of 
less than 50 ng/mL. 

INVESTIGATIONS:    !! PROLACTIN ASSAY!! 
- Must be a FASTING SAMPLE 
- After you have determined that there actually IS an increase in prolactin: 

- Beta-HCG  
- TSH (hypothyroidism) 
- LFTs (cirrhosis?) 
- EUC (chronic renal failure) 
- LH, FSH, Growth Hormone (looking for panhypopituitarism) 
Then: If no obvious cause is identified or if a tumor is suspected, MRI should  

be performed.  When the underlying cannot be determined and an MRI does not  
identify an adenoma, idiopathic hyperprolactinemia is diagnosed. 

MANAGEMENT: 
- Fix the underlying problem 
- If none is found, give either 

- BROMOCRIPTINE 
- CABERGOLINE 

- Only needed twice weekly 

- PERGOLIDE 

Follow up: 
- With fasting prolactin levels 
- With MRI to check on the mass 

Investigate for osteoporosis!  
Low sex hormones � reduced bone formation 
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D2 

 
PRL-R 

EXCESS 
Galactorrhea due to excess 

  Oligomenorrhea,  
Amenorrhea 
Infertility,  

- generally result from prolactin  
- suppression of gonadotropin- 
- releasing hormone (GnRH).  
- MALES may complain of a loss 

of sexual interest, infertility or hypogonadism. 
 
Plus always theres the visual field defects. 
 
  

 

DEFICIT 
USUALLY: 2

ndry 
 to hypopituitarism 

OR: postpartum pituitary necrosis  
(Sheehan syndrome) 

Or… MEDICATIONS!! 
Plus… Anorexia and nicotine… 
 
- Menstrual disorders 
- Inadequate lactation 
- delayed puberty 
- infertility / subfertility 
- the rare “Purpueral Alactogenesis” 
- BITEMPORAL HEMIANOPIA from a non-

secretory pituitary tumour, causing a pan-
hyopopituitaristic picture 

 
 
 
 

 

RELEASE 
All these factors can stimulate release, usually by direct action on 
the dopamine-releasing parts of the hypothalamus 

- Estrogens especially high levels at the end of 

pregnancy, used to prepare the mammary glands 

- TRH (Thyrotropin-Releasing Hormone); 
Hence HYPOTHYRODISM can cause high prolactin! 

- Suckling (spinal reflex arc ) 

- GnRH probably acts on lactotrophs themselves 
- VIP (vasoactive intestinal peptide)  

-  

 
The Physiological Effects of Prolactin and Consequences of its Deficit or Excess 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tissues: 
 

 

INHIBITION 
        HYPOTHALAMUS 

Exerts a CONTINUOUS TONIC  INHIBITION via 
DOPAMINE D 2 receptor. A dysfunctional 
hypothalamus will result in hyperprolactinaemia 

 

In the Anterior Pituitary… 

ACIDOPHILE LACTOTROPH CELL 
     Cleaves a prohormone and produces 

 

METACLOPROMIDE 
= D2 ANTAGONIST 
= stimulates prolactin release 

BROMOCRYPTINE 
= D2 AGONIST 
= inhibits prolactin release 

PROLACTIN 

 PRL 

Membrane-anchored receptor appertaining to the 

class 1 cytokine receptor superfamily 

tyrosine phosphorylation of several cellular proteins, 
including the receptor itself and Janus Kinase 2 (JAK-2) 
 

Signal transduction via various kinases: 
The active phosphorylated receptor activates cascades 
of enzymes which bring about gene transcription and 

protein synthesis of all sorts 

CHIEF FUNCTION: 

LACTOGENESIS 
prolactin stimulates uptake of some amino 
acids, the synthesis of the milk proteins 
casein and a-lactalbumin, uptake of 
glucose, and synthesis of the milk sugar 
lactose as well as milk fats. 

MAMMOGENESIS 
Stimulates growth and differentiation of 
mammary ductal epithelium, in parallel 
with estrogen / progesterone 
 

FEEDBACK 
Prolactin can inhibit its 
own secretion by acting on 
the hypothalamus 
 

FEEDBACK 
Drop in prolactin: echoed by a drop of 
dopamine activity in the hypothalamus. 
 

Freeman et. al, 

PHYSIOLOGICAL 

REVIEWS  Vol. 80, No. 

4, October 2000 

Printed in U.S.A. 

pp. 1524 

Genes encoding prolactin, growth hormone, and placental 
lactogen evolved from a common ancestral gene by gene 
duplication. The divergence of the prolactin and growth 
hormone lineages occurred about 400 million years ago. 
 

EXTRAPITUITARY SITES OF PROLACTIN SYNTHESIS: 
- Hypothalamus (on its own!) 
- Placenta, amnion, uterus 
- Mammary glands 
- Lymphocytes (??) 

Osmoregulation: 
- decreases the transport of sodium and 
- increases the transport of potassium across 
- mammary epithelial cells 
- inhibits water transport into human amnion 
- acts on the proximal convoluted tubule of the 

renal nephron to promote sodium, 
potassium, and water retention 

 

supports ANGIOGENESIS… 
BUT prolactin breakdown products INHIBIT 
angiogenesis… 
 

REPRODUCTIVE EFFECTS: 
Maintains progesterone activity: thus  
- enhances implantation 
- inhibits ovulation  
plus, increases female sexual receptivity, 
enhances parenting behaviour  

 

IMMUNE EFFECTS: 
T-lymphocyte activation by IL-2 requires prolactin 
Also requiredfor mitogen-stimulated lymphocyte 
proliferation 
 

- Adrenal glands 
- Fatty tissue (?…  

…Influence via leptin) 

Half life: 20min Highest level at night 

ALSO: Inhibited by 
THYROXIN and 
SOMATOSTATIN 



SIADH and Diabetes Insipidus         
SIADH 
 = WATER RETENTION due to ridiculously inappropriate ADH secretion 
 = ADH = posterior pituitary peptide hormone; 
 = normally, ADH causes water resorption at the collecting duct 
 = too much ADH = too much water is resorbed 
 THUS: extracellular water retention; plasma osmolality falls (bloodstream is diluted) 
 THUS: the proximal tubule, trying to compensate, tries to dump water by dumping sodium. 
  Or, rather, by no longer resorbing as much sodium. 
 THUS: HYPONATREMIA develops; though usually if there is another source of free water. 
  The water retention usually stops short of actual oedema 
 SYMPTOMS are usually those of hyponatremia (very non-specific constitutional symptoms) 
 MANAGEMENT: usually limited to fluid restriction; maybe consider hypertonic saline 
  And, of course, LOOK FOR THE CAUSE 9drugs, tumour, brain injury eg. meningitis) 
   
 
  
  
  
 

Key Features of SIADH 
HYPONATREMIA 
LOW SERUM OSMOLALITY 
LOW URINE VOLUME 
NORMAL URINARY SODIUM 

Key Features of Diabetes Insipidus 
HYPERNATREMIA 
HIGH SERUM OSMOLALITY 
HIGH URINE VOLUME 
HIGH URINARY SODIUM 

DIABETES INSIPIDUS          
 Central DI: failure of posterior pituitary to produce ADH. Opposite problem to SIADH. 
 Nephrogenic DI: Resistance to ADH at the level of the renal tubule;  
 In either case, there is nothing triggering the ADH-mediated aquaporin channels at the  
 distal tubule and collecting duct. Therefore…. 
 FAILURE TO CONCENTRATE THE URINE 
  Thus;  

“Water Deprivation Test”: 
Stage 1: 

1) Test the urine first thing in the morning. 
2) Dehydrate your patient. Weigh them every 2 or 

so hours, to make sure the volume depletion is 
no greater than 2-5%. Don’t withdraw fluids 
for longer than 4 hrs in infants and 7 hrs in 
older children.  

3) Then test the urine for specific gravity. 
SPECIFIC GRAVITY  SHOULD BE HIGHER 
THAN BASELINE.  
By being deprived of water, you should start 
concentrating your urine. In any diabetes insipidus, 
the specific gravity will stay much the same. 
Stage 2: 
Administer ADH:  
CENTRAL DI will respond with a decreased urine 
output and an elevated specific gravity; you had no 
ADH before and now you do, and everything works 
properly again. 
NEPHROGENIC DI  wont respond at all to extra 
ADH, because the kidneys are resistant to it. 

- polyuria 
- nocturia 
- dehydration 
- failure to thrive 
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Coeliac DiseaseCoeliac DiseaseCoeliac DiseaseCoeliac Disease                            
Maria Santangelo, aged 25, presents complaining of 3 months of worsening tiredness and malaise with a history of diarrhoea.  

History of Presenting Illness          
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Differential Diagnoses            
Bacterial Overgrowth Syndrome  
Collagenous and Lymphocytic Colitis  

Crohn Disease  

Cytomegalovirus Colitis  
Eosinophilic Gastroenteritis  
Gastroenteritis, Bacterial  
Gastroenteritis, Viral  
Giardiasis  
Hypoalbuminemia  
Hypocalcemia  
Hypokalemia  

Hypomagnesemia  
Hypothyroidism  
Immunoglobulin A Deficiency  
Inflammatory Bowel Disease  
Iron Deficiency Anemia  
Irritable Bowel Syndrome  
Malabsorption  
Protein-Losing Enteropathy  
Jejunoileitis 
Intestinal lymphoma

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In adults it usually occurs 

between 20 and 60 years. 

Sole presentation nowadays may 

be a microcytic hypochromic 

anaemia  which cannot be 

otherwise explained 
 
diarrhea is usually mild: 
 fewer than three bowel movements per day in most.  

Fatigue is the most frequent 
symptom at presentation.  

Weight loss is usually only ~10kg  

 
A clue to the diagnosis of celiac 

disease is the development of  

lactose intolerance in person 

whose heritage is northern European.  
 
It only takes ONE GLASS OF MILK 
to induce diarrhoea and flatulence 
in a lactose-intolerant person. 
 

Findings on Examination           
• Abdominal examination = protuberant and tympanic abdomen due to distension with fluids and gas.  

• Ascites occasionally  

• Evidence of weight loss, including muscle wasting or loose skin folds 

• Orthostatic hypotension 

• Peripheral edema 

• Ecchymoses 

• Hyperkeratosis or dermatitis herpetiformis (itchy vesicles on elbows) 

• Cheilosis and glossitis 

• Evidence of peripheral neuropathy 

• Chvostek sign: tapping on facial nerve over mastoid process causes a tic of facial muscles 

• Trousseau sign: when the cuff is inflated to just over the systolic pressure,  the hand will spasm 

 

Malabsorption diarrhoea: 

WORST SMELL EVER 
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Tests and Investigations           
 
 
   Full Blood Count 

    Anemia is present in less than 50% of adult patients.  
   Also want to make sure that the coagulopathy is due  

to malnutrition and vitamin K depletion, not thrombocytopenia 

   Serum Ferritin.  

iron deficiency is the most common laboratory abnormality.. 
Serum Biochemistry  

Depletion of minerals (zinc, magnesium) and ions (potassium)  

( occurs only with severe disease ) 
Malnutrition = decreased serum albumin.  

   RBC Folate  

Folate deficiency is uncommon, but happens 
   Hydrogen Breath test 

the absorptive cell lesion also results in secondary lactase deficiency; thus, the H2-
lactose breath test may be abnormal in celiac disease. 

Stool Examination  
Steatorrhea can be confirmed by a 72-hour fecal fat study. 
It is usually mild (10-20 g/24 hours) and may be absent in some patients.  
Severity of steatorrhoea correlates with the extent of the intestinal lesion,  

PLUS you look for ova, cysts, parasites, Leucocytes and BLOOD  
Barium Swallow radiography (IGNORE AS IT IS USELESS) 

Barium studies of the small bowel may show dilation of the bowel and slight thickening of the 
mucosal folds. Intraluminal signs of malabsorption with flocculation, segmentation and clumping of 
the barium (features due to excess amount of fluid present within the lumen) are variable and not 
common. (The new barium suspensions now used have made this a rare finding.) Radiographic 
findings in celiac disease are not specific for this syndrome of malabsorption. 

   Serum Anti-Endomyseal Antibodies 
 Anti-endomysial IgA antibody : antibodies against reticulin in monkey oesophageal smooth muscle.. 

The most sensitive and specific test (>98%)  
 
 
SMALL BOWEL BIOPSY is the gold standard: so get in there   
= can be obtained endoscopically from the distal duodenum (at least four forceps biopsies).  
        
 

Looking for:  

• SUBTOTAL VILLOUS ATROPHY 

• flat surface  

• hyperplastic lengthened crypts 

• increased cellularity 

• more plasma cells and lymphocytes 
• proximal small bowel most severely involved 
 

 
 
 
 
 
 
 
 
 

 
 

For it to be called COELIAC DISEASE, 
you have to demonstrate 

SMALL BOWEL MUCOSAL VILLOUS ATROPHY that 

IMPROVES UPON GLUTEN WITHDRAWAL 
 

WHAT ELSE 

LOOKS LIKE 

COELIAC 

DISEASE @ 

BIOPSY: 
Nothing,  if its from a 
white western adult. 
Otherwise,  
 
tropical sprue, 
 
diffuse lymphoma of 
small bowel, 
 
 immunoglobulin 
deficiency syndromes  
 
Zollinger-Ellison 
syndrome  
(gastrin-secreting 
tumour 
 

IN INFANTS: 
soy protein intolerance, 
cow's milk protein 
intolerance and viral 
gastroenteritis produce 
a similar appearance 

You don’t need to do another biopsy to prove that a gluten-free diet made it better  



Management: STOP EATING GLUTEN!     
                  which requires avoiding wheat, rye, barley and oats  

PLUS: may want to think about replacing + 
supplementing haematinics and other micronutrients 

 

Nutritional approaches to GI disease        

Gluten is found in  

- wheat (wheat flour is ~8% gluten) 
- rye and barley  
- wheaten cornflour, 
- malt  
- some thickeners  
- oats (contaminated with traces) 

 

Gluten-free flours:  
- rice,  
- soy,  
- maize,  
- besan (chickpea)  
- potato  
- Arrowroot, 
-  buckwheat,  
- lupin, 
-  maize cornflour, 
-  millet, 

-  modified maize starch, 
-  polenta, 
-  psyllium, 
-  rice, 
-  sago, 
-  seeds,  
- sorghum 

-  tapioca

 
Prognosis: EXCELLENT provided gluten is withdrawn 

Vast improvement within weeks if not days 

Epidemiology             
Frequency:  

• Internationally: Celiac sprue is prevalent in some European countries with temperate climates. 

For example, the frequency of the disease is between 1 in 250 persons and 1 in 300 persons in 

Italian and Irish populations. In comparison, the disease is rare in Africans or Asians.  

Mortality/Morbidity:  

• increased risk for lymphomas and adenocarcinomas of the intestinal tract. 

• Untreated pregnant women are at risk of miscarriage   

• There is risk of congenital malformation of the baby. 

• celiac sprue @ childhood = FAILURE TO THRIVE  and short stature  

(!!30% have clubbing and 20% can have constipation. How very weird) 

Race: Celiac sprue is most prevalent in Europeans and is rare in Africans and Asians.  

Sex: Incidence of celiac sprue is slightly higher in females.  

Age: The age distribution of patients with celiac disease is bimodal,  

• first peak is at 8-12 months 

• second peak in the third to fourth decades.  
 

 

 

 

 

 

 

 

Commonest cause of malabsorption in the western world! 1:250 to 1:75  

THIS DIET IS LIFE-LONG: 
Mention to the patient – persistent  
non-compliance may be associated 

with small bowel malignancy 

elastic properties of the wheat gluten protein  
permit the baking of leavened bread. 
 

many foods on the market that are gluten-free  

are not labelled as such 

 
A person on a normal diet consumes 
about 10-14g of gluten per day. 



Nutrient Absorption and Transport         
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trace nutrients: Water soluble vitamins           
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fat soluble vitamins              

incorporated in bile salt micelles prior to absorption by the enterocytes usually in the upper jejunum.  

Vitamin A is not as reliant on bile andpancreatic enzymes 
Vitamin D is absorbed in the upper jejunum presumably by diffusion.  
Vitamin E absorption is very dependent on adequate micelle formation 
Vitamin K requires both bile and pancreatic enzymes for absorption. 

Trace metals              

Most trace metals are absorbed by passive diffusion  

Iron bonds to a membrane receptor protein, and absorption may be facilitated by a cytosolic 

apotransferrin. Iron absorption is impaired by certain foods, eg milk protein, tea and coffee, phytates, 

and enhanced or impaired according to iron storage status. 

glucose (80%), fructose (14%) and galactose (5%). 

SGLT uses Na+ concentration gradient, 
But GLUT-5 is passive  

Amino acids are transported by 7 different specific transporters. 

Some are Na+ coupled, some are not.  

CHOLESTEROL has its own  transporter: then, esterified in enterocyte; ���� secreted into portal blood 

RIBOFLAVIN  Absorbed by SATURABLE TRANSPORT SYSTEM  

@ proximal JEJUNUM  
Released from proteins 
by stomach acid  

NIACIN  FACILITATED or PASSIVE transport @ JEJUNUM  

B6   dephosphorylated  

B12  Released from proteins 
by stomach acid : binds 
to R-proteins in saliva 

Liberated from R-proteins 
by pancreatic proteases 
Links with  intrinsic factor 
@ duodenum  

Absorbed via a specific receptors in terminal ILEUM 

Then bound to transcobalamine for transport in plasma 

Vitamin C  Converted to dihydro-derivatives  Energy-dependant facilitated transport  

FOLATE  Cleaved from polyglutamates  by upper 
jejunal brush border CONJUGASES 
(!!conjugase action impaired by alcohol) 

Energy-dependant facilitated transport  

For most vitamins,  
JEJUNUM IS WHERE IT ALL HAPPENS 

Except for weird vitamin B12  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Most pancreatic enzymes are activated in the lumen- EXCEPT amylase and the lipases 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



Carbohydrate absorption   Protein absorption    
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 



 
 
 
 
 
 
 
 
 



 



Absorption of lipids            

 

 Function of Exocrine Pancreas         
96% of the total weight of the pancreas is exocrine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 litres of pancreatic juice per day. 

Acinar cell 

Isotonic 

NaCl rich 

fluid 
Pancreatic Duct Epithelium cell 

H+ 

Na+ 

K+ 

K+ 

Na+ 

Na+ 

HCO3- 

Cl- 

Precursors of Exopeptidases 

Precursors of Endopeptidases 

Trypsinogen, 
chymotrypsinogen 
Proprotease E 
Proelastase  
kallikreinogen 

Procarboxypeptidase A and B 
Propancreatic phospholipase A2 
Lipases and carboxypeptidases 
Amylase, ribonuclease, DNAse 
Co-lipase ( for micelle building) 

@ gut lumen: 

brush border enzymes 
activate TRYPSIN 
���� TRYPSIN then 
activates all other 

pancreatic enzymes 

ACINAR Secretory stimulus: from Cholecystokinin and 
Acetylcholine (increase Ca++, which is the 2ndary transmitter) 

CFTR HCO3- 

HCO3- 

Cl- 

Cl- 

Na+ 

Na+ 

Na+ 

K+ 

HCO3- 

Na+ 

FAILURES OF PANCREATIC FUNCTION: 
For example cystic fibrosis: pancreatic lipase requires a steady alkaline pH, 
but if the CFTR protein cant channel HCO3-, the duodenum stays acidic and the 
lipase doesn’t work, hence���� FAT MALABSORPTION 
Patients with pancreatic insufficiency present with diarrhoea and often describe their 
stools as containing "bacon fat", "melted butter" or "olive oil". 
NOTHING LIKE COELIAC DISEASE!! � where malabsorption is of the fatty acids,  

not whole triglycerides 

mucus 



Mucosal Immunity: Mucosa-associated lymphoid tissue (MALT)  
 

 

 

- The tonsils contain a considerable amount of 
lymphoid tissue, often with many large 
germinal centres.  

- The bronchi contain diffuse lymphoid 
aggregates and respiratory epithelium 
contains dendritic cells for uptake, transport 
and processing of antigens. 

- Peyer's patches of the lower ileum are 
particularly prominent diffuse accumulations 
of lymphoid tissue are seen in the lamina 
propria of the intestinal wall. They form 

follicles with segregation of 
lymphocytes into T and B cell areas. 

 

 

 

 

 

 

 

 

 

 

 
HOW EVERYTHING WORKS:   
Peyers patch is COVERED BY A DOME OF EPITHELIUM. 

This dome is composed of “M” CELLS (microfold cells) 

These cells TOTALLY ENVELOP the B and T lymphocytes! 
Their job is to allow the antigens to penetrate through into the lymph 

 

IgA IMMUNITY       
Secreted by B cells in the mucosa 

   Actively transported through the epithelium:  
- Internal surface of epithelium has special receptor 
- The receptor + IgA complex is endocytosed 
- Gets transported in vesicles 
- @ the LUMEN MEMBRANE, enzymes cleave the receptor 
- the IgA is released, bound to the secretory component 
- Protected from destruction by the secretory component 

Mucosal T cells :            

���� MAIN FUNCTION seems to be virus surveillance: they are mainly CD8 cytotoxic T-
cells 
Recirculation and homing            

Cells activated in the mucosa migrate to regional lymph nodes and then "home" back to mucosal 

surfaces via the thoracic duct and blood stream.  
This tissue-specific recirculation is dependent on recognition of adhesion molecules (of the selectin and 

integrin family) expressed on MALT-derived lymphocytes and on endothelial cells of the mucosal 

postcapillary venules.  

Thus, antigen stimulation at one mucosal site can elicit an antibody response at other surfaces as well. 

Whole idea of MALT is that ITS NOT ENCAPSULATED like the lymph nodes. 

FOUND IN LAMINA PROPRIA and SUBMUCOSA: @ GASTRO, RESPIRATORY and GENITOURINARY tracts 

IgA 



Overview of Spectrum of non-infectious diarrhoea : worth ignoring 

Inflammatory bowel disease is the term used to describe ulcerative colitis and Crohn's disease. These are 

chronic, relapsing conditions of unknown aetiology affecting the gastrointestinal tract. Onset can be at 

any age, but with a peak from late teens to mid-30s.  

Aetiology  

The cause of either condition is unknown. Factors implicated in Crohn's disease include smoking, 

genetic factors and intraluminal bacteria. Mucosal inflammation with activation of the immune system is 

a feature of both diseases.  

Ulcerative colitis  
Pathology: affects only the large intestine. Always involves the rectum and usually a variable length of 

colon proximal to this in continuity. The inflammation is confined to the mucosa. Neutrophils prominent 

in the inflammatory infiltrate.  

Clinical features: typically presents with diarrhoea containing blood and mucus. Patients with proctitis 

may have bleeding only. Pain is a feature of severe disease. Toxic megacolon and perforation may 

result. Extraintestinal manifestation can develop, affecting joints, skin, eyes and liver. The risk of 

colorectal cancer is increased in patients with extensive disease after 7-10 years.  

Diagnosis: sigmoidoscopy or colonoscopy, with biopsy. Barium enema occasionally used as the 

alternative. Infectious causes of colitis must be excluded by stool microscopy and culture.  

Treatment: In active disease depends upon the extent of involvement and degree of inflammation. 

Corticosteroids are used rectally for left-sided disease, orally if more extensive, more active or 

unresponsive, and intravenously in severe cases. 5-aminosalicylic acid (5-ASA) compounds, 

sulphasalazine, mesalazine and olsalazine, of benefit in mild-moderate disease, but their main role is in 

maintenance therapy. Immunosuppressants (azathioprine, 6-mercaptopurine) are used for resistant 

disease or for their steroid-sparing effect. Cyclosporine may have a limited role in severe colitis where 

surgery is not possible.  

Maintenance therapy with 5-ASA compounds reduces the relapse rate by 50% or more. Treatment 

should be continued indefinitely. Azathioprine/6-MP can also be used for maintenance. 

Surgery, usually ileal pouch-anal anastomosis, is required in approximately 20% of patients. Indications 

include severe active disease, chronic unresponsive disease, cancer risk or overt cancer. 

Crohn's disease  

Pathology: can involve any part of the gastrointestinal tract, most commonly the ileum, colon or both. 

Discontinuous involvement, with characteristic "skip" lesions. The inflammation is transmural, leading 

to wall thickening. Fistulae may develop and are specific for Crohn's disease. Histologically there is a 

mononuclear infiltrate with the characteristic granulomas present in 70%.  

Clinical features: In small bowel disease the main symptom is pain. Patients with colitis develop 

diarrhoea, but with bleeding in only 50%. Fistulae may develop between loops of intestine or between 

intestine and skin or other organs. Systemic symptoms such as fatigue, fever and weight loss are also 

common in Crohn's disease. Perianal complications occur in 25%. Extraintestinal manifestations may 

develop as in ulcerative colitis.  

Diagnosis: a high index of suspicion is required. Colonoscopy with biopsy and small bowel radiology 

are generally used. Other investigations depend on the site of involvement.  

Treatment: active disease is treated with corticosteroids. Azathioprine or 6-MP are also used as in 

ulcerative colitis. Oral mesalazine in high dose may be of benefit in ileal inflammation. In resistant 

disease methotrexate has been tried. Cessation of smoking is essential because of its adverse effect on 

the course of the disease. New treatments include broad-spectrum antibiotics and anti-tumour necrosis 

factor (infliximab).  

Maintenance therapy with oral mesalazine is used in ileal disease. Immunosuppressants can also be used 

in selected patients. 

Surgery is needed in up to 80% of patients, especially those with small bowel involvement. This is 

mostly segmental resection of the most inflamed areas, with a conservative approach. Strictureplasty is 

performed on small bowel strictures. Surgery is not curative, with approximately 50% of patients 

requiring a subsequent operation. 

Prognosis: although these are chronic diseases, most patients can lead productive lives. Only a small 

proportion are disabled by the condition. Death from inflammatory bowel disease is rare.  

 



INNERVATION OF THE GUT         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHRONIC DIARRHOEA: a synopsis of pathophysiology :   4 BASIC MECHANISMS 
 
OSMOTIC 
Poorly absorbed nutrient drags water into the lumen 
DIAGNOSIS:  
It will stop with fasting,  
…or with removal of the offending solute 
CAUSES: 
Lactase deficiency 
Ingestion of excess mannitol, sorbitol, etc 
Even fibre can do it 
Magnesium, laxatives, antacids 
 

EXUDATIVE 
associated with mucosal damage that leads to 
an outpouring of mucus, blood, & plasma 
proteins  
(eg. - chronic ulcerative colitis,  
radiation enteritis)  
WILL NOT STOP WITH FASTING 

 
 
 
SECRETORY 
results from  
active secretion of electrolytes & water from 
the intestinal epithelium  
eg. – CHOLERA TOXIN 
Fasting does not relieve this type.  
Secretory is not a common type. 

� secretory gastric carcinoma, VIPoma, laxative 

abuse, loss of 100cm of terminal ileum 

 
 
MOTILITY 
Too fast 
Thyrotixicosis 
Post-abdominal surgery 

Too slow 
Bacterial overgrowth 
Primary intestinal hypomotility 
Scleroderma (constrictions) 
Diabetic autonomic neuropathy 

WHERE IS IT COMING FROM? SMALL BOWEl, LARGE BOWEL, OR STEATORRHOEA? 
 SMALL BOWEL: 
Large volume 
Liquid 
No blood or mucus 
May have undigested food 
Audible gurgling 
Periumbilical PAIN 
 

LARGE BOWEL: 
Small volume but frequent 
Blood AND mucus 
Straining, tenesmus  

(constant urge) 
pain @ lower abdomen 

 
 

STEATORRHOEA: 
Bulky, pale, oily, STINKY 
Floating!! 
Either liver or pancreas:  
are they YELLOW? 
Is there PRURITIS (bile duct obstruction)  
 
 



 Gut Lumen � 

 
 Mucosa-Associated Lymphoid Tissue� 

 Dendritic APC� 

PATHOGENESIS of Coeliac Disease and Lactose Intolerance   

 Villous Surface Enterocyte � 

Ingested LACTOSE 

Ingested GLUTEN 
= 35% gliadin,  

the rest = glutemins 

 rye 

 wheat 

barley 

 

@ small intestine @ colon 

Absent brush border lactase 

(normally lactose � galactose) 
Bacterial Metabolism 

H+ 

Flatus 
Bloating  
Borbourigmi 
Osmoitic effects 

(lactose drags 

water out of 

bowel) 

Proteinases, peptidases 

Peptides 

transported 

Tissue TRANSGLUTAMINASE: 
A ubiquitous repair enzyme : 
Performs DEAMIDATION of the glutamine residues 

NORMALLY: 
 forms GLUTAMIC ACID + AMMONIA 

 

Tissue transglutaminase 
and negatively charged 

glutamic acid (tTG + G) 

= the EPITOPE 

 

 

DQ2 subtype of 

MHC II Presents tTG + G 

Th1, Th2 lymphocytes:  
Pick up the antigen and 
kick-start a specific 
immune response, with 
production of detectable 
antibodies, and the  
subsequent  recruitment 
of leucocytes and 
complement. 
 

! DESTRUCTION OF ENTEROCYTES ! 
+ complement and monocyte mediated lysis of basal lamina  

THUS:  � decereased surface area 
� loss of brush border enzymes 
�loss of enterocyte-secreted hormones, 

THUS     � PANCREATIC INSUFFICIENCY 

� all lead to malabsorption 

most common cause of lactose intolerance in children is viral gastroenteritis. 

MALIGNANCY will result if gluten 
 is persistantly being consumed 
(? Because of continuous cell turnover in the gut? ) 

!SPECULATION! May be inaccurate  



FUNCTIONAL GIT ANATOMY 

PBL 1 

 

Secretion, gland:   Location, action:      Absorption: 

 

 MOUTH 

-Mastication by teeth (food becomes   

a moistened compact bolus) 

-Lubrication by saliva 

-Carbohydrates broken down by amylases 

-Triglycerides broken down by lingual lipase 

Saliva (Amylases) 

-From 3 pairs of salivary 

glands 

Trace quantities of simple lipids 

+ carbohydrates through the 

capillaries in  the tongue and soft 

palate 

OROPHARYNX 

-Muscular swallowing action 

LARYNGOPHARYNX 

-Muscular swallowing action 

OESOPHAGUS 

-Muscular swallowing action 

STOMACH 

-Bulk storage of swallowed bolus  

-Mechanical muscular churning of the bolus (peristalsis) 

-HCl (pH 1.5-2.0) denaturates proteins, deactivates 

foreign enzymes, breaks down plant cell walls and animal 

connective tissue, activates pepsin from pepsinogen  

-Pepsin breaks down proteins by attacking peptide bonds 

-Intrinsic Factor facilitates absorption of vitamin B12 in 

the intestine 

-Overall result is acidic viscous soup-like chyme 

HCl  

Intrinsic factor 

-From parietal cells of 

gastric gland in the proximal 

stomach (the fundus) 

 

Nothing  is specifically 

absorbed except some drugs (eg 

aspirin) and ethyl alcohol; this 

is due to the thick mucous 

coating of the stomach walls 

Lingual Lipase 

-from surface of tongue 

 

 

Pepsinogen 

-From “chief cells” in the 

base of gastric glands in 

the middle stomach          

(the “body”) 

  

DUODENUM  

(About 25 cm of small intestine) 

-Mixing of chyme, intestinal juice and digestive 

secretions of pancreas and liver 

-Intestinal Juice coats the walls of the small 

intestine and reduce the acidity of the chyme 

-Pancreatic alpha-amylase breaks down starches 

-Proteases break down large protein complexes 

-Peptidases break down proteins into amino acids 

 -Nucleases break down nucleic acids 

-Bile emulsifies the lipids in the chyme 

-Pancreatic lipase breaks down complex lipids into 

fatty acids  

JEJUNUM  

(About 250 cm of small intestine) 

Absorption of nutrients 

 

ILEUM  

(About 350 cm of small intestine) 

some absorption of nutrients 

Intestinal Juice to coat the 

walls of the small intestine and 

reduce the acidity of the chyme 

-from submucosal glands all 

along the small intestine 

Mucous to coat the walls of 

the stomach and protect 

them from acid/enzyme 

damage 

-from Goblet cells in the 

pylorus (distal stomach) 

Pancreatic alpha-amylase 

Pancreatic lipase 

Proteases 

Peptidases 

Nucleases 

-from the pancreas 

Bile 

-from the liver; stored in 

gall bladder 

Absorption occurs  

mainly in the JEJUNUM: 

-Peptides 

-Amino acids 

-Fructose 

-Glucose 

-Lipids 

-Water minerals 

-Vitamins  

 

 

PROXIMAL COLON 

(About 75 cm of total colon, comprising the 

ascending colon and transverse colon)  

-Colonic bacteria generate Vitamin K, Vitamin B5 

and Biotin 

-10% of all GIT absorption occurs in the  proximal 

colon  

DISTAL COLON 

(About 75 cm of total colon, comprising the 

descending colon and sigmoid colon)  

-Storage of wastes and reabsorption of water 

 

The Proximal colon 

absorbs: 

-Water 

-Vitamin K 

-Biotin 

-Vitamin B5 

-Some bile salts 

-Urobilinogen (product of 

bacterial metabolism of 

bilirubin from bile)  

-Toxins (ammonium ions, 

indole, scatole, and 

hydrogen sulfide 

 

RECTUM 

-Peristaltic expulsion of wastes  
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           aemochromatosisaemochromatosisaemochromatosisaemochromatosis                                                        010010010010                

                                            History of Presenting Illness:   
- Severe Fatigue  
- Impotence or amenorrhoea 
- Arthralgia 
- Skin hyperpigmentation 
- Diabetes symptoms 
- Weight loss 
- Stigma of Liver Disease 
- Cirrhosis (in 13%) 
- Palpitations  
- Heart Failure 

 
Physical Findings:     

- Hepatomegaly + Jaundice 
- RUQ tenderness 
- Skin hyperpigmentation 
- Cardiomegaly + arrhythmia 
- Arthritis 

INVESTIGATIONS      

  Transferrin Saturation 
  Ferritin level 
   Total Iron Binding Capacity will be LOW, as there is less free Transferrin    

Genetics: C282Y and H63D mutation: 
      FBC  
      24hr urinary porphyrins 
      Hemoglobin electrophoresis 
   ECG: looking for immediate danger  
   LFT: low titre “transaminitis” in 75% 
   BSL: hyperglycaemia 
   TSH: low 
   Gonadotropins: low 
   Liver Biopsy  
  X-ray of the painful joints 

Alpha-Fetoprotein if HCC is likely 

 
 
 
 
 

Isolated  LFT abnormality in an 
OTHERWISE HEALTHY PATIENT 

A Bronzed Diabetic 

OR 

Commonest Presenting Complaints  
…but roughly 75% of people with HH are asymptomatic  
 

Early Stage 

Late Stage 

End Stage 

 And possibly also HEPATOCELLULAR CARCINOMA  
risk of which is increased 200-fold by iron-overload cirrhosis 

…JAUNDICE, OEDEMA, COAGULOPATHY etc… 

“Sick Sinus Syndrome”:  weird SA node dysfunction: 
either Brady-to-Tachy cycling, back and forth; OR 
can present with sinus brady, or sinus tachy, or sinus 
asystole (!!- pumping purely with P waves!! And the patient 

complains of feeling “a little faint”… ) …RARE! And a marker of 
end-stage iron overload states; as iron-overloaded people tend 

to die from cardiac causes, this HERALDS THEIR DOOM 

Conduction Abnormalities 
Dilated Cardiomyopathy  
Arrhythmias esp. AF 

So, weird ECGs,  
new regurg murmurs, 
an enlarged heart 
silhouette and maybe 
Atrial Fibrillation 

MCP, PIP,  Knees, Feet, Wrists, Back, Neck… 
 
IRON STUDIES IN HAEMOCHROMATOSIS: 
Transferrin saturation is the best diagnostic and screening test; 

Threshold = fasting transferrin saturation of 45-50%. 

Serum ferritin is not as good; will be elevated- but it also becomes 
elevated in infection, inflammation, and in liver disease 

Ends-stage liver disease is diagnosed through biopsy 

SCREENING THE FAMILY: 

The excess iron deposition damages the hypothalamus 
and pituitary; hence the endocrine abnormalities. 
Hypogonadism is more common in men than in women. 

Biopsy is usually not required for diagnosis, UNLESS 
YOU SUSPECT CIRRHOSIS: i.e if the patient drinks a lot 
and has a ferritin of over 1000. So its more of a “prognostic” test 

DIAGNOSTIC: 
First you must prove 
they have hereditary 

hemochromatosis   

    Then, you must 
ASSESS 

      END-ORGAN 
DAMAGE 

 

Once you have established that they have iron overload and have 
excluded other causes, you can prove that they have the  characteristic 
genetic abnormality with these tests. Genetics have superseded biopsy. 
 

Looks a lot like osteoarthritis: joint space narrowing, 

osteophytes, subchondral cysts, chondrocalcinosis…  

 

EXCLUSION 
Of other causes of  

iron overload:   

DIFFERENTIALS: 

- Sideroblastic anemia 
- Porphyria cutanea tarda 
- Transfusional iron overload 
- Beta-Thalassemia 
- X-linked iron loading anemia 

- Pyridoxine-responsive anemia 
- Pyruvate kinase deficiency 
- Hereditary atransferrinemia 
- Neonatal hemochromatosis 
- Chronic hemodialysis 
- Medicinal iron overload 

 Skin pigmentation occurs late in the 
disease, when total iron body content is  
over 20 grams (ie, >5-times normal).  

On 2 separate occasions! 

All first-degree relatives of subjects known 

to have hemochromatosis should be genetically screened + 

should have iron studies and liver function tests done  For the HFE mutations:C282Y and H63D genes 

 

 MANAGEMENT: phlebotomy; 1 unit twice weekly, then 1 unit of blood every 2-3 months 

      CONTINUE until TS < 50% and the Hb does NOT recover after phlebotomy (iron stores depleted) 

 DESFERAL: Deferoxamine mesylate: chelates free iron and promotes its excretion; � loss of up to 10 to 50 mg of iron per day  

1 unit of blood contains about 250mg of elemental iron! 

With treatment: 
Diabetes will improve 
Heart will improve 
Arthritis, cirrhosis and 
hypogonadism will never 

improve. 
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Complications of Iron Overload  
 

The Genetics: 2 common point mutations are responsible… 

 

 

 

 

 

 
This results in Hemochromatosis phenotype:  

 
Pathophysiological Mechanisms of Hereditary Haemochromatosis   
 
 
 
 
 
 
 
 
Iron Absorption Mechanism 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Position 63: H63D mutation 
Histidine to aspartic acid substitution 
Significance is unknown 

Position 282: C282Y mutation 

= the main culprit in 85% to 100%  
cysteine to tyrosine substitution 

of CRITICAL SIGNIFICANCE 

CHROMOSOME 6 
Right next to the HLA 
genes sits HFE: a 
transmembrane protein 
which is a member of 

the MHC class I proteins 

AUTOSOMAL RECESSIVE 
Need to be homozygous; one copy 
of the faulty gene will only result in a 
sub-clinical iron excess, never in the 
dangerous ranges.    
Homozygotes have the 
hemochromatosis phenotype. 
These are the genes you test for. 
About 10% of the Caucasian population 

are heterozygote carriers of HFE C282Y 

   Duodenal Enterocyte 

Duodenal 
Ferrireductase 

Iron is stored in 
enterocytes as  
FERRITIN…  
Seeing as free iron is 
HORRIBLY TOXIC 

Dietary iron: Fe 3+ (ferric) 

Unable to negotiate lipid biulayer 

 
Divalent 
Metal 
Transporter-1 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fe 2+ ferrous 
Exported to the 
bloodstream 

PORTAL VEIN 

 
IREG-2 
Ferro-
portin 

Iron is converted back to Fe 
3+ by hephaestin, becomes 
bound to transferrin and sets 
sail down the bloodstream 

 

The above mutations produce a defective copy 
of the HFE gene, which never reaches the 
membrane. By disruption of feedback control 
(see below) this causes a  

dysregulation of iron absorption 
 Which leads to an increased number of DMT-1 and 

IREG-1 transporters and thus MASSIVELY 

INCREASED IRON ABSORPTION 

Daily absorption from 
the gut = 0.5 to 2.0 mg 
(seeing as about 20-25mg is 
required daily to make new 
hemoglobin, most of the iron you 
use has been recycled by the 

reticuloendothelial macrophages)  

UPTAKE OF IRON BY THE LIVER occurs by several 

mechanisms, not all of which are fully understood. It seems that 
receptors other than the ubiquitous TransFerrin Receptor-1 and –2 are 
involved. The HFE gene binds to these receptors in a complex. (?) 
EITHER WAY: 

SOMEHOW THE LIVER BECOMES SUPER-
SATURATED WITH IRON (up to 100-fold) 

THE ENTEROCYTE MONITORS THE CIRCULATING IRON 
via the (HFE Plus beta-2-microglobulin Plus Transferrin receptor) complex. 

NORMALLY an increase in serum transferrin would increase the 
activity of this complex; and the complex would then reduce the 
rate of absorption of iron from the gut lumen. 
HOWEVER: in haemochromatosis, the complex is 
dysfunctional and doesn’t detect diddlysquat. This makes the 
enterocyte think that an IRON DEFICIENCY STATE is taking 
place;  and so the stupid enterocyte CONTINUES TO 
ABSORB AND TRANSPORT  ABSURD AMOUNTS OF IRON 
 

HFE + 
β2-M + 
TFR 

Most complications stem from the fact that 
iron is a potent generator of free radicals  

HEART ENDOCRINE JOINTS LIVER SKIN 

Total quantity of iron is 
less important than 
free “unbound” iron- 
that’s the stuff that 
gets deposited in the 
myocytes and impairs 
their contractility. 
Worst ever is when 
iron gets deposited in 
the His-Purkinje 
system, and thus 
causes various weird 

ARRHYTHMIAS 

For some obscure 
reason the 
pancreas and the 
pituitary pick up a 
lot of iron from the 
bloodstream, and 
become damaged 
analogously to the 
liver parenchyma.  
Hence,  
DIABETES, 
HYPOGONADISM 
HYPOTHYROIDISM 

Large joints affected most 
commonly; HIPS, KNEES 
� may progress to 
chondrocalcinosis. 
Theory has it that this 
damage results directly 
from the deposition of iron 
in the synovial cells, 
inflicting upon them the 
wrath of dangerous free 
radicals, and hence causing 
their death..  

Joint damage ensues. 
 

Cutaneous iron deposition 
damages the skin and 
enhances melanin production 
by melanocytes; these people 
will also tan more easily. 
Interestingly, people who 
don’t tan very well will find 
that their skin does not 
change very much with 
hemochromatosis. 
Otherwise, expect a 
DARK BRONZE +/-

GREYISH PIGMENTATION 

FIRST: the liver gets angry 
Iron-loaded cells begin to lyse and leak,  
and this activates the STELLATE cells of 
the liver, which are akin to fibroblasts. 

THUS: FIBROSIS ensues 
This produces an obstruction to blood flow 
and therefore  mild HEPATOMEGALY 

Then: CIRRHOSIS begins, a 

continuum of more severe and widespread 
fibrosis… Ultimately, 

HEPATOCELLULAR CARCINOMA 
is the outcome  because increased cell 
turnover constant exposure to iron-
generated free radicals damages DNA.  



Pondering Liver Function Tests         

AST = everywhere Aspartate aminotransferase  

= when AST is the highest, its ALCOHOLIC LIVER DISEASE 

ALT = LIVER ONLY Alanine aminotransferase 

= when ALT is the highest, its VIRAL HEPATITIS 
also glandular fever,  

AP = everywhere  
(bone, kidney, intestines) 
Alkaline Phosphatase 
THE MARKER OF POOR BILE FLOW 
 

GGT = LIVER ONLY;  
Gamma Glutamyl Transpeptidase 

Gets elevated in practically all types of liver disease 

LDH = in every tissue 
Increased levels are found in myocardial infarction, liver disease, haemolysis, ineffective 
erythropoiesis, some malignancies (esp non-Hodgkin’s lymphoma), muscle disease etc… 
 

BILIRUBIN: is there too much of it or is it not being disposed of? 
i.e ���� HAEMOLYSIS or LIVER DISEASE / CHOLESTASIS 
���� bilirubin, GGT and AP = cholestasis 

Levels greater than 3 mg/dL are usually noticeable as jaundice. 
Because only conjugated bilirubin appears in urine,  

the finding of bilirubinuria also implies liver disease 

 
ALBUMIN: 
A true indicator of liver function: a gauge of its failure, a herald of impending 
complications. 
The half-life of serum albumin normally is 19–21 days,  
Thus � shows up CHRONIC PROBLEMS 
Albumin levels may be diminished due to poor nutritional status, severe illness 
with protein catabolism, nephrosis, and malabsorption 

 

Prothrombin Time: vitamin K factors ( 2, 7, 9, 10) 
May be diminished due to malabsorption 

Half life of factors is 1-2 days ,  
Thus ���� show up ACUTE PROBLEMS 

LIVER DEATH 
ENZYMES 
(transaminases) 
Indicate liver 
parenchyma is 
involved. 
LOOK AT WHICH IS 
THE HIGHEST! 

CHOLESTASIS 
ENZYMES 
Indicate that the bile 
duct cells are involved. 
Will elevate to ~10x the 
normal in cholestasis. 

 

WEIRDO TESTS 

Ceruloplasmin for Wilson’s disease (presents as psychiatric problem) 
Blood Ammonia tests for hepatic encephalopathy ( but EEG is diagnostic!) 
Alpha-Fetoprotein is a sensitive marker for hepatocellular carcinoma 
Alpha-1 Antytripsin deficiency of which causes hepatitis and cirrhosis 
Anti-mitochondrial Antibody: if you suspect PRIMARY BILIARY CIRRHOSIS 
     (only other elevated enzyme = AP) 
 

 
 
 
 
MASSIVE ELEVATION OF ALT+AST 
= 15 times the norm = 
ACUTE hepatitis, ischaemic hepatitis,  
Paracetamol overdose, drug reaction,  
hepatic vein thrombosis 

Solitary AST:  mild elevation normal, 

���� exercise, or acute skeletal or 
cardiac muscle injury 

 

SOLITARY ELEVATION? 

THINK EXTRAHEPATIC CAUSE !!… unless its AP 

Solitary GGT is too sensitive: may be 
elevated in absence of liver disease. 

���� recent alcohol ingestion 
 

Solitary AP = Bone disease, Pregnancy Chronic renal failure, 
Malignancies Congestive heart failure… TAKES DAYS TO RISE 
Fungal infection of the liver, Amyloidosis,  Lymphoma 

Metastasis, Hepatocellular carcinoma, Tuberculosis… 
  

Bilirubin SHOULD NOT be up in 
INFILTRATIVE liver disease 
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Mechanism of Alcohol-Acetaminophen syndrome     
 

Ingested Acetaminophen: 
Lethal dose ~12g, or one 24-pill 

packet of Panadol 

CHRONIC ALCOHOLISM or 

MASSIVE ACUTE INTOXICATION  

95% metabolised by 
conjgation with 

− Glucouronide, or 

− Sulfate 
 

5% goes to the MEOS system: 

Cytochrome P450 type 2E1 responsible. 
Normal pathway: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   ...BUT: 
Overactive MEOS: thus 

MORE THAN 5% GETS 
METABOLISED THIS WAY 
Thus: glutathione depeted more quickly 

���� TOXICITY OCCURS 

Acetaminophen 
 

OVERACTIVE MEOS 

NAPQUI (TOXIC METABOLITE) 
 

Glutathione conjugation 
(in limited supply) 
 

Detoxified NAPQUI 
 

MEOS 
CYP450 2E1 
 

HEPATOCYTE NECROSIS 
Classical “centrilobular” pattern 
seen at autopsy, its very pretty. The 
dead cells are those closest to the 
biliary canaliculus (where the 
NAPQUI seeks its exit from the liver)  
 

= AST raised (to over 3000) 
= ALT raised (less so) 
= Bilirubin raised  
...ALT and AST will drop by 50% in first 24hrs 
 

Beware! This is the same LFT picture 
that is seen with massive ischaemic 

injury to the liver.  

WORST EFFECTS: when an alcoholic takes too much panadol after withdrawing for 12 or so hours. 

− This way, alcohol is no longer competing with acetaminophen for the MEOS enzymes.... 

− ...But they are still upregulated! THUS: toxicity occurs at much lower doses. 
COMPLICATIONS of someone in this kind of  acute liver failure: 

− coagulopathy, bleeding into the GI, renal failure, acute metabolic acidosis, encephalpathy, 
synthetic liver failure, hypoglycaemia, hyponatremia, hypokalemia.... bad things.   

Mortality 18-19% overall, up to 75% if liver failure develops or if there is concomitant viral hepatitis. 
For acute acetaminophen liver failure, i.e fulminant necrotic hepatitis, transplant is the only option. 

Nausea, Vomiting, RUQ tenderness 
+ maybe stigma of chronic liver disease 
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                  lcohollcohollcohollcohol----acetaminophen syndromeacetaminophen syndromeacetaminophen syndromeacetaminophen syndrome                                                                                            

      History of Presenting Illness  and Examination Findings   

- Anorexia 

- Nausea 

- Vomiting 

- RUQ pain 

- Jaundice 

- Bleeding 

- Encephalopathy 

- Edema 

- Sepsis 
 

Important things to know:  
- When was the paracetamol ingested? How much was ingested? 
- Was it washed down with booze? How much? 
- Social factors: Not the first suicide attempt? Management of depression?  
- Are they on MEDICATIONS WHICH AFFECT PARACETAMOL METABOLISM? 

- Eg. anticonvulsants, antibiotics… PHENYTOIN, RIFAMPICIN 
- Are they STARVED (reduced glutathione reserves) 
- Is there any chance they may be pregnant ? (paracetamol crosses placenta) 

Investigations             
   Paracetamol level: after 4 hours of ingestion it can be plotted on the NOMOGRAM 

   LFTs  looking for characteristic 5000+ elevation of transaminases 
   Prothrombin Time +/- INR- is liver failure impending?… 

   EUC  
   BSL 
   Hep Viral Serology if the history suggests there are other kinds of liver damage 
   Screen for Drugs of Abuse + URINALYSIS (acute renal failure??) 

MANAGEMENT            

   SUPPORTIVE:    DEFINITIVE: 
     AIRWAY 
     OXYGEN 
     IV FLUIDS 
     Nasogastric tube 
 MONITOR EVERYTHING!! 

- Blood Pressure 
- SaO2 
- Urine output 
- ECG 

Gather a Swarm of Consultants About Yourself: 
- Gastroenterologist 
- Psych Team  
- Transplant Surgeon 
- Toxicologist 

First 24 hrs 

Next 24 hrs 

Next 48 hrs 

- pallor,  
- diaphoresis 

 
 

- RUQ Tenderness to palpation 
 
Jaundice and Edema  
 

 
 

RUQ pain coincides 
with LFT elevation 

It only takes 24 tablets! 
The smallest fatal dose recorded in adults is 18g. 

 

Should be done for any unconscious patients  

Was it JUST paracetamol? 
Is there an opiate 
component to this toxicity? 

 Pinpoint pupils 

Activated Charcoal: 
- Within 1 hour, its effective – but it will also absorb every 

other oral drug you give them. 

- After 1 hr, the stomach has emptied, the horse has 
bolted. Don’t give them charcoal. 

N-Acetyl-Cysteine:  
- Early administration of NAC, within 8 hours of 

ingestion, is nearly 100% hepatoprotective. 

Gastric Lavage: 
- Does NOT have any role in this scenario. 
- In fact, nobody uses the stomach pump any more. 

- UNLESS: the ingestion was MASSIVE and it is 
taking a while to empty that kilogram of 
paracetamol out of the stomach. Then you pump. 

You will need a liver transplant if fulminant 
hepatic failure takes place.   

They may BLEED OUT: 
especially in late 
presentation with no clotting 
factors; hence you may want 
to GROUP AND HOLD 
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Mechanism of Alcohol-Acetaminophen syndrome     

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ingested Acetaminophen: 
Lethal dose ~12g, or one 24-pill 
packet of Panadol 

CHRONIC ALCOHOLISM or 
MASSIVE ACUTE INTOXICATION  

95% metabolised by 
conjgation with 

− Glucouronide, or 

− Sulfate 
 

5% goes to the MEOS system: 

Cytochrome P450 type 2E1 responsible. 
Normal pathway: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   ...BUT: 
Overactive MEOS: thus 

MORE THAN 5% GETS 
METABOLISED THIS WAY 
Thus: glutathione depeted more quickly 

���� TOXICITY OCCURS 

Acetaminophen 
 

OVERACTIVE MEOS 

NAPQUI (TOXIC METABOLITE) 
 

Glutathione conjugation 
(in limited supply) 
 

Detoxified NAPQUI 
 

MEOS 
CYP450 2E1 
 

HEPATOCYTE NECROSIS 
Classical “centrilobular” pattern 
seen at autopsy, its very pretty. The 
dead cells are those closest to the 
biliary canaliculus (where the 
NAPQUI seeks its exit from the liver)  
 

= AST raised (to over 3000) 
= ALT raised (less so) 
= Bilirubin raised  
...ALT and AST will drop by 50% in first 24hrs 
 

Beware! This is the same LFT picture that 
is seen with massive ischaemic injury to the 
liver.  

WORST EFFECTS: when an alcoholic takes too much panadol after withdrawing for 12 or so hours. 

− This way, alcohol is no longer competing with acetaminophen for the MEOS enzymes.... 

− ...But they are still upregulated! THUS: toxicity occurs at much lower doses. 
COMPLICATIONS of someone in this kind of  acute liver failure: 

− coagulopathy, bleeding into the GI, renal failure, acute metabolic acidosis, encephalpathy, 
synthetic liver failure, hypoglycaemia, hyponatremia, hypokalemia.... bad things.   

Mortality 18-19% overall, up to 75% if liver failure develops or if there is concomitant viral hepatitis. 
For acute acetaminophen liver failure, i.e fulminant necrotic hepatitis, transplant is the only option. 

Nausea, Vomiting, RUQ tenderness 
+ maybe stigma of chronic liver disease 

We give it to everybody, but  
WHAT THE HELL DOES IT ACTUALLY DO? 
- analgesic and antipyretic actions in the CNS 
- It inhibits prostaglandin synthetase in the hypothalamus 
- prevents release of spinal prostaglandin 
- inhibits inducible nitric oxide synthesis in macrophages 

 
In therapeutic doses, prostaglandin inhibition is not 
significant in peripheral tissues, so paracetamol has 
minimal, if any, anti-inflammatory or antirheumatic actions. 
 



Peptic UlcerPeptic UlcerPeptic UlcerPeptic Ulcer                                            
Mrs Nancy Allen is a 79-year-old pensioner who has been sent to the Emergency Dept that morning by 

her general practitioner because of upper abdominal pain and black stools over the last 2 days.  

History of Presenting Illness          
Burning epigastric pain 1.5 to 3 hrs after meals 

���� Wakes patient up at night 
- exacerbated by fasting  
- improved with meals 
- improved with antacids 

- BLACK STOOLS 

 
Differential Diagnoses            
Biliary Colic  
Cholelithiasis  
Gastritis, Acute  
Gastritis, Chronic  
Gastroesophageal Reflux Disease  
Mesenteric Artery Ischemia  
Myocardial Ischemia  
Pancreatic Cancer  
 
 

 
 
Pancreatitis, Acute  
Pancreatitis, Chronic  
Drug-induced dyspepsia 
Duodenitis 
Functional (nonulcer) dyspepsia 
Gastric infections 
Infiltrative diseases of the stomach

 

Pertinent Findings on History     
 
 
 
 
 
 
only 20-25% of patients with 

 symptoms suggestive of peptic 

 ulceration are found on 

 investigation to have a peptic ulcer. 
 
 
 
 
 
Findings on Examination : few and non-specific    
- Epigastric tenderness 
- Guaiac-positive blood in stool resulting from occult blood loss 
- Melena resulting from acute or subacute gastrointestinal bleeding 
- Succussion splash resulting from partial or complete gastric outlet obstruction 

- SOMETIMES: stigma of chronic liver disease, eg.  
distended abdomen, ecchymoses, jaundice 

 
 
 

There is no symptom complex that can 

adequately differentiate gastric from 

duodenal ulcers and nonulcer dyspepsia 

 

GASTRITIS is made 

 WORSE WITH FOOD 
 

Peptic Ulcer may be felt as a 
 gnawing pain in the chest, back,  
mid-abdomen, or either upper quadrant 

 

Melena = at least 60 mls of uper Gi bleeding 

Really need at least 150 – 200 for the “black tarry” 

Takes 8 hours to turn black 

80% of pancreatitis  

presents at 1 am (?…) 

The important causes of 

upper GI bleeding 

- Duodenal ulcer 

- Gastric ulcer 

- Gastric erosions 

- Ulcerative esophagitis 

- Esophagogastric varices 

- Mallory-Weiss tear 

- Carcinoma, lymphoma 

- Angiodysplasia 

 

Nausea 
Vomiting,  
Dyspepsia,  
- belching,  
- bloating, 
- distention, 
- fatty food intolerance 
Heartburn 
Chest discomfort 
Anorexia,  
weight loss 
Hematemesis  
 

Red Blood + Clots? 
= per rectum (massive duodenal bleed)  

Cardiovascular effects eg.  
- tachycardia, palpitations 
- weak pulse 
- SYMPTOMS OF SHOCK 

    Anaemia (indicates chronicity) 

ALCOHOL 

TOBACCO 

NSAIDs 

And COCAINE  
 

 HISTORICALLY chronic peptic-ulcer sounding intermittent food-relieved epigastric pain… 
 …SUDDEN TURN FOR WORSE: SEVERE CONSTANT AND GENERALISED 

 WITH RIGID ABDOMEN AND TACHYCARDIA ���� !! Perforated Ulcer !! 
 

May be Embarrassing: 
Could all that blood be 

coming from the patient’s 

chronically bleeding NOSE?? 
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 Tests and Investigations          
Full Blood Count 
To make sure they are not anaemic 

Coagulation assay 
To make sure that you can operate on them 

Chest X-ray 
Looking for gastric abnormality 
Also looking to explain any cardiovascular  

    side-findings 
Serum Biochemistry 
UREA  is elevated in Helicobacter Pylori infections 
 
EXHALED UREA breath tests 

Urea is ingested; in the presence of urease produced by H pylori, 

labeled carbon dioxide (heavy isotope, carbon-13, or radioactive 

isotope, carbon-14) is produced in the stomach, absorbed into the 

bloodstream, diffused into the lungs, and exhaled. 

 
GASTROSCOPY and/or ENDOSCOPY  with subsequent BIOPSY  

PLUS: Rapid urease tests for H. Pylori 
The presence of H pylori in gastric mucosal biopsy specimens is detected by testing for 

the bacterial product urease. Three kits (CLOtest, Hpfast, Pyloritek) are commercially 

available, each containing a combination of a urea substrate and a pH sensitive 

indicator. One or more gastric biopsy specimens are placed in the rapid urease test kit. If 

H pylori are present, bacterial urease converts urea to ammonia, which changes pH and 

produces a color change. 

 
 
 

How is this diagnosis made? Via BIOPSY + HISTOLOGY  
Reveal many H.Pylori organisms, with infiltration by marcophages + neurophils 

MUST CHECK for dysplasia, metaplasia, neoplasia 

 
 
 
 
 
 
 
 
 

INDICATIONS FOR IMMEDIATE ENDOSCOPY 
Those over 45 years of age with new onset of 
dyspeptic/ulcer symptoms or with other symptoms 
suggesting malignancy, such as  
- fever, 
- weight loss,  
- early satiety,  
- vomiting,  
 

Follow-up endoscopy should be performed at least 4 weeks 

 after cessation of all anti-Helicobacter drugs 
 

IS THE BLEEDING CONTINUING? 

Mesenteric angiography may 
point to the site of ulcer 
 



Management             
@ GASTROSCOPY: 

- Find site of bleeding 
- Inject offending vessel with adrenaline to vasoconstrict 
- Use heater probe to cauterise ulcer 
- REPLACE LOST BLOOD 
- Cease taking the offending NSAIDs!!  

 
CLOSE THE PERFORATION SURGICALLY if perforated 
 
POST-CAUTERISATION ���� need high-dose Proton Pump Inhibitor therapy  

to prevent rebleeding 

SHORT TERM:   
         Uncomplicated ulcer without H.Pylori might be effectively treated with PPIs ALONE 

Else:  MUST Eradicate H. Pylori: 
Monotherapy ineffective; try TRIPLE DRUG THERAPY 
7-14 days of PROTON PUMP INIBITOR + TWO ANTIBIOTICS 
eg. omeprazole / clarithromycin /  amoxicillin or metranidazole     
CONTINUE PUMP INHIBITOR FOR 1-2 weeks AFTER  

Rates of recrudescence or reinfection after successful 
eradication are low (approximately 1% per year).  

LONG TERM: preventative and maintenance measures     
 Address LIFESTYLE FACTORS: reduce intake of coffee, alcohol, tobacco, NSAIDs 
Non-Healing Ulcer? ���� MAINTENANCE THERAPY with 

 Proton Pump Inhibitor or Histamine-2 Receptor Antagonists   

 
Prognosis             

The mortality rate is approximately 1 death per 100,000 cases.  

The hospitalization rate is approximately 30 patients per 100,000 cases.  

Epidemiology             
4 million individuals (new cases and recurrences) 
affected per year in the US 
Lifetime prevalence =12% in men and 10% in women.  
PUD affects approximately 4.5 million people annually. 
15,000 deaths per year occur as a consequence of 
complicated PUD. 
PUs are estimated to occur in 6 to 15% of the western 
population. 
The death rates have decreased by >50% over the past 
30 years. 
Sex:  

• Prevalence has shifted from predominance in 
males to similar occurrences for both sexes.  

• Lifetime prevalence is approximately 11-14% for 
men.  

• Lifetime prevalence is approximately 8-11% for 
women.  

Age:  

• Age trends for ulcer occurrence reveal declining 
rates in younger men, particularly for duodenal 
ulcer, and increasing rates in older women.  

Trends reflect complex changes in risk factors for PUD, 
including age-cohort phenomena with the prevalence of H 
pylori infection and the use of NSAIDs in older 
populations.

PROTON-PUMP INHIBITORS 
ARE ONLY INDICATED 

if the ulcer is larger than 1 cm 

 

BASICALLY: 

1. Cauterise 

2. Kill microbe 

3. reduce stomach acidity 

4. maintain mucosa integrity 

 



Pharmacology of Gastric Secretion Therapies      

 
Antacids Very brutally neutralise gastric acid 

Magnesium hydroxide, aluminium hydroxide, sodium bicarbonate (!! CO2 Belching !!) 
Histamine 2 Receptor Antagonists 

Since gastric parietal cells are stimulated by histamine to produce acid 
via histamine binding to the H2 receptor,  
at concentrations which are not enough to stimulate blood vessels 
(this histamine comes from adjacent “mast cell-like cells”) 
(there is a slow basal secretion of histamine) 
cimetidine, ranitidine, famotidine and nizatidine 

Proton Pump Inhibitors 
inactivate H+/K+ATPase; thus no protons are pumped into the lumen 
 and thus pH does not decrease. 
PPIs do not eradicate H.Pylori, but they do suppress its growth 
omeprazole, lansoprazole, pantoprazole, rabeprazole, esomeprazole 

 
Cytoprotective Mucosa-loving Drugs:        
Sucralfate = a complex of aluminium hydroxide and sulfated sucrose 

In presence of acid will release aluminium 
Released aluminium acquires a strong negative charge and binds to +ve groups in proteins, 
glycoproteins, etc. The result is  thick mucus which limits the transit of H+  
Its like a band-aid for your mucosa. Allows the ulcer to re-epithelialise 

NEEDS ACID!! DO NOT GIVE WITH ANTACIDS!! 

Carbenoxolone: natural liquorice root product. Promotes mucus. 
 
Prostaglandins by nature inhibit gastric acid secretion. Eg. misoprostol 
 
Bismuth Chelate: is toxic to H. Pylori and seems to coat the ulcer walls. 
  !! may cause black tongue and faeces, nausea, vomiting, and encephalopathy. 
 

 

Magnesium salts cause diarrhoea 
Aluminium salts cause constipation 



 
 
 
 
 
 
 
 
 
 
 
 

 
Secretory cells of the stomach include : 

-  
-  
-  
-  
-  
-  
-  
-  

       Parietal cell 

         Stem cell 

Mucous neck cell 

Superficial epithelial cell 

Chief cell 

Endocrine cell 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-  
-  
-  
-  

Gastrointestinal disturbances  
These are the commonest adverse effects of NSAIDs,  
rel.risk = 3 to 5 times that of non-NSAID users.  
20% of long-term NSAID users will have evidence of ulcers. 
 30% of all cases of massive gastrointestinal haemorrhage in the elderly are from NSAIDs.  
misoprostol + famotidine = reduces the incidence of NSAID induced ulceration.  

Renal effects  
NSAIDs block the synthesis of PGI2 and PGE2.  
(PGI2 and PGE2enhance glomerular filtration and inhibit the tubular reabsorption of sodium).  
Thus, NSAIDs can cause sodium retention and consequent oedema.  

Drug interactions  
All NSAIDs have the potential to interfere with platelet function  
The renal clearance of lithium is decreased by some NSAIDs  
Some NSAIDs reduce the renal clearance of methotrexate  

Risk factors in the elderly  
Crap liver = increased plasma half-liife of NSAIDs 
The elderly are more likely to be taking other medications for concurrent disease so the risks of drug interaction are 
greater in this group. 
  

 

 

Speaking of the elderly… key  word for the barrier: multidimensional holisitic approach 
Common Comorbidities in the elderly and their functional implications  
Degenerative arthritis contributes to 25 % of all physical disability in the elderly. Give physio instead of NSAIDs. 
Chronic Airflow Limitation  
Dementia occurs in approximately 15% of elderly over 75 years.  
Visual and hearing impairment . 5 % of elderly over 65, and 25 % over 85 have visual impairment. Around 5 % 
of elderly over 65 and 50 % over 85 have hearing impairment.  
Proper medication use .. Adverse drug reactions account for 5 to 10 % of hospital admissions.  
Social isolation : 40% of elderly females over 65 live alone; 55% of over 80 year olds. 
 
The current elderly population comes from a generation that do not question medical opinion.  BEWARE 

 



         mucus� 

GASTRIC SECRETION                    and its neurohormonal control 
  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The stomach lumen � 
  Parietal Cell 

Epithelial Cells: bicarbonate cells 

Mucous Cell: pepsinogen 2 cell 

D Cell: Somatostatin Cell 

G  Cell: Gastrin Cell 

Mast-like   

    cell 

Muscarinic receptor 

Histamine 2 receptor 

Gastrin receptor GASTRIN 

Acetylcholine 

HISTAMINE 
Induced by 
gastrin 

Calcium 

cAMP 

ATP H+ / K+ ATPase 
H+ 

activates 

 

K+ 

K+ 

 Cl- 

INHIBITORY  
G protein 

Suppresses 
adenylate 
cyclase 

Prostaglandins 
somatostatin 

HCl 
Low pH  (1.0) 

  Chief Cell: pepsinogen 1 cell 

Vitamin B12 
Initially binds to R proteins from 
saliva (when freed from food by 
acid and pepsin)  

Absorbable 
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the duodenum when 
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� then its on to he 
terminal ileum for 
active transport 

Intrinsic 
factor 

Gastric releasing 
peptide: bombesin 
= released in 
response to food 
from vagus nerve 
endings. 
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H. Pylori inhibits somatostatin secretion; THUS 

� lots of gastrin and thus LOTS OF ACID 
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Gastrin exerts a 
TROPHIC EFFECT 
On parietalcells 

Pepsinogen 
converted to 
PEPSIN by HCl 

Pepsinogen  1 

Degrades some proteins into 
peptides and amino acids 

CHOLECYSTOKININ 

Secretin 

MUCUS  continuously  
secreted 

         Bicarbonate: more @ pH <3.0  

Food-stimulated acid secretion : the physiologic stimulus for acid secretion if food. 
Traditionally, food-stimulated acid secretion has been divided into three phases.  

1. Cephalic phase acid secretion in response to the thought, sight and smell, taste is 
mediated by the vagus nerve. Vagal stimulation which may be elicited by sham 
feeding directly activates the parietal cells through muscarinic receptors and indirectly 
stimulates the G cells through GRP causing a small increase in gastrin.  

 
2. Gastric phase of acid secretion occurs when food reaches the stomach and has two 

components: i) a physical component caused by distention of the stomach which 
stimulates modest acid secretion directly and ii) the more important component is the 
effect of food, primarily amino acids, in stimulating G cells to release gastrin. Gastrin 
release accounts for up to 90% of the gastric phase of acid secretion.  

 
3. Intestinal phase begins with the entry of chyme into small intestine. The primary 

stimulatory factors are distention, proteins and products of protein digestion. 
Circulating amino acids may have a role in stimulating acid secretion without elevating 
gastrin levels. Under normal conditions, the intestinal phase only accounts for a small 
proportion of the acid secretory response to a meal.  

 

This chloride 
channel is the  
CYSTIC 
FIBROSIS 
PROTEIN ! 



 

 
 



Pathophysiology of Vomiting         

 
Basic Sciences : the epithelium     
Take home message: H2O follows Solutes: THUS 

If you eat something that you cannot absorb,  
you will cause DIARRHOEA 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Cholera toxin lock the crypt cells of the colon into 

their SECRETORY PHENOTYPE  (i.e aquaporins are 
all deployed and H2O issues forth) 
 thus � gallons and gallons of watery diarrhoea 

Any crypt cell 

Na+ 

H2O AQ5 AQ3 

Cystic Fibrosis 
Transport Protein 

Cl- 

Na+ 
K+ 
2Cl-  
COTRANSPORTER 

BICARBONATE SECRETING EPITHELIA: 
Duodenum, pancreas, stomach, bile ducts 

Sodium is used to co-transport glucose, amino acids: 
Taking advantage of high lumen concentration 

THUS: Mutant SGLT-1 = diarrhoea (cant absorb glucose or Na+) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Microbiology             
H. pylori is a gram-negative, spiral, flagellate bacillus  
= is noninvasive, living in gastric mucus 
 motile in the mucous environment,  
urease protects it against acid by catalyzing urea hydrolysis to produce  

� buffering ammonia.  
H. pylori is microaerophilic and slow-growing and requires complex growth media.  

 

Humans are the only important reservoir of H. pylori.  
colonization is particularly common in childhood institutions.  

 

The two major disease-associated H. pylori virulence factors described so far are  

- a vacuolating cytotoxin, VacA,  

- a group of genes termed the cag pathogenicity island (cag PaI).  

=genes that confer enhanced virulence on H. pylori strains, at least partly by inducing epithelial cells to 

produce proinflammatory cytokines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

UPPER GI MOTILITY            
upper oesophageal sphincter receives tonic excitatory innervation,  
� relaxes transiently to receive the bolus 
� constricts by reflex BEHIND the bolus 
� this wave sweeps down the oesophagus  
The lower oesophageal sphincter is always tonically contracted  
it also receives excitatory cholinergic innervation.  
When a swallowing effort is made, non-adrenergic, noncholinergic inhibitory nerves to the lower oesophageal sphincter cause it to relax and 
admit the bolus into the stomach 
 
food arrives in the stomach� 
� stretch receptors in the wall are activated 
via a vago-vagal reflex, the smooth muscle of the proximal stomach relaxes (adaptive relaxation) 
Within a few minutes of the start of a meal, regular peristaltic contractions (at a rate of three per minute) develop in the distal stomach;  
these contractions mix and grind the solid food and transport it to the pylorus.  
The muscle of the pylorus contracts in such a way that only liquids and tiny (approx. 2mm) food particles can pass through, provided there is 
a pressure gradient between the stomach and duodenum;  
duodenal chemoreceptors prevent chyme emptying too rapidly.  
After a mixed solid - liquid meal, the liquid component leaves the stomach at an approximately exponential rate, 

 with a mean half-emptying time of about 20 minutes. 
 The solid component empties, after a lag phase of about 5-20 minutes,  

in linear fashion, with a mean half-emptying time of about 90 minutes.  
 

primary peristalsis is trigered by voluntary swallowing  

secondary peristalsis is triggered by distension  

Liquid fastest ; ~30 min 

Fat slowest, ~2-3 hrs 



FUNCTIONS OF THE GI           
Saliva: 

- Lubricant; protects teeth (a mucoprotein) 
- High levels of Ca++, phosphate� KEEPS TEETH FROM DISSOLVING 
- 50-60 mmol/L of bicarbonate to neutralise bacterial acid 
- has some enzyme (eg. amylase) but no realdigestion happens here. 

- AMYLASE is really there to dissolve the polysaccharides so that bacteria cant use 
them for food (and swallowing will flush them away)  

- ALSO HAS LYSOZYME: kills bacteria by dissolving their walls 

- GROWTH FACTORS to keep the oral mucosa healthy  
- Salivary secretion is under both sympathetic 

and parasympathetic control: 
- PARA SYMPATHETIC= thin watery saliva 

- SYMPATHETIC = thick gooey saliva 

@ cephalic phase, both are secreted 
-  

Oesophagus:  
Upper 2/3rds are under CNS control 
Lower 1.3rd are internal nervous network 
Downstream distension causes upstream contraction 
ITS NOT REAL PERISTALSIS: “I cant believe its not peristalis” 
���� because oesophagus requires spinal reflexes to contract 

Stomach:  
why all the acid? Barely any digestive properties…  
BUT IT KEEPS THE GERMS OUT 
Pepsin is the main worker, (pepsinogen���� activated by contact with low pH) 

����endoprotease, breaks up proteins into petides to stimulate lots of GI stuff eg. gastrin secretion 

 
STOMACH ONLY CARES ABOUT STOMACH:  
produces self-preserving MUCUS which is a barrier 
H+ tries to get in, HCO3-  tries to get out, they meet half-way and neutralise each other 
= MUCOSAL pH GRADIENT!! pH 1 @ lumen becomes pH 8 @ epithelium!! 
REGULATED BY:  

GASTRIN (for acid) 
Cholecystokinin (reduces emptying rate) 
+ many other Enteroendocrine hormones 
 

Small Intestine: 
DUODENUM = a REACTION VESSEL:  
Gastric contents + HCO3- to neutralise + Enzymes + BILE 

(HCO3 comes from bile duct and pancreatic juices) 

All those pancreatic enzymes are secreted as PRECURSORS which are then 
activated by ENTEROPEPTIDASES @ DUODENAL BRUSH BORDER 
… this way, the pancreas does not digest itself 

PLUS: brush border enzymes finish the job of digesting the small fragments of peptides 
Cryps secrete, villi absorb. 

As the cells migrate from the stem cells of the crypt up into the villus, 
they acquire brush-border enzymes. 

 BOWEL:  
Boring job of storing faeces. Kept mainly in the caecum or rectum. 
When triggered by eating, caecum content is pushed to the rectum. 

MAINLY ABSORBS H2O and SALT 

Like distal tubule, the colon removes ALL SALT before releasing its contents 

 

Phase Triggers: 

Cephalic: sight, smell of food 

Gastric: food @ stomach 

Intestinal: food @ upper gut 

 

Gut activity is regulated  
by its contents 
 

The CLOSER to the duodenum, 
The more ACTIVE the transport 
 



PATHOGENESIS:            

Enter the Helicobacter 

“coccoid form” 
survives extremes 
until it is INGESTED 

Specially sheathed 
flagella enables motility 
in thick mucus 

@ ANTRUM, in the mucus: 
secretes  

Platelet Activating Factor (PAF) 
+ Phospholipase, Protease, Catalase, Mucinase 

 

IN LOW pH:  
pH- gated UREA CHANNEL (URE-1) opens 
THUS: secretion of UREASE commences 
Urease breaks down urea back into AMMONIA and CO2  
(which is exhaled � hence effectiveness of the CO2 breath test) 

THUS: pH RISES due to the ammonia  

Enzymes break down glycoprotein mucus; 
 pH drops (no more mucus- facilitated bicarbonate gradient) 

THUS: acid + bacteria may reach the tender juicy epithelium! 

CREATES A 
FAVOURABLE 
ENVIRONMENT: 
H.Pylori Proliferates 

@ EPITHELIAL SURFACE: 
binds toi epitjhelium via  
Bab A  
(Lewis B bloodgroop antigen) 
HOP family of proteins 
MHC class 2 

BUT DOES NOT INVADE!! 

INSERTS Vac-A VACUOLATING CYTOTOXIN  
� which is an Anion-Selective Voltage-Gated Channel 
� THUS: nutritious Anions and Bicarbonate released!! 

APOPTOSIS 
@ epithelium 

 EROSION 

INSERTS CAG Pathogenicity Gene Island  
� translocates into cell 
�is phosphorylated 
� binds to SHP-2 tyrosine kinase 
� INDUCES CYTOKINE SECRETION: 

- TNF alpha 
- IL-2 
- IL-8� activation of neutrophils, THUS � reactive O2 species 
- IL-1 beta 
- IL-18 
- IL-12, thus specific TH2 response, B cells produce H+/K+ ATPase antibodies 

LOW Affinity 
LPS 

Activates 
macrophages and 
complement 

 BLEEDING 

THROMBOSIS 
Thus 
ISCHAEMIA @ 
STOMACH WALL 



Alzheimers DementiaAlzheimers DementiaAlzheimers DementiaAlzheimers Dementia                                                
   
 

History of Presenting Illness :         
To qualify as demented, you must ���� 

Differential Diagnoses            
- Aphasia  
- Cortical Basal Ganglionic Degeneration  
- Dementia in Motor Neuron Disease  
- Dementia with Lewy Bodies  
- Frontal and Temporal Lobe Dementia  
- Lyme Disease  
- Multiinfarct Dementia  
- Neurosyphilis  
- Parkinson Disease  
- Parkinson-Plus Syndromes  
- Prion-Related Diseases  
- Thyroid Disease  
- Wilson Disease  

Findings on History            
Mainly interested in the above criteria, thus: 

- determine progression (CHRONIC) 
- determine degree of impairment 
- personality change? 
- Inappropriate behaviours? 
- LATER CHANGES: 

- apathy,  
- decreased speech output,  
- failure to recognize family members, 
- incontinence.  

- RULE OUT DIFFERENTIALS :  
diagnosis is by exclusion 

 

Findings on Examination      
- LISTEN TO THE LUNGS AND HEART! 

(These patients die of pneumonia and CHF) 
MMSE score of 24 or lower? = DEMENTED! 
Standard rate of decline is ~ 3 points every 6 months 

 LOOK FOR GLOVE AND STOCKING SENSORY LOSS 
(could it all stem from B12/folate deficiency?) 
LOOK FOR FOCAL NEURO SIGNS 
(could it all stem from a massive temporal lobe tumour?) 

LOOK FOR ANAEMIC PALLOR 
(could it all stem from cerebral hypoxia?) 
LOOK FOR JAUNDICE (hepatic encephalopathy?) 

LOOK FOR ATRIAL FIBRILLATION (multi-infarct dementia?) 
LOOK FOR CLAUDICATION + Hypertensive Retinopathy 

 
 
 
 
 

PROGRESSIVE CHANGES: 
MEMORY IMPAIRMENT AND… 
Either 
- Aphasia 
- Apraxia 
- Agnosia 
- Loss of executive function 

 eg. planning, organizing, sequencing, abstracting 

- NOT RESULTING FROM 
Delirium or a Psychiatric or Neurological disease  

*Early Onset: if onset is at age 65 years or below 

commonest cause of dementia is 

 Alzheimer's disease, = 60-80 % of  

The next commonest is  

vascular dementia, = 10-20%  

MINI MENTAL STATE EXAM= 30 points 
Orientation (10 points)  
Year, Season, Date, Day of week, and Month  
State, County, Town or City  
Hospital or clinic, Floor  
Registration (3 points)  
Name three objects: Apple, Table, Penny  
Each one spoken distinctly and with brief pause  
Patient repeats all three (one point for each)  
Repeat process until all three objects learned  
Record number of trials needed to learn all 3 objects  
Attention and Calculation (5 points)  
Spell WORLD backwards: DLROW  
Points given up to first misplaced letter  
Example: DLORW scored as 2 points only  
Recall (3 points)  
Recite the 3 objects memorized in Registration above  
Language (9 points)  
Patient names two objects when they are displayed  
Example: Pencil and Watch (1 point each)  
Repeat a sentence: 'No ifs ands or buts'  
Follow three stage command  
Take a paper in your right hand  
Fold it in half  
Put it on the floor  
Read and obey the following  
Close your eyes  
Write a sentence  
Copy the design (picture of 2 overlapped pentagons)  
 

Findings which exclude Alzheimers 

Evaluating delirum: Delirium is the impairment of attention.  
It is tested by repetition of digits, or spelling  “world” backwards. 
Do what you like- the patient will have an INCOMPLETE MEMORY of these episodes 

Cognitive/behavioural deficits: due in part to the deficit in attention.  
…paranoia, aggression, PERSEVERATION, persecutiory delusions 

Acute/subacute time course: onset is typically over hours or days.  

Fluctuations in the clinical state: frequently worse at night (sun-downing).  
UNSTABLE VITAL SIGNS, due to autonomic involvement 

 

Third commonest = 
Lewy Body disease 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Tests and Investigations           
- B12, folate, thiamine levels (vitamin deficiency) 
- Blood glucose (hypoglycemia)  
- Complete blood count (anemia)  
- Drug screen (drug toxicity)  
- Electrolytes (hypercalcemia, hypermagnamesia, hypernatremia, uraemia) 
- Liver function (liver disease, hepatic encephalopathy)  
- Lumbar puncture (normal-pressure hydrocephalus, encephalitis, meningitis)  
- Thyroid function (hypothyroidism) 
- VDRLT (syphilis and HIV infection)  

IMAGING STUDIES eg. CT and MRI : needed to exclude anatomical brain lesions eg. tumour. 
 OTHERWISE on CT/MRI all you will see is DILATED VENTRICLES and WIDENED SULCI 
 

How is this diagnosis made?           ���� in AUTOPSY 
Alzheimers is diagnosed by exclusion of everything else, until a brain biopsy is performed: 

 THEN�  characteristic degenerative changes are witnessed 

Management Of dementia:          
MILD 

- TRAIN the patient to help with their ADLS 
- Treat their anxiety,depression, social phobia 
- Refer them to social services  

eg.meals on wheels, community nursing etc. 
- At this stage it is wise to address issues of will-making and enduring guardianship 

MODERATE 
- in-house assessment: are they able to continue living where they currently live? 
- Informal support: engage neighbours, family etc. 

- FORMAL SUPPORT eg. nursing if they live alone 
SEVERE 

- Time to cart them off to a home.  
- Residential care with help eating, dressing, hygiene 
- This improves continence and nutrition 
- Review their comorbidities (is it time to take them off some of their drugs, or put them on more) 

- Socialize them to improve mental state (happy demented inmate = happier care-giver) 
“RAGING” 

- uncommon, because most commonly the end-stage is APATHY and DEPRESSION 
- EARLY FORM: depressed anxiety,  
- MIDDLE FORM: vivid hallucinations and delusions 
- LATE FORM: inappropriate behaviour, “wandering”, “pacing”, repetitiveness, “shadowing”, nudity. 
- AGGRESSION IS RARELY SPONTANEOUS!! The staff usually deserve it 
THUS: do not jump directly to the major sedatives and neuroleptics.  

EDUCATE THE CARE-GIVERS AND MODIFY THEIR BEHAVIOUR 

TERMINAL DEMENTIA: 
- Bedbound,  
- Incontinent,  
- Not swallowing 
- THERE IS NO BENEFIT IN ANTIBIOTICS AND ARTIFICIAL FEEDING: 

They do not seem to improve survival 

 
 
 
 
 
 

From the clinician’s mouth: 
ONLY EVER NEED 2 BLOOD TESTS: 
1. B12, Folate 
2. Thyroid function (TSH, T4) 

PREVENTION OF DEMENTIA: 
Avoid head injury!  
Dont drink Alcohol or smoke! 
Control diabetes and cholesterol! 
Control atrial fibrillation! 
DRINK COFFEE!! 

  

WHO WILL CARE FOR THE CARE-GIVER? 
Proven: improved care-giver mental health � 
� improved QOL of demented patient  
!! BETTER and FEWER SYMPTOMS !! 

���� DEATH from: 
pressure sores, contracture (muscle shortening),  
Infections eg. pneumonia, dehydration, malnutrition 
  

~ALZHEIMERS DRUGS~ 

SYMPTOM CONTROL 
Cholinergics, eg precursors (choline, lecithine) 

���� weak long term effects 
CHOLINESETHERASE INHIBITORS: like neurotoxin Sarin: 
���� Donepezil is the best one: dose = once per day  

(hard to forget even for a demented patient ) 
 

FOR ACUTE EXACERBATIONS 
- ANXIOLYTICS (but NOT BENZO-based) 
- NEUROLEPTICS in low doses  

Eg. olanzepine + haloperidol 
- ANTIDEPRESSANTS or MOOD STABILISERS 

Eg. prozak or lithium 
 



Management Of acute delirium:         
Neuroleptics if you absolutely have to. NO BENZOS! � will make it much worse 
 

Prognosis             
 

The lifetime risk of developing Alzheimers ==  1:4 
14% of individuals older than 65 years have AD  
40% in individuals older than 80 years have AD 

 

WOMEN ARE MORE AT RISK. 
 
RISK DECREASES AFTER YOU REACH 
90-100 y.o (good genes!) 

 
 

Epidemiology             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

- 3% of 65 – 74 year olds 
- 20% of 75-84 
- 45% of 85+ 

… are DEMENTED 

 
 

Pathophysiology : Age-associated brain changes:     
1. Brain Atrophy: decrease in size and weight (! Male brains are normally 100g heavier) 

!! SECULAR ATROPHY !! is a normal difference: people in the beginning of the 20th century 
were born WITH SMALLER BRAINS therefore comparison is slightly off. 

2. Neurofibrillary tangles 
Discussed below���� see mechanism 

3. Neuronal Loss 
�controversial- may not exist 

4. Cognitive Decline 
���� its no secret: old people have poor memories.  

There is a LONG PRE-CLINICAL PERIOD in Alzheimers: steady decline with stable deficits. 

 

 
 
 
 
 
 

RISK FACTORS FOR DEMENTIA 
A. Age  

1. Risk increases with age over 65 years  
B. Apo E4 Allele  

1. Confers 8% risk if two alleles  
C. Family History of Alzheimer's Disease  
D. FAD gene  
E. Female gender  
F. Low education  
G. Head Trauma  
H. Myocardial Infarction  
I. Combined CV factors in middle age (odds ratio 3.5)  

1. Hyperlipidemia  
2. Hypertension (increased systolic Blood 

Pressure)  

RISK FACTORS FOR DELIRIUM 
J.  Age over 60 years  
K. Drug or alcohol addiction and withdrawal  
L. Prior brain injury (vascular or traumatic injury)  
M. Hearing Loss or decreased Visual Acuity  
N. Insomnia or other sleep deprivation  
O. Polypharmacy  
P. Hospitalization or post-surgery  
Q. Multiple comorbid conditions  
R. Poor nutritional status  
S. Hepatic failure  
T. Chronic Renal Failure  
U. Poor nutritional status  

 

DELIRIUM CONFERS A POORER OUTCOME: 
No matter what your condition, it will be worse 

Otherwise… DELEIRIUM IS REVERSIBLE: 
If the cause of the delirium can be successfully treated, the 
recovery phase usually begins in 10-14 days,  
most recovering within 4 weeks;  
BUT: in 10% of patients confusion may last for up to 6 months 

 



      PATHOGENESIS of Alzheimers Dementia  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Risk Factors:   
Advanced age 
High homocysteine 
Diabetes 

Missense mutations in: 
- Amyloid Precursor Protein (APP) 
- Pre-senilin-1 ( a.k.a. gamma-secretase) 
- Pre-senilin 2 

APP = transmembrane protein 
TWO PATHS OF PROTEOLYSIS 

 

ABNORMAL Gamma-Secretase 

 
NORMAL Alpha-Secretase 

 

Nice, soluble amyloid: 
Function unknown:  
?Autocrine neuroprotection?  
Seems to have a neurito-trophic effect 
 

 DODGY INSOLUBLE AMYLOID PROTEIN 

 “A- (beta)-42-Peptide” 
 collects in the ECF in the brain 
 forms the characteristic early changes: 
 PRE-AMYLOID DIFFUSE PLAQUES 
(perivascular collections of the pre-amyloid) 
 

With implacable time… 

AGGREGATIONS FORM: 

“Amyloid Neuritic Plaques” 
= collections of amyloid in the neuritic processes 
� these UNDERGO AN INFLAMMATORY CHANGE 

MICROGLIA activate 
� surround plaque 
ASTROCYTES react 
� gliose all around 
 

The result is a perivascular 
amyloid core surrounded in  

a layer of microglia 
= CHARACTERISTIC 

AUTOPSY FINDING 
 

AGGREGATES ARE 

HYDROPHOBIC 
(hence insoluble, duh…) 

HENCE: they disrupt normal 
phospholipid bi-layer function… 
and THUS DISTURB  
IONIC HOMEOSTASIS 

PARTICULARLY Ca++ !! Mitochondrial lysis and 
 thus APOPTOSIS 
 

Oxidative injury  
 

Excess Ca++ activates 
protein kinases, which 
means an increased rate of 
phoshosphorylation of  

TAU PROTEIN   
(a normal cytoskeleton 
component of microtubules)  

 

HYPERPHOSPHORYLATED TAU 
forms paired helical filaments and organises into 
NEUROFIBRILLARY TANGLES  
And disorganised axonal architecture 
= ANOTHER CHARACTERISTIC 

AUTOPSY FINDING 
 

 NEURONAL LOSS AND DYSFUNCTION 
 

Acetylcholergic cells in the  

BASAL FOREBRAIN are the first to go: 
Control  
- ALERTNESS,  
- AWAKENESS, 
- SHORT-TERM MEMORY  

Next to fall:   
ENTORHINAL CORTEX 
- Forgetting episodic events 
HIPPOCAMPUS 
- Unable to consolidate STM ����LTM 
  

DECREASED BRAIN 
VOLUME 
plus 

INCREASED 
VENTRICLE VOLUME 
=Normal Pressure Hydrocephalus 

= YET ANOTHER 
CHARACTERISTIC 

AUTOPSY FINDING 
 

Then the bell tolls for   
TEMPORAL + PARIETO-OCCIPITAL REGIONS 
- aphasia, apraxia, agnosia 
Med. FRONTAL + LIMBIC REGIONS (! Amygdala!) 
- social withdrawal, no enthusiasm, 
- loss of insight, outbursts of anger 
  

- NSAIDs 
- Aluminium 
- Head trauma 

- No education 
- Down Syndrome 
-  



MD= medial dorsal nucleus of thalamus 
HC = Hippocampus 
D = dentate nucleus 
CA = cornu ammonis 
Ent =Entorhinal 
MB = mamillary body 
LV = left ventricle 
Te = temporal cortex 
S= subiculum 

Anatomy and Physiology of Memory (a’la Mitrofanis)     
Thing to know:  
MEMORY IS NOT AN ACTUAL BRAIN PROPERTY 

More like something we infer from behaviour  

 
CATEGORIES OF MEMORY: 
PROCEDURAL vs DECLARATIVE: 
PROCEDURAL is unconscious, automated eg.  

remembering how to write, what language to speak 
� VIA BASAL GANGLIA + CEREBELLUM  (climbing 
fibres of cerebellum) 

+ Red nucleus and Olive of medulla 

 
DECLARATIVE MEMORY is the conscious variety 

= its facts and events 
 separated into SHORT and LONG TERM 
 according to no real criteria , eg  

Short Term Memory means about 5 minutes  
 
SHORT TERM MEMORY: 

Based in the secondary cortex of each 
sense (i.e visual memories are all kept 
together for a while in the occipital lobe) 
The Pre-Frontal Cortex pools these 
together; somehow the Basal Forebrain 
is involved in their storage and 

distribution (Acetylcholine cells with widespread connections) 
 
LONG TERM MEMORY: permanent storage with HUGE capacity

  Mediated by the MIGHTY HIPPOCAMPUS 
� IT DOES EVERYTHING 

Long term memories are stored in the NEOCORTEX, 
vaguely associated with the sensory area of their origin 

* AMYGDALA is involved in the emotional tagging of memories  
 

ATTENTION and DELIRIUM          

Delirium is the impairment of attention. 
is tested by repetition of digits,  
or spelling  “world” backwards 

 
Attention comes in 2 flavours: GLOBAL and SPECIFIC 

GLOBAL ATTENTION: 
 is stimulated by all systems;  
works via the Brainstem Reticular Formation � via Thalamus � to the cortex 
runs on Acetylcholine;  

Ach from basal forebrain WAKES US UP 
Serotonin determines HOW AWAKE and ALERT 

  SPECIFIC ATTENTION 
   Unimodal, i.e ONE THING AT A TIME 
   The Components: 
    Parietal cortex (filters relevant from irrelevant) 

Sup. Colliculus of Midbrain (motor reflex avoidance of incoming missiles) 
Pulvinar Thalamus, ( Pulvinar prioritises eye movements upon orders from sup. colliculus 

   How attention is gathered on one target: 
   The THALAMOCORTICAL PATHWAY (of thalamic reticular nucleus � cortex) does this: 

   It AMPLIFIES ONE INPUT and 
INHIBITS ITS SURROUNDINGS 
THUS, attention is focussed. 

USEFUL RULE OF THUMB: 

SEDATION = REDUCES MEMORY-MAKING 
AROUSAL = INCREASES MEMORY-MAKING 



                 elirium of sudden onsetelirium of sudden onsetelirium of sudden onsetelirium of sudden onset                                        
      DIAGNOSTIC CRITERIA:  

   ���� Disturbance of CONSCIOUSNESS 
       Reduced arousal, alertness, vigilance; 
       Increased distractability, reduced ability to focus 
       Reduced awareness of environment  

    tested by repetition of digits, or spelling  “world” backwards. 

     ���� Disturbance of COGNITION 
Disorientation, language disorder, 
Memory deficit, they will have an incomplete memory of the episode! 
Perceptual disturbance (illusions,hallucinations).  

���� Clinical course is characteristic 
  Delirium is an acute problem.  
  At night they get worse (more aggressive and confused) 
  There may be an altered sleep/wake cycle  
  

HISTORY AND EXAMINATION:  too broad to detail: whats the MOST LIKELY cause?  

LOOK FOR THOSE MOST LIKELY TO BE RESPONSIBLE: 

- Evidence of DEHYDRATION  
- Stigma of LIVER DISEASE 

- HYPER or HYPOglycaemia 

- HYPER or HYPOthermia  
- HYPER or HYPOthyroidism  
- HYPOXIA  
- URAEMIA 

- DRUG INTOXICATION OR WITHDRAWAL 

(endone prescription ran out 2 days ago?…) 
 

 

    INVESTIGATIONS: trying to rule out intracranial pathology and infection 

    FBC– macrocytic? Anaemic in any way? WBCs suggest infection? 
    EUC – chronic renal failure? Hypo or hyper natremia?  
    BSL – too low, too high 
    Urinalysis – infected? 

     LFT– encephalopathic?  
    TSH – hypothyroidism?  
    B12 – encephalopathic 
    VDRL – could it be syphilis, reactivating after 60 years? 
          Chest Xray and Head CT if it is called for (eg. sputum + crackles, focal neuro signs, etc) 

      

SUPPORTIVE MANAGEMENT OF DELIRIUM: recommendations from eMedicine.com 
Make the patient more comfortable while you treat the underlying cause of their confusional state 

- reduce disturbing stimuli; no TV in the room; disallow traveling clown 
- provide soothing stimuli; ? stupid recommendation; ? whale song? 
- use of simple, clear language in communication; they are confused enough without jargon 

- same staff treating the patient all the time to reduce confusion. 
- Restraints if they keep pulling out their lines and catheters 

- Antipsychotic drugs ONLY if the patient is wildly deranged, hallucinating and uncooperative. 

IN THE LONG TERM  

In medical in-patients, prevalence of delirium 
may be 10-20%, and incidence 5-10%. 

In surgical patients, the 
incidence may be up to 30%. 
 

TAKE THE TEMPERATURE!! 
���� INFECTION is a common and 
easily reversible cause. 

RISK FACTORS FOR DELIRIUM 
Age over 60 years  
Drug or alcohol addiction and withdrawal  
Prior brain injury (vascular or trauma)  
Insomnia or other sleep deprivation  
Polypharmacy  
Hospitalization or post-surgery  
Multiple comorbid conditions  
Hepatic or Renal failure  
Poor nutritional status  

Listen to the chest: 
Could they have 
aspiration pneumonia? 

IS THERE UNDERLYING 

DEMENTIA? 
 Ask the family 

DELIRIUM CONFERS A POORER OUTCOME: 
No matter what your condition, it will be worse 
But… DELEIRIUM IS REVERSIBLE: 
If you treat the cause: improvement in 10-14 
days, most recovering within 4 weeks;  
BUT: in 10%, confusion may last for up to 6 months 

ASSESS THEIR ABILITY TO CARE OF THEMSELVES:  
If delirium is a recurrent problem, and no cause for it is found, maybe 
they need continuous residential care. Discuss this with the guardians. 
If they go home, who will care for them there? Is there anybody to check on them every day?  

AS YOU AGE: 
Fat content doubles: 
thus any fat soluble drugs have 
longer half-lives. 

Water content decreases: 
thus water-soluble drugs end 
up more concentrated 

Drug metabolism is impaired 

as the liver ages 

Renal elimination decreases 
Age-related fall in GFR 
  

MEDICATIONS: ! sedatives, 
antipsychotic agents, analgesics, just 
about anything could bring about a 
sudden descent into dribbling madness. 

 ~10% of aged inpatients! 

When you get them back to normal 
and its time for discharge, ask: 
 what am I discharging them into?  

NOT EVERYBODY WILL 
BE ABLE TO EVEN 
COMPREHEND THE MINI-
MENTAL STATE EXAM. 
Its often a clinical diagnosis 
based on the clinitians 
experience of what delirium 
should look like, as well as 
any history provided by the 
carers. 
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                 allsallsallsalls in the Elderly in the Elderly in the Elderly in the Elderly                                
    First, ask: IS THIS THE FIRST TIME THIS YEAR? 
  HISTORY and EXAMINATION      

- Usually not too difficult to tell what happened 

- Often obvious injuries  

- Often helpful family to explain things 
-   

 
 
 
 
 
 
 
 
 
 
 
 
On EXAMINATION:            . 
Assess the obvious injuries; and then  
ASSESS THE CAUSES OF THEIR FALL 

- TEST GAIT: commonest diagnosable cause of falls is gait disturbance. 
- Test lower limb joints - its hard to balance on osteophytes   
- Test proximal muscle weakness and lower limb nerves 

       - Test cerebellar signs and vestibular CN 
       - “get up and go test”: get them to get out of a chair without  

       using  their hands. Not even specialists can easily and  
   reliably describe gait, so don’t even try. Just ask  
   yourself: Does this method of locomotion look  
   trustworthy enough to propel 60kg of half-blind Nonna  
   through a cat-infested maze of old furniture? 

- TEST VISION: degenerate maculae will prevent you from seeing the cat you tripped over 
- Listen to their CAROTIDS: ? bruitt, stenosis?   Syncope… 
- Listen to the HEART: AF? Arrhythmia  
- Postural drop: and can it be due to dehydration?… 
- HYDRATION: did they become dehydrated for any good reason?.. 

 
 

WHY DO OLD PEOPLE FALL OVER? 
The risk factors: ASK ABOUT THEM. 

- There are EXTRINSIC and 
INTRINSIC factors for falling; 

- Increasing age favours INTRINSIC 
factors eg. confusion, instability; 

- The 65-75s tend to fall over because 
of extrinsic factors eg. loose carpets 
and alcoholism  

Two-thirds of those who 
experience a fall will fall 
again within six months. 

 

Anatomy of a Fall Bell et al; MJA 2000; 173: 179-182 

- Aged about 75 – 80, maybe even older 
- Living in own home 
- About 35% have fallen before 

THIS TIME FALLING: 
- 70% will sustain an injury.  

- 16% will be lacerations 
- 17%  will be soft tissue injuries  

- 37% will be fractures (more frequent in women) 
-  17% fracture their NOF 
-  8% fracture their wrists 
-  7% fracture  their humeral neck 
-  5% fracture their pelvis 

 
LIST OF MEDICATIONS !! You NEED to know if somebody 
has recently doubled their Lasix dose, added another antidepressant, 
given them a major CNS tranquilliser; OR TAKEN AWAY the 
antidepressant or tranquilliser which was keeping them safely in bed.  
  

NORMAL AGE-RELATED GAIT CHANGES: 
Gait velocity declines 15% every decade (shorter steps); 
More double-foot time (when both feet are in the ground);  

Neuro problems and claudication make it assymmetrical. 

Often missed question: 
How long did Granny 
spend on the floor? 
Longer than 1 hour? Ingrate 
children left her there. That 
means  she needs to have her 
living situation re-evaluated. 
 

“Pokey Parlour Syncope”: an often 
unrecognised syndrome: an elderly person sits down to 
play the pokeys, stays upright for hours, gets dehydrated 
and falls over; some kind soul tries to keep them upright 
and this causes them to have a slight convulsive fit. 

   Is there some cause of vomiting, diarrhoea, blood loss or infection? 
    Did that UTI cause their delirium, and they fell over on their 50th daily trip to the toilet? 

  ���� HAS THERE BEEN AN UNRECOGNISED CEREBROVASCULAR EVENT? 
   Could they have haemorrhaged intracranially when straining secondary to constipation? 
 ���� COULD THEY BE OTHERWISE ENCEPHALOPATHIC? Eg. liver failure, uraemia,  myxoedema madness,  
   steroid psychosis (COPD management gone wrong), hypoglycaemia, drug reaction, B12 depletion, alcoholism?… 

THE PETS ARE TO 
BLAME: a study found 
many instances where pets 
were the primary cause of a 
fall. Dogs, cats, birds, goats 
and a donkey were 
implicated. 
Kurrle et al, MJA 2004; 181 
(11/12): 682-683 

If they pass the “get up and go”, 
there’s probably no intrinsic falls risk 
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Investigations : dictated largely by what the story is     
…and by the potential for orthopaedic surgery to follow if the fracture needs repairing 

       FBC macrocytic anaemia? Huge WBCs suggesting sepsis?  
       EUC renal failure, hyponatremia, K+ induced arrhythmia?  
       LFT hypoalbuminaemic hypovolemia or hepatic encephalopathy? 
       TFT hypothyroid 
       B12 peripheral neuropathy  
       BSL hypo or hyper glycaemia  
       Urinalysis renal failure, or more likely UTI? 
       ECG walking around in SVT all day? 
       Chest Xray Hidden pneumonia? 

       Abdo Xray Bowel obstruction? 
      Head CT blood? Normal dementing changes? TUMOUR?? 

BONE DENSITY by Dual Energy X-Ray Absorptiometry  
       OSTEOPOROSIS is responsible for much morbidity, but its  

unclear if it contributes to risk of falling. It sure makes fracture  
more likely though.  

And of course YOU WANT TO X-RAY THE FRACTURES 

MANAGEMENT             
1. Fix the broken parts. …  

- ADDRESS ALL EASILY REVERSIBLE ISSUES: 
- Fix electrolyte abnormalities, give antibiotics, restore normoglycaemia, rehydrate etc. 
- Reduce any reducible fractures, apply back slab, page orthopaedics registrar. 

- ANALGESIA: mighty opium + paracetamol (consider laxatives in parallel) 

2. Prevent short-term complications 
- They may be staying in hospital for a while: 
- HEPARINISE until INR ~ 2.0-3.0; give TED stockings;  
- Manage the post-operative complications by the appropriate means, whatever they are 

- MOBILISE EARLY: the longer they stay, the weaker they get, the more they fall 
3. Prevent long-term complications 

- FEAR of falling again severely restricts activities; this must be addressed with 
appropriate supportive measures- preventative devices such as walkers etc;  

- PLUS: explain to the patient that inactivity actually causes more falls than activity 
4. Reduce the risk of further falls 
   Overview of their medications: eg. do they really need 3 kinds of beta blocker?… 
   MULTIFACTORIAL INTERVENTION: just one modality is not enough;  
   Consisting of:  - GAIT and BALANCE TRAINING-  Tai Chi, etc 
      - ASSISTIVE DEVICE TRAINING  
      - MODIFY ENVIRONMENTAL HAZARDS IN THE HOME 
      - REDUCE FRACTURE RISK WITH BISPHOSPHONATES 
      - FIX THEIR VISION AND POSTURAL HYPOTENSION 
      - hip protectors may do something, but does anybody actually wear them? 
 

It came from the SBA… 

The 2001 answer paper claims that a subcapital 
fracture of NOF should be treated by prosthetic 

replacement within 24 hours, even in a frail 94 year old. 

THESE tests are useful. The imaging is 
optional and guided by the clinical picture. 

Fancy tests wont teach you anything. 
Much more likely to be confronted with an 
essentially healthy old person whose only 
problem is an accidental dive off their back porch. 
Often there is no background problem to treat. 
Often their living circumstances are involved. 
Often their biochemistry will be deranged for a 
completely unrelated reason. 
However now and then it is the herald of some 
new nightmarish complication which you don’t 
want to miss; and sometimes there is a chronic 
cause which you can treat, and thus prevent 
further falls. 

The key is to RESTORE FUNCTION TO PREVIOUS LEVELS 

ASK: HOW MUCH MOBILITY CAN YOU 
EXPECT WITH THIS NEW DISABILITY? 
i.e, can you expect a complete functional 
recovery in a 99year old with a bilateral 
fractured NOF? Probably not. The rehab 
program must be tailored to realistic 
outcomes, not idealised PPD guidelines.  
 



- Gradual 
- Painless 

visual loss in the elderly 

 FIRST SYMPTOM IS USUALLY A 

 DELAYED ADAPTATION TO  DARKNESS   
 (when going from well-lit environment to dark) 
 

     acularacularacularacular DegenerationDegenerationDegenerationDegeneration              

    
 

History of Presenting Illness         
               Centrally Blurred Vision:  
               which may be ACUTE  

- or INSIDIOUS in onset 
- Difficulty READING, plus 
--  CCOOLLOOUURR  aanndd  CCOONNTTRRAASSTT  
          DDIISSTTUURRBBAANNCCEESS 

CENTRAL SCOTOMA     
METAMORPHOPSIA: 
USUALLY BILATERAL: 
- UNILATERAL loss 
   prompts closer investigation,  
BUT eventually both eyes  
will succumb to the same fate. 

Make sure its not a manifestation of: 
DIABETES 
HYPERTENSION 

Also Ask About RISK FACTORS:         
- SMOKING also for stroke + carotid stenosis 

- HIGH CHOLESTEROL  
- FAMILY HISTORY of ARMD 

- MULTIPARITY  
(?… connection with estrogen levels) 

PHYSICAL EXAMINATION: need to rule out the zebras.     

- Start with everything behind the chiasm, and work forward: 
- Is there a systemic vasculitis active? Does the patient have obvious lupus? 

- Is there atrial fibrillation? i.e could this sudden-onset blindness be the result of a tiny thromboembolism? 

- Is there a carotid artery bruitt? Could they be suffering a retinal TIA? 

- Is there a PALPABLE TEMPORAL ARTERY? 

- ARE THERE ANY FOCAL NEURO SIGNS? 

- Do the cranial nerve exam. ESPECIALLY – 

- Swinging lamp sign (optic neuritis); 
- Nerve palsies: are 3rd nerve muscles  

affected?   
 

 
 

 

    

 

 

 ACUTE BLURRYNESS: 
 Be slightly worried;  ? stroke,  retinal 
haemorrhage, optic   neuritis, corneal ulcer,   

 amaurosis fugax etc? 

 WEIRDNESS OF DEALING WITH SCOTOMA: 
 Your brain will FILL ANY VISUAL DEFECT with   
 its own idea of what should be going on there. 
The scotoma is an area filled with such an   
 elaborate illusion. Straight lines such as pillars  
 or fence posts become distorted, appearing   
 wavy or bent. This plays havoc with face  
 recognition and reading small text. IT MAY 
CAUSE THE NICE OLD LADY TO APPEAR 
MORE DEMENTED THAN SHE IS, when she 
mistakes you for her son / grocer / former lover, 
and completely misinterprets your carefully 
written medication instructions.  
 

Controversial risk factors:  
not supported by evidence: 
- Iris colour 
- Sunlight exposure 

- Low Serum Zink levels 

VASCULITIS 
MULTIPLE SCLEROSIS 

 AVAILABLE IN WET 
 AND  DRY FLAVOURS  
(Dry is most common) 
 

? Marcus Gunn Pupil?? This demonstrates 
an afferent pupillary defect, but what does it 
actually teach you? Not much. In ARMD 
there will always be a slowly worsening mild 
afferent pupillary defect.  A sudden onset 
Severe Afferent Pupillary Defect is probably   
NOT due to ARMD. Suddenness suggests 
retinal artery or vein thrombi, optic neuritis, 
or anything else that’s not ARMD.  
 

- USUALLY Bilateral  
- Central  

- LOOK FOR XANTHOMAE of high cholesterol 

- Look for SCOTOMA  
- Look for CATARACT 

- Look for HORNERS 

- MEASURE THE INTRA-OCULAR PRESSURE 

- Do a SNELLEN CHART VISUAL ACUITY TEST for both eyes 

- Examine COLOUR DISCRIMINATION 

- Use the AMSLER GRID to test for metamorphopsia (some of 
the lines will become wavy or invisible)- indeed it has been 
shown that this sort of test is THE BEST THING for 
monitoring for progression of DRY into WET ARMD 

 
- This is all just a prelude to fundoscopy and slit-lamp examination 

- but you need to know where to look. 

SCOTOMAE: 
Poorer prognosis; - 
Late Presentation;  
an area of foveal atrophy 
has appeared somewhere 

INSIDIOUS ONSET OF BLURRYNESS: 
Could it be glaucoma, cataract, a tumour, diabetic 
or hypertensive retinopathy, retinal detachment, or 

even a pituitary tumour? Must exclude the zebras. 

It should be hard to confuse 
temporal arteritis and ARMD; 
BUT rarely temp. arteritis is PAINLESS. 
USUALLY PRESENTS WITH THIS PICTURE: 
 - in the ELDERLY (~ 70 y.o)  
 - PAIN: localised temporal headache 
 - JAW CLAUDICATION 
 - PALPABLE T. ARTERY 
 - -  MASSIVE ESR (over 50) 
-  SHOULDER STIFFNESS 
-  ANOREXIA, MALAISE 

 

UNILATERAL CHANGE? Probably not 
behind the chiasm, but better be sure… 

 DRUSEN are responsible 

AGE-RELATED macular degeneration  

cannot be diagnosed in 
individuals younger than age 50, 

according to the international classification system. 
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VISUALISING the diseased macula       
This is here you group them into  

EXUDATIVE or NON-EXUDATIVE ARMD. 
(wetness and dryness; basically the dry-type is 
going to be 80-90% of your patients) 

SLIT LAMP EXAMINATION:      
      Youre mainly looking for corneal issues; 
       Eg.: Is there anything cataractiform? Is the anterior chamber healthy? Is there  

a corneal ulcer present, which would nicely explain a history of acute unilateral blurring? 
ARCUS SENILIS: peripheral corneal opacity, caused by lipid deposition; mainly  in the elderly –  

NORMAL UNLESS UNILATERAL… ! they wont go away, EVER – not even after cholesterol falls again 

FUNDOSCOPY + FUNDUS PHOTOGRAPHY     
Reproduced without permission from Stone, Sheffield and Hageman’s “Molecular Genetics of Age-related 

 Macular Degeneration” in Human Molecular Genetics, 2001 Vol. 10 No. 20  2285-2292  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Bottom Line: DRUSEN. ATROPHY. HAEMORRHAGE. Rule out the DIFFERENTIALS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MACULA LOOKS NORMAL? 

…But … there’s still a visual defect! Suspect 
something left-field, like…  
Diffuse Oedema - a definitive diagnosis 
requires stereoscopic examination by an 
ophthalmologist, to look for subtle papilloedema  
Retinal Ischaemia - diagnosed by 
fluorescein angiographic demonstration of 
capillary non-perfusion.  
 

 OPTIC NEURITIS   OPTIC NERVE ATROPHY  Retinal ischaemia:  

 

 

   

 

 

Bulgy swollen disk with indistinct margins       flat pale disk with sharp margins 

Cannot be picked up on plain fundoscopy- 
will need to do specialised tests.  
ALSO, non-dramatic changes which may 
cause blurryness but which are  
NOT MACULAR DEGENERATION 
include:  

- Diabetic retinopathy 
- Hypertensive Retinopathy 
- Retinal vein/artery occlusion 
- Internal carotid stenosis 
- Sickle-cell retinopathy 
 



HUMPHREY FIELD TEST          
   Automated visual fields test: maps the field using 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FLUORESCEIN ANGIOGRAPHY         
  Fluorescein sodium, 500mg injection and subsequent retinoscopy under violet light  

- synthesized from the petroleum derivatives resorcinol and phthalic anhydride 
- usually well tolerated, bar the occasional catastrophic anaphylaxis 

 The injection is given and a rapid sequence of fluorescence photographs is 
taken, to view the patterns of blood flow across the retina.  
 
 
 
 
 
More at http://www.opsweb.org/Op-Photo/Angio/FA/FA1.htm 

 

BIOCHEMICAL TESTING: purely for completeness    
BSL? Hba1c? Are they diabetic? A bsl of 40 or so may nicely explain an episode of visual blurring 

Consider the Zebras, do an ESR to convince yourself that it cant be Giant Cell Arteritis. Do an ECG to  
clear your conscience of atrial fibrillation.  

 
 
 
 
 
 
 

THIS IS USEFUL to monitor progression, but it is  
by no means diagnostic. Still, better than the 
manual Amsler Grid. (the Humphrey visual field tester 
is an expensive ophthalmologist’s toy)  

Is it Wet or Dry? Exudative or Non-Exudative? In summary…. 
 Classification of Macular Degeneration: 

EARLY: Non-exudative, just drusen and small areas of atrophy- largely asymptomatic 

    May complain of worsening night vision, difficulty reading, recognising faces 

LATE: Geographic Atrophy (big confluent islands of atrophy)… AND / OR: 

    Neovascularisation  (exudative form of ARMD) and diskiform scarring 
    Retinal detachment, etc –THUS: 

   Symptomatic, acute visual loss maybe with chronic blurring and metamorphopsia.  
      

IS NEOVASCULARISATION taking place ?? 

- Metamorphopsia 
- RPE elevation on fundoscopy 
- Subretinal haemorrhage  
- Exudate in the vitreous 
- Disk-shaped scars: These imply that neovascularisation has occurred and left an atrophic area 

 

You cant actually see the choroidal neovascular vessels, but 
you can infer their presence from the bulges they create by 
protruding through Bruch’s membrane- this being RPE 
elevation, which causes metamorphopsia (as the warped 
retina now receives light at a different angle- and also 
because the lifted RPE becomes atrophic and eventually 
graduates to scotoma) 

Any suspicion of neovascularisation is an indication for angiography!  

F. Angiography is the investigation of choice for most conditions related to the 
vascular supply of the retina. Diabetic retinopathy, hypertensive retinopathy, and 
any weird vascular events involving the retina. 
Yes, it’s the same sort of fluorescein you drip into somebody’s eye to look for 
corneal ulcers with a slit lamp. Except the IV contrast fluorescein is a sodium salt.  

BOTTOM LINE: this is how we investigate age-related macular degeneration 
- Rule out the cranial nerve causes with history + exam 

- Rule out corneal causes with fundoscopy  
- Gather suspicion of Choroidal Neovascularisation with fundoscopy 

- Perform fluorescein angiography to determine location / extent of neovascular change 
- Perform automated visual field test for purposes of monitoring progression 
- Fundoscopic photography for the same reason. 



MANAGEMENT OPTIONS           
EARLY and LATE  DRY ARMD: 

- PREVENTATIVE MEASURES: seeing as there is no real serious treatment option… 
- Definitely stop smoking 
- Maybe start eating vitamin E and Zinc 
- Especially if you have a family history  

- Educate the patient: makes you feel like youre doing something 
- COPING STRATEGIES 

- Delayed darkness Adaptation? Not to worry; just wear dark sunglasses 
       - thereby reducing the necessary range of the  
          adjustment which must be made 
- Scotoma preventing you from reading? Low vision specialists often  

prescribe magnifiers with a line marker so that 
patients do not lose their place while reading. 

- Tripped over the cat and fractured your NOF? Consider altering the level  
of lighting, pet access and the pattern of  
floor-situated ornaments (OT’s job) 

- May need to contact the Roads and Traffic Authority regarding your failing vision 

- FOLLOW-UP: you want to know when the dry ARMD turns wet. THUS: 
- Regular Fundus Photography and Humphrey Visual field Testing 

 

LATE EXUDATIVE ARMD:            
- Laser Photocoagulation: trial-proven to help- even if youre hypertensive (and thus at  

       risk of bleeding into your vitreous humor out of the charred  
       stump of a retinal arteriole.) 
      But it requires a well-defined lesion to target, and it cant be  
      obscured by haemorrhage or anything. Need a clear shot. 

     Angiography customarily is performed within 72 hours of laser photocoagulation, since  

CNVM morphology and resulting treatment parameters can evolve rapidly 

Retrobulbar anesthesia is used to  immobilize the eye during treatment 

Then, create a uniform white treatment lesion (a burnt patch) 

- Compare before and after angiograms and fundus photographs. 
- Ask the patient to return in 2-3wks for followup (vis. acuity etc) 

- Assess several times within the first 3 months after treatment 
and then at 3-4 month intervals 

Laser treatment itself irreversibly damages the RPE and retina, causing an 
absolute scotoma, which correlates with the site of the laser coagulation scar. 

 

- Things Not Yet Blessed by Cochrane: 

- All manner of laser therapies which aim at the destruction of 
feeding vessels to the CNVM  

- Photodynamic Therapy which involves giving the patient a 
sensitising agent to enhance the damage done to the CNVM, or to 
make that damage more selective (eg. a photosensitising agent 
which selectively binds to new blood vessels) 

- Antiangiogenic agents to halt or prevent the formation of new  

blood vessels in the retina 
- Radiation Therapy:Cumulative doses (multiple fractions) of up to 25 Gy 

cause no damage to the retina or optic nerve, and the susceptibility of 
retinal vasculature endothelial cells has been confirmed. 

- Surgical Macular Translocation : A peripheral retinotomy/retinal 

detachment/retinal rotation around the optic nerve, and retinal  
 

 

GOALS OF MANAGEMENT are to minimise visual loss 
and disability in order to maintain independence. 

reattachment in order to rotate the foveal region away from the diseased 
underlying choroid and RPE is carried out. !! GREAT RISK !! 

STATINS are rumoured 
to prevent and delay the 
progression of ARMD- 
no trials so far 



GLAUCOMA: elevation of intraocular pressure, ���� damage to the optic nerve  
Closed angle vs. open angle: anatomical classification.  
OPEN ANGLE GLAUCOMA is a chronic progressive thing without acute symptoms. 
       
CLOSED ANGLE GLAUCOMA is an acute emergency: the outflow of aqueous humor is blocked! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

That’s the “angle” 



PATHOPHYSIOLOGICAL MECHANISM OF AGE-RELATED MACULAR DEGENERATION 
A glib synthesis of seven or so actual scholarly mechanisms, found in Human Molecular Genetics, 2001 pp.2285 
  RISK FACTORS ���� 

MODIFIABLE 

Smoking ~29% 
Diet, cholesterol, hypertension,  
Lack of vitamins… 21% 

NON-MODIFIABLE 

GENETICS ~50% 
 

To rant a little about the retina… 

The RPE = -  ingests used-up outer tips of the rod and cone cells 
and provides them with essential nutrients  
Bruch’s membrane =  a noncellular structure (made mostly of 
collagen) that separates the RPE from the choroidal circulation 
below.  
The chorio capillaris provides the blood supply to the rods, 
cones, and RPE cells. 
 

Pigmented 
epithelium 

Bruch’s membrane 

THE EARLIEST PATHOLOGICAL CHANGES 

THE EFFECT OF THESE RISK FACTORS 
Genetics: may have something to do with superoxide 
dismutase, apolipoprotein genes, a receptor for something 
that processes outer rod segments in the retina, etc etc. 
Oxidative damage: retina is highly oxygenated and 
occupationally exposed to radiation. Thus, exposed to high levels 
of free radicals.  This produces the fatty autooxidative product 
lipofuscin which collects in the RPE, impairing its phagocytic 
function. This causes a buildup of filth, like drusen for one. Bruch’s 
membrane permeability to these by-products decreases with agea, 
which may be why age is a risk factor for ARMD. Among other 
things, free radicals induce an increased sensitivity to VEGF in the 
retina (that’s the vascular endothelial growth factor implicated in 
CNV formation).  
 

Basal Laminar Deposits 

membrano-granular material and 
foci of wide spaced collagen, 
sitting in the basal lamina above 
the choroid vessels. 
 

Basal Linear Deposits 
 Vesicular material;   

Apolipoproteins B + E, 
immunoglobulins, 
amyloid P component, 
complement C5 and 
C5b-9 terminal 
complexes,  
fibrinogen,  
vitronectin. 
These things have 
been found in drusen. 
 

DRUSEN ALONE do not contribute much to visual loss; 
…but CONFLUENT LARGE DRUSEN can cause a  
deformity of Bruch’s membrane, and 

detachment of the pigment epithelium  

Any RPE damage, such as arising from RPE 
detachment or from degeneration of a CNV, will lead to   

GEOGRAPHIC ATROPHY i.e areas 

of retina which are useless and barren 

CHOROIDAL NEOVASCULARISATION (CNV) 
Arises as a capillary-like structures from many points of 
origin; penetrates through a defect in Bruch’s membrane. 
These new vessels cause HAEMORRHAGE, and leakage 
of drusen content. 

Recurrent leakage of blood, lipid and protein from the CNV 
will induce a “fibro-glial organisation reaction” via which a 
scar forms over the leaky inflamed CNV. 

This is a DISKIFORM SCAR , naturally all the retina 
around and over the scar will degenerate and become useless  VISUAL LOSS  

- Delayed darkness adapation, 
- scotomae, 
- metamorphopsia 
-  colour and contrast disturbances 
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Rotavirus GastroenteritisRotavirus GastroenteritisRotavirus GastroenteritisRotavirus Gastroenteritis                                        
Stephen is a 15-month-old boy who has been brought to the local district hospital in a small country town 

suffering from diarrhoea and vomiting.  

History of Presenting Illness          
- Fever 
- Vomiting 
- Diarrhoea 
- Fever 
- Abdominal pain 
- Abdominal cramps 
- RUNNY NOSE 

- DEHYDRATION 
Classification of dehydration  

Description of dehydration  Dehydration  
(% of body weight)  
 

 
Signs and symptoms  

Very mild 3% Reduced urine output  
Thirst  
No clinical signs  

Mild 5% Reduced urine output  
Thirst  
Dry mucous membranes  
Mild tachycardia  

Moderate 7-8% Dry mucous membranes  
Lethargy  
Tachycardia  
Reduced skin turgor  
Sunken fontanelle  
Sunken eyes  

Severe 10% or more Above signs  
Poor perfusion  
Shock  

 

Differential Diagnoses            
Appendicitis, Acute  
Diabetic Ketoacidosis  
Foreign Bodies, Gastrointestinal  
Gastritis and Peptic Ulcer Disease  
Giardiasis  
Hepatitis  
Inflammatory Bowel Disease  
Pediatrics, Pyloric Stenosis  
Amoeba infection  
 

Parasitic infection 
Malrotation 
Intussusception 
Volvulus 
Soy allergy 
Food poisoning 

Lactose intolerance 
Diverticulum 
Cystic fibrosis

    Chronology of Food Poisoning    

The incubation period is approximately 2 days.  
vomiting diarrhea for 3 - 8 days, fever and abdominal pain.  

Immunity after infection is incomplete,  
but repeat infections tend to be less severe  

ROTAVIRUS = commonest diarrhoea in 3month to 2 years  

transmission can occur through  
ingestion of contaminated water or food 
and contact with contaminated surfaces 

 ALSO ASK ABOUT:  

- TRAVEL 
- Exposure� UNSANITARY CONDITIONS 

- IMMUNISATIONS 
-  

Poutry, eggs 
meat, fish, 
milk 

Poultry, milk 

Rice, cereals 

Handled food 

MEAT 

Preserved food 

Salmonella 

Vibrio Cholerae 

Clostridium perfringens 

Campylobacter 

Bacillus Cereus 

Staph. Aureus 

Clostridium Botulinum 

Drinking water 

There are 2 types of bacterial enteritis 
 ENTEROTOXIC and ENTEROINVASIVE 
 Enterotoxic is shorter and with more stool. 
There are no white blood cells and no fever. 
 Enteroinvasive takes longer and has lots 
of fever and white blood cells in the stool 

 

!! VERY IMPORTANT!! 
Ask about 

ANTIBIOTICS and  
FOOD in the last 48 hrs 

Pulse rate is more sensitive than BP in dehydration! 

ACUTE WEIGHT LOSS 
Is the best indicator of the 
DEGREE of DEHYDRATION 

Why might it be something else? 
- bilious vomiting  
- severe abdominal pain  
- localising signs in the 

abdomen (surgical)  
- vomiting blood 

(haematemesis)  
- fever greater than 39 ° C 

(other sepsis) 
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Findings on EXAMINATION:          
• Vital signs – 

 Weight and weight loss, pulse, temperature, and blood pressure  
• General  

 Activity level, lethargy, listlessness, thirst, active vomiting or diarrhea 
• Head, ears, eyes nose, and throat (HEENT) –  

Sunken or flat anterior fontanelle, sunken eyes, tears, and moisture of oropharynx 

• Cardiac - Tachycardia, pulse quality, extremity mottling, and extremity coolness 

• Abdomen - Distention, quality of bowel sounds, tenderness, rebound, guarding, suprapubic 
tenderness, and organomegaly 

• Back - Flank pain, costovertebral angle tenderness 

• Rectal/stool - Bloody, watery, presence of mucous, and color 

• Extremities - Color, mottling, and pulse quality 

• Neurological - Alertness, strength 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MORE THAN 1 
week of gastro? 

!! INFESTATION !! 
���� check for  
- OVA 
- PARASITES 
- PROTOZOA 

 



Tests and Investigations          
FBC 
Looking for anaemia of blood loss 
Looking for high WBC count 
Blood culture 
Looking for bacteremia (? SEPSIS ?) 
Urinalysis+Urine culture 
Kids UTIs can present as anything 
Stool microscopy  
Ova, protozoa, parasites,  

Stool antigens 
!! THIS IS YOUR ROTAVIRUS TEST !! 
Stool culture 
What you grow is not necessarily what 
is causing the infection 
(could grow any damn thing) 
but use many media, may get lucky 
Serum biochemistry 
Looking for objective measurement of 
dehydration: serum BUN is best  
PCR 
Looking for viral envelope proteins 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 



Management            
They are either going to die from SEPSIS or DEHYDRATION: So fix these first! 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
Epidemiology           

Three to five billion cases of acute diarrhea occur yearly  
= the leading cause of death in many underdeveloped countries.  

Internationally, mortality rate is 5-10 million deaths each year. 
Mortality is greater among the very young and very old 

Approximately 30-50% of visitors to developing countries will develop, and perhaps return with, diarrhea.  
In the United States, 210,000 pediatric hospitalizations occur yearly with as many as 10,000 deaths. 

 
 
 

Education regarding HYGIENE is necessary  
 

Remember  
to supplement potassium when replaceing 
intravenous fluids rapidly  
 

Oral rehydration solution (ORS)  
for mild to moderate dehydration  
Better tolerated if given frequently in small amounts  
MAY NEED TO GIVE THROUGH THE NOSE. 
Idea is to stimulate the glucose/sodium co-
transporter, and thus reduce the fluid of the stool 
  

Diluted sweet drinks  
used in non dehydrated children with mild symptoms.  
IF POSSIBLE, AVOID THESE! 
 

Intravenous fluid therapy  
MODERATE DEHYDRATION with oral intolerance 
OR SEVERE DEHYDRATION + SHOCK! 

Shocked children should initially be 
given a bolus of fluid.  

CAREFULLY MONITOR ELECTROLYTES: 
Don’t want embarassing arrhythmias etc… 
 

DIET 

Food should not be withheld for more than 24 hours as 
starvation/malnutrition exacerbates gut damage.  

  

MEDICATIONS: 
You do NOT want to use antimotility 
antisecretory or antiemetic drugs in children!! 
          YOU  WILL KILL MANY OF THEM IF YOU DO 
 

NO ANTIBIOTICS unless septicemic 
     or giardia, parasites 

  
Prevention of gastroenteritis : 
Promotion of breast feeding  
Simple hygiene (hand washing!)  
Food hygiene (animal flesh is a common source of 
infection)  
Vaccination (in the near future).  
In the developing world poor water supply, sanitation 
and food hygiene are key factors contributing to 
diarrhoeal disease.  



Mechanism of diarrhoea        7.09 
     = a mechanism for flushing the gut 

CAUSES: in any individual case there are multiple causes of diarrhoea; 

- abnormal digestion/absorption of water electrolytes and nutrients;  
- excessive secretion of fluid and electrolytes;  
- disordered intestinal transit.  

= defined as increased frequency and fluidity of stools. 
 

 Abnormal digestion and absorption (particularly of carbohydrate)  

gross disruption of normal small intestinal architecture.  
Examples = invasive bacterial infections such as  
Salmonella,  
Shigella,  
Yersinia  
…and some helminths. 

 @  level of the small intestinal brush border.  
Examples = bacterial infections and Giardia lamblia infestations.  

 
Rotavirus:  invades mature enterocytes and causes them to desquamate.  

� In response, crypt cells (which are not infected by virus) proliferate and cover the 
injured villus but fail to differentiate normally. (This response helps defend against viral 
invasion).  
Thus the villus is covered with immature cells which lack the normal brush border 
enzymes such as lactase and the glucose coupled Na transporter (SGLT1).  
This mechanism is a defect in epithelial renewal. Diarrhoea results from failure to 
digest and absorb small molecular weight solute such as carbohdyrate and osmotic 
diarrhoea develops.  

 

Abnormal secretion  

- can be induced by bacterial toxins secreted in the lumen.  
Examples include  
heat lablie toxin of Cholera  
heat stable toxin of Enterotoxigenic Escherichia coli . 
 These toxins stimulate chloride secretion from enterocytes by  

a) altering cell regulation events in enterocytes and  
b) modulating enteric nerves and enteroendocrine cells which have a role in modulating secretion. 

- Intestinal secretion can be stimulated by immunocytes in the mucosa/lamina propria.  
 
- Alteration of the electrolyte balance:  

Rotavirus :produces  capsid protein which stimulates enterocyte secretion by altering intracellular calcium levels 
 

- Mast cell degranulation (intestinal anaphylaxis) induces profuse secretion and is a major mechanism for the expulsion 
of helminths.  

- Polymorphonuclear phagocytes (main phagocyte in the gut) are important in clearing bacteria.  
They release inflammatory mediators such as arachidonic acid metabolites, tumour necrosis factor and 5 ' -AMP which  
can induce secretion.  

- fibroblasts, endothelial cells, lymphocytes and macrophages produce secretagogues.  
- Some products of maldigestion can stimulate colonic secretion.  

Unabsorbed fat is fermented to dihydroxy fatty acids by colonic bacteria. While these compounds can induce 
secretion in the colon, steatorrhoea is not usually a problem in infectious gastroenteritis.  

 

Rapid intestinal transit reduces contact time for the absorption of water and nutrients and can contribute to 

diarrhoea. Inflammatory mediators discussed above can alter intestinal motility. Intestinal anaphylaxis during worm expulsion 
causes gross disturbances of motor activity-rapidly migrating high pressure peristaltic waves which move aborally propelling 
all contents distally. Local inflammation causes the release of mediators which directly affect smooth muscle, and 
modulate local neural circuits which are involved in coordinated motor activity of the gut. This is observed in rotavirus 
gastroenteritis, invasive organisms ( Salmonella, Shigella, Yersinia ) and Clostridium difficile.  
 

Altered motility contributes to the abdominal pain frequently associated with gastroenteritis.  
 
A well coordinated response by the intestine is designed to expell a noxious infection from the lumen. This may involve 
coordinated fluid secretion, altered transit to expell the invader and in some infections altered epithelial renewal to prevent 
efficient invasion or attachment. Tissue destruction by inflammation is collateral damage but the resultant osmotic diarrhoea 
also aids in expulsion of infection. Multiple mechanism contribute to the symptoms in an individual infection.  

 
 
 

The mechanisms described herein equally apply to chronic causes of diarrhoea such as 
food allergy, coeliac disease and chronic inflammatory bowel disease. 



CAUSES OF DIARRHOEA        7.09 
!! KNOW YOUR STOOL !! …is it 

WATERY 
FATTY or 
BLOODY? 

 

Watery: must be osmotic or secretory. 
OSMOTIC:= can be caused by malabsorption (or excessive ingestion) of osmotically active 

substances such as carbohydrate. This is called osmotic diarrhoea and can result from inherited disorders 
of carbohydrate digestion (eg lactase or sucrase isolmaltase deficiency) or absorption (eg deficiency of 
glucose/Na cotransporter SGLT1). 

 Osmotic diarrhoea can be caused by diseases that damage the small intestinal mucosa.  
Viral gastroenteritis is an example of mucosal damage which causes osmotic diarrhoea. S 
ome bacterial ( Salmonella, Shigella ) and parasitic ( Giardia lamblia, Cryptosporidiosis ) infections 

also damage the small intestinal mucosa. Examination of the stool in a child with osmotic diarrhoea 
reveals an osmolality greater than the sum of the stool electrolytes (measured OSM> [Na + K] x 2), 
usually by more than 50mOsms.  

 
Mucosal damage is common in regions where malnutrition is endemic and this is usually due to small bowel 
bacterial contamination (tropical enteropathy), infestation with parasites and pathogenic bacteria and the 
damage can be exacerbated by nutritional deficiencies such as zinc and vitamin A deficiency. 

SECRETORY:Watery diarrhoea can also be caused by disorders that cause excessive 

secretion. Some inherited disorders of electrolyte transport cause this but the problem is most commonly 
acquired (usually infection). The prototype disease is Cholera , an infection which colonises the small 
intestine and elaborates a toxin which stimulates fluid and electrolyte secretion via activation of 
electrogenic chloride secretion, a group of transporters present in intestinal epithelium. 

 This is mediated by enterocyte cAMP, though recently a major component of cholera induced 
secretion was found to be mediated via mucosal nerves and enteroendocrine cells.  

A similar mechanism exists for enterotoxigenic Escherichia coli (a common cause of 
travellers diarrhoea). Excessive intestinal secretion may coexist with damage to the epithelium and can be 
mediated by such factors as intestinal inflammation (eg bacterial gastroenteritis) or intestinal anaphylaxis 
from mast cell degranulation (occurs during parasite expulsion or food allergy).  

Secretory diarrhoea can also be caused by lumenal factors such as  
- deconjugated bile salts,  
- free fatty acids (steatorrhoea)  
- or drugs,  
- endogenous factors such as hormones or neurotransmitters.  
 

In a secretory diarrhoea eg Cholera, measured stool Osmolality =[Na + K] x2 ie there is no osmotic gap.  
 

Some pathogens infect food and release toxins into the food an example is Staphylococcus. When ingested the toxins 
stimulate secretion and alter intestinal motor function causing vomiting and diarrhoea. Symptoms develop within hours.  
 

FATTY: Steatorrhoea is characterised by excessive fat in the stool.  

- Colonic bacteria breakdown the fat to dihydroxy fatty acids  
- which stimulate enterocyte secretion in the colon  
- contributing to increased stool volume.  

Steatorrhoea can be caused by 
- inadequate bile salt concentration, 
- reduced pancreatic lipase secretion eg cystic fibrosis,  
- damage to the mucosal surface eg coeliac disease, 
- abnormal chylomicron formation (abeta lipoproteinaemia)  
- blocked intestinal lymphatics (intestinal lymphangectasia).  

Steatorrhoea does not usually occur in infections of the gastrointestinal tract, but may occur in the setting of severe 
malnutrition as the latter causes pancreatic insufficiency and may coexist with tropical enteropathy syndrome.  
 

Bloody stools and or excessive white cells (seen easily by microscopy of fresh stool) in the stool indicates colonic 

inflammation. This most commonly occurs in bacterial infections of the gastrointestinal tract (the commonest in children are 
Campylobacter jejuni, Salmonella species, Yersinia enterocolitica, Shigella species, Escherichia coli and in some helminth 
infections such as Strongylides stercoralis). Other causes of bloody diarrhoea are food allergies (particularly in infants), some 
viral infections (Cytomegalovirus) in immunosuppressed individuals and chronic inflammatory bowel disease. Occassionally 
patients with rectal inflammation complain of frequency of stooling without a large increase in stool volume.  
It is infrequent that a single mechanism of diarrhoea production can account for the symptoms. Diarrhoea usually results from 
a complex interplay of many pathophysiological factors. 
 
 
 



INFECTIOUS DIARRHOEA        7.09 
AGENTS ARE TRANSMITTED VIA FOOD, WATER, 
 FAECO-ORALLY and RESPIRATORY 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 INCREASED SUSCEPTIBILITY: 

Non-specific immune defects (eg. Achlorhydria ) increase susceptibility to enteropathogens.  
Specific immune defects eg Acquired Immunodeficiency Syndrome (AIDS) increase susceptiblity to diarrhoea  

caused by microbes which are ordinarily benign eg Mycobacterium avium/intracellular and Microsporidia. 
Certain populations are more susceptible to some diarrhoeaogenic infections eg neonates (Enteropathogenic 
Escherichia coli (EPEC)) (Clostridium difficile ( C.difficile ) infection) and after antibiotic therapy.  

 
Diarrhoea with certain microbes may be complicated by an inapparent septicaemia which can become clinically important in 
blood transfusion recipients (cold-multiplying organisms like Yersinia enterocolitica) and pregnant women (Listeria 
monocytogenes). 
 

 In infants and the elderly Salmonella species causing diarrhoea often cross into the bloodstream. (This 

needs to be distinguished from the enteric fevers [ typhoid and paratyphoid ] caused by Salmonella typhi and paratyphi A & B).  
 
Septicaemia following diarrhoea is commoner in immunosuppression. Enterohaemorrhagic escherichia coli (EHEC) 
strains cause dysentery followed by a toxin mediated renal failure (Haemolytic Uraemic Syndrome).  
 
Most infectious diarrhoea causes little inconvenience and even severe disease eg cholera is effectively treated with oral 

rehydration. (Antibiotic therapy is actually harmful in uncomplicated Salmonella diarrhoea).  
 
Laboratory diagnostic methods concentrate on 

• identifying pathogens in prolonged diarrhoea for which there is specific, antimicrobial treatment (eg Campylobacter 
jejuni) and  

• identifing pathogens where a public health intervention may limit epidemic spread (Salmonella and Shigella species).  
 
In Australia faecal specimens are inspected using direct microscopy looking for parasites (eg Giardia lamblia , Entamoeba 
histolytica), added to Selenite enrichment broth for Shigella and Salmonella species and plated onto media selective for 
various bacterial species. This routine varies according to the clinical data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

USUALLY  

NO IDENTIFIABLE CAUSE!! 
Most common: 

~ ROTAVIRUS ~ 
~ NORWALK VIRUS ~ 

~ Campylobacter jejuni ~ 
With the exception of rota- and 

adenoviruses for which immune assays 

are available, identifying viral agent of 

diarrhoea requires electron microscopy 

Microbiology is confused: often people carry 

known diarrhoeal pathogens without symptoms. 

Rules of thumb: 
- ham ( S.aureus ),  
- rice ( B.cereus ), 
- undercooked eggs (Salmonella species) 
- chicken (Salmonella species, Campylobacter jejuni )  

 

Gastroenteritis= Vomiting +/- Diarrhoea +/- Abdo pain 

Don’t just give antibiotics !! may actually do harm 
most diarrhoea can be treated with just oral rehydration 



MANAGEMENT OF DEHYDRATION     7.09 
  Calculation  Fluid type  

A  If Shocked  20 ml / kg over 10 - 20 mins  
NOT to be included in subsequent calculations  
 

N (Normal) saline or 
Hartmanns 

B  Correction of 
dehydration  

Weight (kg) x % dehydration (up to 5%) x 10 given 
over 24 hrs 

N/2 saline + 2.5% 
glucose 

C  Continuing losses  Estimated volume of loss e.g. diarrhoea or vomiting Depends on Na content 
of loss  
N/2 saline + 2.5% 
glucose  

D  Maintenance  Weight (kg) x ml/kg depending on age N/4 Saline + 3/75% 
glucose or  
N/2 saline + 2.5% 
glucose  

TOTAL VOLUME = B + C + D given over 24 hours  

 

Dehydration and fluid requirements in childhood   7.09 

Children, especially infants, are at higher risk of 
dehydration than adults, because  

- high basal fluid requirements relative to weight,  
- inability to gain access to fluids when thirsty,  
- higher surface area to body weight ratio, leading to higher insensible water losses.  

Dehydration can arise because of:  
a) abnormal fluid losses (eg diarrhoea, vomiting, polyuria, burns skin losses),  
b) poor fluid intake,  
c) increased fluid requirements (eg fever, sepsis) 
d) combinations of these.  

In childhood, the most common cause of dehydration is gastroenteritis  
 

Maintenance fluid requirements :. Fluid requirements decrease with increasing age  

beginning at about 120 - 140mls/kg in the first 9 months of life  
decreasing to about 50-60 mls/kg/day by age 12 years.  

 
Factors modifying fluid requirements  

• Extra needed :  
fever, hyperventilation, high ambient temperature, extreme activity, abnormal fluid losses  

 

• Less needed : 
 hypothermia, very high humidity, oliguria or anuria, extreme inactivity, fluid retention (eg cardiac failure)  



 

LARGE BOWEL FUNCTION        7.09 
Key points  

• Fluid and electrolyte secretion is a component of "host defense" and contributes to diarrhoea.  

9L of fluid enters the gastrointestinal tract of a normal adult per day.  
2L ingested  
7L endogenous fluid and electrolyte secretion 
(salivary; gastric secretions, bile, pancreatic and small intestinal secretion). 
 1.5 L enters the colon and 0.1-0.2 exits as stool.  
 
Diarrhoea occurs when stool volume increases by as little as 0.1L. 
 

 

 
 
 

MAINTENANCE OF BOWEL CONTINENCE     7.09 
BOWEL: two sphincters,  
internal (smooth muscle)   sacral parasympathetics 
and external (striated)  pudendal nerve somatomotor 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Continence reflex 
Rectum fills = its wall is stretched; 
THUS: reflex relaxation of internal sphincter,  

(via enteric NS in wall of rectum) 
        Reflex CONTRACTION of external sphincter 
        Reflex CONTRACTION of the wall of the rectum  
 (via visceral afferents running through the  

pelvic splanchnic nerve) 
THIS LASTS A FEW SECONDS;  
then the tension on the rectal wall is released and the 
internal sphincter contracts again. 
The actual maintenance of the external sphincter 
tone is done by voluntary corticospinal  neurons 
 
 

Defaecation reflex 

���� !! Triggered by VOLUNTARY EFFORT !!  
visceral afferents from the rectal wall stretch 
receptors trigger a reflex arc: 
� CONTRACTION of descending and sigmoid  

colon and rectum 
� RELAXATION of the external AND internal  

sphincters 

BUT: THAT ALONE AINT GOIN TO DO IT 
Also requires increase in intra-abdominal 
pressure 
THUS: one must VOLUNTARILY 
� CONTRACT the abdominal muscles 
� CONTRACT the diaphragm 
so… sympathetic nerves do very little in 
defaecation 

What happens in NEURO DYSFUNCTION? 
DESTRUCTION OF THE SACRAL CORD = ABOLITION OF DEFAECATION REFLEX 
…destruction of the SC anywhere else will mean that the sacral and enteric components will still work- BUT not any of 
the voluntary abdo-pressure-raising components.  
THUS: need to MANUALLY COMPRESS THE ABDOMEN and even open the sphincter 

Maximal voluntary contraction of the anal sphincter can 
only be maintained for about 1 minute.  
You may wish to try this for yourself. 



 
 
 
The length of the anal canal  
- : The average length of the high pressure zone in the anal canal is about 4 cm in adults. 
The anorectal angle    
- This is the angle between the axis of the anal canal and the rectum.  
- It may play a role in maintenance of continence at times when the intra-abdominal pressure is increased, such as when 

sneezing.  
Rectal compliance  
- Normally, the rectum is able to accommodate by distension in response to a faecal bolus.  
- Loss of compliance will lead to incontinence (eg. radiation proctitis) 
Anal canal sensation  
- Anal canal is richly innervated and is able to accurately determine the nature of the rectal content. 
- If the nerve supply of the anal canal is damaged, for example after childbirth or surgery, the ability to distinguish between 

solid stool, liquid stool and flatus is lost. 
Stool consistency and frequency  
- Reducing stool frequency and improving consistency can be very effective in the treatment of some forms of incontinence. 

 
 
 
 

PROTEIN-ENERGY MALNUTRITION:  
Marasmus  

- child is very wasted, 
- lost almost all the subcutaneous fat  
- lost a lot of muscle.  
- The protein loss is mostly from skeletal muscle.  
- Marasmus  = child ' s weight less than 60% of the WHO standard for age  

Kwashiorkor 
- has oedema,  
- characteristic pigmented scaly skin lesions, 
- changed hair colour, 
- is miserable  
- won ' t eat.  
- Internally there is fatty liver and hypoalbuminaemia. 
- The protein depletion is visceral (liver and gut) rather than somatic 
- the liver fails to produce albumin and low density lipoproteins.  

 

Mechanism of superimposed Giardia Lamblia  and rotavirus infection 
 
 
 
 
 
 
 
 
 
 

Kwashiorkor is less common than marasmus 

Faeco-oral transmission 

Enter the virus: @ VILLUS TIPS: Encodes NSP4 enterotoxin 

VOMITING 

DESTRUCTION of villus tip cells 
� VILLUS DESQUAMATION 

CRYPT CELLS proliferate and 
cover the injured villi:  
 

Atrophied villus is covered 

in immature epithelium 

Antigen presented by 
APCs,  
TH1 cells         TH2 cells  
 

CD8 cytotoxic  
immunity 

B cell 
immunity 

Interferon secreted: 
Hence, 
 ANTIVIRAL STATE 

Villus cells 
cannot mature 

Cytokines 
induce 
FEVER 

IgA, IgG 
= lysis of 

 viral particles 
� 
CLEARANCE by 
the 7th day 

Increased secretion  
(change in Ca++ levels) 

GIARDIA 
CYSTS 

INGESTED Last for months in 
contaminated water 

ENCYSTMENT 

BINARY DIVISON 

Trophozoites 
EX-CYST 

Attachment to villous surface: 
Mainly proximal, but generally  
all over the small intestine 
via VENTRAL SUCTION DISK 

Villus flattens, brush borderis 
lost � sucrase, maltas, etc 
and … LACTASE IS LOST !! 



The mighty OESOPHAGUS following on from Langcake’s talk    
- roughly 20-25 cm long 
- begins at CRICOPHARYNGEUS muscle 

- upper 1/3rd = skeletal voluntary muscle 
- lower 2/3rds = smooth involuntary muscle 

- LOWER OESOPHAGEAL SPHINCTER is assisted by gastric bend and the CRURA (appendages of 
the diaphragm) which constrict it in response to increasing abdominal pressure 

 

DYSPHAGIA: difficulty swallowing         
Need to differentiate: oropharyngeal vs. oesophageal.  

OROPHARYNGEAL:  
- “food stuck” right after swallowing” 
- coughing, choking, drooling, 
- pain localises to the throat 

OESOPHAGEAL: either dysmotility or obstruction (benign or malignant) 
 ASK: WHAT cant you swallow? 

- Solids AND liquids = motility disorder 
- Solids, THEN liquids = CANCER 
MOTILITY DISORDERS: many causes, eg. 

 too little (scleroderma, severe GORD) 
too much (diffuse oesophageal spasm, achalasia, spastic oesophagus) 

BENIGN OBSTRUCTIONS: 
 Strictures, rings, webs, achalasia, …  radiation injury 

RINGS AND WEBS: 
           Thin membranes and fibrous tissue growths partially occluding the lumen 
 MAJOR SYMPTOM: swallowing of LARGE OBJECTS is more difficult  
  (“ STEAKHOUSE SYNDROME”) 

MANAGEMENT OF BENIGN STRICTURES  involves either serial mechanical 
dilation, steroid injections or surgery. 
HOWEVER proton pump inhibitors suffice most of the time 

  MALIGNANT OBSTRUCTIONS: 
Either adenocarcinoma or squamous cell carcinoma 

VERY ELDERLY PATIENT? Could this be a ZENKER’S DIVERTICULUM?  
  ���� this is an aneurysm-like outpouching of the oesophagus where food can get stuck. 
  Diverticulae in general are usually asymptomatic and may never require treatment 
  

 Gastro-Oesophageal Reflux Disease (GORD)      
30% of people in their lifetime;       often associated with hiatus hernia 
important cause of chronic cough 
causes inflammatory oesophagitis immediately proximal to the sphincter 
response to this chronic injury is BARRETTS OESOPHAGUS: pre-cancerous metaplasia 

- gotta keep an eye on it. 
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Anaemia Anaemia Anaemia Anaemia                                 4.014.014.014.01    
Detailed History of Presenting Illness (HPI)      
Presenting Symptoms: 

- Fatigue 

- Dyspnea 

-  Palpitations 

-  headache 

-  tinnitis 

-  anorexia 

-  dyspepsia 

-  bowel disturbance 

-  angina (if previous coronary artery disease) 

 

 

 

 

 

 

Signs: (may be absent)  

- pallor  

- retinal haemorrhages,  

- hyperdynamic circulation;  

- tachycardia (increased cardiac output),  

- murmurs and cardiac enlargement,  

- heart failure may occur,  

- increased respiratory rate and depth,  

- behavioural changes such as slow and 

economic movement, 

- koilonychia (spoon-shaped nails), 

- angular stomatitis, 

- atrophic glossitis, 

- brittle hair,  

- glossitis and dysphagia, 

- atrophic gastritis  

-  

The development of the symptoms depends on the 
severity, 

speed of onset, 
adequacy of compensation mechanisms, 
age (elderly have impaired compensation), 

patient expectations, 
underlying cause 

and associated features and other diseases. 
 

List of Differential Diagnoses (DDx)        
- Chronic fatigue syndrome 
- Chronic viral infection 
- Heart failure 
- Blood loss through GI bleed 
- Haemolytic anaemia 
- Under-production of RBCs 
- Vit B12 deficiency 

 
Pertinent Findings on History (Hx)        

• history of previous blood examination 
• history of rejection as a blood donor  

• family history, not only for anemia but also for jaundice, cholelithiasis, splenectomy, bleeding disorders,  

• occupations and hobbies,  

• prior medical treatment, 

•  drugs (including over-the-counter medications and vitamins),  

• and household exposures to potentially noxious agents Eg.  
• tranquilizers, 

•  insecticides,  

• paints,  

• solvents,  

•  hair dyes . 
 

• In searching for blood loss, carefully document  

• pregnancies,  

• abortions,  

• menstrual loss.  
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•  tarry stools and general changes in bowel habits can be useful in uncovering neoplasms of the colon. 

• Hemorrhoidal blood loss  

• history of gastrointestinal complaints that may suggest gastritis, peptic ulcers, hiatal hernias, or diverticula. 

• Abnormal urine color can occur in renal and hepatic disease and in hemolytic anemia. 

• A thorough dietary history is important in the patient who is anemic and must include both foods the patient eats or 
avoids and an estimate of their quantity. 

• A meal-by-meal description is necessary to obtain appropriate estimates. 

• Question patients specifically regarding consumption of either clay or laundry starch. This history will not be 
provided spontaneously. These substances render iron less absorbable. 

• Changes in body weight are important with regard to dietary intake and can suggest the presence of 
malabsorption or an underlying wasting disease of infectious, metabolic, or neoplastic origin. 

• Nutritional deficiencies may be associated with unusual symptoms that can be elicited by history. 

• Patients with iron deficiencies frequently chew or suck ice (pagophagia). 

•  Occasionally, they complain of  
• dysphasia,  

• brittle fingernails, 

•  relative impotence,  

• fatigue,  

• cramps in the calves on climbing stairs that are out of proportion to their anemia. 

• In vitamin B-12 deficiency,  

• early graying of the hair, 

•  burning sensation of the tongue,  

• loss of proprioception are common. 

• Suspect loss of proprioception if the patient stumbles in the dark or must look in order to put on pants 
in the morning. 

• Patients with folate deficiencies may have a  
• sore tongue,  

• cheilosis,  

• symptoms associated with steatorrhea.  

• Color, bulk, frequency, and odor of stools and whether the feces float or sink can be helpful in 
detecting malabsorption. More sensitive questions to detect steatorrhea include whether the toilet needs to 
be flushed more than once to rid it of stool and whether an oily substance is floating on the water surface after 
the first flush. 

• Obtain history or presence of fever, because infections, neoplasms, and collagen vascular disease can cause 

anemia. Similarly, the occurrence of purpura, ecchymoses, and petechiae suggest either the occurrence of 
thrombocytopenia or other bleeding disorders that may be an indication that either more than one bone marrow lineage 
is involved or that coagulopathy is a cause of the anemia because of bleeding.  

• Cold intolerance can be an important symptom of hypothyroidism or lupus erythematosus, paroxysmal cold 
hemoglobinuria, and certain macroglobulinemias. 

• The relation of dark urine to either physical activity or time of day can be important in March hemoglobinuria 
and paroxysmal nocturnal hemoglobinuria.  

 
Pertinent findings on Examination (Ex)       

• pallor,  

• abnormal pigmentation, 

• icterus,  

• spider nevi,  

• petechiae,  

• purpura, 

• angiomas,  

• ulcerations,  

• palmar erythema,  

• coarseness of hair, 

• puffiness of the face, 

• thinning of the lateral aspects of eyebrows,  

• nail defects, 

• a usually prominent venous pattern on the abdominal wall.  
• Examine optic fundi  

• Palpate lymph nodes for evidence of infection or neoplasia.  

• Bilateral edema 

• Carefully search for both hepatomegaly and splenomegaly.  

• Examine rectum + pelvis for neoplasm or haemorrhoids  

• NEURO:  tests of position sense and vibratory sense,  which will be ABNORMAL in pernicious v.B12 anaemia 

• Cardiomegaly 

 
 
 



Tests and Investigations           
Full Blood Count + Blood Film Microscopy should always be the first investigation 

Expecting a low Hemoglobin 
Anaemia may be hidden if the patient is dehydrated so that the haemoglobin concentration appears normal. 

Anaemia is defined as below the following values 

Adult males 140g/l 

Adult females 120g/l 

3 months to puberty 110g/l 

Birth to 3 months 150g/l 

*Neonates have a high haemoglobin level* 

 
HAEMOGLOBIN: 
Normo or Hypo Chromic  

if this is low, you’ve got anaemia. IS THE PATIENT HYPERVOLEMIC? 
- i.e is the blood diluted? This would make the Hb lower  

  If this is NORMAL, you might still have anaemia if the patient is dehydrated 
     i.e blood is concentrated, thus Hb appears normal 
 
MEAN CORPUSCULAR VOLUME : 
Micro Normo or Macro Cytic         ���� DDx 
 
Most commonly:------------------------------------------------------------------------------------------------
Micro: below 80 fl  

- Iron-deficiency 

anaemia, 

- thalassaemia, 

- sideroblastic anaemia,  

- anaemia of chronic 

disease 
 
 
 

Normo: 80-100 fl 

- Acute blood loss,  

- HAEMOLYSIS 

- chronic disease,  

- bone marrow failure,  

- renal failure, 

- hypothyroidism,  

- connective tissue 

disease, 
- pregnancy 

Macro: 100+ fl 
- alcohol abuse  

- megaloblastic  

anaemia 

 

 
 

 
 

 

 
 



DIAGNOSTIC    STRATEGY: ANAEMIA        4.01 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MACROCYTIC 

MCV on FBC: 

MICROCYTIC NORMOCYTIC 

BLOOD FILM: 

MEGALOBLASTIC: 
 

- HYPERSEGMENTED    

  NEUTROPHILS 

lots of lobes, very weird ↓ 

 

+  OVAL Erythrocytes 

+ TEARDROP 

POIKILOCYTES ↓ 

 

 

���� ALMOST ALWAYS 

DEFICIENCY OF  

Vit. B 12 or FOLATE 

 

 

NON-MEGALOBLASTIC: 
 

Tends to have ROUND 

FLAT MACROCYTES 

and normal neutrophils 
= more common than 

Megaloblastic Anaemia 

 

BONE MARROW 

BIOPSY 
Cannot call it 
megaloblastic until  

MEGALOBLASTS 
are found in the 
marrow 
(“erythroid hyperplasia”) 
+ 

HYPERCELLULARITY 

(packed with cells) 

+ “GIANT 

METAMYELOCYTES” 

are also found; = abnormal 

leucocyte precursors 

WHAT IS MISSING?? 
Its going to be either  
folate or  B12; THUS: 
- test���� 

Serum vitamin B 12  

and 

Red Cell Folate  
+ investigate the reason, eg. 
B12 is down = do Coombs 
test for autoantibodies to 

parietal cells or Intrinsic 
Factor 
ELSE: (no dietary deficit and no 
malabsorption) 
� congenital or drug-related (eg. 

methotrexate) 

RETICULOCYTES: 

DECREASED= 
- Alcoholism  
- or liver disease 
���� do LFTs 
���� look for 
STOMATOCYTES 

 
 and ECCHINOCYTES 

 
- Hypothyroidism 
- do thyroid function tests 
 

INCREASED= 
- Hemolytic anaemia 
(see below and to the right) 

 
- Recovering from 

haemorrhage 
(look for evidence of GI 

bleed, or recent blood loss) 

 

EITHER  

OVER-DESTRUCTION  

Or 

UNDER-CREATION: 

BLOOD FILM: 

 

Look for 

RETICULOCYTES: 

���� HIGH: hemolytic a. 

����NONE: aplastic anaemia 

(BM biopsy will show 

practically NO 

erythropoietic activity) 

 

SPLENOMEGALY: 

A large hypertensive spleen 

will sequester any cells it 

can get its hands on 

 

Evidence of 

Haemorrhage: 
It’s the easiest way to 

lose RBCs 

 

Evidence of  

CHRONIC INFECTION 

- GET a BONE 

MARROW BIOPSY 

Macrophages in the 

marrow accumulate their 

hemosiderin (considerable 

increase, use Perle stain or 

Prussian Blue) and thus the 

sideroblasts have very little 

iron. 

 

Evidence of  

Kidney Disease  

(decreased erythropoietin) 

(���� urea, creatinine, 

electrolytes) 

 

Evidence of 

HAEMOLYSIS 
Look for LDH  
Look for Bilirubin 
Look for Haptoglobin 
Look for schizocytes 

(helmet-shaped 

damaged RBCs, = below 

 

Look for spherocytes  

(little RBCs with no 

central pallor) 

 ���� IF THESE ARE 

INCREASED, it may be  

autoimmune hemolysis 

MICROCYTES 

 

 

���� RBCs will be small and 

hypochromic, with occasional 

- PENCIL CELLS 

- TARGET CELLS 

- There will be 

ANISOCYTOSIS 

BLOOD FILM: 

 

SERUM FERRITIN STUDY 

HIGH IRON 

= TAKE  

BONE 

MARROW 

BIOPSY 

=look for 

increased 

sideroblast iron 

= 

Sideroblastic 

Anaemia 

 

 

 

 

Total iron 

Binding 

Capacity 

(TIBC) 

���� will be very 

low in IRON 

OVERLOAD 
(totally saturatecd) 

NORMAL 

=Thalassaemia 

� do 

hemoglobin 

electrophoresis 

to check for 

Hglobinopathy 

 

LOW IRON 

= IRON 

DEFICIENCY: 

look for GI 

bleed! 

Stool sample, 

���� look for blood  

Endoscopy, 

����look for ulcer 

 

 

 

Total iron 

Binding 

Capacity (TIBC) 

���� will drop in 

Iron.def.Anaem. 
 

 

Total iron 

Binding 

Capacity (TIBC) 

���� will remain 

the same in 

Anaemia of 

chronic 

disorders 

 

BONE MARROW 

FAILURE 

Will appear as a 

PANCYTOPENIA 

a Direct Coombs' 
Test tells you whether 

the red blood cells are 

antibody-coated, and, 

in the presence of 

hemolysis, indicates  

an immune-

mediated process 

(NOT Very Accurate) 

The direct measurement of red cell survival is made 

by labelling the patient ' s red cells with chromium-

51, the cells being reinjected back into the patient ' s 

circulation and sampled at intervals of several days 

to measure the rate of their removal. This 

investigation is rarely ordered and we rely on other 

criteria. 

 



Glossary of Useful Blood Count Descriptors         

Anisocytosis: red cells of unequal size. Reflected in increased RDW (Red cell Distribution Width.)  
Band cell: the stage of neutrophil maturation immediately before full maturity. Named after the shape of its nucleus. 
Appears in the blood during infections, and other marrow 'stress' 
Blast Cell: early committed marrow precursor of mature red and white cells. This cell accumulates in the marrow in 
acute leukemia, and may appear in the blood in large numbers. 
Dimorphic Blood Film: two populations of red cells - one microcytic and the other normocytic. Seen in treated or 
transfused iron deficiency, and sideroblastic anemia 
Erythroblast: any nucleated red cell precursor 
Howell-Jolly bodies: round nuclear remnants within the red cells. Indicate splenectomy or hyposplenism 
Hypersegmented neutrophils: a neutrophil with six or more lobes. Usually (but not inevitably) means vitamin B12 
or folate deficiency 
Hypochrom(as)ia: pale red cells. Always accompanied by microcytosis 
Left Shift: the presence of slightly immature white cells (eg bands and metamyelocytes), suggesting infection 
Leukoerythroblastic: the presence of erythroblasts and myelocytes (which are precursors of mature cells) in the 
blood. Often indicates marrow infiltration eg by secondary cancer, or fibrosis 
Macrocytosis: large red cells 
Microangiopathy: indicates mechanical damage to red cells with red cell fragments on the blood film 
Microcytosis: small red cells 
Metamyelocyte: the stage of neutrophil maturation immediately before the band cell. Appears in the blood during 
infections, and other marrow 'stress' 
Myelocyte: a white cell precursor. A component of the 'leukoerythroblastic' blood film 
Pancytopenia: a reduction in all the formed elements of the peripheral blood. May indicate marrow failure 
Poikilocytosis: a traditional term for red cells of unequal shape 
Polychromasia: grey coloured red cells on film, indicating presence of increased reticulocytes 
Reticulocyte: an erythrocyte newly released from the bone marrow, identifiable by a network or 'reticulum' of RNA 
in its cytoplasm (a special stain is needed to show this). After about 24 h, this RNA disappears. An increased 
absolute number of reticulocytes indicates increased marrow erythropoiesis. 
Rouleaux: red cells in stacks, as coins. Indicates high ESR, eg infection, myeloma, cancer, collagen disease etc. 
Schistocyte: a red cell which has undergone mechanical damage - synonymous with red cell fragment 
Spherocyte: a spherical red cell due to disproportionate membrane loss. Either inherited, or acquired from (usually) 
immune causes 
Sickle cell: a crescent-shaped red cell characteristic of Sickle Cell Anemia 
Target cell: red cell with central area of Hb giving the appearance of a target. Seen in many conditions, including 
hemoglobinopathy and liver disease 
 

IRON STUDIES ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� 
Serum Ferritin: Range: 18-300 ng/ml  

INCREASED in inflammation,  cancer, hemochromatosis, or 

Hyperthyroidism. 

 

Serum Iron: Measures Transferrin-associated ferric ion, Range: 50 - 175 ug/dl  

INCREASED = 

- Hemochromatosis  

- Hemolysis  

- Hemolytic Anemia  

- Hemosiderosis  

- Hepatic necrosis  

- Hepatitis  

- Ineffective Erythropoiesis  

- Vitamin B12 Deficiency  

- Iron Poisoning or Iron 

Overdose  

- Lead Toxicity or Lead 

Poisoning

DECREASED= 

- Chronic Gastrointestinal Blood loss  

- Heavy Menstrual Bleeding  

- Inadequate iron absorption  

- Insufficient Dietary Iron  

- Iron Deficiency Anemia  

- Malabsorption  

- Nephrotic Syndrome  

- Third trimester of pregnancy 

LOW serum iron and HIGH total iron binding capacity (TIBC) = IRON DEFICIENCY 

LOW serum iron and a LOW TIBC = ANAEMIA OF CHRONIC DISORDERS 

 

 

 

 

The only cause of low 

serum ferritin is 

iron 
deficiency 

We have about 3.7 grams of iron in our body, painstakingly gathered from iron in our diet. About 2.5 grams are locked 
inside the hemoglobin in our blood, where they assist in the transport of oxygen. This is a valuable and essential resource, 
so special mechanisms for the recycling of this iron have been developed. Another few tenths of a gram are found in 
myoglobin, which also assists in oxygen management. A remarkably small amount--about 0.02 g--is distributed between 
the many different proteins that transfer electrons, such as the proteins of the oxidative phosphorylation electron transport 
chain that create most of our cellular ATP supplies. The rest, about a gram, is stored inside ferritin to fulfill future needs.  
 



 

Tranferrin160 to 370 mg/dl (0.16 to 0.37 g/dl); Serum half-life: 20 days  

= is the binding protein which carries iron from the liver into the bone marrow. 

= It is endocytosed when it connects to a transferrin receptor, THUS � inside cell in tiny vesicle 

= the vesicle is ACIDIFIED and transferrin gives up its iron   

= the empty tranferrin husk is then excreted back into the blood 

 
INCREASED: 
- Iron Deficiency Anemia  
- Viral Hepatitis  

- Medication :Oral Contraceptives  
 
 
 
 

DECREASED: 
- Nephrotic Syndrome  
- Liver disease  
- Chronic inflammatory states  
- Chronic illness  
- Thalassemia  
- Neoplasm  
- Protein malnutrition

 
Total Iron Binding Capacity (TIBC) 

Transferrin carries 2 iron atoms per molecule 
Transferrin is normally 30% bound to iron  
TIBC reflects a measurement of serum Transferrin’s available binding sites 
 
Increased TIBC:  
low iron stores 

A. Iron Deficiency Anemia  
B. Third trimester Pregnancy  

C. Polycythemia Vera  
 
 
 
 
 

Decreased TIBC  
over-saturated transferrin 

A. Anemia of Chronic Disease  
B. Hemolytic Anemia  
C. Hemochromatosis  
D. Chronic Liver Disease or Cirrhosis  
E. Hypoproteinemia  
F. Malnutrition  
G. Pernicious Anemia  
H. Sickle Cell Anemia  

 

IMMUNOLOGICAL TESTING          

���� Investigating Haemolysis 
A direct Coombs' test detects the two different antigens that might induce hemolysis in the patient's red blood cells.  
An indirect Coombs' test looks for antibodies to someone else's red blood cells in the patient's serum (the blood without the 
cells). 
 Combining the two tests gives clues to the origin of the hemolysis. 

 
DIRECT COOMBS TEST: 

Answers the Question: Is IgG or Complement bound to the RBCs? 
1. Start with patient's Red Blood Cells  

2. Add Anti-human globulin antibodies (Coombs reagent)  
  (Coombs  reagent = Anti-Human Globulin Antibody, binds to human IgG antibody and C3 Complement ) 

Positive ���� Agglutination indicates antibody coated RBCs  

 

INDIRECT COOMBS TEST: 
Answers the Question: Is Antibody against the patients Red Blood Cells present in serum?  

3. Start with patient's serum  

4. Add Anti-human globulin antibodies (Coombs reagent)  

5. Add Indicator Red Blood Cells with known antigens  

Indirect Coombs Positive : 

1. Agglutination indicates antibody to RBC in serum  

2. Antibody titer can be obtained by serial dilution  

THUS: haemolytic anaemia is autoimmune if: 

 the RBCs are coated with ANTIBODY, and that  ANTIBODY is present in the SERUM 

If the Coombs' tests are negative, the anemia is unlikely to be autoimmune, and the hematologist will have to search elsewhere for a cause. 



 

Bone Marrow Biopsy : best objective method of assessing body iron stores 
Bone marrow iron is assessed by staining the cells with Perls' stain which stains iron containing material 

BLUE. Absence of blue colouration indicates iron deficiency.  
 

 
 
 
 
 
 
 
 
 
 
 
 
Management             
Treating iron deficiency =  doses of oral iron, usually in the form of slow release ferrous sulphate tablets  
 
Anaemia of Chronic disease – treat underlying disease.  Iron supplementation will not work  
 
Sideroblastic anaemia – removal of cause if possible.   

Pyridoxine and folate sometimes work.   
Often need blood transfusions. 
Treat the myelodysplasia.   

 
Treatment of megaloblastic anaemia depends on the type of deficiency.  

 treat patients with both B12 and folate while awaiting results.  
BUT:  Folic acid may produce a haematological response in Vit B12 deficiency but may aggravate 
neuropathy.   
Large doses of folate should not be used unless it is known that the Vit B12 levels are normal.  
Treatment of B12 deficiency:  

Correct dietary lack or Hydroxocobalamin 1000ug intramuscularly  
to a total of 5-6mg over a course of 3 weeks.   
1000ug every 3 months for the rest of the patient’s life.   

Treatment of folate deficiency: 5mg folic acid daily orally for 3-4 months 

 
Prognosis 
Response to Therapy: 
 As the missing hemotinics are replaced, 

- RETICULOCYTES should rise with 2-3 days 
- Peak at 6-7 days 
- HEMOGLOBIN should rise by 10g/L per week 
- Bone Marrow should become NORMOBLASTIC in 48hrs 

 
Epidemiology             

• UNITED STATES:  
approximately 4% of men and 8% of women have hemoglobin values lower than 125 g/L 

  

• Internationally: 
 In underprivileged countries, the prevalence of anemia is 2-5 times greater than in the United States.  

nutritional factors with iron deficiency and, to a lesser extent, folic acid deficiency play major roles in 
the increased prevalence of anemia. 

This is the appearance of normal bone marrow from a middle-
aged person.  At high magnification. Note the presence of 
megakaryocytes, erythroid islands, and granulocytic 
precursors.It is about 50% cellular, with steatocytes mixed in.  

This is the appearance of normal bone marrow smear at high 
 magnification. Note the presence of an eosinophilic myelocyte, 
 a basophilic myelocyte, and a plasma cell. 

 



Populations with little meat in the diet have a high incidence of iron deficiency anemia because 
heme iron is better absorbed from food than inorganic iron.  

Mortality/Morbidity:  
• The morbidity and mortality of anemias vary greatly depending on etiology. 

• Acute hemorrhage has variable mortality depending upon the site of bleeding 
• (80% with aortic rupture, 30-50% with bleeding esophageal varices, approximately 1% with benign peptic ulcers).  

• Anemia from gastrointestinal bleeding may be the first evidence of an intestinal malignancy.  

• Hereditary spherocytosis may present with either a severe hemolytic anemia or be asymptomatic with 
compensated hemolysis.  

• Similarly, glucose-6-phosphate dehydrogenase (G-6-PD) deficiency may manifest as chronic hemolytic 
anemia or exist without anemia until the subject receives an oxidant medication.  

• The 2-year fatality rate for severe aplastic anemia is 70% without bone marrow transplantation or a 
response to immunosuppressive therapy.  

• Tolerance of anemia is proportional to the anemia's rate of development.  
• Symptoms and mortality associated with rapidly developing anemia are more profound than in slowly 

developing anemia.  

Race:  
• Certain races and ethnic groups have increased prevalence of genetic factors associated with certain 

anemias.  

• Examples are hemoglobinopathies, thalassemia, and G-6-PD deficiency. 

•  Each of these disorders has different morbidity and mortality in different populations due to differences in 
the genetic abnormality producing the disorder.  

• For example, G-6-PD deficiency and thalassemia have less morbidity in African Americans than in Sicilians 
because of differences in the genetic fault.  

• Conversely, sickle cell anemia has a greater morbidity and mortality in African Americans than among 
Saudi Arabians.  

• Socioeconomic advantages are more prevalent among white individuals than individuals of other races.  

• � THUS: decreased prevalence of nutritional anemias and anemia associated with chronic untreated 
illnesses.  

Sex:  
• Overall, anemia is twice as prevalent in females than in males.  

• This difference is significantly greater during the childbearing years due to pregnancies and menses.  

• Each healthy pregnancy depletes the mother of approximately 500 mg of iron. 

•  While a man must absorb about 1 mg of iron to maintain equilibrium, a premenopausal woman must 
absorb an average of 2 mg daily. Further, since women eat less food than men, they must be more than 
twice as efficient as men in the absorption of sufficient iron to avoid iron deficiency.  

• Women have a markedly lower incidence of anemia from X-linked anemias such as G-6-PD deficiency and 
sex-linked sideroblastic anemias.  

Age:  
•  During childbearing years, women are more likely to become iron deficient.  

• Neoplasia increases in prevalence with each decade of life and can produce anemia from bleeding, replacement of 
bone marrow with tumor, or by developing anemia associated with chronic disorders. 

•  Use of aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs), and coumadin increases with age and can produce 
gastrointestinal bleeding.  

 
Pathophysiology            
Life history of Erythrocytes: generation loss and destruction 
RBCs: form out of ERYTHROID STEM CELLS under influence of ERYTHROPOIETIN 
mature through a number of divisions leading from erythroblasts to red cells. ( IN RED 
MARROW) 
- NORMALLY: production = destruction 
WHEN BLOOD LOSS OCCURS production can be upregulated 7 FOLD: 

- This is done by  
- expanding red marrow volume 
- skipping divisions in maturation 

120 day lifespan: 
LIMITED BY 
- continual loss of membrane components,  
- accumulation of products of oxidated damage  
- decreased deformability of the aged red cell leaving  
 it unable to squeeze through the minute  
 (1-2 micrometre) fenestrations in the splenic microvasculature. 

In children, most bones are filled 
with red bone marrow (capable of 
erythropoiesis) which is 
gradually replaced with fatty 
yellow bone marrow except in 
the sternum, vertebrae, ribs, base 
of skull and the upper ends of long 
limb bones. Yellow bone marrow 
is capable of reversion in times 
of need as are the liver and 
spleen (extramedullary 
haemopoiesis).  Erythropoiesis 
occurs in the bone marrow, at the 
rate of about 2-3 million a second. 



DEATH: 
phagocytosis by macrophages in reticuloendothelial system 
in the spleen, liver, bone marrow. 

Normal bone marrow function            
Haemopoieses:  takes place in foetal liver + spleen 
   After 7 months of gestation, moves to bone marrow 

The haemopoietic stem cell is capable of self renewal and differentiation to 

• erythroid,  

• lymphoid  

• myeloid  
i.e. its PLURIPOTENT 

its also morphologically identical to a small to intermediate sized lymphocyte. 
WHEN ACTED UPON BY GROWTH FACTORS, the pluripotent cell commits to one lineage or 
the other. 

Commitment is irreversible. Capacity to self-renew is lost. 
Haemopoietic growth factors: 
produced by cells in the marrows, all except  
!! Erythropoietin (main source is the kidney)!! 
Growth factors are in general stimulatory  
although inhibitory factors also exist.  
The microenvironment: 

• extra-cellular matrix (ECM) 
=  fibronectin, laminin, collagen and proteoglycans. 

• microvascular network of  
thin walled venous sinusoids 

• STROMAL CELLS:  
(include macrophages, fibroblasts, reticulum cells, 

 fat cells and endothelial vascular cells)  

FUNCTIONS: 
Stromal cells are one important source of  
haemopoietic growth factors and other cytokines. 
ADHESION of haemopoietic cells through adhesion molecules 
(thus, regulation of where haemopoiesis happens by selective adhesion)  
Some haemopoietic growth factors:  

EPO (erythropoietin),  
G-CSF (Granulocyte - Colony Stimulating factor)  
GM-CSF (Granulocyte/Monocyte - Colony Stimulating Factor). 

 
Other factors that are required for normal haemopoiesis  

(especially erythropoiesis) include: 

• Metals - iron, manganese, cobalt  

• Vitamins –  
vitamin B 12  
folic acid,  
Vitamin C, E, B 6 ,  
thiamine,  
riboflavin  
pantothenic acid  

• Amino acids  

• Hormones  
 
The most common nutritional deficiency states that lead to alterations in haemopoiesis are deficiencies 
of Vitamin B 12 and folate and the mineral iron. 
 
 
 



The Traffic of Iron  from Martini et.al, “Anatomy and Physiology”      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Consequences of deficiencies of essential haematinics                 
ESSENTIAL HAEMATINICS: 

•  iron, manganese, cobalt, vitamin B 12 , folic acid, Vitamin C, E, B 6 ,thiamine, riboflavin, 
pantothenic acid, amino acids and hormones  

 
Lack of essential elements = ANAEMIA  
Iron deficiency is the commonest cause of anaemia  
due to: 

• gastrointestinal blood loss from hookworm infestation.  

• menstrual blood loss in fertile women. (considered almost "normal for age".)  
The diagnosis of iron deficiency which cannot be explained by obvious blood loss 
 must be followed by a search for a source of occult bleeding 

• is also common in infants and young children due to poor iron intake. 
 

IRON DEFICIENCY ANAEMIA: DDX 
The laboratory hallmark of iron deficiency is  microcytosis:  
Normal MCV is 80-100fl but in iron deficiency the MCV falls to under 80fl.  
#################### 
IRON STORAGE STUDIES: 
serum iron level,  
serum transferrin (the iron carrying protein in the blood) 
serum ferritin (the best measurement of overall iron stored in the body). 
 
 
 
 



FOLIC ACID / B12 ANAEMIA: DDX 
characterised by macrocytosis and specific appearances within the bone marrow (megaloblastosis).  

• MCV is over 100fl  

• blood film shows large red cells and variations is red cell size and shape.  
may also be changes in the neutrophils which can show marked nuclear hypersegmentation.  
Not all causes of macrocytosis induce megaloblastosis 
Excess alcohol consumption for example is the commonest cause of macrocytosis in our community but is not associated with 
megaloblastic anaemia.  
 
the lack of folic acid or vitamin B 12 is rather uncommon. However it is important since as well as causing severe anaemia, 
deficiency of vitamin B 12 can cause profound neurological damage. Lack of vitamin B 12 is most commonly caused by poor 
absorption from the bowel.  
This in turn is often due to an autoimmune disease known as pernicious anaemia. An antibody produced by the patient's own 
immune system destroys gastric cells which normally secrete a substance known as intrinsic factor. Intrinsic factor must bind 
to vitamin B 12 in the stomach for vitamin B 12 to be absorbed in the terminal ileum.  
 
Folic acid absorption occurs in the jejunum and does not require intrinsic factor. Diseases affecting the small bowel (eg 
coeliac disease) or surgical removal of large segments of small intestine can therefore impair its absorption. Some groups of 
patients with poor diets eg the elderly, severely depressed individuals and adolescents can also become deficient from 
inadequate folic acid intake. 
 
ERYTHROPOIETIN normally produced in the kidneys. 
In renal failure the kidneys' ability to produce erythropoietin is impaired. 
  
CANCER ARTHRITIS or INFECTION can mimic this sort of anaemia: some part of the immune response disables the release 
of iron from body stores. 

• Tests in these patients reveal no evidence of iron deficiency and giving extra iron fails to improve the anaemia.  

• The only effective therapy is to treat the underlying condition following which the anaemia spontaneously improves.  

 
 
Premature destruction of red blood cells                    4.01 

ERYTHROCYTES LIVE 120 days: ANYTHING LESS IS HEMOLYSIS. 
Lifespan measured directly by labelling RBCS with chromium-51, releasing them back into the blood stream 
and then sampling blood at intervals.  
���� NEVER ORDER THIS TEST. 
 
Rapid falls in haemoglobin concentration can ONLY be the result of either haemolysis or blood loss 
anaemia. 
 
SUSPECT HEMOLYSIS?? Look for: 

• scleral jaundice should be sought (due to bilirubin)  

• SPLENOMEGALY, when red cell destruction occurs in the spleen 
 
laboratory parameters of hemolysis: 

• increased reticulocytes  

• increased bilirubin (due to the breakdown of the haem component of haemoglobin)  

• elevated serum levels of lactic dehydrogenase (LDH). Contained within erythrocytes, released 
upon destruction  

• absence of a serum protein known as haptoglobin which binds haem and prevents its loss 
through the kidney  

• examination of a well stained blood film for various morphological changes which help in the 
diagnosis of haemolytic anaemia  

 
Bone marrow examination may show erythroid hyperplasis (increased number of red cell precursors). 
SUSPECT IMMUNE MECHANISM? ���� antiglobulin Coombs test  
 
!! MECHANISM OF HAEMOLYSIS !! 
 

• Abnormalities of the red cell membrane and is underlying cystoskeletal proteins which lead to loss 
of surface lipid and spherocyte formation (eg hereditary spherocytosis).  

• Enzyme deficiencies in the red cell. The commonest enzyme deficiency is glucose 6 phosphate 
dehydrogenase so that the cell is unable to generate NADPH to counteract oxidant substances which 
are always present in out circulation. Excessive oxidant stress denatures haemoglobin and leads to 
red cell destruction.  

• Abnormalities of the haemoglobin molecule structure or synthesis (usually inherited). Sickle cell 
anaemia and thalassaemia are typical examples.  

• Immune disorders with antibody-mediated red cell lysis ( thus labelled cells are destroyed during 
the circulation of the cell through spleen and liver.) 

 
 



Aetiology: Mechanism of Pathogenesis:  PERNICIOUS ANAEMIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FAILURE of self-tolerance 

Production of  
Autoimmune antibodies  

To parietal cells @ stomach 
(in 90% of pernicious anaemia) 
BUT: also positive in 20% of 
unaffected relatives) 
 
Or INTRINSIC FACTOR itself 

(in 70% of affected patients) 

B 12 = THE ONLY LIPID-
INSOLUBLE VITAMIN which 

is stored in the liver 

 

Autoantibody 

neutralisation  

of intrinsic factor 

Autoimmune Gastritis: 

CD 4+ T-cell mediated attack 
on parietal cells 
- IFN-gamma 
- IL-2 
- TNF 
 

DECREASED ABSORPTION 
OF Vitamin B12 
 

Without B12 the body  
CANNOT DEMETHYLATE 
Methyl-TetrahydroFolate 
(methyl-THF) 
 into Tetrahydrofolate  
(THF) 
THUS:     
- DNA syhthesis is impaired 
 

Crohn’s iliac Disease 
(destruction of the B12-
absorbing cells) 
 

- GLOBAL REDUCTION in 
production of rapidly 
dividing cells 

- Eg. HEMOPOIESIS 
 

Without B12 homocysteine cannot 
be reduced into methionine  
a reaction in which folate also plays 
a role) 
 

Accumulation of homocysteine 
leads to NEUROTOXICITY 
 

Subacute combined degeneration 
of the DORSAL COLUMN of the 
spinal cord (major tract of 
proprioception, ascending into the 
primary somatosensory cortex)  
 

NEUROPATHY:  
- Unsteadiness of Gait 
- Altered sensation in distal limbs 
- Cannot touch fingers together 

with eyes closed 
 

BIOCHEMICAL BACKGROUND (!! Boring !!) 
DNA differs from RNA: THYMINE is used instead of URACIL 
THUS: must convert uracil into thymine.  
THEY ONLY DIFFER BY 1 METHYL GROUP (which thymine posesses);  

FOLATE is required to attach this methyl group.  
Vitamin B12 co-factors in this reaction. 
FOLATE, through its many transformations, is converted 
into H5-methyl-THF; which is an inactive metabolite. 
THIS IS THE “FOLATE TRAP” 
The Only Way for H5-methyl-folate to escape is  
to be converted into THF by Methyl-B12 (using homocysteine, 

which incidentally gets turned into methionine) 
THUS deficiency of B12 causes a build-up of the useless 
metabolite.  
IF THF is NOT PRODUCED, it cannot be converted into 
the USEFUL N5,N10-methylene-THF which does the 
adding of the methyl group to uracil. 

THUS: NO DNA FOR YOU. 

PLUS: 
Vitamin B12 also co-factors a 
reaction of the Beta-Oxidation 
pathway of lypolysis (where 
fatty acids are broken down for 
the Krebs Cycle); 
THIS PARTICULAR STEP 
deals with “odd-chain” fatty 
acids (i.e ones with 3, 5, 7 
Carbon atoms); 
THUS:  if this step is disrupted 
by B12 deficiency, the odd-
chain acids build up inside 
neurons, and cause untold 
harm 

CELLS MATURE 
MORE SLOWLY 
…but the normal 
absorption of 
haemoglobin which 
occurs during 
erythropoiesis is not 
disturbed; THUS: 
RBCs GORGE ON 
HEMOGLOBIN and 
grow large 
����MACROCYTOSIS 

 

These gluttonous 
macrocytes rarely 
make it out of the 
bone marrow, and 
often get hemolysed 
within the marrow. 
This causes a total 
loss of circulating 
hemoglobin, and may 
result in an elevated 
LDH 

 

MYELOCYTES also 
mature with difficulty 
Thus you see 
hypersegmented nuclei 
in neutrophils 

 



Relevant anatomy 
Bone marrow in adults is confined to the axial skeleton,  
although erythropoiesis can occur in practically any organ. 
 
 

Biochemistry + Physiology          
Vitamin B12 and the nervous system 

vitamin B 12 appears to be involved in 
 the synthesis of myelin  
(a lipoprotein synthesised by glial cells) 
 
When the vitamin is deficient, fatty deposits accumulate patchily in the myelin and coalesce, the largest fibres often 
being most affected. 
 
THUS the conduction of action potentials is slowed, high frequency information cannot be sustained and ultimately 
transmission is completely blocked.  
 
Patients describe tingling ("pins and needles" or paraesthesias) in their hands and feet, often symmetrically (a "glove 
and stocking" distribution).  
 
Symptoms due to the slowing and asynchrony of action potentials in sensory neurones.  
Numbness or loss of some sensation is associated, demonstrated by neurological testing.  
Motor weakness is evident and, in the long term, 
wasting of peripheral muscles may occur.  
Stretch reflexes are diminished in the affected regions. 
 
A vitamin B 12 deficiency often affects two major pathways in the white matter of the spinal cord, a "combined 
degeneration".  
- One pathway carries discriminative sensory information from the body surface, joints and muscles to the brain (the 

dorsal or posterior columns); the cell bodies of these bipolar neurones lie in the dorsal root ganglia. 
- The second (the lateral corticospinal tract) transmits voluntary signals from the motor cortex to motoneurones 

projecting directly to muscles from the spinal cord. The affected individual experiences sensory difficulties with a 
loss of the sense both of the position of the legs and feet (proprioception) particularly in the dark, and of 
vibration.  

 
The motor disturbances are manifested as unsteadiness when walking, due both to the damage to the descending 
motor pathway and the loss of ascending sensory feedback. In the absence of significant peripheral neuropathy, the 
stretch reflexes are exaggerated, motor tone is increased and the Babinski sign is present, all signs of damage to 
motor pathways from the brain to the motoneurones.  
Some demyelination is sometimes also seen in pathways in the brain, leading to confusion, depression, 
moodiness, memory losses and even overt psychosis. 
The cerebral manifestations, resembling dementia, usually yield rapidly to appropriate treatment with vitamin B 12 . 
Recovery from demyelination and associated axonal damage, however, is usually slow, particularly when lesions are 
longstanding.  

The structure of normal haemoglobins 
Each molecule of normal adult haemoglobin (Hb) A 
consists of 4 polypeptide chains α2β2, the globin 
portion, each with its own haem group, four iron-
containing, non-protein nitrogenous groups, which is 
bound to the polypeptide. 
Each haemoglobin can combine with 4 O2 
molecules. 

- Normal adult blood also contains quantities of two 
other haemoglobins , HbF and HbA2.  

- There is a switch between fetal and adult 
haemoglobin  3-6 months after birth.   

- Haem synthesis largely occurs in the mitochondria. 
As the haemoglobin molecules load and unload O2, 
the individual globin chains move on each other.  

- The α1β1 and α2β2 contacts stabilise the molecule.  

The β chains slide on the α1β1 and α2β2 contacts 
during oxygenation and deoxygenation.  

- When O2 is unloaded, the β chains are pulled apart, 
permitting the entry of the metabolite  

- 2,3-diphosphoglycerate (2,3-DPG) resulting in a lower 
affinity of the molecule O2.   

- This movement is responsible for the sigmoid form of 

the haemoglobin O2 dissociation curve.  

 



BOHR EFFECT: 
CO2 and acidic pH induces 
the release of oxygen by 

hemoglobin 
 

HALDANE EFFECT: 
Removal of oxygen from 
hemoglobin increases its 
ability to scavenge CO2 

 
!  Foetal Hb has a higher O 2 affinity than maternal Hb which facilitates the transfer of O 2 
from the maternal circulation. 
 
As O2 is poorly soluble in blood,  
98.5% is carried on haemoglobin, the other 1.5% making the PO2. 
 

The plateau part of the curve ensures that Hb remains 
largely saturated until PO2 has dropped below 60mmHg.  
THUS NO OXYGEN IS DISMISSED FROM HEMOGLOBIN  
IN THE ARTERIES 
 
This is still well above the partial pressure in the venous 
system, and therefore allows for imperfections in ventilation.   
 
The steep part of the curve enables the O2 to be unloaded 
in the capillary system where the PO2 is approximately 
40mmHg.   
 
The Hb in the blood returning to the lungs is still 
typically 75% saturated.  
 If the PO2 is lower, more will be released – there is a 
reserve.   
 
This transition in affinity for oxygen is achieved through changes in 
the conformation of haemoglobin induced by allosteric effectors, 
small molecules which bind at other sites on this protein. The 
normal position of the disassociation curve depends on the 
concentration of 2,3-DPG, H

+
 ions, temperature and CO2 in the red 

cell and on the structure of the haemoglobin molecule.  High 
concentrations, high temperature or the presence of sickle 
haemoglobin shift the curve to the right (O2 given up more easily) 
whereas foetal haemoglobin (Hb F) (which is unable to bind 2,3-
DPG)  shift the curve to the left. 

 
The shift to the right of the curve in increased concentrations of CO2 (and hence H

+
) assists with the unloading of 

O2 in areas where CO2 is being produced (metabolism).  In areas of increased metabolism, the production of lactic 
acid and heat also pushes the curve to the right.  
 The influence of CO2 and H+ on the curve is called the Bohr effect.  
 Both CO2 and H+ are able to bind to the haemoglobin at sites other than the O2 binding sites.  

 The result is an alteration in the structure of Hb that reduces its affinity for O2.   
 
These effects are reversed at the lungs.  The acid forming CO2 is blown off, the blood cooled and the curve shifts to the left, facilitating the 
loading of O2.   
 
2,3-DPG is produced within the cell by RBC metabolism.  DPG production gradually increases when Hb in the blood is chronically 
undersaturated, that is whenever arterial HbO2 is below normal.  This condition may occur in individuals living in high altitudes, or suffering from 
circulatory or respiratory diseases of anaemia.  The negative side of DPG production is that it decreases Hb ability to load O2 at the lungs.   

 
10% of CO2 is transported physically dissolved, 
30% bound to haemoglobin 
60% as HCO3

-
 

 
The enzyme carbonic anhydrase helps convert CO2 to bicarbonate ion (HCO3

-
).  

Therefore the RBCs both carry CO2 and convert it to HCO3
-
.   

 

CO2 + H2O = H2CO3 = H
+
 + HCO3

-
 

 
The fact that the removal of O2 from Hb increases the ability of Hb to pick up CO2 and CO2 generated H+ is known 
as the Haldane effect.  
 The Haldane and Bohr effects work in synchrony to faciliate O2 liberation and CO2 and H+ uptake 

at tissues. 
 



Cyanocobalamin,  Folate and Iron absorption      
Vitamin B12 is received solely in the diet, 

animal products and dirt bacteria being the sources.   

 

Iron: 
The average western diet takes in about 10-15mg of 

iron a day.  Of this 5-10% is typically absorbed which 

can be raise to 20-30% in pregnancy or anaemia.  The 

best sources are haem sources.   

 

Dietary iron is deconjugated by peptic enzymes and 

HCl in the stomach and transported to the early part of 

the duodenum where the soluble iron complexes are 

absorbed.   

 

Only a small amount comes from the diet, absorbed 

through the duodenum and jejunum.  

 
 

The body regulates absorption according to its iron 

needs 

 

 

 

FACTORS HINDERING OR FAVOURING ABSORPTION 
Factors favouring absorption Factors hindering absorption 

Haem iron 

Ferrous form (Fe
2+

) 

Acids 

Solubilizing agents (sugers, AAs) 

Iron deficiency 

Increased erythropoiesis 

Pregnancy 

Hereditary haemochromatosis 

Increased expression of DMT-1 and 

ferroportin in duodenal enterocytes 

Inorganic iron 

Ferric form (Fe
3+

) 

Alkalis – antacids or pancreatic secretions 

Precipitating agents 

Iron excess 

Decreased erythropoiesis 

Infection 

Tea 

Decreased expression of DMT-1 and 

ferroportin in duodenal enterocytes 



NORMAL HISTOLOGY OF BLOOD CELLS: a hymn to the peripheral blood 

Erythrocytes (red blood cells)     

The mature red blood cell (rbc) consists 
primarily of hemoglobin (about 90%). The 
membrane is composed of lipids and proteins. In 
addition, there are numerous enzymes present 
which are necessary for oxygen transport and 
cell viability. The main function of the red cell is 
to carry oxygen to the tissues and return carbon 
dioxide from the tissues to the lungs. The protein 
hemoglobin is responsible for most of this 
exchange. Normal red blood cells are round, 
have a small area of central pallor, and show 
only a slight variation in size.  

A normal red cell is 6-8 µm in diameter. As the 

relative amount of hemoglobin in the red cell 
decreases or increases, the area of central 
pallor will decrease or increase accordingly. 

 

 

Segmented neutrophil (seg)            
Segmented neutrophils (polymorphonuclear 
leukocytes, or segs) are the mature phagocytes 
that migrate through tissues to destroy microbes 
and respond to inflammatory stimuli. Segmented 
neutrophils comprise 40-75 % of the peripheral 

leukocytes. They are usually 9 to 16 µm in 

diameter. The nuclear lobes, normally 
numbering from 2 to 5, may be spread out so 
that the connecting filaments are clearly visible, 
or the lobes may overlap or twist. The chromatin 
pattern is coarse and clumped. The cytoplasm is 
abundant with a few nonspecific granules and a 
full complement of rose-violet specific granules.  
HyperSegmentation of the nucleus is a 

pathognomic marker for megaloblastic 

anaemia 

  

 

Monocyte (Macrophage)          
Monocytes are large mononuclear phagocytes 
of the peripheral blood. They are the immature 
stage of the macrophage. Monocytes vary 
considerably, ranging in size from10 to 30 µm in 
diameter. The nucleus to cytoplasm ratio ranges 
from 2:1 to 1:1. The nucleus is often band 
shaped (horseshoe), or reniform (kindey-
shaped). It may fold over on top of itself, thus 
showing brainlike convolutions. No nucleoli are 
visible. The chromatin pattern is fine, and 
arranged in skein-like strands. The cytoplasm is 
abundant and blue gray with many fine 
azurophilic granules, giving a ground glass 
appearance. Vacuoles may be present  

 
 
 
 



Lymphocyte              

Lymphocytes in the peripheral blood have 
been described on the basis of size and 
cytoplasmic granularity. Small lymphocytes 
are the most common, ranging in size from 6 

to 10 µm. The nucleus is usually round or 

slightly oval, occasionally showing a small 
indentation due to the adjacent centrosome. 
Except in the smallest cells, the nucleus is 

about 7 µm in diameter, a size that has been 

convenient for estimating the size of the 
surrounding erythrocytes. Nuclear chromatin 
stains a dark reddish-purple to blue with large 
dark patches of condensed chromatin. The 
nuclear cytoplasm ratio is 5:1 to 3:1, and the 
cytoplasm is often seen only as a peripheral 
ring around part of the nucleus.  

 
 

Platelets               

megakaryocytes, circulating as small discs in 
the peripheral blood. They are responsible for 
hemostasis (the stoppage of bleeding) and 
maintaining the endothelial lining of the blood 
vessels. During hemostasis, platelets clump 
together and adhere to the injured vessel in 
this area to form a plug and further inhibit 

bleeding. Platelets average 1 to 4 µm in 

diameter. The cytoplasm stains light blue to 
purple, and is very granular. There is no 
nucleus present. Normal blood concentrations 

range from 130,000 to 450,000/µL.  

 
 
 
 
 

Basophil               

Basophils are granulocytes that contain 
vasoactive compounds. They comprise 
approximately 0.5% of the total leukocyte 
count. Basophils participate in immediate 
hypersensitivity reactions, such as allergic 
reactions to wasp stings, and are also involved 
in some delayed hypersensitivity reactions. 
Basophils are the smallest circulating 

granulocytes, averaging 10 to 15 µm in 

diameter. The nucleus to cytoplasm ratio is 
about 1:1, and the nucleus is often 
unsegmented or bilobed, rarely with three or 
four lobes. The chromatin pattern is coarse 
and patchy, staining a deep blue to reddish-
purple. The cytoplasm is a homogenous pale 
blue, but this is often obscured by the large 
dark granules.  

 
 



Eosinophil              

Eosinophils are the mature granulocytes that 
respond to parasitic infections and allergic 
conditions. Eosinophils comprise about 1 to 
4% of the peripheral leukocytes. They are 

usually 9 to 15 µm in diameter. Granules stain 

a bright reddish-orange with Wright's or 
Giemsa stains. The nucleus contains one to 
three lobes. The chromatin pattern is coarse 
and clumped. The cytoplasm is abundant with 
a full complement of bright reddish-orange 
specific granules.  

 
 
 
 
 
 
 
 
Behavioural Sciences: Caring for the Extremely Old      
Carelink: referral serivice; call regarding any aspect of aged care 

Community Care Packages 
Specificity eg.  

- General 
- Dementia-specific 
- Multivultural 

- Aboriginal 
Veterans Home Health care: 20 days or 196 hrs max 
Community Nurse: for personal care, housework and shopping 
 
A Long Term Carer needs care too: 

To relieve the pressure, a Residential Respite service is available for short periods  
Carer  Information and Support Groups 
Housework services eg. lawn-mowing 
Long Term Carer Allowance = $85 per 2 weeks 
 

 
 



Approach to Anaemia & Thrombocytopenia      
 
It has to be either LOSS, OVERDESTRUCTION or UNDERPRODUCTION 
 
Look for blood loss:  
takes about 45 min  for peripheral Hb to drop after an episode of heavy bleeding 

Blood pressure: need to lose 500 ml of blood before significant  
change in blood pressure can be detected. 
Need to lose AT LEAST 15% before significant  
circulatory effects are seen 

Heart rate: Tachy if blood loss, brady if vasovagal syncope 
Peripheral pulse -  
Clinical signs of peripheral shutdown 

 
Look for overdestruction: 

LDH in absence of any other liver enzyme elevation = great marker of haemolysis 
Then Coombs test for antibody-coated platelets 
Then count the reticulocytes ( will be increased ) 

 
Reckon its haemolysis? 

What’s the cause? 

- Mechanical eg. heart valve 
- Reticulo-endothelial (hyper-splenism) 
- Infective (eg. haemolytic-uraemic syndrome where enterohaemorrhagic e.Coli 

toxin attacks the red blood cells; or when malarial parasites eat them from the inside)  

- Congenital (glucose-6-phosphate dehydrogenase (G6PD) deficiency) 

- Autoimmune (antibodies versus the RBC! These antibodies may arise 

spontaneously, in association with certain diseases (SLE, lymphoma, chronic lymphatic 
leukemia), or after stimulation by a drug (eg, -methyldopa, levodopa). 

- Paraneoplastic (as above) 

 

TRANSFUSIONS           
O negative = universal donor  
The army carries O positive because most combatants are male 
Takes 10 minutes to get cross-matched blood packs back from the blood bank 
 
SO WHAT GOES WRONG: mismatch recation, infection,  

80% of complications arise from the wrong blood being transfused 
90% of mismatch transfusions are due to the DOCTOR’s ERROR 

 
Risk of infectious agent  being in the bag: 

- 1 in 1,000,000 for HIV 
- 1 in 200,000 for Hep C 
- 1 in 40,000 for bacteria 

RISK IS MUCH GREATER IN PLATELET TRANFUSIONS! 
(Platelets are kept at room temperature) 

Common complication is drowning! 
Patients requiring transfusion are already in a state of high cardiac output (the 
heart is trying to chase the last remaining haemoglobin around the body as much 
as possible) and thus overloading them with extra fluid will result in extravasation 
of this fluid into the lungs, i.e PULMONARY OEDEMA   

 A normal person has    
 60 – 80 ml/kg of blood 

Highest useful heart 
rate = 220 minus age 
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β----Thalassaemia and MalariaThalassaemia and MalariaThalassaemia and MalariaThalassaemia and Malaria         4.04 4.04 4.04 4.04    
History of Presenting Illness (HPI)  
! Thalassaemia symptoms NOT USUALLY SEEN until 6months of age- UNLESS  VERY SEVERE 

Thallassaemia Major: clinical picture 
- Increasing pallor 
- Failure to thrive 
- Irritability 
- Hepatosplenomegaly 
- Enlargement of facial bones to accommodate ectopic hematopoetic tissue 

Thalassaemia Minor will present occasionally with anaemia, but most often it is picked up on a routine blood  
film (looks like an iron deficiency anaemia, but with an increased RBC count) 

Malaria 
- Jaundice 

- Fever (either irregular swings, or regular periodic fever)  

- Fever spikes, chills and rigor occurring at regular intervals suggest infection with P. ovale 

or P.vivax. 

- Nightsweat 

- Malaise 

- Headache (although this may be severe in malaria, there is no neck stiffness or 

photophobia resembling that in meningitis) 

- Fatigue 

- Abdominal discomfort 

- Muscle aches followed by fever are all similar to symptoms of a minor viral infection 

Generalised seizures are specifically associated with falciparum malaria and may herald the onset of 

cerebral disease 

 

Differential Diagnoses (DDx) of  
malaria  
- Viral or bacterial infection 

thalassaemia 
- hemoglobinopathy 
- anaemia 
- leucaemia 
- developmental disability 

 
Pertinent Findings on History (Hx) 
TRAVEL HISTORY is very important, as is HISTORY OF MALARIAL PROPHYLAXIS 
- how long before, how often during, how long after were the antimalarial drugs taken? 
FAMILY HISTORY and ETHNIC BACKGROUND will give a clue as to the likelihood of thalassaemia 

! NEED TO KNOW IMMUNISATION HISTORY ! 
- medications taken within the previous month,  
- exposure to domestic pets and other animals, 
- history of animal or arthropod bites,  
- existence of cardiac abnormalities, 

- presence of prosthetic material,  
- recent exposure to ill individuals,  
- exposure to sexually transmitted diseases.

 
Findings on Examination (Ex) 
- Pallor 
- Jaundice 

- Hepatosplenomegaly 
- Petechiae / splinter haemoorhages 
- Osler or Janeway lesions (suggestive of an infection other  

than malaria) 

The case-fatality rate of 
falciparum malaria in the 
United States is 4%; 
however, in only one-third 
of patients who die is the 
diagnosis of malaria 
considered before death. 
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Tests and Investigations:   MALARIA 
FBC:  will see a drop in haemoglobin  
  
Blood film: Thick and Thin 
 Looking for malaria parasites - NO ERYTHROCYTE CHANGES IN MALARIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Above: thick film.    Above: thin film. 
Thick film- used to identify RBC infected with malarial parasite 

Thin film- used to identify specific malarial parasite. Eg. P. falciparum, P. vivax, P. ovale, P. malariae. 
Serum Biochem looking for bilirubin and LDH consistent with RBC lysis 
 
Tests and Investigations: THALASSAEMIA 
Blood Film: ����Must also investigate the family 

Microscopy will reveal ANISOPOIKILOCYTOSIS and HYPOCHROMIC MICROCYTOSIS 

With TARGET CELLS and ELLIPTOCYTES;  

Above: T. minor     Above: T.major 



 

 

HEMOGLOBIN ELECTROPHORESIS: demonstrates the concentration of HbA 

The diagnosis of beta-thalassaemia can be confirmed by the finding of a compensatory rise in the level 

of haemoglobin A2 to about 4-7%, which is the most useful screening test. HbA2 is composed of two 

alpha- and two delta-globin chains.  

Haemoglobin F (two alpha- and two gamma-globin chains) is usually also raised.  

 

The diagnosis of alpha-thalassaemia can be confirmed by the finding of haemoglobin H inclusions in a 

methylene blue stain of the peripheral blood.  

 
X-RAY: to look for “crew-cut” 

bony nodules appearing @  skull���� ectopic haematopoietic tissue  

 
How is this diagnosis made ?         
Malaria: thick+thin film is pathognomic, combined with history of travel and poor compliance with  

chemoprophylaxis 

Thalassaemia: hemoglobin electrophoresis confirms blood film suspicion 
 

Management             
Malaria: 
- Test family for infection 
- 3 days of chloroquine ( remains the drug of choice for treatment and prophylaxis against drug-sensitive forms of malaria) 
- 14 days of primaquine 
- monitor hemoglobin  

In hyperpyrexia, the use of cooling blankets facilitates the reduction of temperature; however, 

cooling blankets should not be used without oral antipyretics. In hyperpyretic patients with central 

nervous system disease or trauma, reducing core temperature mitigates the ill effects of high 

temperature on the brain. 

THUS: attempt to reduce fever if it goes above 40 degrees. Paracetamol and NSAIDS  
 
Thalassaemia: DEPENDS ON SEVERITY.         

Thalassaemia trait: no treatment is necessary,  
as these people have only the very slightest glimmer of anaemia 

OTHERWISE: 
   6-8 cc/kg of Packed RBC's every 2-3 weeks  

yearly requirement of <200 cc/kg/year of PRBC's  

each transfusion takes 4-6 hrs 

Monitoring for Iron Overload:            

• Cardiac baseline at age 10, then every 2 years for a few years, then every year;  
EKG, echo, treadmill  

• Endocrine evaluation   

• monitor growth and puberty  

• IV glucose tolerance test -- same schedule as cardiac  

• yearly TFTs  

• serum Ca, Mg, P, alk phos, vit D, PTH  

• yearly bone age, knee films if delayed growth  
If unable to counter iron load with chelation therapy, consider erythrocytopheresis.  

COMBAT IRON OVERLOAD WITH DESFERAL (desferrioxamine)  
which can break down and remove excess iron from body:  
- it is injected under the skin from a small pump  
- it picks up excess iron and carries it out in the urine  
- It runs for 6 to 7 hours, overnight  
- 7 days/wk optimal; 6 nights/wk practical  

MONITOR for desferal toxicity = Annual hearing and ophthalmologist exams  



Prognosis of Malaria:           
Severe falciparum malaria: 

• If treated properly, uncomplicated falciparum malaria is associated with a mortality rate <0.1%. 

o However, once vital organ dysfunction occurs, or the level of parasitaemia increases beyond 3%, mortality 
rises steeply. 

o Most of the 1-3 million people who die of falciparum malaria each year are young African children. 

• Cerebral malaria: 

o Coma is a characteristic  feature of falciparum malaria and is associated with mortality rates of approximately 
20% despite treatment 

o Manifested as a diffuse symmetric encephalopathy, with focal neurologic signs being unusual. 

• Hypoglycaemia: 

o A common complication of malaria, hypoglycaemia is associated with a poor prognosis and is particularly 
problematic in children and pregnant women 

o In malaria, hypoglycaemia results from a failure of hepatic gluconeogenesis in combination with an increased 
consumption of glucose by both the hose and parasite. 

o In addition, the quinine and quinidine drugs used to treat chloroquine-resistant malaria are both potent 
stimulants of pancreatic insulin secretion. 

• Lactic acidosis: 

o Lactic acidosis commonly co-exists with hypoglycaemia. 

o In adults, renal impairment compounds the acidosis. 

o Acidotic breathing is a sign of poor prognosis. 

o It is caused by a combination of anaerobic glycolysis in tissue where sequestered parasites interfere with 
microcirculatory flow, lactate production by the parasites and a failure of hepatic and renal clearance of lactate. 

• Renal impairment: 

o Common among adults but rare among children with severe falciparum malaria. 

o Most likely related to RBC sequestration interfering with renal microcirculatory flow and metabolism. 

o Manifested as acute tubular necrosis. 

• Haematologic abnormalities: 

o Anaemia results from accelerated RBC destruction and removal by the spleen in conjunction with ineffective 
erythropoiesis. 

o Slight coagulation abnormalities are common in falciparum malaria and mild thrombocytopenia is usual. 

• Liver dysfunction: 

o Mild haemolytic jaundice is common  in malaria 

o Severe jaundice is associated with falciparum infection. 

� It is more common among adults and is a result of haemolysis, hepatocyte injury and cholestasis. 

• Non-cardiogenic pulmonary oedema: 

o The pathogenesis of this syndrome is unclear 

o The mortality rates in these cases is >80%. 

• Chronic complications of malaria: 

o Tropical splenomegaly or hyperreactive malarial splenomegaly 

o Burkitt’s lymphoma and EBV infection: 

� It is possible that malaria-related immunosuppression provokes infection with lymphoma viruses 

� The prevalence of this childhood tumour is highest in malarious areas of Africa. 

Prognosis of Thalassaemia 
Thalassaemia minor is relatively mild and does not impact significantly on life chances  
Classically in thalassemia major, the treatment is the cause of death. 
The children are maintained by transfusions until about age ten years, at which time they start to show symptoms of 
excess iron loading. This happens because the transfusion bypasses the body's normal gastrointestinal mechanism 
of iron intake and excretion.  
The iron is poured into the bloodstream directly; the body cannot excrete it fast enough.  
First iron (as hemosiderin) fills the cytoplasm of the RES phagocytes and then starts to be deposited in the 
parenchymal cells of just about every organ of the body.  
The pancreas, liver, myocardium, adrenals, and gonads are among the organs most sensitive to iron toxicity.  
The clinical result is diabetes mellitus, hepatic cirrhosis, congestive heart failure, adrenal insufficiency, and 
failure to undergo puberty.  
Death used to occur in the second or third decade of life, the most common immediate cause being complications 
of heart failure.  
Nowadays, thal major patients live longer because of advances in chelation therapy. To achieve such 
longevity, they must submit to daily subcutaneous injections of the parenteral chelating agent, deferoxamine. These 
injections are given by pump, usually overnight, and last 9 to 12 hours each.  

 



Epidemiology: MALARIA 
• Malaria occurs throughout most of the tropical regions of the world: 
 

o P. falciparum predominates in Africa, PNG and Haiti 
o P. vivax is more common in Central America and the Indian subcontinent. 
o P. malariae is found in most endemic regions 
P. ovale is relatively uncommon outside of Africa and, where it is found, comprises <1% of isolates. 

Epidemiology: Thalassaemia 
age of onset:  

• 2-4 years (Thal. Intermedia); 1st year of life (Thal. Major)  

risk factors:  

• familial - autosomal recessive  

• chrom.#: 11p15.5  

• gene: beta-globin chain  

• certain ethnic groups:  

• Mediterranean, Near and Middle Eastern, Southeast Asia  

• type of mutation is usually specific to a given ethnic group  
 
MECHANISM OF FEVER          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PYROGENS: 
IL-8 
IL-1 beta 
IL-6 
TNF-alpha 
IFN alpha 
IFN beta 

Cytokines circulate until they reach 
the 

CIRCUMVENTRICULAR ORGANS 
 In the posterior ventricles of the    
 brain, where there is  
 NO BLOOD/BRAIN BARRIER 

And the fenestrated capillaries allow 
cytokines access to GLIAL CELLS that 

SURROUND 
PGE-2 sensing NEURONS which 

 feed back to the mighty 

HYPOTHALAMUS 

Glial cells receive 
cytokines and produce 
PROSTAGLANDIN E2 
(PGE2) 

HYPOTHALAMUS 
INCREASES THE 
HOMEOSTATIC 

TEMPERATURE SET-POINT 

BLOCKED by 
COX inhibitors 

Shunting of 
Blood 
Away from 
periphery 
= CHILLS= 
feeling of cold 

Decreased 
sweating 

Shivering and 
warmth-seeking 
behaviour 

Somnolescence and thus 
 reduced energy consumption 

ANOREXIA 
 to reduce 
glucose 
availability 

 

ANTERIOR 
PITUITARY 
Releases  
CORTICOTROPIN  

ADRENAL 
GLANDS 
Release 
CORTISOL 

Stress 
reaction 

SWITCH from 
glucose-burnbing 
metabolism 
 to Proteolysis and 
Lipolysis  

LIVER 
releases 
ACUTE 
PHASE 
proteins: 
They bind up 
all the divalent 
cations that 
are needed 
for microbe 
replication 

END RESULT:   ���� FEVER ���� 
- Tempreature increase by 1-4 degrees: decreased bacterial reproduction but INCREASED phagocytosis 
- REDUCTION IN GLUCOSE AVAILABILITY: reduced bacterial nutrients 
- DECREASE IN DIVALENT CATION CONCENTRATION: prokaryotes cannot replicate 



�INSIDE THE HUMAN = INTERMEDIATE HOST� 

Aetiology:    LIFE CYCLE of the MALARIA PARASITE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FEMALE ANOPHELES MOSQUITO 
Has a blood meal and injects a human host with 

sporozoites 

Sporozoites get into hepatocytes and mature 
into the PRE-ERYTHROCYTIC SCHIZONT 

30-40 thousand MEROZOITES released into the blood 

Bind to DUFFY ANTIGEN ad migrate into the RBC 

TROPHOZOITES (ring forms) consume the 
hemoglobin, carefully devouring the globin and 

packaging the toxic heme leftovers into a polymer 
called HEMOZOIN 

Trophozoites reproduce ASEXUALLY 
and transform into MEROZOITES 

GAMETOCYTES drift through the blood stream, 
waiting to be rescued by another mosquito 

Anopheles mosquito ingests the gametocytes 
and they reproduce in its gut 

Metamorphosis into 
OOCYTES and then again 
into SPOROZOITES which 
lodge in the salivary glands 

of the female anopheles, 
waiting to be injected 

Liberation of gametocytes from 
the RBCs causes RBC lysis 

and macrophages detect both 
the cellular debris and the 

gametocytes themselves, thus 
initiating the 

 FEBRILE RESPONSE  



MECHANISM OF THALASSAEMIA        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

180 possible 
mutations 

Promoter region mutation 

Chain termination: Premature 
termination of mRNA translation 

Splice site mutation Hemoglobin   

 Synthesis 

Beta 0 
Thalassaemia 
(no beta chains 
at all) 

Beta + Thalassaemia 
beta chains fewer than normal  

EXCESS of 
free alpha 
chains NOT ENOUGH 

healthy HbA 

Unstable aggregates of 
aplha chains form 

INSOLUBLE 
INCLUSIONS 

LOSS of 
potassium ions  

LOSS of 
membrane 
integrity 

Deformed erythrocytes: 
SPHEROCYTOSIS 
ANISOPOIKILOCYTOSIS 
ELLIPTOCYTOSIS 
TARGET CELLS 
 

No K+; thus no Na+ 
pumping; THUS = 
Dehydrated RBC 

APOPTOSIS 
In the marrow 

(70-85%) 

Surviving cells 
are at greater 

risk of 
Sequestration 
in the spleen 

HYPOCHROMIC MICROCYTIC 

ANAEMIA 

JAUNDICE 
And 

SPLENOMEGALY 
Tissue anoxia 

ERYTHROPOIETIN 
released 

EPO overrides transferrin 
control of  Fe

++
 absorption 

THUS = absorption increases 

EPO stimulates growth of 
hematopoietic marrow 
tissue in the bones, eg. 

skull 
AS WELL AS in the 

 

“chipmunk” facies  
and 

“crew-cut” skull  
x-ray appearance 

INCREASED Fe
++

 ABSORPTION 
Does not help, as patient is receiving blood tranfusions: 

IT ONLY AGGRAVATES THE 
 IRON OVERLOAD STATE 



Relevant anatomy: the SPLEEN         
The spleen is an oval shaped organ that is 13 x 18cm long and 
weighs about 180 - 250 g found in the left upper quadrant 
(hypochondriac) behind the stomach and close to the diaphragm.  
 
The spleen has an outer capsule composed of collagen fibres which 
enter the parenchyma of the spleen as short trabeculae and 
internally reticular fibres provide support.  
The spleen has a hilus where the splenic artery, vein and 
efferent lymph vessels pass into the spleen. 
 Dense connective tissue surrounds the spleen (capsule) and 
trabeculae extend inward from the capsule and are covered by a 
serous membrane (visceral peritoneum).  
The stroma is composed of the capsule, trabeculae, reticular 
fibres and fibroblasts while the parenchyma consists of red and 
white pulp. 
 
White pulp is the lymphoid tissue containing lymphocytes and 
macrophages around branches of the splenic artery (central arteries) 
forming the periarteriolar lymphoid sheaths (PALS) which contain T 
and B cell regions. The T cells are around the central arteriole while 
the B cells may be in primary (unstimulated) follicles (virgin B cells) 
or secondary (stimulated) follicles that have a germinal centre with 
memory cells. The germinal centres contain follicular dendritic cells 
and phagocytic macrophages. In the marginal zone (the region 
overlying the mantle of the secondary follicles) are found 
 specialised macrophages and a subset of B cells that respond to type II independent antigens (i.e. 
polysaccharides). Macrophages and follicular dendritic cells present antigen to the B cells in the spleen. The B cells 
and other lymphocytes are free to leave and enter the PALS by the capillary branches of central arterioles that enter 
the marginal zone. Some lymphocytes (especially maturing plasmablasts) can cross the marginal zone via bridges 
into the red pulp. 
 
Red pulp contains venous sinuses filled with blood and cords of splenic tissue (splenic cords or Billroth’s). Splenic 
cords consist of red blood cells, macrophages, platelets, plasma cells and granulocytes. Aged and damaged red 
blood cells and platelets are destroyed by the spleen in the red pulp by haemocatheresis. Central arteries 
surrounded by PALS end with arterial capillaries which open freely into the red pulp cords so circulating cells reach 
the cords and are trapped. The aged and damaged cells are recognised and phagocytosed by macrophages. Cells 
not ingested and destroyed re-enter the circulation by squeezing through the holes in the discontinuous endothelial 
wall of venous sinuses where the plasma can freely flow. 

 
The white pulp of the spleen functions as a dating agency for lymphocytes and antigen 
presenting cells.   The activation of B cells enables them to ‘turn on’ their antibody 
production.   
 
The red pulp removes aged and damaged RBCs and platelets – a process called 
haemocatheresis.  The identified cells are recognized and phagocytosed by 
macrophages.   
 

 

CONSEQUENCES OF SPLENECTOMY:       

Splenectomy is performed mainly for trauma, autoimmune thrombocytopenic purpura, haemolytic 

anaemias and hypersplenism.   

 

Problems include: 

� Increased platelet count immediately after surgery (600-1000 *10
9
) for 2-3 weeks 

� Thrombocytosis persists in about 30% 

� The WBC count is usually normal but there might be a mild lymphocytosis and monocytosis 

Abnormalities in red cell morphology are the most prominent changes and include Howell-Jolly bodies, 

pappenheimer bodies, target cells and irregular contracted red cells.  Pitted red cells can be counted. 

 



Causes of Spenomegaly by severity:       

Massive: (extends below the 

umbilicus) 

• CML 

• Myelofibrosis 

• Malaria 

• Kala Azar 

• Primary lymphoma of the 

spleen 

 

 

 

 

 

 

Moderate: 

• Above causes  

• Portal hypertension 

• Lymphoma 

• Leukaemia 

• Thalassaemia 

• Storage diseases such as 

Gaucher’s disease 

 

 

 

 

 

 

Small: 

• The above causes 

• Other myeloproliferative 

disorders such as 

polycytheamia rubra vera 

• Haemolytic anaemia 

• Megaloblastic anaemia 

• Infection – viral 

(hepatitis), bacterial 

(infective endocarditis), 

protozoal (malaria) 

• Connective tissue disease 

such as RA

Genetics of Thalassaemia          
There are over 100 βThalassaemia mutations known but each ethnic group has a subset of mutations and 

so 5 different mutations may account for more than 90% of affected people in a population. Most of the 

mutations in β Thalassaemia are point mutations affecting the coding sequence, splice sites or promoter of 

the β globin gene.  

Methods used to detect these are ARMS (amplification refractory mutation system) or reverse dot blot 

analysis. Larger deletions can be identified directly from the size of the amplification product and if the 

mutation is not known then it can be identified by sequence analysis 
The loss of one gene  

- diminishes the production of the alpha protein only slightly.  
- This condition is so close to normal that it can be detected only by specialized laboratory techniques that, until recently, 

were confined to research laboratories.  
- A person with this condition is called a "silent carrier" because of the difficulty in detection.  

The loss of two genes  

- (two-gene deletion alpha thalassemia) produces a condition with small red blood cells, and at most a mild anemia.  
- People with this condition look and feel normal.  
- The condition can be detected by routine blood testing, however.  

The loss of three alpha genes 

- produces a serious hematological problem (three-gene deletion alpha thalassemia). 
- Patients with this condition have a severe anemia, and often require blood transfusions to survive.  
- The severe imbalance between the alpha chain production (now powered by one gene, instead of four) and beta chain 

production (which is normal) causes an accumulation of beta chains inside the red blood cells. 
- Normally, beta chains pair only with alpha chains.  
- With three-gene deletion alpha thalassemia, however, beta chains begin to associate in groups of four, producing an 

abnormal hemoglobin, called "hemoglobin H". The condition is called "hemoglobin H disease".  
- Hemoglobin H has two problems:  
- First it does not carry oxygen properly, making it functionally useless to the cell. 
- Second, hemoglobin H protein damages the membrane that surrounds the red cell, accelerating cell destruction.  
- The combination of the very low production of alpha chains and destruction of red cells in hemoglobin H disease produces a 

severe, life-threatening anemia.  
- Untreated, most patients die in childhood or early adolescence.  

The loss of all four alpha genes  

- produces a condition that is incompatible with life.  
- The gamma chains produced during fetal life associate in groups of four to form an abnormal hemoglobin called 

"hemoglobin Barts".  
- Most people with four-gene deletion alpha thalassemia die in utero or shortly after birth.  
- Rarely, four gene deletion alpha thalassemia has been detected in utero,  
- usually in a family where the disorder occured in an earlier child.  
- In utero blood transfusions have saved some of these children.  
- These patients require life-long transfusions and other medical support.  

Recent population genetic studies of the distribution of alpha+-thalassaemia in Melanesia using 
DNA analysis have provided strong support for the hypothesis that high frequencies of this 
genetic disorder are the result of natural selection by malaria  

SCREENING: Blood from 18-20wk old fetus can be examined for ββββchain and αααα chain production. 

 
 

Splenomegaly may be found in 3-12% of the population 



Pathology               of THALASSAEMIA       
thalassaemia = reduced production of one type of globin chain  
THUS =  reduced production of functional haemoglobin tetramers  
= imbalance in synthesis of individual alpha and beta subunits. 

 As a result, there is a problem with haemoglobin switching from Hb F (αααα2γγγγ2) to Hb A (αααα2ββββ2). 
 

beta thalassaemia = excess alpha chains accumulate. 
alpha thalassaemia = excess beta chains accumulate. 

 

In ββββ-thalassaemia, there can be reduced (β
+
) or no β chains (β

0
) and an over production of α-chains. Over  

200 molecular defects lead to β-thalassaemia.  It has variable penetration and results from carrier 
through to thalassaemia major.  
Most cases of beta thalassaemia are due to point mutations 

 

In αααα-thalassaemia, there are reduced or no α chains.   
Where there are no chains, the infant is incompatible with life.  It is often caused by genetic 
deletions rather than mutations.   

ββββ-thalassaemia 
Mechanisms of anaemia: 

• Erythropoiesis is increased up to ten fold 

• 95% of erythropoiesis is ineffective 

• Excess α chains 

• Intramedullary cell death in G phase 

• Apoptosis of late erythroblasts 

• RBC membrane damage 

• Excess RBC membrane bound iron 
 
 
 
 
 
 
 
 
 

Clinical consequences of anaemia: 

• Erythroid marrow expansion up to 3 times 
normal 

• Increased plasma volume, due to marrow 
shunting and splenomegaly 

• Extramedullary haemopoiesis 

• Skull deformities, osteopenia, microfractures, 
bone pain 

• Increased iron absorption and TISSUE 
DAMAGE 

 
Foetal HB production: 

• Compensatory increase in HbF – specific β thal 
alleles produce erythroid expansion that 
increases gamma chain production.   

• Effect of regulators on chromosome 6 and X

Pharmacology             
• primaquine:  Has effect on gametocytes and hypnozoites.  Contraindicated in  

G6PD deficiency- causes severe haemolytic anaemia.  Weekly administration. 
 

• mefloquine:   Usually effective against multi-drug resistant falciparum. 
 Acts on erthrocytic stage of development. Weekly administration. 

 

• doxycycline:  Daily administration. 
Acts on pre-erythrocytic stage of development 
 

• chloroquine:  Drug of choice for prevention of infection with drug 
sensitive falciparum 

    Acts on erythrocyte stage of parasitic development 
    Few areas left with chloroquine-sensitive falciparum 

• dihydrofolate 
 reductase inhibitors: pyrimethamine and proguanil 

resistant strains of falciparum and vivax 
limit their use. 
Inhibits pre-erythrocytic growth in the liver and development in the mosquito 

 

 

 

 

 

 

 



The MAJOR Anti-malarial agents         

Chloroquine 

Mechanism of Action 
4-aminoquinoline. Mainly used to treat malaria but also has some DMARD effect via an 
unknown mechanism. Inhibits digestion of Haemoglobin, thus restricting nutrient supply for 
malarial parazites.  

Dosage 300 mg once weekly  

Other Uses 
Malaria treatment and prophylaxis; Amoebic hepatitis; Rheumatoid arthritis, related collagen 
diseases; Lupus;  

Contraindication 
High doses, prolonged use; Hepatic or renal impairment; Pophyria; Psoriasis; Alcoholism; 
Pregnancy;  

Side Effects 
Nausea, vomiting; Dizziness, blurring of vision; Headache; Retinopathy (v. rare); 
Hypotension; Dysrhythmias;  

Risk in Pregnancy D 

 

Primaquine 

Mechanism of Action 
8-aminoquinoline. Mechanism of action is unknown. Affects hypnozoites in liver and the only 
curative antimalarial for P. vivax and P. ovale species. Prevents transmission by affecting 
gametocytes.  

Dosage 15 mg daily for 14 days up to 30 mg daily  

Other Uses 
Prevention of relapses (radical cure) for P. vivax, P. ovale; Adjunctive therapy for malaria 
caused by other organisms; Prevention of transmission of malaria;  

Contraindication 
Severe G-6-PD deficiency; NADH reductase deficiency; RA, SLE, other causes of 
granulocytopenia predisposition; Bone marrow depression; Concurrent haemolytics; Lactose 
intolerance; Pregnancy, lactation;  

Side Effects GIT upset; Haemolysis; Methaemoglobinaemia; Headache; Dizziness;  

Risk in Pregnancy D 

 

 
Parasitology a’la Amanda + Masumi        
 
Organism: Toxoplasma gondii 
Causes: Toxoplasmosis  
Characterisitics: an intracellular sporozoan parasite of 
humans and animals where the rapidly multiplying 
trophozoites are found in the red and white blood cells, the 
slowly replicating bradyzooites are found in tissue cysts and 
oocytes are found in feline faeces (natural host is the cat). 
Worldwide distribution. 
Pathogenesis: The cysts ingested transform to trophozoites 
in the small intestine and then invade the gut wall reaching 
the blood and lymphatics where they multiply in the red and 
white blood cells. The trophozoites reach the internal 
organs (skeletal or heart muscle, brain or eye etc) and 
encyst. An immune response occurs in 4-6 weeks which 
controls the infection but does not remove the tissue cysts 
and so reactivation can occur during immunosuppression. A 
primary infection of a pregnant woman during the first 
trimester can infect the fetus causing congenital defects 
(‘part of the TORCH’ syndrome which includes 
chorioretinitis, hydrocephalus and brain damage). In the 
immunosuppressed a severe reactivation or primar occurs. 
Epidemiology: A zoonotic infection that affects many 
species (humans, sheep, cattle, pigs as intermediate hosts) 
and felines which are definitive hosts. The rates vary in the 
different countries, seropositive adults in Australia are 
~23% while in France over 90% adults are seropositive. 
The rates of infection may be influenced by dietary 
preferences (raw/ uncooked meat) and hygiene standards 
Transmission: consumption of raw or undercooked meat 
with cysts or food contaminated by oocytes and 
transplacental. 
Clinical signs: mild flu like symptoms in adults where lymph 
nodes may be enlarged however in the 
immunocompromised the symptoms are more severe and 
congenital infections can have brain and eye damage and 
can be fatal. 
Investigations: Serology for haemagglutination, ELISA or 
immunoflorrescence to detect IgM especially in pregnant 
women and neonates with possible congenital infections. 
Blood or tissue biopsies can be examined for cysts and 

sporozoites and culture can be done in mice or cell cultures 
but is difficult 
Management: Pyrimethamine and sulphadoxine or 
clindamycin however in pregnant women use spiramycin as 
it is less toxic 
Prevention: Do not handle cat faeces, remove kitty litter 
after a day and wear gloves when changing the tray 
(hygiene) and eat well cooked meat. 
 
 
Organism: Giardia duodenalis (Giardia lamblia)  
Characterisitics: a flagellated protozoa that lives on the 
mucosa of the small bowel and produces cysts that are 
excreted in faeces. 
Causes: Giardiasis with worldwide distribution 
Pathogenesis: There are two life cycle forms the motile 
binucleate trophozoite (flagellate) with a characteristic ‘face’ 
formed by the nuclei and chromatid bodies and the 
binucleate cysts. 
 
The cysts transform to trophozoites in the small intestine 
and attach to the epithelium of duodenum and jejunum via a 
central sucking disc. They do not have a cytotoxic effect but 
large numbers of parasites contribute to mechanical 
malabsorption. The host inflammatory response leads to a 
loss of intestinal villi and increased malabsorption and 
severe diarrhoea. The IgA abtibodies are mainly 
responsible for recovery and immunity. 
Epidemiology: worldwide and found in animals and humans 
as cysts are resistant to chlorination so can survive in the 
water supplies. This is the most common cause of water-
borne diarrhoeal illness in some regions especially in young 
children and homosexual males. 
Transmission: ingestion of cysts via the oral-faecal route of 
contaminated food and water. There can be person to 
person spread by poor hygiene and oral-anal sexual 
transmission. Animal reservoirs of infection. 
Clinical signs: mild but persistent (up to 6 mths) diarrhoea, 
flatulence, malabsorption of fats producing greasy, foul 
smelling stools (floaters), anorexia and weight loss. 



Investigations: Fresh faecal examination for four nucleate 
cysts or motile binucleate trophozoites. ELISA or 
immunofluorescent tests for Giardial antigens. 
Management: Metronidazole, tinidazole 
Prevention: Improve sanitation, water treatment and 
hygiene  
 
 
Organism: Entamoeba histolytica  
Characteristics: an amoebic protozoa that lives in the 
intestine as a trophozoite and produces resistant cysts 
passed in the faeces 
Causes: Amoebic dysentery common in tropical and 
subtropical regions but distributed worldwide 
Pathogenesis: Trophozoites invade the large intestinal 
epithelium via galactose receptors on mucosal surfaces and 
in carriers anti-amoebic Ig A inhibits the invasion of the gut 
wall. Cytotoxic changes occur in infected cells via insertion 
of pore forming proteins into the cell membranes. Colitis 
with ulcer formation and inflammation develops which can 
lead to severe ulceration that can perforate the intestinal 
wall (peritonitis). Trophozites can enter the portal venous 
system and result in a liver infection with large hepatic 
abscesses and may secondarily infect other organs 
Epidemiology:  A disease of humans and is common in 
tropical and subtropical regions (where prevalence can 
exceed 50%), with 5 - 10 % of the world infected however in 
Australia it is found only in tourists returning from endemic 
areas. There are many strains (zymodemes) that differ in 
pathogenicity and can be differentiated by isoenzyme 
patterns. 
Transmission: ingestion of cysts via the faecal – oral route 
mainly but can be spread by anal sex. Carriers can be 
asymptomatic and excrete large numbers of infective cysts 
that can survive for weeks outside of the body. The cysts 
germinate (excystate) into motile trophozoites in the small 
intestine. 
Clinical signs: symptoms include diarrhoea with pus, mucus 
(+ blood), fever, abdominal cramps, nausea and vomiting 
however carriers may be asymptomatic. Patients with 
invasive disease with liver abscess involvement or 
peritonitis may die. 
Investigations: Fresh faecal specimens are examined for 
motile trophozoites and four-nucleate cysts. Antibodies to 
E.histolytica are found in 90% with active intestinal disease 
and in 96-100% with hepatic involvement. Colonoscopy/ 
sigmoidoscopy and aspiration of abscesses in liver and 
colon. 
Management: Antiprotozoal drugs: for luminal trophozoites 
– paromycin, dioxanide and for invasive disease use 
metronidazole or tinidazole. 
Prevention: Hygiene prevents faecal contamination of water 
supplies and routine boiling of water in endemic areas.  
 
 
Organism: Cryptosporidium parvum 
Characteristics: intestinal sporozoan that invades and 
reproduces in epithelial cells of the small intestine with the 
oocytes being passed in the faces. 
Causes: Cryptosporidiosis 
Pathogenesis: Ingestion of about 100 of the resistant 
oocytes in faecally contaminated matter (usually water 
contaminated by humans or animals) results in the 
transmission of the parasite. In the small intestine the cyst 
releases infective sporozoites that invade the epithelial cells 
but remain associated with the apical plasma membrane 
where they form schizonts that divide into merozoites which 
reinvade further epithelial cells. Eventually a sexual stage 
occurs and oocytes are released. Infection results in watery 
diarrhoea which can be profuse in the immunocompromised 
and if irreversible can be life threatening. The parasite has 
a complex lifecycle that involves asexual and sexual stages 
in the same host. 
Epidemiology: Worldwide distribution. 

Transmission:  faecal –oral transmission by swallowing 
infective oocytes in contaminated water. There are animal 
reservoirs of infection 
Clinical signs: symptoms range from a moderate to severe 
diarrhoea that is self limiting in the  immunocompetent (can 
last 20 days) but can be chronic in the Immunosuppressed 
and so it is prevalent in AIDS patients.  
Investigations: concentration of faeces is required to find 
oocytes (5 µm) by flotation techniques and modified acid 
fast staining 
Management: No treatment routinely but spiramycin (a 
macrolide) is used in the immunocompromised with limited 
success 
Prevention: improve sanitation but Cryptosporidium is 
resistant to chlorination. 
 
Organism: Enterobius vermicularis 
Characterisitics: a small (1cm) round worm (nematode) in 
the bowel that emerges at night from the anus to lay eggs 
Causes: Enterobiasis or pinworm 
Pathogenesis: The eggs are ingested and they hatch in the 
small intestine and the larvae mature in the ileum and large 
intestine. The female of the species lives in the large bowel 
and releases infective eggs onto the perianal skin after 
migration nocturnally to the perianal region. This causes an 
itching and pruritis around the anus and perianal skin. 
Human – human transmission only 
Epidemiology: the most common intestinal nematode in 
developed countries and is the least pathogenic. There is a 
world wide distribution and it is more common in children. 
Transmission: faecal –oral transmission by swallowing eggs 
that can be carried on fingers (after itching the anal area) 
and in the dust. The eggs are infective when laid and so 
direct reinfection is common. Only human – human 
transmission 
Clinical signs: a minor disease with itching of anal area and 
seeing worms emerge from the anus at night to lay their 
eggs. The diagnosis is often made clinically 
Investigations: the small thin shelled eggs are recovered 
from the perianal skin by tape (sticky tape test) and by 
finding adult worms in faeces. The perianal area can be 
viewed by a torch at night and the tiny mobile worms are 
visible 
Management: Mebendazole, piperazine, pyrantel. There 
are over the counter preparations for anti-helminthics that 
contain pyrantel or mebendazole that can come in a syrup, 
chocolate flavoured square or tablet form. 
Prevention: good hygiene and in cases of infection it is 
good to wash the sheets and underwear in hot water with 
detergent to remove the infective eggs. 
 
Organism: Echinococcus granulosus 
Characteristics: large fluid filled (hydatid) cysts in the 
abdomen, liver, lungs and CNS from a small tapeworm (few 
mm in length). The tapeworm has a head, neck and tail 
(strobila) with a chain of connected segments (proglottids) 
and the most mature (lower ones) contain large numbers of 
eggs. 
Causes: hydatidosis , hydatid disease 
Pathogenesis; the eggs from adult worms in canid 
intestines are passed out in faeces which contaminate the 
environment and are ingested by other animals including 
man. The intermediate hosts such as ruminants do not 
transmit the infection unless they are consumed raw or 
undercooked as the cysts of internal organs are infective. 
The eggs hatch to ‘onchospheres’ that invade the gut wall 
and reach internal organs where they encyst. Over time the 
cysts enlarge and exert a pressure on internal organs and 
the release of the cyst fluid can cause anaphylaxis and the 
formation of many ‘daughter cysts’. 
Epidemiology: World wide distribution but more common in 
sheep rearing countries. The definitive hosts are carnivores 
that develop an asymptomatic intestinal infestation with 
adult tapeworms. The intermediate hosts are humans and 



herbivores (sheep, cattle) that develop extra-intestinal 
disease with large cysts in  organs (liver, lung, brain) 
Transmission: swallowing eggs released from adult 
tapeworms in dogs. The natural cycle is adult dog and 
larval cysts in sheep 
Clinical signs: various as it depends where the cysts form 
Investigations: Scans (x-ray, CT etc), serology for 
antibodies to Echinococcus granulosus however false 
negatives are not uncommon 
Management: mebendazole or albendazole, surgical cyst 
removal which can cause daughter cysts occurring if 
leakage occurs 
Prevention: prevent dogs eating infected viscera from the 
sheep, worming dogs with anti-cestodals especially in rural 
areas, meat inspection and hygiene after dog handling 
 
Organism: Trichomonas vaginalis 
Characteristics: flagellate protozoan that lives in the 
urogenital system of females and occassionaly males. 
There is a trophozoite form only with no cyst 
Causes: Trichomoniasis 
Pathogenesis: the disease is mild in males (often 
asymptomatic) and involves the urethra and sometimes 
prostate. In females it causes vaginitis with a discharge  
Epidemiology: worldwide distribution 
Transmission: sexual 
Clinical signs: a heavy infection causes vaginitis with a 
characteristic copious foul smelling discharge with an 
associated increase in vaginal pH.  
Investigations: vaginal smear to detect motile trophozoites 
Management: metronidazole, tinidazole 
Prevention: use of condoms 
 
Organism: Leishmania (L.brasiliensis, L.donovani and 
L.tropica) 
Characteristics: a sporozoa living intracellularly  in 
macrophages as amastigote stage and is transmitted by 
phleobotomine sandflies 
Causes: Visceral (donocani), cutaneous (tropica) and 
mucocutaneous (brasiliensis) leishmaniasis the disease is 
also called kala-azar, Oriental sore, espundia 
Pathogenesis: Visceral form- hepatosplenomegaly from the 
invasion of macrophages in the liver and spleen and there 
can be allergic reactions after treatment that causes dermal 
nodules. 
Mucocutaneous form – progressive invasion of 
mucocutaneous tissues in the nose and mouth 
Cutaneous form – localised ulcers which resolve 
Epidemiology:  commonest in tropical and subtropical 
countries 
Transmission: by a sandfly bite 
Clinical signs; Varied depending on the species involved 
Investigations: amastigotes in biopsy material or in vitro 
tissue culture of specimens to obtain promastigotes 
Management: antimonials, pentamidine 
Prevention:  avoid sandflies 
 
Organism: Plasmodium (P.falciparum, P.malariae, P.ovale, 
P.vivax) 
Characteristics: a sporozoa that lives intracellularly in the 
liver and primarily red blood cells 
Causes: malaria 
Pathogenesis:  the bursting of the red cells causes the 
fevers. In P.falciparum the sequestration of infected cells in 
the brain capillaries can cause fatal cerebral malaria and it 
can be associated with intravascular haemolysis. 
P.malariae can lead to nephritis due to immune complex 
deposition 
Epidemiology: common in tropical and subtropical regions 
Transmission:  bite of the female anopheles mosquito 
Clinical signs: fever, myalgia, headache, malaise, nausea, 
tachycardia, tachypnoea, cough (esp in children) and 
vomiting 

Investigations: blood smear detects parasites, 
chromatographic tests available for P.falciparum . In 
developed countries PCR can be used 
Management: anti-malarials: for casual prophylaxis – 
proguanil, prymethamine, for longer term prophylaxis – 
mefloquine (Larium – causes psychotic effects), 
doxycycline, chloroquine or proguanil, for anti-relapse- 
primaquine, for treatment – quinine, cholorquine, 
mefloquine, artemether, tetracyclines, doxycycline 
Prevention: avoid mosquitoes and mosquito control 
 
Organism: Trypanosoma (T.gambiense , T.rhodesiense - 
African, T.cruzi - American) 
Characteristics: flagellated protozoa living in blood and 
tissues, T.cruzi has intracellular phases 
Causes: African sleeping sickness (trypanosomiasis), 
American trypanosomiasis (Chaga’s disease) 
Pathogenesis: African- the CNS is affected causing 
menigoencephalitis 
South American- destruction of infected cells especially 
neurones, megaoesophagus and cardiac failure 
Epidemiology: African sleeping sickness (trypanosomiasis) 
is found in subSaharan Africa, American trypanosomiasis 
(Chaga’s disease) is found in South America 
Transmission: bite of an insect vector : in Africa the Tsetse 
fly and in South America the reduviid bug 
Clinical signs: African – after the bite a swollen chancre 
develops with widespread lymph node involvement esp in 
the back of the neck, fever, splenomegaly and often 
myocardial involvement. After weeks or months the CNS 
may be more involved with headache, psychologic 
changes, voracious appetite, weight loss, coma and death 
South American - after the bite one or more swollen 
chancre develops with a transient febrile illness but may 
rarely lead to death by heart failure. The disease is chronic 
and slow with involvement of the heart and intestinal tract 
with the heart problems being the major cause of death 
Investigations: detection of organisms in blood or 
CSF(African), or in blood, biopsy or culture (American). 
Serology is also possible 
Management: arsenicals (tryparsamide or melarsoprol) but 
cured patient can have severe residual neurologic and 
mental disabilities 
Prevention: avoid and control vectors 
 
Organism: Taenia (T.saginata, T. solium) 
Characteristics: large (metres) adult tapeworms in the 
intestine that have scolices with suckers (saginata) or 
suckers and hooks (saginata and solium). The proglottids 
(segments) are passed in the faeces and the small cysts 
(larval stages of the solium) can infect the muscles, CNS 
and eyes 
Causes: Taeniasis (beef and pork tapeworms), 
Cysticercosis (T. solium only)  
Pathogenesis: the adult worms are harmless but in 
cysticercosis the cysts in the brain can result in neurological 
symptoms 
Epidemiology: worldwide distribution 
Transmission: adult worms ingested by raw or undercooked 
meat T.saginata  in beef and T. solium  in pork. The T. 
solium eggs can hatch in humans allowing cysts to form 
Clinical signs: varied depending on species  
Investigations: detection of proglottids in the faeces, the 
species are identified by the number of branches to the 
uterus T.saginata -15-20 and  T. solium – 5-10 
Management: niclosamide, praziquantel 
Prevention:  cook meat and prevent grazing on human 
faecal contaminated areas. 
 
 
Organism: Ascaris lumbricoides 
Characteristics: large (30 cm) intestinal round worm with 
migratory phase through the liver an dlungs 
Causes: Ascariasis 



Pathogenesis: The eggs require incubating for several days 
at warm temperature and high humidity for the infective 
larvae to develop. After incubation  the eggs are infective 
for months depending on the microenvironment. Once the 
eggs are swallowed they hatch in the intestine releasing 
larvae, the migrating larvae cause pneumonia like 
symptoms. The larvae penetrate the gut wall and move in 
the blood to the liver then to the lungs before being 
swallowed to reach the intestines again. The adults can 
obstruct the intestines, interfere with digestion and 
absorption of food and migrate in the bile duct. 
Epidemiology: World wide common in tropical and 
subtropcial 
Transmission: swallowing infective eggs in contaminated 
food, soil or water 
Clinical signs: pneumonia like symptoms, intestinal 
problems, allergies 
Investigations: faecal check for thick shelled eggs or worms 
Management: mebendazole, pyrantel, piperazine 
Prevention: hygiene and sanitation  
 
Organism: Hookworms (Ancylostoma duodenale and 
Necator americanus) 

Characteristics: small (1cm) roundworm of the intestines 
with migratory stages that pass through the skin and lungs. 
The adult worms have expanded mouths for attachment to 
the intestinal mucosa 
Causes: Hookworm disease 
Pathogenesis: The larvae feed on bacteria until infective 
then migrate away from the faecal mass and then infect the 
unprotected skin (or are swallowed in Ancylostoma). They 
penetrate the skin and migrate to the lungs, climb the 
trachea and are swallowed. The adults attach by large 
mouths to the intestinal mucisa, ingest a plug of tissue, 
rupture blood capillaries and suck blood. The sucking 
worms can lead to anaemia and protein loss, there can be 
larval associated dermatitis 
Epidemiology: widespread in tropical and subtropical 
regions 
Transmission: infective larvae penetrate the skin or mucous 
membranes after ingestion in Ancylostoma 
Clinical signs 
Investigations: faecal tests for thin shelled eggs, culture can 
hatch the eggs and after 24 hrs the larvae are released 
Management: mebendazole, pyrantel 
 

 
 
 



Chronic Lymphocytic LeukaemiaChronic Lymphocytic LeukaemiaChronic Lymphocytic LeukaemiaChronic Lymphocytic Leukaemia     4.02 4.02 4.02 4.02    
Detailed History of Presenting Illness – Leukaemia in general 
HPI: 
- Fatigue 
- Weakness 
- Malaise 
- Fever 
- Nightsweats 
- Weight loss 
- Jaundice 
- Lymphadenopathy 
- Bone pain 
- Excessive bruising 
- Abdominal pain/swelling/”fullness” 

PI: 
- Frequent Infections 
- Past Radio/Chemotherapy 
- Past Cancers 

Family/Social: 
- Leucaemia 
- Smoking 
- Alcohol 
- CURRENT MEDICATIONS

!! IMPORTANT: get IIIMMMMMMUUUNNNIIISSSAAATTTIIIOOONNN   history !! 

Differential Diagnoses (DDx) 
- Chronic Infection 
- Non-leukaemia cancer 
- Hypersplenism  
- Paraneoplastic GM-CSF production 
- Lymphoma 
- Anaemia 
- Depression 
 

Pertinent findings on Examination  Leukaemia in General 
Any Leukaemia 
- Pallor or Jaundice 
- splenomegaly 
- hepatomegaly  
- abdominal swelling.  
- Lymphadenopathy  
Advanced: Mets ���� Brain 
- central nervous system effects:  
- headaches 
- seizures 
- weakness 
- blurred vision 
- balance difficulties  
- vomiting 

AML Only 
- swollen, painful, and bleeding gums - 

mets to the oral tissue;  
- pigmented (colored) rash-like spots - 

mets to the skin; or  
- chloromas (granulocytic sarcomas; 

collections of tumorous cells within the 
skin or other body parts)  

- ecchymoses, epistaxis, or menorrhagia  
 
 
The T-cell variety of (ALL) may cause the 
thymus to enlarge and press on the trachea 
or the superior vena cava. 

 

 

 
 
 
 
 
 
 
 
 
 

Patient’s AGE speaks volumes:  

- The YOUNG get ALL 

- The OLD get CLL + AML 

- Everyone gets 

everything else 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Tests and Investigations: Making sense of weird blood counts  
FBC: 

Look Carefully. Whats Different? Are the… 

���� WBCs Absurdly high? ����WHICH KIND? 
 Is there a cytopenia? Which cells are missing? 

  
BLOOD FILM: SHOULD ALWAYS FOLLOW A SUSPICIOUS FBC    
 If the FBC is bizzarre, what do the cells look like? 

! LOOK FOR TYPICAL CELL MORPHOLOGIES ! 
eg: BLAST CELLS DON’T BELONG IN PERIPHERAL BLOOD 
then order BM biopsy, as the peripheral blood is often 
an inaccurate reflection of what is going on  

  

Bone Marrow Biopsy:             
- looking for the extent of infiltration;  

keyword: “HOMOGENOUS HYPERCELLULARITY” 

ASPIRATE:  sucking a sample of bone marrow through a needle 
 looking for abnormality of individual cells 

TREPHINE: drilling a core sample of the bone marrow 
  Architecture is preserved: best for overview  

Looking for: Fat Spaces Replaced by Homogenous Cells 

Rough Guide: 20% of cells have to be neoplastic 
before you call it LEUCAEMIA (and if they are ) 

Lymph Node Biopsy:  relevant if there is lymphadenopathy 
BUT no bone marrow involvement  (which makes one think of lymphoma) 

   Both LN and BM biopsies should be performed if lymphadenopathy is present 

Immunophenotyping, Immunocytochemistry, Antigen-Expression Cytometry 
- is the classification of cell types according to their immunologic characteristics.  

- keyword: “MONOCLONAL PROLIFERATION” 
Using CD markers it is possible to track down 

the origin of the rogue cells to a particular known 
subvariety of neoplasm 

How? use PCR to look at Immunoglobulin and 
receptor proteins � then look at PCR bands. 
Monoclonal= one band for whole population 
Normal (polyclonal) = smeared wide band, reflecting  
a variety of phenotypes 

 !!BUT!! ���� MONOCLONAL does NOT mean MALIGNANT! 
Studies refer to “transient monoclonal lymphocytosis”, talking about the over 65 year olds  

� “watchful waiting” ensues if the number of monoclonal cells is below a threshold; 
for B-CLL a lymphocyte count of 10,000/mm

3
 was once required but today we are happy with 5000/ mm

3
 

Serum Biochemistry,  LFTs,  Urinalysis, UAC, etc  Accessory studies 
- Major role: looking for haemolysis, liver and renal function 
- (13% of CLL gets autoimmune hemolytic anaemia ���� !! COOMBS TESTS !! ) 
- Urine cultures also looking for INFECTION which is waiting to go out of control  

X-rays and Tomography           
Imaging to see if there are  

- enlarged lymph nodes in the chest,  

- a localized mass in the lungs,  

- or evidence of spread to the outer bones or joints.  

USEFUL FOR STAGING 

Imaging with Radionuclides          
- If malignacy is a certainty, radionuclide studies help determine the extent of metastasis by 

marking tumour cells with a radioactive marker, thus singling out sites of abnormal hemopoiesis and 
metastatic involvement. SHOWS RADIATION ONCOLOGISTS+THERAPISTS WHAT TO SHOOT. 

High WBC is 

NOT DIAGNOSTIC 1 

2 

3 

4 

A few stray smudge 
cells are 

NOT DIAGNOSTIC 

A marked bone 
marrow infiltration by 

an unrecognisable 
clone of homogenous 
uniform-looking cells 

is  

OBJECTIVELY 

DIAGNOSTIC 

This study is 
ALMOST 

DIAGNOSTIC 
Cells clonally expanded for a  
fight with infection are as a 

rule POLYCLONAL; 
thus a monoclonal swarm 

is highly distressing 

RULES OF THUMB: 
ACUTE = immature  ( …blastic) 
CHRONIC = mature (…cytic) 



At high power, the bone marrow of a patient with acute 
myelogenous leukemia is seen here. There is one lone 
megakaryocyte at the right center. 

Here are very large, immature myeloblasts with many 
nucleoli. A distincitve feature of these blasts is a linear 
purple "Auer rod" (arrow) composed of crystallized 
granules. These findings are typical for acute 
myelogenous leukemia (AML) that is most prevalent in 
young adults. 

How is this diagnosis made ?���� Clinical Pictures, painted by blood and marrow tests  
Acute Chronic: 

- Rapid onset symptoms 
- Severe marrow failure 
-  (pancytopenia) 

- Slow + progressive  
- Anaemia/cytopenia precedes by years 
- Marrow failure may never occur 

Myeloid Lymphoid 
- Granulomocytosis - Lymphocytosis 

Acute Myeloid Leukaemia: most common leukemia in children less than 1 year of 

second peak of incidence occurs among adults 40 years of age: Most common acute L. of adults !! 
WBCS high but not always 
Hemoglobin + latelets LOW 
Blast Cells on Film 
Marrow heavily infiltrated with blasts  

Enlarged spleen is seen in 50% of all AML  

BUT lymphandenopathy is Rare 

 
 
 

 

 
 
 

 

 
 
 
 
 
 
 
 
Myeloblasts of AML have  
- Little cytoplasm 
- MASSIVE nuclei with prominent nucleoli 
- Dispersed nuclear chromatin 
 

Acute Lymphoblastic Leukaemia usually strikes children between the ages of 2 to 10.  

A second peak in incidence is seen in elderly patients 
FBC:  
Total WCC usually high but May be low (“aleukaemic 
leukemia”) 
blast cells on film  
Hb and platelets often low  
clotting may be deranged.  

 

Bone marrow (BM) heavily infiltrated with blasts-  

immunophenotyping and karyotyping is needed on 
blood and marrow.  
Chest x-ray and CT needed if B or T cell phenotype for 
abdominal or mediastinal lymph nodes  
respectively

 
 
 
 
 
 
 
 
 
 
 
(above: lymphoblasts of ALL;  
almost no cytoplasm) 

Auer rods are elongated, bluish-red rods 
composed of fused lysosomal granules. 

Seen an AUER ROD ���� its AML FOR SURE. 
 

The marrow between the pink bone trabeculae seen here is nearly 100% 
cellular, and it consists of leukemic cells of acute lymphocytic leukemia 
(ALL) that have virtually replaced or suppressed normal hematopoiesis.  
 



Chronic Myelogenous Leukaemia Peak Incidence at ages 30 to 50 years old  
FBC: Increased WCC (mainly neutrophils and myelocytes plus excess basophils and eosinophils)

Platelets may be raised and clumped.  
ESR low in absence of secondary infection.  
LDH and urate levels increased. 
 BM- gross hypercellularity  

Philadelphia chromosome +ve on chromosomal 
analysis 
Blast count rises with blast crisis transition. 

There is usually massive spleen enlargement
        

 
 
 
 
 
 
 

Chronic Lymphocytic Leukaemia is the most common type of leukemia  

usually occurs in older patients; it is rare in patients less than 40 years of age. 
FBC: Lymphocytosis > 5 x 10

9
 /L with mature appearance  90% of the time its B-cell dominant 

( a % of cells more friable leads to smear cells- a mutation of actin and spectrin) 
anaemia, thrombocytopenia + neutropenia usually absent in early stage CLL;  
autoimmune haemolysis +/- thrombocytopenia can occur at any stage.  

Bone Marrow- lymphocytosis >25% with characteristic immunophenotypic marker pattern.  

Trephine biospy - infiltration prognositically informative: nodular (faviourable)  or diffuse 
(unfavourable) 
BELOW: These mature lymphocytes are increased markedly in number.   BELOW: a smear (“smudge”) cell at high magX 

Below: Nodular infiltration (low mag)    Below: Diffuse infiltration 
 
 
 
 
 
 
 
 
 

A peripheral blood smear in a patient with CML.  
Often, the numbers of basophils and eosinophils, as well 
as bands and more immature myeloid cells 
(metamyelocytes and myelocytes) are increased. Unlike 
AML, there are not many blasts with CML. 
There are numerous granulocytic forms seen here,  
including immature myeloid cells and band neutrophils.  
A useful test to help distinguish this disease is the leukocyte 
alkaline phosphatase (LAP) score, which should be low 
 with CML and high with a leukemoid reaction to infection 

 

 band neutrophils 

Chronic phase (Mild, indolent course)  

1. Excessive Granulocyte 

(Neutrophils) proliferation  

Blastic phase (Malignant, leukemic course)  

2. Increased blasts and 

Promyelocytes  

 

!!SMUDGE CELLS!! 

= pathognomic for CLL 



PROGRESSION of CLL = NEWLY DISCOVERED- MOST COMMONLY DETECTED ON ROUTINE BLOOD TEST 
- organomegaly,                        (or sometimes a painlessly swollen node) 
- pancytopenia,  
- anaemia,  

- lymphadenopathy 
 
ASSORTED HEMATOLOGICAL NEOPLASTIC CONDITIONS:    
Large granular lymphocyte leukaemia:  
Hb and platelets normal,  
mild anaemia may be present.  
Mild - mod lymphocytosis with large cells (abundant cytoplasm and distinct granules) 

 
Hairy cell leukaemia: Hairy cells are characterized by their fine, irregular pseudopods and immature nuclear  

features. They are seen only in hairy cell leukemia. � 
pancytopenia (mod-severe),  
circulating 'hairy cells' in low numbers  
(kidney shaped nuclei, clear cytoplasm 
 and irreg cytoplasmic projections),  
neutropenia <1 x 10 9/L, monocytopenia  usual.  
BM biopsy often unsuccessful as 'dry tap'  
due to increased myelofibrosis  
 
 
Non Hodgkins lymphoma           
normocytic normochromic anaemia common,  
lecoerythroblastic film with BM infiltration +/- pancytopenia,  
occasional hypersplenism,  
LFTs abnormal in hepatic infiltration 
Film may show lymphoma cells  
(cleaved buttock cells in follicular lympoma 
 and blasts in high grade disease),  
serum LDH useful in prognosis 
     
Hodgkins:               
painless supradiagphragmatic lymph node enlargement, 
 FBC may be normocytic, normochromic anaemia, 
 reactive leucocytosis,  
eosinophilia and /or reactive mild thrombocytosis. 
BM may be reactive. 
Serum ALP may be increased  
non specifically or in assoc with bone or liver involvement, increased LDH  
indicator of bulky disease 

Reed-Sternberg cells: PATHOGNOMIC for H’s L ���� ���� ���� ���� ���� 
 a bizarre, gigantic cell with more than one large nuclei, each enclosing a large, central, dark-staining 

nucleolus with clear space around it 

summary of abnormalities that can be seen in FBCs and blood films      
Recovering bone marrow following chemotherapy; ,patient may show symptoms of a viral infection etc, low WCC, myelocytes and 
metamyelocytes, normal RBC and platelets.   
Reactive Film or Features - features suggesting that the observed changes are secondary to an external process and not due to a primary 
haematological disorder. Includes 9eft shift, reactive lymphocytes, toxic features 
Left Shift - presence of immature neutrophil precursors. A "mild" left shift with the presence of "band or stab” forms and occasional 
myelocytes , often accompanied by toxic granulation, is a common consequence of sepsis. A more pronounced left shift, eg with 
promyelocytes and or blasts are more likely to denote a leucocrythroblastic blood film or leukaemia. 
Toxic Changes - characteristic of bacterial infection. Can include the following; heavy dark staining granules (=toxic granulation), vacuolation, 
Dohle bodies (cytoplasmic RNA) 
Megaloblastic Film or Features - the presence of larger red (macrocytosis) and white cells. The neutrophils may demonstrate nuclear 
hypersegmentation (right shift) 
Reactive Lymphocytes – atypical cellular forms classically seen in viral infections (eg EBV). Distinguish from lymphoblasts. 
Leukaemoid Reaction - reactive and excessive leucocytosis usually characterised by the presence of immature cells (blasts, promyelocytes, 
myelocytes) in the peripheral blood. Associated disorders - chronic infections. severe haemolysis and metastatic cancers. Needs to be 
distinguished from true leukaemia 
Pancytopenia- anaemia, leucopenia and thrombocytopenia.  
Blasts/Blast Cells - the most primitive recognisable haemopoietic precursor cell recognisable by light microscopy. Typically have large nuclei 
with little cytoplasm (high nuclear:cytoplasmic ratio) and nucleoli - Myeloblasts/Monoblasts/Lymphoblasts 
Leucoerythroblastic Film or Feature - the constellation of features that suggests marrow infiltration or replacement. Defined as the presence 
of immature white cells, immature (nucleated) red cells and Poikiloocytosis characterised by fragmented cells and tear drop forms. 
Megakaryocyte fragment may also be present and there are often 1-3 cytopenias. (see myeloproliferative film) 

DIFFERENCE BETWEEN HODGKINS AND NON-HODGKINS 

Hodgkins= T cell        Non-Hodgkins= B cell 
Localised process   Systemic 
Neoplastic cells <1% of mass  
Most of mass = inflammatory 
exudate stimulated by cytokines Most of mass =      
                                                        neoplastic lymphoid cells 
significant marrow involvement     Almost nil marrow  

      involvement 
prone to viral infection       prone to bacterial infection 
(+ myco, fungal, protozoan) 



Circulating Plasma Cells - rarely seen in normals. Present in plasma cell leukaemia (>2x10?/1) and to a lesser extent myeloma and other 
lymphoproliferative diseases. Also occasionally seen in reactive states. 
Circulating Lymphoma Cells - abnormal lymphoid cells seen in the blood of patients with lymphoporliferative diseases (also called "blood 
spill") 
Smear/Smudge Cells - characteristic of chronic lymphocytic leukaemia. Bare and smeared nulclei that have been damaged in the process of 
film spreading. 
Mveloproliferative Film or Features - those that suggest the presence of an underlying (chronic) myeloproliferative disease or disorder. May 
include; thrombocytosis, and large platelets. neutrophilia and left shit in neutrophil lineage, eosinophilia, basophilia,,and red cell changes such 
as tear drop poikilocytes and circulating nucleated red blood cells. Frequently have leucocrythroblastic characters. 

Staging: 
Stage Description 

0 Absolute lymphocytosis >15*10
9 

I 0 + enlarged lymph nodes (adenopathy) 

II 0 + enlarged liver and/or spleen 

+- adenopathy 

III 0 + anaemia  

+- adenopathy 

 +- organomegaly 

IV 0 + thrombocytopenia (platelets <100*10
9
/l)   

+- adenopathy  

+- organomegaly 

Disease Definition of CLL: neoplasm of monoclonal B cells 
 

Management of CLL:  

 
���� NO CURE: same lifespan, treatment or not 

 

CURABLE  INCURABLE 

AML + ALL CLL 

CML Indolent non Hodgkins lymphoma (sometimes 
called low grade) 

Large cell non Hodgkins lymphoma 

Hodgkins lymphoma 

 

 
CURABLE: 

Means that 
- intensive chemo IMMEDIATELY FOLLOWING DIAGNOSIS has positive effect 

(while the patient is still healthy and the cells are not resistant) 
 
 
INCURABLE: 
FOR THE INCURABLES, intensive chemo means a slightly longer remission 

BUT!! Recurring disease will be MORE AGGRESSIVE   

Thus, patients will still die at the same rate no matter the treatment: 

THEREFORE : give  
- single chemo drugs orally to control symptoms 
- radiation to affected sites  
- watchful waiting 

EVENTUALLY the disease will become resistant to this half-assed treatment and thus AGGRESSIVE 
CHEMO WILL BECOME NECESSARY IN THE END. 

 

Contrary to popular belief, MOST ILLNESSES HAVE NO CURE. 



CHEMOTHERAPY:            
If its being administered to CLL, its 
- Usually ORAL 
- Usually ALKYLATING AGENTS: 
  Disrupt DNA synthesis by covalently bonding to nucleophilic sites  

eg guanine therefore �  cross-linking  
THUS apoptosis occurs 
- EXAMPLES:  

- NITROGEN MUSTARDS 
- Cyclophosphamide 
- Chlorambucil 
- Melphalan 
- Cisplatin  
- Carboplatin 

Avoid QOL-bolloxing side effects- its already shit enough. 
 
CHEMO IS MYELOSUPPRESSIVE therefore ���� pancytopenia; therefore ���� infection 

Consider antiviral and antibacterial drugs- infection is often FATAL. 

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chemo: QOL is main aim;  
Pre-Chemo: counselling, dentist, fertility (sperm/ova donation) 
During Chemo: Antiemetics, Benzos 
Post Chemo: Antiemetics, laxative, Benzos, sometimes subcutaneous GM-CSF (for immune suppression) 
 

 
 
 

RULES OF THUMB: ALL CHEMO CAUSES ANOREXIA, NAUSEA and VOMITING 

AND myelosuppression, EXCEPT bleomycin, vincristin, 5FU 

AND hair loss, EXCEPT carboplatin, mitoxantrone, 5FU 5FU is a radiosensitizer! 



Prognosis             
Childhood ALL; greater than 98% remission, 75-80% cure.  

Adult ALL; 75% remission rate, cure 30%.  

Adult AML; 65% remission rate, 30-40% cure.   

CML – new treatments targeting the product of the Philadelphia chromosome mean that cure rates are 

now unknown.   

CLL – the only way to cure it is with a bone marrow transplant and full-body irradiation 
Epidemiology             
ALL 

• Almost always a disease of CHILDREN 

 AML 
• Most common Acute Leukemia of adults  

CLL 
• Most common Leukemia in the United States 

• Elderly patients (usually over age 50 years) 

• More common in men  

• Rare in Asian patients 
CML 

• Common in Atomic bomb survivors 

• Peak Incidence at ages 30 to 50 years old  

Basic Sciences and Comparitive Diseases 
BONE MARROW FAILURE + STEM CELL TRANSPLANT   

Consequences of bone marrow failure: 

Damage to  

- erythropoiesis,  

- granulopoiesis,  

- megakaryopoiesis, and  

- lymphopoiesis  

has the following consequences: 

Cell 
Lineage  

Mature 
Cell  

Deficiency 
State  

Physiological 
Consequences  

Clinical Symptoms & 
Signs  

Erythroid Red blood 
cell 

Anaemia Reduced oxygen 
carrying capacity 

Pallor, fatigue, 
dyspnoea 

Myeloid Neutrophil Neutropenia Impaired phagocytosis Fever, infections, mouth 
ulcers 

Megakary-
ocytic 

Platelet Thrombo-
cytopenia 

Bleeding Bruising, petechiae, 
bleeding 

Lymphoid Lympho-
cyte 

Lymphopeni
a 

Immuno-deficiency Infections 

Causes of bone marrow failure  
A wide variety of disease processes can result in damage to bone marrow function. Infiltration of bone marrow can be caused 
by: 

• Haematological malignancy: leukaemia, lymphoma, myeloma, myeloproliferative disorders, 
myelodysplasia  

• Solid tumours: especially breast and prostate cancer  

• Fibrosis, for example from radiation damage or infections, especially tuberculosis  

• Storage disorders eg Gaucher's disease  

• Nutritional, particularly megaloblastic anaemia due to vitamin B 12 (pernicious anaemia) or folic acid 
deficiency  

• Virus, eg parvovirus, hepatitis viruses  

• Drugs, including anti-cancer drugs, propothiouracil, chloramphenicol  

• Stem cell defects/damage as in aplastic anaemia  
 

Follicular lymphoma has the best 
prognosis even without treatment 



Other consequences of bone marrow infiltration  
Pathological processes involving the bone marrow can also extend to effect cortical bone, 
resulting in  
- bone pain,  
- skeletal demineralization,  
- osteopenia,  
- pathological fractures,  
- hypercalcaemia. 

Relevant anatomy :  LYMPHADENOPATHY 
= NODES BIGGER THAN 1cm 
0.5 for Epitrochlear 
1.5 for Inguinal 

HISTORY:  

• duration of enlargement  

• previous episodes  

• associated symptoms:  

• fever 

• night sweats 

• weight loss 

• pruritus(itching) 

• myalgia 

• arthralgia 

• bone pain  

• limp  

• overseas travel  

• recently arrived  
migrants (within  
one to two years)  

• pet exposure  

• medications  
!! LISTEN CAREFULLY TO THE MOTHER !! 
In kids MAJOR CAUSE IS INFECTION –80% 
In adults, think NEOPLASM 
 
PHYSICAL: 
Determine: 
- regional versus general lymphadenopathy 
- mediastinal or abdominal masses  
- hepatomegaly and/or splenomegaly 
- anaemia and bleeding.  
 
CAUSE STILL OBSCURE? REVIEW IN 2 WEEKS 
OR: give antibiotics and hope its infection (!! STUPID !!) 

IF: nodes still large after 6 wks 

OR: notes are getting bigger in 2-3 wks 

���� THEN INVESTIGATE: 
• FBC + Blood Film  

• Mantoux test  

• Chest Xray  

• LFTs 

• SEROLOGY for Epsteen Barr Virus, cytomegalo and HIV 
  

STILL UNCERTAIN? ���� Lymph node biopsy  is suspect lymphoma 
 ����bone marrow aspirate if suspect leucaemia 



Aetiology: MECHANISM of Chronic Lymphocytic Leukaemia   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MATURE  

B CELLS 

CYTOGENIC ABNORMALITIES 
Eg:  
- Trisomy 12 
- Deletions at 13q14 
 Increase in BCL2 (contra-apoptotic) 

 

Increase in BCL2 to BAX ratio 

(BAX is pro-apoptotic) 

 

DECREASE in level of FAS 

(FAS triggers Caspase apoptosis) 

 

INCREASED levels of IL-4  

(B-cell maturation is stimulated) 

 

B-cells ARRESTED in G1 or G0 

phase of the cell cycle 

 

LYMPHOCYTOSIS  

UNRESPONSIVE TO  
ANTIGENS: 
Due to downregulation of 
CD28 co-stimulatory 
molecule 
����HUMOURAL immune 
suppression 
 

INFILTRATING BONE 
MARROW 
���� anaemia 
…cytopenia 
BM failure, 

INFILTRATE SPLEEN 
����splenomegaly 
 

INFILTRATE NODES 
����lymphadenopathy 
 

BM FAILURE: 
Means T-cell cytopenia 
THUS: no IL-10 
THUS: NO APOPTOTIC 
SIGNALS being sent 
 

EXTRAMEDULLARY 
HEMOPOIESIS 
In the spleen  
 

HYPOGLOBULINAEMIA  
Because no new Ig 
molecules are being 
produced by the defective 
B cells 
 

IMMUNE DYSREGULATION   
Leads to autoimmune 
disease, some fo which is due 
to the defective clone of B 
cells producing self-sensitive 
antibodies 

AUTOIMMUNE 
HEMOLYTIC  
ANAEMIA 
Dx with Coombs test 
 



Cell biology 
CLL markers on B cells: 
CD  5   (normally a T cell marker) 
CD 22  
CD 19  (85% of B cells in CLL have this marker) 
Surface Ig 

 
Smudge Cells: 
- Break down and smudge on blood film studies because their phospholipid membrane is weak, as it is used for 

metabolism. Thus, it breaks and spills cellular contents onto the slide. 

Spherocytosis: 
- Occurs in CLL because of actin and spectrin malfunction (i.e molecular cytoskeleton is dysfunctional) 
- THUS: phospholipid bi-layer degrades slowly, causing the cell to contract into a ball (like a droplet of fat in a soup) 

Polychromasia: 
- Is a blue colouration of immature RBCs, because they still have RIBOSOMES which stain blue 
 

Genetics              
Remember Mutation?… 
Inversion  
- Gene is reversed ( most often on X chromosome) 

Deletion or Insertion 
- Of a whole chunk of DNA or of a whole gene 
Translocation 
- Chromosomes swap a gene fragment 
POINT MUTATION: of one base pair 

Frame shift  
- Deleted base pair; all amino acids are 

therefore wrong from that point  
(each being made of 3 coding base  
pairs) 

Missense 
- wrong base pair replacing the right one; 

one amino acid is wrong  
(sometimes base pair is synonymous, 
and no phenotype change occurs- 
because there are numerous base pair 
combinations which code for the same 
amino acid) 

Nonsense 
- when the wrong base pair is inserted, 

and the whole 3-bp sequence is read as 
a stop codon 

Splice Site Mutation 
- loss or addition of a new, WRONG 

splice site;  
- THUS � wrong mRNA (reads from the 

wrong point in the code) 
- � wrong protein 

 
 
 
 
 
 
 
 
 
 
 



Immunology:  LEUCOCYTES 
The NORMALS: in MILLION PER LITRE 

 
Neutrophil   2.00 � 7.5  
Eosinophil   0.04 � 0.4 
Basophil   0.01 � 0.1 
Monocytes   0.2  � 0.8  
Lymphocytes  1.5  � 4.0  

 
NEUTROPHILS: 
Produced in bone marrow 
Serum half-life 6-7hrs 
Migrate into tissues through  
post-capillary venules 
 

MACROPHAGES: 
Produced in bone marrow 
Serum half-life 3 days 
Migrate into tissues through  
post-capillary venules 
Differentiate into tissue-specific 
varieties 

 
 MEANS OF ATTACK: 
Neutrophils and Macrophages attach themselves to their victim and fuse their granules. 
Then, a Respiratory burst follows where they disgorge great volumes of 
superoxide and H2O2 

MACROPHAGES ALSO PRESENT ANTIGEN 

 
AUTOIMMUNE HAEMATOLOGICAL DISORDERS  

Immune system targetting normal tissue: 

• Red blood cells (autoimmune haemolytic anaemia)  

• White blood cells (autoimmune neutropenia)  

• Platelets (autoimmune thrombocytopenia)  

• Coagulation proteins (coagulation inhibitors)  

• Phospholipids involved in coagulation (lupus anticoagulant, anti-cardiolipin antibodies)  

• And other haematological components  

 

non-haematological tissues:  

eg. destruction of gastric parietal cells in pernicious anaemia  

Autoimmune haematopathology may form part of a wider spectrum of autoimmune disease 

including such diseases as  

- vitiligo,  

- diabetes,  

- thyroid disease,  

- systemic lupus 

 
PATHOLOGY is usually due to a destruction of a normal cell type 

- in autoimmune haemolytic anaemia the antibody coats red cells. The antigen is thought to be a 

widely expressed protein which is part of the Rh blood group. The disorder is characterised 

prinicipally by the anaemia which results. 

- In autoimmune thrombocytopenia, the antibody coats platelets and the disease is manifested by the 

resultant reduction in platelet count and the associated increase in bleeding.  

- in lupus anticoagulant, an autoantibody to phospholipid accelerates clotting and predisposes to 

thrombosis. 

In a small number of patients with B-lymphocyte lymphoproliferative disorders, the malignant clone of 

cells may produce an antibody with specificity for an antigen expressed by a component of the 

haematological system. Autoimmune haemolytic anaemia or autoimmune thrombocytopenia can result.  

In some such cases, a paraprotein may be produced and may be detected in the serum by protein 

electropheresis and immunoelectropheresis. 



Microbiology : Opportunistic Infection in Immune Suppression 
Lack of mature leucocytes = immune suppression 
 
PRIMARY: genetic spontaneous 
SECONDARY: acquired 
 
OPPORTUNISTIC PATHOGENS: cannot invade unless defences are down 

DEFICITS: 
B CELLS: humoral immunity impairment (!! CLL !! ) 

- sinusitis, 
- otitis media, 
- bacterial pneumonia  
- infections of the skin. 
- Organisms involved are typically  

polysaccharide-encapsulated pyogenic organisms, such as  
- Strep. pneumoniae,  
- H. Influenzae type b,  
- Strep. pyogenes,  
- Moraxella catarrhalis.  

 Also frequent are  
- Staph. aureus,  
- Giardia lamblia  
- Campylobacter jejuni  

 
T CELLS: intracellular defences 
- fungi (mucosal Candida),  
- viruses (cytomegalovirus, zoster, Herpes simplex), 
- protozoa (Pneumocystis),  
- Listeria and others.  

These types of infections are common in AIDS, which is the prototype for deficiencies in this arm of the 
immune system.  

 
 
PHAGOCYTE DEFECTS: decline in number or function.  

- high-grade bacterial infections such as Staph. aureus, 
- gram-negative bacteria  

- E. coli,  
- P. mirabilis, 
- Serratia marcescens, 
- Pseudomonas aeruginosa 

- Fungi: 
-  invasive Aspergillus 
-  systemic candidiasis. 

COMPLEMENT DEFECTS:  
- Neisseria meningitidis and gonorrhoeae (when any of the components from C5-9 are 

involved),  
- gram-negative bacteria and pyogenic organisms with deficiency in the early components of 

the complement cascade.  
 

Common Opportunistic Infections  

• Pneumocystis carinii pneumonia (PCP)  

• Cryptococcal meningitis  

• Candidiasis.  

• CMV infection  



Pharmacology of Antiviral Drugs and Corticosteroids for chemo see Management 
Why?  Viral infections strike the  immunocompromised 
   Autoimmune hemolytic anaemia is treated with corticosteroids 
 
Antiviral Drugs: 
Either prevent entry into host cell or  inhibit viral nucleic acid synthesis 

 
 
Corticosteroids: glucocorticoids: 
 

In CLL: 2 modes of action 

1. INHIBIT ANTIBODY SYNTHESIS by faulty B cells 
2. INHIBIT PHAGOCYTOSIS of antibody-coated RBCs by macrophages 
 

 

 
 

GLUCOCORTICOID TX: OBSERVE HEMOGLOBIN!! 

When back to normal, taper dose down to 20mg/day 



Deep Vein Thrombosis  and Pulmonary Embolism            
HPI, Signs and Symptoms         
DVT: 

• leg pain in one leg only  

• worse when walking 

• leg tenderness in one leg only  

• extending proximally over time 

• swelling (edema) of only one leg  

• increased warmth of one leg  
changes in skin color of one leg, redness 

An examination may reveal a red, swollen, 
or tender leg. 

 
 

PE: 
Tachycardia esp. with signs of DVT 

Tachypnoea/Dyspnoea of sudden or intermittent 

onset 

Pleuritic chest pain 

General non pleuritic retrosternal chest pain 

Haemoptysis 

Syncopy 

acute onset of shortness of breath;  

sometimes the patient even pinpoints the 

moment of distress 
 

Differential Diagnoses (DDx)          
DVT 
Intermittent claudication 
Torn tendon 
Hemarthrosis 

ruptured Baker cyst,  

arterial insufficiency,  

hematoma,  

trauma, 

 muscle strain,  

arthritis, 

 tendonitis, 

 iliac vein compression, 

 lymphedema,  

 sciatic nerve compression.            

PE  
Myocardial infarction, unstable angina 
Pneumonia, bronchitis, COPD exacerbation 
Congestive heart failure 
Asthma  
acute respiratory distress syndrome, 
Pericarditis 
Primary pulmonary hypertension 
Rib fracture, pneumothorax 
Costochondritis, ``musculoskeletal pain,'' anxiety 

cardiac tamponade, 
right-sided heart failure  

pulmonary infection,

 
HISTORY:            
Seek the chronology of symptoms: 
DVT will progress into more continuous, more proximal pain 

- How rapid the onset of shortness of breath;  

- Can the patient  pinpoint the moment of distress.  

- Complaints related to the signs of DVT,  

- lower extremity swelling and warmth to touch or tenderness may be present.  

- Dyspnea is the most frequent symptom of PE.  

- With a smaller PE near the pleura, the patient may complain of pleuritic chest pain, cough, or 

hemoptysis. Sometimes, massive PE can present with syncope.  

- The patient may have a sense of impending doom with apprehension and anxiety.  

- History may reveal presence of one or more causes or risk factors  
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Risk factors:             
Hereditary haemostatic disorders:  
- Factor V Leiden,  
- prothrombin G20210A variant, 
- protein C deficiency,  
- antithrombin III deficiency, 
- protein S deficiency,  
- abnormal fibrinogen,  
- abnormal plasminogen. 
 
Hereditary or acquired haemostatic disorders: 
 raised plasma levels of factor VII, VIII, IX or XI,  
raised plasma levels of fibrinogen/ homocysteine,  
coagulation factor IX concentrates, 
 lupus anticoagulant,  
oestrogen therapy (oral contraceptive and HRT),  
heparin induced thrombocytopenia,  
pregnancy and puerperium,  
surgery especially orthorpedics,  
major trauma, 
 malignancy, 
 myocardial infarct, 
 thrombocythaemia 
 

Related to stasis and unknown factors: 
Age,  
obesity,  
sepsis,  
paroxysmal nocturnal haemoglobinuria, 
 Behçet’s disease,  
females,  
Blood group (A>O) 
Cardiac failure, 
 stroke,  
prolonged immobility,  
pelvic obstruction,  
nephritic syndrome,  
dehydration,  
hypervisocity, 
 polycythaemia,  
varicose veins 
 
 
 
 
 

 

Findings on Examination         
- Tachypnea, R.R> 18 = most common sign of PE.  
- Tachycardia often is present.  
- The second heart sound can be accentuated.  
- Fever may be present. 
- Lung examination findings frequently are normal.  
- Cyanosis may be present. 

- Some patients have signs of DVT, lower extremity swelling, and tenderness and warmth to touch. 
HOMANS SIGN: forcibly dorsiflex the ankle while knee is in flexed position: 

pain in the calf is suggestive of DVT 
 

 
WORK UP of suspected  PE and DVT      
Clinical Model for Predicting Pretest Probability for DVT  

 

Clinical feature  

 

Score*  

 
Active cancer within six months 1
Paralysis, paresis or cast of lower extremity 1
Recently bedridden for more than three days or major surgery within the past four weeks 1
Localized tenderness along distribution of deep venous system 1
Calf diameter more than 3 cm larger than opposite leg§ 1
Pitting edema 1
Collateral superficial veins (nonvaricose) 1
Alternative diagnosis as likely or more likely than that of DVT -2
 
DVT = deep venous thrombosis.  
§--Measured 10 cm below tibial tuberosity.  
 
 
 
 
 
 
 
 
 
 
 

SIGNS OF DVT: 
lower extremity swelling, 

pitting oedema 
tenderness 

warmth to touch 
SIGNS OF PE: 

Tachypnoea  
 Tachycardia 

Cyanosis 
Loud P2 heart sound 

syncope 

2
nd

 pulmonary sound 
= Only with huge PEs 

Interpretation:  
0 = low probability—3% frequency of DVT;  
 
1 to 2 = medium probability--17% frequency of DVT;  
 
>3 = high probability--75% frequency of DVT 



Tests and Investigations : BIOCHEMISTRY      
D-Dimers- is there fibrinolysis happening? 

= latex agglutination test 
OR ELISA immunoassay (much more accurate and expensive)  
 
 

 

Arterial Blood Gases – to know just how concerned you should be 
Looking for Hypoxemia;  Hypocapnia; Respiratory alkalosis. 

 

Tests and Investigations : IMAGING       
Doppler ultrasound 

Scan the leg! BEST ACCURACY ABOVE THE KNEE 
Will show direction of flow, degree of occlusion, size + position of the thrombus. 
Next to useless for PE 

Venogram 
DANGEROUS : INVASIVE and with DYE CONTRAST but is the gold standard for 
demonstrating occlusion.  

Plethysmography 
measures the systolic blood pressure (maximum pressure exerted when the heart 
contracts) of a lower extremity as compared to the upper extremity. The test is usually 
performed to rule out blockages in the extremities (usually lower extremities).  

Chest X-ray  
May be totally useless BUT MAY DEMONSTRATE A HUGE P.E. 

- enlarged right descending pulmonary artery, 

- decreased pulmonary vascularity (Westermark sign), 

- a wedge-shaped infiltrate,  

- an elevation of the hemidiaphragm (Hampton hump). 
 

PULMONARY ANGIOGRAPHY = gold standard, but increases mortality. 
Invasive, THUS � increased risk of haemorrhage and dye reactions; increases mortality by 2-3% 

 
VENTILATION-PERFUSION SCANNING 

    Shows nicely the areas which are not being perfused (though still  
being ventilated) and thus will show moderately large PE, but may 
miss little segmental PEs 

 
 
ECG to rule out Myocardial Infarction 

- Sinus tachycardia often is present. 

- Right axis deviation,  

- Right bundle branch block,  

- Deeply inverted T waves in V1-V3 may be present. 

- An S1Q3T3 pattern may be seen. 
 

Disease Definition 
Hypercoagulability or obstruction leads to the formation of thrombus in the deep veins of the legs, pelvis, 

or arms. As the clot propagates, proximal extension occurs, which may dislodge or fragment and embolize 

to the pulmonary arteries. This causes pulmonary artery obstruction and the release of vasoactive agents 

(ie, serotonin) by platelets increases pulmonary vascular resistance. The arterial obstruction increases 

alveolar dead space and leads to redistribution of blood flow, thus impairing gas exchange due to the 

creation of low ventilation-perfusion areas within the lung.  

 

Negative V/Q scan findings indicate an absence of any perfusion defects. 
 Four percent of these patients still may have PE.  

Test of choice! Always follow  

D-dimer assay with the V/Q scan! 

D-dimer = degradation product produced from 

cross-linked fibrin by plasmin-mediated proteases 

����  WILL MISS 10% OF PULMONARY EMBOLISMS!! 
ONLY 30% OF PATIENTS WILL ACTUALLY HAVE A PE  Not so good for PE. : unreliable 



 Management of DVT:  !! MUST STOP PULMONARY EMBOLISM !! 
ESPECIALLY IF PROXIMAL: 
Distal DVTs have 20% chance of sailing down the bloodstream within 1 week. 
INSIDE THE CALF = EVEN LESS CHANCE; can even play the waiting game 
 
 

Superficial venous thrombosis 
• Use duplex scan to screen for involvement of deep system 
• Elevation, non-steroidal anit-inflammatory drugs 
 

Deep venous thrombosis 
• Begin warfarin on the first hospital day or in the ED 
• Low-molecular-weight heparin—more effective and safer than standard heparin 
• Enoxaparin recently approved in the United States for treatment of DVT 
• Heparin 80 U/kg load, 18 U/kg/hr drip 
• ? Thrombolysis for severe disease in young adults 
• Vena cava filter if thrombosis in presence of adequate anticoagulation 
 

Phlegmasia dolens 
• Fluid resuscitation 
• Heparinization before imaging studies 
• Thrombolysis for patients who do not respond rapidly to heparin 
• Thrombectomy for patients unresponsive to thrombolysis 
 

Upper extremity thrombosis 
• Diagnose with duplex scan 
• Catheter directed thrombolysis 
 

Calf thrombi 
• Anticoagulate or perform serial studies to detect propagation. 
Consider TED stockings 

Pitfalls in the Management of Deep Venous Thrombosis 
1. Relying on calf measurements and negative Homans signs to rule out DVT 
2. Failure to perform objective testings on patients with presumed cullulitis of the leg 
3. Failure to evaluate deep system in patients with superficial thrombophlebitis 
4. Failure to consider the clinical likellihood of DVT when interpreting Doppler studies 
5. Failure to use a weight-based nomogram to dose heparin 
6. Failure to either anticoagulate or perform serial studies on patients with isolated calf vein thrombosis 
7. Failure to perform a simple screen for malignancy in patients with unexplained deep venous thrombosis 
 
 

Management of PULMONARY EMBOLISM       

SHORT TERM: prevent cardiopulmonary failure 
1. OXYGEN !! restore sats 
2. ANALGESIA if PE @ pleural nerves (exquisite pain) 
3. THROMBOLYSIS if indicated (eg. massive iliofemoral thrombus) 
4. SURGERY (embolectomy)IF RISKY (eg. Rt Heart Failure)  
5. Heparin + oral anticoagulants overlapped for 5 days 
6. Monitor clotting time!! Manage UNTIL SATISFACTORY 

(maintain an APPT between 55 and 90 seconds. ) 
 

LONG TERM: address risk factors 

1. Oral or subcutaneous anticoagulants for at least 3 months 
(or until temporary risk factors depart) 
pregnant women: switch to warfarin post-partum 

2. TED stockings to prevent recurrent PE 
3. QUIT SMOKING  

ADMIT TO HOSPITAL IF: 
- Concurrent Pulmonary 

Embolism (PE) 
- Serious co-morbid condition 

(Cancer, infection, stroke) 
- Prior DVT or PE 

Contraindications to 
anticoagulation 
Familial bleeding disorder 
Known deficiency of  

- Antithrombin III, 
-  Protein C, 

-  Protein S 
- Pregnancy 

YOU MAY USE THROMBOLYSIS:  
streptokinase, urokinase, and tPA 
But its not any more effective in preventing PE. 
BUT IT DOES IMPROVE OUTCOME OF DVT  
(fewer sequelae, preserved valves, etc) 
 

IN PREGNANCY: 
HEPARIN = SAFE 
WARFARIN = DANGEROUS 

HEPARIN THERAPY: 
Heparin binds to and accelerates the activity of antithrombin III, 
an enzyme that inhibits the coagulation factors thrombin (factor 
IIa), Xa, IXa, XIa, and XIIa. Heparin thus prevents additional 
thrombus formation and permits endogenous fibrinolytic 
mechanisms to lyse clot that has already formed. After 5 to 7 
days of heparin, residual thrombus begins to stabilize in the 
endothelium of the vein or pulmonary artery. However, heparin 
does not directly dissolve thrombus that already exists. 

 



Prognosis             
Most DVT's disappear without difficulty, however there is a risk of recurrence.  

!! DVT IS ITS OWN GREATEST RISK FACTOR !! 
Some patients may develop some chronic pain and swelling in the leg 

known as post phlebitic syndrome. This is due to valve 
destcruction, followed by valvular incompetence and thus fluid 
accumulation in the distal limb. 
Untreated acute proximal DVT causes clinical PE in 33-50% of pts 

 

 
 
 

 

Epidemiology             
• In the US: 1 in 1000 per year. Approximately 5 million cases of DVT  

and about 600,000 cases of PE occur per year.  

• Internationally: 1.6 in 1000 per year. 3-4% of patients who died within 3 months of a fractured  

neck of the femur died of fatal PE 

• Thromboembolic disease accounts for approximately a quarter of a million hospitalizations in 

the United States yearly and for about 5-10% of all deaths.  

Race: The incidence of thromboembolism is higher in African Americans than it is in whites.  

Asians have a lower incidence than both African Americans and whites.  

Sex: PE occurs more frequently in men than in women.  

Age: Age = risk doubles with each decade in persons older than 40 years.   
 

  
 
  
 
 
 
 
 

 
 
 
 

About one third of PE cases are fatal. 

Sixty-seven percent of these are not diagnosed premortem. 

Death usually occurs within 30 minutes. 

GREATEST RISK TO PREGNANT WOMEN  

Is for 2 months AFTER delivery!! 
Before = 5 times; 

 After = 10 times! 



Basic Sciences: ANATOMY OF THE LEG VEINS      from Moores’ Clinical A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The veins store about 60% 

of the circulating blood 

volume. 

ONLY NEED TO 
REMEMBER 3 THINGS: 
Deep veins  
=within the muscle compartments 
=usually paired veins  
=accompany the calf arteries.  
!! musculovenous pump !! 
 
Superficial veins 
= in the subcutaneous tissues.  
= the long and the short saphenous veins.  
saphenofemoral junction 
saphenopopliteal junction, 
 
Communicating veins 
run between the superficial and deep 

veins, pass through the deep fascia  



MECHANISM OF PE and DVT         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Virchow’s Triad 

STASIS 

HYPERCOAGULABILITY 

Endothelial 
dysfunction 

PREGNANCY: 

By nature results in 

the production of 

MUCH MORE 

CLOTTING 

FACTORS 

…Because the body 

prepares to bleed at 

its completion 

Its late 

and Alex 

is tired 

Rudolf Ludwig Karl Virchow 

 



Pathophysiology       
 

- Hypercoagulability or obstruction leads to the formation of thrombus in the deep veins of the legs, pelvis, or arms.  
- As the clot propagates, proximal extension occurs, which may dislodge or fragment and embolize to the pulmonary 

arteries.  
- This causes pulmonary artery obstruction and the release of vasoactive agents (ie, serotonin) by platelets 

increases pulmonary vascular resistance.  
- The arterial obstruction increases alveolar dead space and leads to redistribution of blood flow,  
� Thus impairing gas exchange due to the creation of low ventilation-perfusion areas within the lung.  
- Stimulation of irritant receptors causes alveolar hyperventilation.  
- Reflex bronchoconstriction occurs and augments airway resistance.  
- Lung edema decreases pulmonary compliance. 
- The increased pulmonary vascular resistance causes an increase in right ventricular afterload, and tension rises in 

the right ventricular wall, which may lead to dilatation, dysfunction, and ischemia of the right ventricle.  
- Right heart failure can occur and lead to cardiogenic shock and even death.  

- In the presence of a patent foramen ovale or atrial septal defect, paradoxical embolism may occur, as well as right-
to-left shunting of blood with severe hypoxemia. 

 
BIOCHEMISTRY: IRON METABOLISM        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

Veinous emboli grow in the direction of the blood flow, and tend to be amorphous.  
Arterial thrombi grow downstream and have a characteristically “laminar” appearance, with 
rings of red cells interspaced by rings of greyish fibrin strands. 

a 70 Kg man has approximately 4.5g of iron 
Normal dietary intake = 10-15 mg/day 
only about 10% of this is absorbed. 
MAJOR SITE OF ABSORPTION = duodenum 
haemoglobin and myoglobin are well absorbed. (haem iron) 
non haem iron comes from porridge, spinach, eggs, etc. 
DIETARY  REGULATION: 
 For a few days after a dietary bolus of iron, the cells in 
the intestine are resistant to further iron absorption. 
STORES REGULATION 

= sensitive to the total body iron and protects 
the body from accumulating too much iron 
which could be toxic.  
ERYTHROPOIETIC REGULATION 
 modulates iron absorption in response to the 
needs of red cell formation and this regulator 
has a more powerful effect than the "stores 
regulator". 
 



Heparin: an acidic, unfractionated mucopolysaccharide 
(molecular weight 15 -18 000) is an inhibitor of blood 
coagulation that is not absorbed from the gastrointestinal 
tract so is given by injection. Heparin is inactivated by the 
liver and excreted in urine and has a biological half life of 1 
hr. Heparin potentiates the formation of complexes 
between antithrombin and activated serine protease 
coagulation factors, thrombin (IIa) and factors IXa, Xa and 
XIa. The complex formation inactivates these factors 
irreversibly and it also impairs platelet function. 
Low molecular weigh heparin (LMWH) (molecular weigh 
2000 – 10 000) is produced by enzymatic or chemical 
depolymerisation of unfractionated heparin. It has a greater 
ability to inhibit factor Xa than to inhibit thrombin and 
interact less with platelets compared to standard heparin. 
LMWH has a greater bioavailability and a more prolonged 
half life in plasma making a once daily administration in 
prophylaxis or treatment feasible. 
 
Heparin does not cross the placenta and LMWH has 50% 
less complications than standard heparin. Complications 
include bleeding, heparin induced thrombocytopenia and 
osteoporosis. 

Pharmacology of ANTICOAGULATION  
HEPARIN: improves ANTITHROMBIN III ACTIVITY 

LOW MOLECULAR 

WEIGHT HEPARIN:  

smaller than the 

normal variety which 

binds both = less 

effective, but more 

effective at binding 

factor Xa and thus 

more effective overall 

(Xa is higher up on the 

cascade) 

 

 

 

 

 
WARFARIN: vit. K antagonist;  

disables factors 2, 7, 9, 10. 

 These drugs block the postribosomal γ-
carboxylation of glutamic acid residues of 
vitamin K dependent factors II, VII, IX and 
X. Initially (within 24 hrs) Factor VII levels 
drop but prothrombin has a longer plasma 
half life and only falls to 50% normal at 3 
days and so it is after this period that the 
patient is fully anticoagulated. 

 

Warfarin crosses the placenta and is 

teratogenic!!  

 

97% warfarin is bound to albumin and 

the remaining free portion is the active 

component and can enter the 

parenchymal cells of the liver.  

 

 

Fibrinolytics:  can lyse fresh thrombi  

= Treatment is most effective in the 

first 6 hrs after symptoms begin  

 

side effects of anticoagulants 

Complications include bleeding, heparin 

induced thrombocytopenia, drug interactions 

with the anticoagulants, neutropenia or 

thrombocytopenia and osteoporosis. 

 

 

 

Antiplatelet drugs: 



Arthritis History (FUNCTIONAL DECLINE) 

HPI 
- How long had you had arthritis? 
- Which joints are involved 
- How has it been over this period?  
- Have more joints become involved? 

- Symptoms from the arthritis  

- Pain  
- Stiffness (morning, whole day)? 
- Swelling 
- Deformity 

 

Past history  
Drugs:  

NSAIDS, other treatments  
- side effects:  
- weight gain,  
- bruising, 
- thin skin, 
- diarrhea (bloody), 
- ulcers? 

 

FHx: any family members affected? 
 

 

Social 
- Smoke, drink 
- Analgesia medications  
- ANY SOCIAL SUPPORTS? WHO HELPS YOU? 
- How is the FINANCIAL SITUATION? 

 

- Job: impact of disease on job 
 
- ADL + IADL: 
- Can you get out of bed on your own? 
- Can you shower by yourself? 
- Can you brush your own teeth? 
- Do you need help to go to the toilet? 
- Can you cook your own meals? 
- Can you use the telephone? 
- Can you drive by yourself? 
- Do you need help shopping for groceries 
- Do you need help cleaning your home 
-  
- Living circumstances: married? Mortgage, children? 
- Hobbies and impact of disease on hobbies. 
 
- WHAT CONCERNS YOU MOST ABOUT THIS CONDITION? 
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- BEEN DEPRESSED? 
 
 
 
 
 
 
 
 



Asthma education           

1. Concept of asthma as an inflammatory disease  
 
2. Concept of airway narrowing being due to a combination of:  
  • Smooth muscle spasm 
  • Airway inflammation characterised by: 
    - oedema (swelling of the airway lining) 
    - mucas hypersecretion (excess mucus in the airways) 
    - epithelial damage (damage to the inner linings of the lungs) 
   Illustrations are useful to explain these concepts. 
 
3. Concept of two classes of asthma medication  
  • Bronchodilators (Reliever Medication) 
  • Anti-inflammatory agents (Preventer Medication) 
 
4. Explanation of medications and delivery devices  
  • Type 
  • Action 
  • Role in treatment  
  • The need for preventive therapy to be used every day whether the patient  
   feels well or not 
  • Common side-effects and how to cope with these 
  • Alternative delivery devices 
 
Reinforce the need for long-term compliance with preventive therapy.  
Emphasise that treatment cannot be discontinued as soon as the symptoms resolve. 
5. Importance of an Asthma Action Plan  
  • Recognising deteriorating asthma 

• Reacting to increasing asthma symptoms or a fall in peak flow by increasing 
medication according to the Plan. 

6. Need for peak flow monitoring  
  • Instruct in correct technique 
  • Explain the interaction between peak flow and the Action Plan 
7. Recognition of asthma triggers and how to avoid them  
8. Prevention of exercise-induced asthma  
9. Correct use of inhalers  
  • Demonstrate, and check the patient’s technique 
10. Education about negative behaviour such as smoking and non-compliance                       

  with treatment recommendations  
• Childhood asthma is common: 30% of children will have asthma to some    
 degree at some stage in childhood. 
• Many children with infrequent virus-induced wheezing in infancy improve    
 by the age of 5. 

• Allergy is an important cause of asthma in children and can trigger acute attacks of asthma. 
Continuing asthma is more likely if eczema and hay fever are also present. 
• More than half the children with mild asthma will be free of symptoms or    
 have only mild intermittent wheezing in later life. 
• Moderate or severe asthma rarely goes away by itself, even in adolescents.   
 Stopping treatment results in a return of symptoms, usually within days to weeks. 

12. School-based management 
• Parents should give the school the student’s Asthma Action Plan, especially when the student is 
going on a school camp 
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The Asthma History    
 

Presenting Signs and Symptoms: 
- Wheeze 
- Chest tightness 
- Shortness of breath 
- Rapid breathing 
- Dry or productive cough 
Especially characteristic if the symptoms are 
- Recurrent 
- Worse at night or early morning 
- Obviously triggered by exercise, irritants, allergens or viral infection. 

 
Severe asthma may present with 
- Appearance of exhaustion and fear 
- Inability to speak 
- Lethargy due to hypercapnea 
- Obvious cyanosis (!red flag!) 
- Palpitations due to tachycardia 

 

What to look for in the history: 
- Current symptoms:  

- severity  
- exercise limitation?  
- Sleep disturbance? How often do they wake up at night?)  

- duration  
- aggravating factors-  

- ALLERGY? Is there ECZEMA? Very important 
- Allergic rhinitis? Hay fever?  

?Current medications unrelated to asthma?-beta-blockers or aspirin? 
- Pattern of symptoms (chronology of the illness over days/weeks) 
- Quality of Cough and any sputum thus produced 
- Present management and its perceived effect  

eg, how often is the puffer used,  
how many puffs are needed,  
how long does a puffer last, 
 how it is used (properly?), etc  

- Previous hospitalisation  
(due to a chest complaint? Allergic reaction? ICU stay?) 

- Home and work environment  
- ?dust, pollen, pets, chemicals? 
-  Are they a florist or veterinarian?  
- Current smoker or lives with smokers?  
- Do the symptoms improve on the weekends? ) 

- Impact of disease on lifestyle  
- including ADLs, eg. cooking, cleaning, shopping, transport; as well as 

recreational activities, and work duties  
- –i.e how much work/school is missed due to asthma 

- Family history of atopy- rashes, asthma, anaphylaxis? 
 
Grading of Dyspnoea: 
- I = on heavy exertion 
- II = moderate exertion 
- III = minimal exertion 
- IV = at rest  

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



 



CARDIOVASCULAR HISTORY         
HPI:  
- Chest Pain: 

- Duration 
- Location 
- Severity 
- Quality (stabbing or crushing? Stabbing = pericarditis) 
- With breathing? (pleural rub) 
- With exertion (angina) 
- EVER HAD THIS PAIN BEFORE? 

- Dyspnoea: 
- With exertion? 
- With anxiety? 
- HOW MANY PILLOWS DO YOU SLEEP ON? 

- Ankle swelling: 
- Both ankles? (one ankle = probably DVT; both = heart failure) 
- Worse in the evening? (= congestive heart failure; ) 
- Pitting or non-pitting? (non pitting = lymphoedema) 

- Palpitations 
- Exactly what do you feel? (heart racing, thumping etc) 
- HOW LONG FOR? 
- Regular beat? Skipped beats? (irregular = Atrial Fib) 
- Followed by fainting attack? (ventricular tachycardia) 
- Relievead by cough or cold water? (Supraventricular tachycardia) 

- Syncope / Dizzyness 
- WHAT CIRCUMSTANCES?  

- Emotional distress? Micturition? POSTURAL? 
- WITH or WITHOUT WARNING? 

- If still dizzy when lying down, and aggravated by head 
movements, the dizzyness is NEUROLOGICAL 

- Claudication 
- Exertional pain @ ANKLE, CALF, BUTTOCK 
- SMOKER?  
- How far can you walk? Lets take a walk 

- Fatigue 
- How long have you been fatigued /easily fatigued? 
- How far can you walk? 

- Worse in the morning/afternoon/nightime? 
- Fever 

- Infective endocarditis!! 
 
Ask about RISK FACTORS: 

- Ever had heart disease? 
- Got high cholesterol? 
- A SMOKER?? 
- With DIABETES?? 
- Hypertensive? 
- Family history of coronary 

artery disease? 
MEDICATIONS point the way to past history 
 
 
 

- Smoking? 
- Drinking? 
- IV drugs? 
- Exercise? 
- Weight gain/loss? 

 
FAMILY HISTORY: 

- Heart disease  
- Diabetes 
- High cholesterol 
- Stroke 
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CARDIOVASCULAR EXAMINATION        
1) POSITION sitting @ 45 degrees on bed, EXPOSE chest + neck 

2) LOOK for –  PALLOR 
- JAUNDICE 
- CYANOSIS 
- CACHEXIA 
- DYSPNOEA 
 
ALSO LOOK FOR SYNDROMES: 

TURNER: 
- Short 4

th
, 5

th
 fingers 

- Hand oedema 
- Sexual infantilism 
- Micrognathia 
- Low hairline 
- Ptosis 
- Fish mouth 
 
 
 
 

DOWN: 
- Little simple ears 
- Protruding tongue 
- Single palmar crease 
- Broad hands 
- Mental deficit 
 
MARFAN: 
- Great height 
- Gauntness 
- Arachnodactyly 
- Arm span is greater than height (!!)

 
CHARACTERISTIC SCARS:  
- MIDLINE STERNOTOMY:   degenerative condition, eg. bypass surgery 
- LATERAL THORACOTOMY: congestive condition 
- LEFT AXILLA or SUBCLAVICULAR SCAR: pacemaker (already visible = too skinny) 
- LONGITUDINAL ACROSS ULNA: previous bypass graft taken from arm 
 

3) The HANDS:            
NAILS: look for 

- CLUBBING: look in profile; loss of nail angle 
- Nail Beds BLANCHING ON THEIR OWN? = aortic regurg. 
- Splinter Haemorrhages (infective endo) 
- Osler’s Nodes (raised, painful) 
- Janeway lesions (flat, painless and RARE) 
- White Leuconychia = hypolabuminaemia = liver dysf(n) 

 
PALM+WRIST:  

- Tendon Xanthoma? = type 2 hyperlipidaemia 
- Palmar xanthomata? = type 3 hyperlipidaemia 
- Anaemia? Loss of colour in the palmar creases 

 
RADIAL PULSE: 

- RATE? Brady / tachy 

- Rhythm? Sinus /  arrhythmic 
- COMPARE BOTH HANDS 

- Radio-Radial delay ( = vascular disease en route to brachial arteries ) 
- Radiofemoral Delay (Co-arctation or stenosis of Aorta) 

 
The heart rate increases with inspiration and decreases with expiration  

 
BLOOD PRESSURE: 

- Go to 180 mmHg until it muffles 
- Do both arms 
- Do postural (lying down and sitting up) 
- MAKE CERTAIN THE ARM IS AT THE LEVEL OF THE HEART 
- Normal postural drop = no more than 15mm 
 

 
 
 
 

!! ALWAYS !!  
AGE 

WEIGHT 
WAIST measurement 

LOOK AT THE MACHINES: 
Oxygen sats? 

Heart rate? 
Blood pressure? 



4) The NECK:           
CAROTID PULSE 

- BOUNDING, “COLLAPSING” the pulse may actually shake the patient 
- If the pulse can still be felt with the pal of the hand when the pts. arm is raised 

- ANACROTIC small volume, slow uptake, notched upstroke = aortic stenosis 
- PLATEAU slow uptake, aortic stenosis 
- SMALL VOLUME weak pulse, aortic stenosis 
- BISFERIENS anacrotic AND collapsing (aortic stenosis AND regurgitation) 
- ALTERNANS alternating strong and weak beats (LV filure) 
- “JERKY” sharp upstroke (hypertrophic cardiomyopathy) 

 
J.V.P. 
 Is the assesment of Right Heart Function (pt at 45 degrees, head turned) 

- SHOULD BE INVIUSIBLE or below 3cm 
- VISIBLE BUT NOT PALPABLE 2-wave heave 
- TWO WAVES: A, then V.  

HUGE A wave:  
- Complete heart block, 3

rd
 degree (or tricuspid stenosis) 

HUGE V wave: 
- Tricuspid regurgitation; check if liver is pulsating due to portal hypertension 

 
HEPATOJUGULAR REFLUX TEST: 

- Compress liver for 15 sec. 
- HEALTHY JVP: rises briefly, then goes down 
- RHF JVP: rises for the ENTIRE DURATION OF TEST 

 
ASCITES without JVP is probably NOT due to heart failure 

 

5) The FACE:            
EYES: 

- Jaundiced sclera? 
- Bloodshot? 
- Xanthelasma? 

 
MITRAL FACIES: Rosy cheeks with Bluish tinge 
  
MOUTH: 

- High arched palate (Marfans) 
- Tooth decay? Petechiae? (infective endocarditis) 
- CENTRAL CYANOSIS (tongue, but not lips) 

 
6) The PRAECORDIUM          
LOOK: 
- Scars?  

- Pectus excavatum/carinatum? Kypho/Scoliosis? 
 
APEX BEAT: 5th

 intercostal, 1cm left of midclavicular line = BELOW NIPPLE 
- DYSKINETIC arrhythmia or LV dysfunction 
- PRESSURE LOADED hypertension 
- DOUBLE IMPULSE hypertrophic cardiomyopathy 
- TAPPING mitral stenosis 
- Right Ventricular Heave: rt sided hypertrophy 
- PALPABLE THRILLS? Maybe a VSD or severe murmur 

 
PERCUSS CARDIAC OUTLINE: along 5th space  medially from axilla; 

- NORMAL = ~10.5 cm 
 
 



8) DYNAMIC MANOEUVRES         
 * Rt sided murmurs: louder with INSPIRATION  
 * Lt sided murmurs: louder with EXPIRATION 
VALSALVA: breathing out vs. closed nose and mouth: 

Hypertrophic cardiomyopathy and mitral prolapse = louder; most murmurs soften 

DEEP INSPIRATION, leaning forward:  

for Aortic regurg. and pericardial rub 

SQUATTING: all murmurs get LOUDER on squatting  

except mitral prolapse and hypertrophic cardiomyopathy 

 

9) The BACK            
PERCUSS lung bases  

- looking for STONY DULLNESS of effusion 
AUSCULTATE the bases 

- looking for LATE OR PAN-INSPIRATORY crackles of pulmonary oedema 

 

10) ABDOMEN            
PALPATE IPSI for HEPATOMEGALY 
PULSATILE? ���� RHF 
ASCITES? Severe RHF if JVP also increased 

  PULSATING AORTA (mid area) ���� ANEURYSM 

 

11) LOWER LIMBS           
- Oedema? Check if pitting (h.f.) 
- Femoral Pulse 
- Auscultate for Femoral bruit (stenosis by atheroma) 
- Achilles tendon xanthomata (type 2 hyperlipidaemia) 
- Toe cyanosis (peripheral) 
- Capillary return (peripheral vascular disease) 
- Pallor of lower extremities (peripheral vascular disease) 

BUERGER’s TEST:  
- Raise leg: observe PALLOR:  
- Lower leg: observe CYANOSIS: 

- means Peripheral Vascular Disease is present (*poor arterial supply) 
DVT:  
- Calf Pain; squeeze gently and look for tenderness 
- Homans Sign: pain in foot when calf is sharply dorsiflexed; avoid doing this one 
- VARICOSITY? 
- Inflamed/swollen/pigmented leg? 
- HARD VEINS?? 
 

12) SUPPLEMENTARY TESTS        
 Trendelenburg: 

- block saphenous opening while patient is lying down flat 
- stand the patient up 
- if POSITIVE = veins will stay empty until saphenous block is removed  

- = means thrombus somewhere in the calf deep network 
Perthe’s test: 
- Much the same, but let some blood through the block and get the patient to 

stand on tip-toes a few times: 

- Veins will be less tense if the calf veins are patent 
 
 



 
 



Graft versus Host disease         
Occurs following allogeneic stem cell transplantation, 
 and solid organ transplants (when some lymphoid  
tissue gets a ride across into the new patient) 
 

HYPER-ACUTE: within 7-14 days 

ACUTE GVHD:   in the first 100 days after transplant 
CHRONIC GVHD:  after the first 100 days 
 
 
 

Clinical Picture of Symptoms:       

20 days post transplant: ACUTE GVHD 

- a pruritic or painful rash 
- generalised erythroderma 
- Fever 
- Diarrhea 
- intestinal bleeding 
- cramping abdominal pain 
- ileus 
- Diarrhea is green, mucoid, watery, and mixed with exfoliated cells,  
- Voluminous secretory diarrhea may persist despite no oral intake.  
- older patients = anorexia and dyspepsia without diarrhea.  

- Rising LFTS 

- ALT 
- AST 
- AP 

- Bilirubin  ���� bilirubinaemia  

     causes the pruritis 

CHRONIC GVHD  
- burning sensation in eyes 
- irritation, photophobia, and pain 

 occur from lack of tear secretion. 
- Dry mouth, 
- sensitivity to acidic or spicy foods,  
- dysphagia 
- odynophagia  
- insidious weight loss. 
- wheezing, dyspnea, and chronic cough 
- OBSTRUCTIVE lung disease nonresponsive  

       to bronchodilators  
- Weakness 
- neuropathic pain 
- muscle cramps  

Stage Skin Liver (Bilirubin) Gut 

+ Maculopapular rash on <25% of body surface 2-3 mg/dL Diarrhea 500-1000 mL/d or persistent nausea 

++ Maculopapular rash on 25-50% of body surface 3-6 mg/dL Diarrhea 1000-1500 mL/d 

+++ Generalized erythroderma 6-15 mg/dL Diarrhea >1500 mL/d 

++++ Desquamation and bullae >15 mg/dL Pain with or without ileus 

Stage 
Overall Grade 

Skin Liver Gut Functional  Impairment 

0 (None) 0 0 0 0 

I (Mild) + to ++ 0 0 0 

II (Moderate) + to +++ + + + 

III (Severe) ++ to +++ ++ to +++ ++ to +++ ++ 

IV (Life threatening) ++ to ++++ ++ to ++++ ++ to ++++ +++ 

 

Clinical triad of GVHD: 
Dermatitis, Hepatitis, Enteritis 

PATHOPHYSIOLOGY: 
The graft, containing  immune cells, 
is implanted into an 
immunosuppressed host; 
The cells react with the antigens of the 
host, and the graft attacks. 
 
Sites by frequency: 
Skin ���� liver ���� gut 
 
WHAT IS THE RISK? 
HLA-identical sibling donor = 19-66% 
HLA matched unrelated donor = 70-90% 

Cholestatic 
Picture 

THE RASH ����  
Red to violaceous in colour 
First on palms of hands 
Then soles of feet 
Then cheeks, neck, ears, and 
upper trunk. 
Vesicles and bullae may form. 
 
CHRONIC GVHD causes the 
formation of lichenoid plaques 
and possibly limb 
contractures due to skin 
thicknening. 

PHYSICAL EXAM FINDINGS 
EYES 
hemorrhagic conjunctivitis, 
pseudomembrane formation, 
inability to close upper lid 
erosions of the cornea 
 = associated with poorer prognosis 
MOUTH 
Atrophy of oral mucosa 
Mouth + lip erythema + lichenus  
(more chronic) 
LUNGS 
 Bronchiolitis obliterans � wheezes. 
ABDOMEN 
Diffuse tenderness with hyperactive 
bowel sounds  
Severe ileus = abdo silent and  
distended. 
LIVER: 
 Jaundice, pruritis 
OTHER: 
RASH, Polymyositis, Vaginitis and 
vaginal strictures,  Autoimmune 
thrombocytopenia and anaemia  

INVESTIGATIONS 
LFT, FBC, EUC, liver 
ultrasound, spirometry.  
SKIN BIOPSY IS DIAGNOSTIC 

MANAGEMENT (acute) 
KEEP the original immune 
suppresive drugs eg. 

TACROLIMUS 
= macrolide immunomodulator, inhibits 
calcineurin phosphatase in T-cells, thus 
� decreased cytokine synthesis  
…But also add  

METHYLPREDNISONE 
Not working after 7 days of Tx? 

� try Monoclonal antibodies 
to TNF or IL-1 and IL-2 
receptor 

 
MANAGEMENT (chronic) 
Thalidamide, cyclosporin, 
prednisone, azathioprine 

~Median time to resolution of acute GVHD is 30-42 days 
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HaemophiliaHaemophiliaHaemophiliaHaemophilia                        4.034.034.034.03    
History of Presenting Illness         

USUALLY A YOUNG CHILD 
- Presents with bruising 
- Complains of bruising easily 
- Unstoppable bleeding from insignificant wounds 

Mild (50-5% clotting factor) haemophilia 
presents with: 

- Prolonged bleeding from surgery or severe injury 
- Rare spontaneous bleeding episodes  
- Rare joint pain and stiffness (haemarthrosis) 

Moderate (5-1%) haemophilia presents with: 
- Prolonged bleeding after minor surgery  
- Bleeding following slight injury 
- bleeding without injury, approx. once a month 

Severe (<1%) haemophilia presents with: 

- bleeds occurring spontaneously several times 
 a week 

- the development of severe joint problems as a 
 result of repeated haemarthroses 

 
List of Differential Diagnoses (DDx) 

- Haemophilia 
- Thrombocytopenia 
- Von Willebrands disease 
- Anticoagulation Medication 
- Child abuse 
- Connective tissue disorder 
- Senile purpura 
- Immune vasculitis 

 

More Pertinent Findings on History and Physical Examination
CHILD ABUSE: 
- History of repeated accidents 
- Long delay between injury and seeking treatment 
- ?Are the injuries compatible with the history? 
- ARE THE PARENTS LYING TO YOU?? 
- Bruises in soft tissue areas? 
- Marks of adult fingers? 
- Linear bruises, eg. made by some long 

instrument 
- Retinal haemorrhages (suggestive of violent 

shaking) 
- Bilateral orbital haematoma 
- Rib fractures 
 
 

PLATELET DISORDER: 
- Mucocutaneous haemorrhages 
- Petechiae 
- Cutaneous ecchymoses 
- Intra and post-operative bleeding 
CLOTTING FACTOR DISEASE: 
- Deep haemorrhage involving mainly joints 
- Palpable ecchymoses 
- Delayed post-traumatic and postoperative 

haemorrhage 
 
Palpable purpura means INFECTIOUS CAUSE  
or vasculitis- hemostatic purpurae are flat 
 

 
 
 
 
 

Symptoms of a joint bleed: 

- “bubbling” or tingling feeling 

- Warmth 

- Tightness or Stiffness 

Symptoms of an Intracranial Bleed: 

- Headache 

- Confusion 

- Drowsyness 

Symptoms among Infants: 

- Crying for no obvious cause  

(??.. don’t they all do that??) 

- Refusing to use an arm or leg 

- Refusing to walk 

- Swelling 

- Bruising 
!! FIND OUT HOW LONG SINCE INJURY!! 

50% of child abuse reports 

are SUBSTANTIATED: 

do not be afraid to cry wolf  
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Tests and Investigations :           
FBC :  

RBCs, WCCs, platelet count 

Blood film 

Platelet morphology 

(PT ) prothrombin test: Factor II, VII, IX and X: EXTRINSIC���� Normal 10-15 secs  

Tissue thromboplastin (brain extract) and calcium are added to citrated plasma.   

The normal time for clotting is 10-15 secs.  

 This may be expressed as the international normalized ratio (INR) 

(APTT) (Factors VIII, IX, XI, XII,X )             INTRINSIC ���� Normal 25-35secs 
Three substances –  

- a phospholipid, 

- a surface activator  

- and calcium  

are added to citrated plasma.   

Coagulation factor assays for vWF, Factor VIII, Factor IX 

Thrombin time  
- ( Prolongation in abnormality of fibrinogen or inhibition of thrombin by heparin or FDPs)  

- Thrombin time is sensitive to a deficiency of fibrinogen or inhibition of thrombin.  

- Diluted bovine thrombin is added to citrated plasma at a concentration  

given a time of 14-16 sec with normal subjects. 

XDP – detection D-dimers  
( To detect if fibrin has formed and then is degraded ) 

Platelet function tests  
Using fresh citrated platelet-rich plasma; 

Using an “aggregometer” to examine the platelet response to clotting agonists 

eg adrenaline, ADP, arachidonic acid  

NOT USUALLY PERFORMED unless all other tests are negative 

 
How is this diagnosis made ? 
The factor which is deficient is deduced from the clotting studies. 

 
FBC: Platelets very low? � Thrombocytopenia; DIC,  

- Suspect thrombocytopenia? � look at bone marrow; 
- Marrow shows increased megacaryocytes ? 

- Auto-Antibodies to platelets detected by Coombs’ test? 
 ���� Immune Thrombocytopenia Purpura 

Platelets normal in number and morphology= must be clotting factor issue 

 APTT tests the factors of INTRINSIC pathway, which is relevant to hemophilia A  
 PT tests the extrinsic pathway 

The bleeding time test  

roughly reflects vWF function and may be prolonged in vWD. 
 Specific antibodies are used to detect the von Willeband factor molecule .  

The ristocetin co-factor test  
measures the agglutination of normal platelets suspended in patient plasma and is diminished in vWD.  
Mucosal bleeding and occasional joint bleeds are the hallmark of vWD. 

   

AN X-RAY of the affected joints in haemarthrosis is required to check the integrity of the 
joint and to check for any traumatic cause to the bleeding  

 

Disease Definition: Haemophilia A 

PLATELET COUNTS: 

<30 = need treatment; 

 will have sponataneous bleeds 

>50 = minor operations are OK 

>100 = Normal surgery is OK 



Inherited disorder (abnormality on X chromosome, F VIII gene abnormality) leading to reduced 

production of Factor VIII protein leading to inadequate coagulation material (Haemophilia A)  

 
Management             

transfusion of recombinant Factor VIII 
or 
transfusion of whole blood (low yield of Factor VIII) 
or  
transfusion of cryoprecipitate (slightly higher yield of Factor VIII) 
Twice daily to be continuously effective (needed in severe disease) 

 
Acute Haemarthrosis: Immobilise and chill (with ice pack) 
  
Long Term: watch for degenerative changes in the joints 
  Advice to avoid trauma, eg. contact sports  

 
Transfusion guidelines           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Epidemiology 



- 1:5,000 to 1:10,000 males affected (hemophilia A) 
- Hemophilia B has incidence roughly 1/10th of Hemophilia A 
- VWF abnormailities can be detected in approx. 8000 people per million 

 

Genetics 
What genetic tests are available for carrier 

and prenatal testing.  When should they be 

offered? 

Carrier females may be identified with 

reasonable confidence if their factor VIII 

activity is only half that expected from the 

level of vWF.  However, the normal range of 

factor VIII is broad and random X 

chromosome inactivation makes it difficult to 

exclude the carrier state in many females in 

affected families.  Carrier status is better 

determined with DNA probes.  Restriction 

Fragment Length Polymorphisms(RFLP) 

within or close to the factor III gene allow 

mutant allele to be tracked. Known mutations 

to Factor VIII gene can also be probed directly 

using DNA probes. 

 

Prenatal testing 

Chorionic villus sampling from 8-10 weeks can also be detected for mutations through PCR and DNA 

probes or RFLP. 

Ultrasound needle aspiration at weeks 18-20 from the umbilical vein can also provide levels of factor VIII 

in fetal blood.  This antenatal diagnosis is used to provide information to couples wishing to terminate the 

pregnancy if the fetus is positive for haemophilia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the key features of X-linked recessive 
inheritance are: 

• the disorder affects principally males;  

• the gene is virtually never directly 
passed on from father to son, but is 
transmitted by a father to all of his 
daughters;  

• a carrier female's son has a 50% risk 
of inheriting the defective gene;  

• when more than one male is affected 
in an extended family, the defective 
gene has been transmitted through 
females;  

• heterozygous females are usually 
unaffected, but occasionally manifest 
the disease with variable severity  

Daughters and sons of a carrier female 

 have 50% risk of being carriers; but the 

sons will be affected by the disorder. 

 



 
 

PRIMARY HEMOSTASIS: within seconds                 [by Alex����]                                 4.03

DAMAGE TO ENDOTHELIUM
- EXPOSES COLLAGEN

PLATELETS adhere to collagen
Via VON WILLEBRAND’s FACTOR
!! platelet receptor =
GLYCOPROTEIN IaIIa [integrin]

ADHERED PLATELETS
SHAPE-SHIFT [grow pseudopods, thus
  INCREASE SURFACE AREA]

and DEGRANULATE:
 FROM α-granules:
- Fibronectin
- Von Willebrands Factor
- Fibrinogen
- Factor V
- Platelet-Derived Growth factor (PDGF)
- Transforming Growth Factor β (TGF- β)

FROM δ-granules (dense body):
- HISTAMINE
- SEROTONIN
- THROMBOXANE A2 (TXA2)

ADRENALINE (Vasoconstrictor)
- Adenosine Diphosphate (ADP)

- CALCIUM IONS which are needed

for everything in hemostasis

ADHERED PLATELETS ALSO

 FLIP MEMBRANE SURFACE:
- THUS negatively charged

phospholipids are now exposed,
facilitating tenase and prothrombinase
complex attachment

- PLUS factor receptors now point
OUTWARDS

ADP binds purinergic receptors on

platelets;
When activated, these change
conformation of the
GLYCOPROTEIN IIb/IIIa so that it
NOW BINDS FIBRINOGEN
THUS:
platelets adhere to each other via
fibrinogen bridges

PDGF + TGF- β stimulate growth

and migration of
FIBROBLASTS and
SMOOTH MUSCLE CELLS

TGF- β also stimulates
collagen and fibronectin synthesis
by fibroblasts

FIBRONECTIN
Is multifunction adhesive glycoprotein
Attaches cells to a variety of matrices
Binds with one end to collagen or fibrin,
and with the other to a suitable receptor

Participate in clotting cascade

HISTAMINE AND SEROTONIN are

preformed VASOACTIVE AMINES:
- Dilate  arterioles
- Increase vascular permeability of venules
- CONSTRICT large arteries
- Act via H1 receptors

THROMBOXANE A2
Is an arachidonic acid product, generated
by CYCLOOXYGENASE
-CAUSES VASOCONSTRICTION
and PLATELET AGGREGATION

! To coagulate 100 ml of blood you need

- 0.2 mg of Factor VIII,
- 2mg of Factor X,
- 15mg of Prothrombin
- 250 mg of Fibrinogen



 

SECONDARY HEMOSTASIS: within minutes to hours       [by Alex����]                      4.03
Intrinsic pathway in red, extrinsic in blue, common in black.

4

  ON INTACT ENDOTHELIUM

CONTACT PHASE of INTRINSIC PATHWAY
When blood makes contact with a negatively charged surface

HIGH  MOLECULAR  WEIGHT

KININOGEN slowly activates XII

On a negatively charged phospholipid   surface   of the platelet

PREKALLIKREIN

Factor XII Factor XIIa
converts Prekallikrein
converts Factor XI

KALLIKREIN accelerates
activation of Factor XII

Factor XI

Factor XIa
Activates Factor IXa

TISSUE FACTOR
RELEASED by INJURY

cofactors with Factor VIIa
Factor VIIa

TF + Factor VIIa
Activate Factor IX

Activate Factor X
This complex is
continuously active

Factor IX

CALCIUM   IONS

CALCIUM   IONS

Factor VII

CALCIUM   IONS

Factor X Factor X binds with

Factor VIIIa and

Factor IXa to form

 TENASE which

ACTIVATES FACTOR X

TF + Factor VIIa

ACTIVATE FACTOR X

    Factor Xa
- Activates Factor VII
 Combines with:
- Platelet phospholipids
- Surface phosphatidylinositol

- Factor Va
- Calcium ions

- Prothrombin
To form

PROTHROMBINASE
Which converts
prothrombin to thrombin

PROTHROMBIN (factor II)

THROMBIN (IIa)

Activates Factor VII
Modulates Factor V
Modulates Factor VIII
INHIBITS itself by combining with
THROMBOMODULIN

Converts FIBRINOGEN  into  FIBRIN
Activates Factor XIII

Factor VIIIa
Activated by thrombin
in minute quantities;
 inhibited by thrombin
in large quantities
degraded by Protein Ca

Factor Va
Activated by thrombin
in minute quantities;
 inhibited by thrombin
in large quantities
Degraded by protein Ca

FIBRINOGEN
Bound to platelets via

GLYCOPROTEIN IIb/IIIa

Insoluble FIBRIN
Crosslinked by Factor XIIIa
into a polymer form

FIBRIN POLYMER
Degraded by PLASMIN
into detectable decay
products (eg. D-dimers)

Factor XIII Factor XIIIa
x-links fibrin

Thrombomodulin
and Thrombin
activate
PROTEIN C

Thrombomodulin

Protein S
Co-factors with
protein Ca

Protein Ca
Degrades
Factor Va
Factor VIIIa

Thrombin is inhibited by
 - a2-macroglobulin
 - heparin cofactor 2
 - α1-antritrypsin
 - ANTITHROMBIN III
(heparin improves the
activity of antithrombin III
by a factor of 1000)

!! Vitamin K !!
is required for
Factors II, VII, IX and X

PLASMINOGEN
(inactive serum proenzyme)
activated by tPA

Tissue Plasminogen Activator (tPA)
Found on endothelial cell surfaces

PLASMIN inside the clot degrades Fibrin;

(readily destroyed in plasma by a2-antiplasmin) tPa activity inhibited by Plasminogen Activator
Inhibitors 1 and 2 (PAI-1, PAI-2)



Basic Sciences and Comparitive Diseases 
 

risks of transfusions 
Haemolytic reactions due to incompatible red cells.   

Symptoms may appear from a few minutes to several hours  

�  involves the action of the antiA or antiB which bring about complemewnt-mediated lysis 

 Clinical signs include  

- Restlessness 

- Fever 

- Chills 

- anxiety,  

- flushing of the face, 

- vomiting  

- diarrhoea.   

- Immediate treatment is diuresis with frusemide.  

- Mortality from ABO incompatibility is about 10%. 

 

Pyrexia due to pyrogens and leucocyte antibodies.   

- This consists of chills and fever starting 30-60 mins after the onset of the transfusion.   

- These febrile reactions are now rare. 

 

Immediate type hypersensitivity to IgA present in donor’s blood  

- (Severe reactions infrequent 1: 20000) 

 

Bacterial contamination 

 

Circulatory overload by too rapid transfusion of blood, especially in elderly.  

- Restriction of transfusion to 1ml/kgbody weight/hour. 

 

Citrate toxicity occurs if large volumes of stored blood have to be given very rapidly.  

- It is due to the reduction in ionized calcium in the patient’s plasma.  

-  Signs are gross skeletal muscle tremors and prolongation of QT interval. 

-  Parasthesia around lips may also occur 

 

Emerging Infectious Diseases 

Examples include 

- new HIV variants; 

- new hepatitis agents;  

- human herpes virus type 8;  

- Creutzfeld-Jakob Disease; 

- human parvovirus B19;  

- MRSA contamination of blood products. 

 

Risk of acquiring a blood-borne infection increases with every exposure, 

… and hemophilia patients treated with cryoprecipitate or fresh-frozen plasma (FFP) are exposed to 

hundreds or thousands of donors during their lifetime. 

 a person with hemophilia who receives monthly infusions of cryoprecipitate prepared 
from the plasma of 15 donors over a lifetime of treatment (60 years) is at significant risk 
of being exposed to HIV.  
 

In the United States the risk was 2% and in Venezuela it was 40%.  

 

 

 



 

Major risk of transfusion remains non viral. They include urticaria, febrile non haemolytic reaction, 

DHTR, GVHD, wrong unit, bacterial contamination, anaphylaxis and acute haemolytic transfusion 

reactions  

 

 

the screening of donors 

- Eligibility 

- People who are: 

- Healthy, not suffering form a cold, flu, or other illnesses at time of donation 

- Aged between 16-70 

- Weigh more than 45kg 

- Not pregnant 

- Not on certain medications including antibiotics 

 

Screening questions limiting blood donation 

- Any donor who has had recent major dental work 

- No alcohol within last 8h 

- No tattoos within 12 mths 

- No flu within last 2 wks. 

- Travel to malarial prone countries within last 3yrs and last year has to been analysed more 

carefully for malaria 

 

Blood donation 

- 1 Unit contains 450mls of blood from donor 

- 1 unit of blood can be taken from donor every 10wks – normal blood collection 

- 1 unit of plasma can be taken from donor every 2 wks – apheresis 

 

 

Red cell transfusions are used during massive blood loss from trauma. 

 

Blood groups           
 

ABO blood grouping 

Group A blood – contains anti-B in plasma  

Group B blood – contains anti-A in plasma 

Group O blood – contains anti-A and anti-B 

 

 

Rh blood grouping 

Postive – antigen D present 

Negative – antigen D absent 

 

Rh –ve blood is not always available for Rh –ve recipients. 

Rh –ve males may receive Rh +ve blood if care is taken to search for anti D if subsequent transfusion of 

Rh +ve blood is given. 

Rh –ve females past menopause is less safe because there is always the possibility that they may have 

received a primary stimulus with D antigen from an Rh+ve fetus and the anti D in the plasma may be 

below a detectable level.   

Transfusion of Rh +ve would then lead to a delayed transfusion reaction.  Rh+ve blood must never been 

given to Rh-ve women of childbearing age for fear of stimulating anti D production. 

 

 
 



Behavioural science 
CHILD ABUSE: 
The most accurate ways to tell if abuse is happening are: 

- if a child or friend tells you it is happening, 

- if you are present when the abuse occurs  

- if you see injuries that concern you and do not have a believable explanation.  

 

Some warning signs that a child might be neglected or abused are: 

Physical-  

- unexplained and frequent bruises or injuries e.g.  

- burns,  

- broken bones,  

- bruises in soft tissue areas uncommon for normal activities,  

- raised intracranial pressure  

- retinal haemorrhages from shaking 

Emotional- 

- the child seems sad most of the time,  

- has difficulty making friends  

- has difficult behaviour e.g. aggressive 

Neglect-  

- inappropriate dress for the weather, 

- begging or stealing food, 

- poor health, 

- dirty clothes and unwashed body and hair,  

- left alone for long periods of time,  

- misses a lot of school 

Sexual-  

- knows more about sex than appropriate for the age,  

- sexual behaviour beyond their years,  

- physical signs of sexual practice, 

- depression or suicidal tendencies,  

- fear of having a nappy changes or being bathed,  

- sudden avoidance of familiar adults or places,  

- drug and alcohol use 

 

 

The effects of child abuse depend on a number of risk factors that include: 

- age: babies, infants and severely disabled are more vulnerable to abuse 

- frequency: the more frequent and severely abused suffer more damage  

- relationships with adults: parents who abuse their children damage the child more severely as the 

child has no support or comfort 

- community response: if the family is isolated, the community ignores the abuse or does not speak 

out against the abuse then there is an increased risk for the child 

 

A link has been found between childhood abuse and neglect and future criminal behaviour. A study 

in Victoria has shown that 63% of inmates had some form of child abuse. A history of child abuse has 

been linked to arrests for juvenile crimes, adult crimes and crimes of a more violent nature. 

 

Sexual abuse has been linked to an increase in mental health problems with a reported increase in  

- depression,  

- anxiety,  

- drug and alcohol abuse, 

- eating disorders  

- post traumatic stress disorders  

 



WHAT TO DO ABOUT CHILD ABUSE 

Initially discuss with a senior staff member and seek further advice as  

medical staff are required to report suspected abuse.  

Be available to listen to the child and to what they say. 

 Talking to the child protection services may help stop any further abuse from occurring. 

 

Anonymous reporting via the governments child protection service can occur in each state.  

ACT- Family services: 02 6207 1069 

NSW- Child protection and family crisis service: 1800 066 777 

NT- Crisis line: 1800 019 116 

QLD- Dept of families: 07 3235 9999 or 1800 177 135 for non metro callers 

SA- Child abuse report line: 13 14 78 

Tasmania- Child and family services line: 1800 001 219 

Vic- Child protection crisis line: 13 12 78 

WA- 08 9223 1111 metro Perth or 1800 199 008 for callers outside Perth 

 

Children can make reports via: www.kidshelp.com.au or phone 1800 551 800 

Adults can pledge to stop child abuse: www.stopit.com.au 

National child protection week is on from the 7-13 September 2003 

 

 

How common is child abuse? 

In Australia in 2001/02 there were 137,938 reports of child abuse which works out to be one child abused 

every 4 minutes. The types of abuse reported were: 29% neglect, 27% emotional abuse, 26% physical 

abuse and 13% sexual abuse. 

 

The abuse of a child occurs in 81% cases by someone the child knows and in 63% of cases by a biological 

parent. 

 

The number of notifications of abuse rose by 29% from 1999-2002 and the number of substantiated 

reports rose by 23%. In 1997 there were 15,718 care and protection orders given but in June 2003 there 

were 20,557. The out of home care has risen to 18,880 in June 2002 when in 1997 it was 14,078. 

 

Indigenous children are 6- 8 times more likely to be on care and protection orders than non-indigenous 

children. In a recent ABC report (12
th

 Sept 2003) it was reported that nearly 200 children between 4-14yrs 

of age were diagnosed last year with STD’s. These children were abused mostly by older indigenous men. 

 

In June 2002 4.3 children (0-17 yr olds) per 1000 were on care and protection orders and 3.9 per 1000 

were in out of home care. 

 

Only 36% of notifications in Victoria are investigated even though the figures indicate abuse and neglect 

has risen 40% in the past 10 years. The lack of investigation is due to lack of funds to provide adequate 

resources to investigate the claims of abuse. Most abuse stems from drug and alcohol abuse, domestic 

violence, mental illness, family isolation and unemployment. 

  
 



Pulmonary Thromboembolism        
 
 
 
 
 
 
 
 
 
4 main clinical syndromes:         
 
 

 
 

 
 
 
 
 
 

Differentials:            
- Lung infection 
- Post-op atelectasis 
- Musculoskeletal pain eg. 

costochondritis 

- Oesophageal spasm 
- Pericarditis / pleuritis 
- Anxiety attack 
- Acute MI

 
DIAGNOSTIC TESTS:          
D-dimers: only moderately specific, but highly sensitive. 
ECG: 70% are abnormal; 

…but probably just sinus tachy, non-specific ST or T wave changes 
Sometimes RVH, Rt axis deviation,  RBBB 
MOSTLY USED TO RULE OUT CARDIAC CAUSES 

Chest X-ray: usually normal; May see decreased vascularity, visible thrombus,  
perhaps elevated diaphragm of atelectasis…  
MOSTLY USED TO RULE OUT PNEUMOTHORAX 

ABGs: low PaO2 
…but probably just sinus tachy, non-specific ST or T wave changes 

Sometimes RVH, Rt axis deviation,  RBBB  
VENTILATION-PERFUSION SCANNING 

          Shows nicely the areas which are not being perfused (though still  
being ventilated) and thus will show moderately large PE, but may 
miss little segmental Pes (resolution is very poor) 

 

 
 
 

PULMONARY INFARCTION 
- Pleuritic pain 

- Rales 

- ABNORMAL X-RAY 

ACUTE COR PULMONALE 
- 60-75% obstruction of pulmonary circulation 

- shock or loss of consciousness 

- substernal chest pain and hemoptysis 

- NORMAL CHEST X-RAY 

- ABNORMAL ECG 

ACUTE UNEXPLAINED DYSPNOEA 
< 60% obstruction without infarction 

- Decreased arterial PO2 

- NORMAL ECG 

- NORMAL CHEST X-RAY 

CHRONIC THROMBOEMBOLIC 
PULMONARY HYPERTENSION 
- Progressive exertional dyspnoea 

- Episodic transient dyspnoea 

- Over 50% of vascular bed obstructed 

- Looks on O/E like pulmonary hypertension 

Test of choice! Always follow  

D-dimer assay with the V/Q scan! 
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When NOT to treat PE:           
Normal perfusion scan 
Implausible history, PLUS 

- Normal D-dimer, or 
- Normal leg ultrasound 
- Uncertain VQ scan 
- Normal chest CT 

 

 

Management of PULMONARY EMBOLISM      

SHORT TERM: prevent cardiopulmonary failure 
1. OXYGEN !! restore sats 
2. ANALGESIA if PE @ pleural nerves (exquisite pain) 
3. THROMBOLYSIS if indicated (eg. massive iliofemoral thrombus) 
4. SURGERY (embolectomy)IF RISKY (eg. Rt Heart Failure)  

5. LMW Heparin 1mg per kg for 5 days + start on oral WARFARIN  
overlap heparin + warfarin until INR is satisfactory 
reverse with protamine 

6. Monitor clotting time!! Manage UNTIL SATISFACTORY 
(maintain an APPT between 55 and 90 seconds. ) 

 

LONG TERM: address risk factors + months of WARFARIN 

1. Oral or subcutaneous anticoagulants for at least 3 months 
(or until temporary risk factors depart) 
pregnant women: switch to warfarin post-partum 

2. TED stockings to prevent recurrent PE 
3. QUIT SMOKING  
 
THE THROMBOLYTICS:         

Only if 
- Severe iliofemoral thrombus 
- Evidence for right heart or pulmonary artery thrombi 
- Massive PE (syncope, hypotension, hypoxia, heart failure) 
- Severe RV dysfunction on ECG 

…mortality with massive embolism is 35% irrespective of treatment 

 
ANTICOAGULATION IMPOSSIBLE?       
- Time to install an Inferior Vena Cava Filter 

- Only if patient is actively bleeding, has recurrent Pes refractory to heparin. 

 
 
 
 
 
 

IN PREGNANCY: 
HEPARIN = SAFE 
WARFARIN = DANGEROUS 



 
 
 
 
 
 
 
 
 
 
 
 



Venous Varicosity         
CEAP classification: 

− C linical 

− E tiological 

− A natomical 
− P athological 

Clinical signs   grade       
− None   0 

− Telangiectasia   1 

− Trunkal varicosity  2 

− Swelling      3 

− Lipodermatosclerosis  4 

− Healed ulceration  5 

− Chronic venous ulcer 6 
Etiological  Classification          

− PRIMARY 

− Familial (absent ilial valves) 

− Incompetent valves at 

− The saphenofemoral junction  

− Saphenopopliteal junction  

− Perforating veins 
− Deep veins  

− SECONDARY 

− I.e following a DVT 

Anatomical Classification          
− Superficial veins 

− Greater saphenous 

− Lesser saphenous 

− Perforating veins... 
− In the thigh:  

connect to  greater saphenous  

− In the calf: 
Connect to lesser saphenous 

− Deep veins 

− Iliac 

− Femoral 

− Popliteal 

− Calf veins 

Pathological classification         
Reflux or obstruction or BOTH reflux AND obstruction  
...Basically, blood is meant to pass into the deep system 
 from the superficial system via the perforating veins. The 
deep vein network then uses the muscle pump to return the  
blood to the heart. If the perforating valves become incom- 
petent, the blood pools in the superficial system and dilates 
those veins. Hemosiderin skin staining and oedema may 
result, as well as itching, eczema, cramps, and painful 
phlebitis.   

Examination       
Look for poor skin nutrition, eg. ulcers + thin skin 
Look for thrombus (hard veins, cord-like structures) 
Look for phlebitis (red, painful veins) 
 
 

INVESTIGATIONS: 
Duplex Ultrasound: 
 -poor quality below the knee 
Photoplethysmography 
Lymphoscinigraphy if it might not 
be a venous issue  

MANAGEMENT: 
− Regular walking 

− Weight reduction 

− Avoid prolonged standing / sitting 

− Frequent leg elevation 

− Compression Stockings 
SCLEROTHERAPY 
Obstruct the vein with tourniquet and inject a 
bolus of hypertonic saline, ethanolamine or 
sodium tetradecyl sulfate- the idea is to kill off 
enough of the venous epithelium, so that the 
incompetent vein scars over forever. 

SURGERY 
Eg. ligation and stripping is for severe disease only. 
 

The TESTS your supervisor will want you to know: 

Trendelenburg: 
Lie the down, raise the leg, wait until veins drain, occlude 
the saphenofemoral junction and now get the patient to 
stand up while stil occluding. If the saphenous vein fills 
again, the deep veins are incompetent. 
Perthe’s: 
Torniquet the patients leg and walk until the superficial 
veins collapse. If they do, the deep veins are patent and 
the perforating veins are competent. If the veins are 
unchanged, the perforating veins are incompetent. If they 
fill MORE than before torniqueting, the deep veins may 
be thrombosed and occluded. 
It is also possible to tap the top of a vein and feel for 
the transmitted impulse downsteam (if should get 
stopped by competent valves if they are present)   
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CRANIAL NERVES          
OLFACTORY  

Block one nostril, use good coffee 
Unilateral loss= meningioma or increased ICP 
Bilateral loss= trauma 

OPTIC             
Look at the pupils. Different sizes? = ANISOCORNEA 
 
SCOPE THE FUNDUS: weirdness? Pale disk, hemorrhages etc?… 
 
TEST ACUITY: get their glasses off, use Snellen chart 

Normal = able to read line 6 at 6 metres 
(1st number = seen by pt) 
(2nd number = seen by normal person) 

   VISUAL FIELDS: 
    Look into my eyes; see wiggling finger?  

(come INTO field, not out of it) 
 

 
 
BLIND SPOT:  
come from the lateral, its normally @ temporal visual field 

…Scotoma? 
 
PUPILLARY REFLEX:  

shine light into pupil: 
watch: what is the OTHER pupil doing?  

Should also constrict 
SWINGING LAMP SIGN: 
Move light to contra pupil:  
the ipsi pupil will then DILATE after the light has 
moved away from it.  
This is an AFFERENT PUPILLARY DEFECT  
(eye with reduced acuity will dilate abnormally) 

 
ACCOMODATION: 

Near and far focussing 
 
NORMAL ACCOMODATION BUT NO LIGHT REFLEX? = Syphilis pupil  
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OCULOMOTOR, TROCHLEAR, ABDUCENT   

PTOSIS? Oculomotor = opens eyelid; 
CONSTRICTED PUPIL? Sympathetic (Horners) dysfunction 
DILATED PUPIL? Oculomotor dysfunction 
 
TEST CARDINAL DIRECTIONS (LR 6 SO 4) 

 

 DIPLOPIA? = weakness of a muscle;  
OUTERMOST IMAGE IS FALSE 

 
 

NYSTAGMUS? = jerky or pendular 
PENDULAR = retinopathy or congenital 
Jerky:  
 
  = vestibular, cerebellar, toxic (INO@MLF) 
   

Upbeat   = midbrain or floor of 4rth 
 
 

Downbeat  = foramen magnum 
 

 

CONVERGENCE 
Move finger ���� patients nose 

 
 
Supranuclear palsy:  

loss of vertical, horisontal or both 
Both eyes, fixed unequal pupils, no diplopia! 

Progressive Supranuclear palsy: 
loss of first vertical, then horisontal gaze 
+ monotonous speech 
+ dementia 

Parinaud’s syndrome: 
Loss of vertical gaze 
Nystagmus on convergeance 
Pseudosyphilis pupil: no light response but accommodating fine 

 

 

Recti Recti 
Obliques 

sup 

inf 

sup 

sup 

inf 

inf 



 
TRIGEMINAL         

CORNEAL REFLEX: expect both eyes to blink 
If only contra eye blinks = ipsi 7th palsy 
If touch is still felt, trigeminal nerve is intact 

FACIAL SENSATION: forehead, cheek,  chin 
Total loss = preganglionic, eg. acoustic neuroma 
Dissociated = brainstem issue 

MASSETERS: clench teeth 
 
ABNORMAL MOVEMENTS 

Jaw tremor? =. Parkinsons 
Repetitive chewing? = Tardive Dyskinesia 
Tetanus clench  

JAW JERK REFLEX 
Open mouth 
Strike lower chin 
Normally: NO REFLEX 
EXAGGERATED = UMNL or pseudobulbar palsy 

 

FACIAL           

LOOK : Facial asymmetry?   
Unilateral droop? 
Wrinkle smoothing? 
Loss of NASOLABIAL FOLD? 

MUSCLE POWER: 
Wrinkle forehead; try to smooth out 
Test facial expressions: 

- SURPRISE 
- GRIN 
- SNARL 
- POUT 
- PUFF 
- SQUINT 

TASTE @ Ant 2/3rds 
 

ACOUSTIC           

LOOK @ EAR 
Pull pinna 
Pain =. Otitis externa or TMJ disease 

FEEL FOR NODES 
OTOSCOPE THE DRUMS 
TEST HEARING: 256 Hz fork: 

Rinne’s Test: 
Put struck fork @ mastoid: 
When you cant hear anymore:  
Put fork in front of ear. 
SHOULD BE ABLE TO HEAR IT AGAIN 
If not = conductive loss 

Weber’s Test: 
Put struck fork on centre of glabella 
Should hear it all @ centre of head 
NERVE-DEAF = better @ Normal ear 
CONDUCTION-DEAF = better @ Clogged ear 



VESTIBULAR         

HALLPIKE’S TEST FOR VERTIGO:   
Asit patient up in bed 
Grab patients head and smoosh it into the 
bed to ~ 30 degrees below horisontal 
At the same time turn patients head towards 
yours with eyes open. 
+ve test: LOOK FOR  

NYSTAGMUS 
VERTIGO  

For 15 sec, then- not 
reproduceable  
= benign positional vertigo 

    IF REPRODUCABLE = cerebellar or brainstem problem 

 
GLOSSOPHARYNGEAL and  VAGUS    

OPEN MOUTH AND SAY “AAAH” 
Uvula gets pulled to NORMAL side 

GAG REFLEX (9th sensory, 10th motor) 
Ask if they can feel it;  
Feel it but don’t gag = vagus issue 
No sensation or gag = glossopharyngeal  

problem 
 

SPEECH: Hoarse? 
= unilateral recurrent laryngeal palsy 

 
COUGH: bovine? 

= Bilateral recurrent laryngeal lesion 
 
TASTE @ posterior 1/3rd 
 
 

ACCESSORY          

SHRUG versus resistance 
TURN HEAD versus resistance 

Unilateral = something wrong @ jugular foramen 
Bilateral    = motor neurone disease 
 

 
 

HYPOGLOSSAL          

POKE OUT YER TONGUE 
Wasting? Fasciculations? 
TONGUE WILL DEVIATE TOWARDS LESION  
 
Unilateral UMNL = no deviation 
Bilateral  UMNL = small immobile tongue 
Bilateral LMNL = dysarthria 
 

 
 
 

BULBAR PALSY:  LMNL of 9th, 10th, 12th 
wasted tongue,  
no gag reflex,  
nasal speech,  
limb fasciculations 

PSEUDOBULBAR PALSY : UMNL of 9th, 10th, 12th 
=spastic tongue, exaggerated jaw jerk reflex, 
dysarthria, upper limb UMNL 



SENSORY AND MOTOR SYSTEMS 
General template: 
 
LOOK :  

- scars  
- wasting  
- fasciculations  
- tremor  
- symmetry 
- abnormal movements 

FEEL MUSCLE BULK  
TONE 
POWER 
REFLEXES 
COORDINATION 
Lower = GAIT 
Upper= Fine Functions 
 
PAIN with needle 
Temperature with ice cube 
 
Vibration with tuning fork @ bony prominences 
 
Proprioception with eyes closed 
Light Touch  with cotton bud 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UPPER LIMB MOTOR 
Shake hands;  

Cant relax grip = myoclonus 
Fasciculations? Wasting? 
 
CLOSE EYES, HOLD OUT BOTH 
HANDS WITH PALMS UP: 
Drift UP  = cerebellum 
Drift DOWN = UMNL 
Searching drift = pseudoathetosis,  

   = proprioception loss 

TONE 
POWER 
REFLEXES: 
Biceps, Triceps, brachioradialis 

 
COORDINATION 
Close eyes, touch own nose 
Open eyes, touch my finger 
DYSDIADOCHOKINESIS 

LOWER LIMB MOTOR 
GAIT: 
1. Walk normally  
2. Walk heel-to-toe = cerebellum 
3. Walk on toes = S1-S2 
4. Walk on heels = L4, L5 
5. Romberg’s test 
 
Fasciculations? 
 Wasting? LOOK AT THE QUADS  
TONE 
POWER 
REFLEXES: 
Knee jerk, Achilles tendon,  
Babinsky  (Normal = scrunch) 

 
COORDINATION 
touch my finger with your toe 
foot tapping 
Heel along shin  

 



CEREBELLUM       

INTRODUCE SELF, ASK PATIENT HOW THEY FEEL: 
Mr. Cerebello will reply EXPLOSIVELY + MONOSYLLABICALLY 

Stand the patient up. 
GAIT: 

 walk back and forth,  
 walk heel-to-toe 
 Cerebello will stagger � affected side 

 
CLOSE EYES + STAND WITH FEET TOGETHER 

(Romberg’s test) 
Cerebello will sway + collapse 

 
OPEN EYES, FOLD ARMS 

Swaying = trunkal ataxia 
 
SIT DOWN, PUT ARMS OUT + HOLD 

Cerebello will OSCILLATE 
 
CLOSE EYES, PUT ARMS OUT 

Cerebello will OVERSHOOT (rebound)  
 

CLOSE EYES, TOUCH NOSE 
Cerebello will MISS HIS NOSE 

     
OPEN EYES, TOUCH MY FINGER 

Cerebello will have an INTENTION TREMOR  
 
PRONATE + SUPINATE HAND, QUICKLY 

    Cerebello will have DYSDIADOCHOKINESIS  
 
NYSTAGMUS 

           Cerebello will have  
      JERKY HORISONTAL NYSTAGMUS  

 
SIT ON EDGE OF BED, SWING LEG LIKE PENDULUM  

Cerebello’s leg WILL NOT STOP SWINGING 
 
LIE DOWN, RUN HEEL ALONG ANT. TIBIA 
    Cerebello WILL NOT BE ABLE TO DO THIS PROPERLY  
 

TOUCH MY FINGER WITH YOUR BIG TOE  

Cerebello will have an INTENTION TREMOR 
 

 

STANDING 

SITTING 

SUPINE 



Drug and Alcohol Exam        

General 
- Jaundice, anaemia,  
- Mental state 
- Smell 
- Ascites 
- Body hair distrubution, spider naevi 
 
Hand 
- Clubbing,  
- osler nodes,  
- splinter hemorrhages 
- Xanthomas (fatty deposits);  
- Dupuytren’s contracture: 
- Hepatic Flap 
Arm 
- Pulse: AF, Tachycardia 
- Track marks 
- BP 
Face 
- Smell breath! 
- Anaemia, jaundice 
- Parotid enlargement 
 
Neck 
- JVP, Carotids, lymph nodes (esp. supraclavicular nodes) 
 
Chest 
- Gynaecomastia 
- Cardiac palpation + auscultation (for AF, LV hypertrophy) 
- Percuss and auscultate lung fields 
 
Abdo 
- Caput medusa 
- General palp (esp pancreatitis) 
- Hepatosplenomegaly 
- Shifting dullness 
Legs 
- Peripheral oedema 
 

Test cerebellar 
- Test for nystagmus 
- Walk heel-toe, on toes, on heels 
- Finger nose testing 
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         DRUG HISTORY:  
 

IS IT A REASON FOR PRESENTATION? 
PERSONAL: 

- Age 
- Occupation 
- Reason for attending 
- Place of residence 
- People at home 
- Relationship 
- Family 
- Financial status: working/bludging/crime 

 
ALCOHOL: 

- Where do you drink 
- Socially or alone? 
- How often? 
- Whats your drink of choice? 
- How much is spent per week? 
- Tried to CUT DOWN? 
- Ben ANNOYED by CRITICISM? 
- Felt GUILTY about drinking? 
- Need an EYE-OPENER in the morning? 
- WHEN DID YOU START ? 
- Changed patterns of use? WHY? 
- Is the use PERCEIVED AS A PROBLEM? 
- Have there been LEGAL ISSUES? 
- RELATIONSHIP PROBLEMS? 
- Work or health problems? 
- EVER SOUGHT HELP FOR IT? 

IV DRUGS: 
- Same; how often? 
- How much is purchased? 
- Sharing needles? 
- Withdrawal? 
- Ready to address problem? 

 

OCCUPATIONAL HISTORY          
- NOT just a job description: need detailed walk-through 
- What do you do, or ever did? 
- Please describe the daily tasks 
- What hours did you work 
- When did the problem first begin 
- Has anyone else at work had any of these problems? 

Are the symptoms better during the 
- Weekend? 
- Holiday? 
- Weekdays? 
 

Have there been any SPILLS or ACCIDENTS AT WORK? 
 

- Do you regularly use protective clothing/equipment, eg. breathing masks or gloves? 
- SMOKING + DRINKING HISTORY 
-  

Then: WHAT DO YOU DO FOR A HOBBY? 
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ENDOCRINE EXAM:              THYROTOXICOSIS 
 

LOOK 
- Weight loss 
- Anxiety 
- Frightened thyrotoxic stare 
- Patient may be pacing and unable to sit still 

 
HANDS 
- Put arms out: fine resting tremor 
- Onycholysis – rarely Graves 
- Acropachy (clubbing) 
- Palmar erythema 
- Warmth 

- Sweaty palms 
 
PULSE 
- Sinus tachy 

- !! Could be in atrial fibrillation if elderly !! 
- collapsing “bounding” pulse 

 
PROXIMAL MYOPATHY  
- test for weakness 

 
REFLEXES 
- Brisk but not hyper-reflexive 

 
EYES: 
- exopthalmos: !! bilateral = always Graves !! - look from the side or from above 
- complications thereof = scleral injection, oedema of the conjunctiva ( “chemosis”) 

+corneal ulceration, inferior rectus muscle weakness  
- Lid retraction  and lid lag  

- ?? IS THERE PTOSIS as well ?? there shouldn’t be! 
 
NECK: 
- Feel the thyroid from behind and from in front; Graves Dz may be enlarged all over 

and smoothly, while everything else will be nodular or unilateral. 
- THYROIDECTOMY SCAR� look for Trousseau’s sign (hypoparathyroid) 

 
ARMS: 
- Raise arms above head, keep em there: proximal myopathy means patient cant do 

that 

 
CHEST: 
- Gynacomastia, occasionally. 

 
HEART: 
- Systolic flow murmurs due to massive increase in cardiac output 
- Atrial fibrillation in the elderly 

- Congestive heart failure in the elderly 
 
LEGS: 
- Pretibial myxoedema: spongy swelling of anterior tibia, elevated dermal nodules and 

plaques � ONLY GRAVES! 
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ENDOCRINE EXAM:             PANHYPOPITUITARISM 

 
PRODUCTION OF HORMONES IS LOST IN ORDER: 
1) GH  � dwarfism in kids 

� insulin sensitivity in adults 
2) PROLACTIN � failure to lactate on cue 
3) GONADOTROPINS � reduced expression of secondary sexual characteristics 
4) TSH � hypothyroidism 

5) ACTH � hypoadrenalism and hypopigmentation 
 
LOOK:  
- Short stature = reduced GH 
- Pallor = reduced MSH due to reduced ACTH production  
- Lack of body hair = Hypogonadism 
- Finely wrinkled skin = hypogonadism 

- Absence of secondary sexual characteristics = hypogonadism 
 
BLOOD PRESSURE: 
- Postural hypo due to ACTH deficiency 

 
FACE: 
- Multiple eye wrinkles = hypogonadism 
- Hypophysectomy scars on upper lip 

- Facial hair present? should it be?  
 
VISUAL FIELDS:  
- bitemporal hemianopia 
- Assess nerves 3, 4, 6 and ophthalmic branch of 5 

 
FUNDOSCOPY: 
- Optic nerve atrophy? Pale useless disk 

 
NECK:  
- enlarged thyroid due to hypothyroidism from reduced TSH 
 
CHEST: 
- Hairless = hypogonadism 
- Pale = reduced MSH from reduced ACTH 
- Nipple pigment absent 

- Breast atrophy = hypogonadism 
 
GENITALS: 
- Loss of pubic hair = hypogonadism 

- Atrophied testes? = normally 15 to 25 ml 
 
ANKLE REFLEXES: 
- “hung up” reflexes of hypothyroid 

 
 
 
 
 
 
 
 
 
 



 

ENDOCRINE EXAM:               ACROMEGALY 

LOOK 
- Gigantism (from childhood) orSuperhero Jaw (adult onset) 

 
HANDS 
- Wide spade-like with lots of sweating and warmth 

- Thickened skin and osteoarthritis 
 
TINELS SIGN for carpal tunnel median nerve compression 

!! PULSE !! 
ARMS : 
- proximal myopathy: test deltoid and biceps power 

- palpate ulnar nerve under the elbow: thickened? 
 
AXILLAE: 
- Tags? “molluscum fibrinosum” 
- Greasy skin 

- Acanthosis nigricans 
 
FACE 
- Supraorbital ridge + frontal bossing 

- Jaw + tongue enlargement 
 
EYE 
- Bitemporal hemianopia 

 
FUNDOSCOPY 
- Optic nerve atrophy and hypertensive changes 

 
MOUTH 
- Splayed widely spaced teeth 
- huge tongue  

- protruding jaw 
 
NECK 
- Big multinodular thyroid and hoarse voice 

 
CHEST 
- Coarse body hair, gynacomastia 

- kyphosis 
 
HEART 
- Cardiomegaly (!! IMPORTANT !!) – where’s that apex 
- Murmurs, arrhythmia  

 
ABDOMEN 
- Hepatoisplenomegaly 

- Testicle atrophy 
 
LOWER LIMBS 
- Hip and knee osteoarthritis 
- Foot drop from common peroneal nerve entrapment 

- Look for signs of diabetes as GH is a diabetogen (increases tissue resistance to insulin) 
 

ACTIVE DISEASE: 
- Increasing skin tags, excessive sweating, glycosurea, progressive visual field loss, 

enlarging goitre and headache 

 



 

ENDOCRINE EXAM:                CUSHINGS 
Undress the patient completely and stand them up 
LOOK: 
- Moon-like fatty facies 
- Central fat deposition 
- Thin limbs 
- Buffalo hump 
- Vertebral crush fractures 
- Bruises everywhere 

- Steroid psychosis should become obvious at this point 
!!! EXCESSIVE PIGMENTATION = ACTH PITUITARY ADENOMA !!! 
 
FACE 
- Plethoric red, fat, hirsuit, with acne spread all over 

- Bitemporal hemianopia, optic nerve atrophy, papilloedema etc (pituitary adenoma) 
 
ABDOMEN 
- Purple WIDE striae 
- Adrenal mass 
- Scars from porevious adrenalectomy 
- Hepatomegaly 

 
LEGS 
- Oedema 
- Bruising 

- Poor wound healing  
 
ADRENAL CAUSE = abdo mass and gynacomastia 
ECTOPIC ACTH adenoma  = absence of cushingoid body habitus  but lots of 

oedema and hypertension with marked weakness of proximal muscles 
 
 

ENDOCRINE EXAM:                ADDISONS 

= adrenal hypofunction, very non-specific symptoms 
LOOK: cachexia 
 
PIGMENTATION = ALL IMPORTANT!  
- Hyperpigmentation due to ACTH compensation 

- Vitiligo if its an autoimmune  
 
BLOOD PRESSURE 
- = postural hypotension, no catecholamines 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!! TEST URINE FOR SUGAR!! 



 

ENDOCRINE EXAM:     Primary HYPERPARATHYRIDISM 
~ Stones, bones, abdominal groans. ~ 
LOOK:  
- mental state: coma, convulsion, confusion? 

 
HYDRATION: 
- Dehydrated from polyuria 

 
FACE: 
- Look for BAND KERATOPATHY @ the eyes (rare sign) 

 
BODY: 
- Look for evidence of multiple previous fractures 

 
LOWER LIMBS:  
- Look for proximal myopathy 

- + Pseudogout @ big toe 
 
ABDOMEN 
- Tenderness from ulcers or stones? 

 
ENDOCRINE EXAM:      PSEUDOHYPERPARATHYRIDISM 

Same as primary HyperPara, but NO TETANY or neuromuscular effects!!  
 

ENDOCRINE EXAM:           HYPOPARATHYRIDISM 
= hypocalcaemia and therefore increased nerve excitability and tetany 
= neuromuscular consequences 

TROUSSEAU’S SIGN: 
- Cuff the arm in BP cuff, inflate until blood supply lost : watch the thumb become strongly 

adducted and the fingers extend beyond the MCP 

- = “maine d’acoucheur” the hand of an obstetrician trying to manually remove the placenta 
 
CHVOSTEK’S SIGN: 
- Tap gently @ mastoid proicess under the ear;  
- facial nerve will cause a brisk muscular twitch of the face!! 

 
HYPER-REFLEXIA 
 
NAILS:  
- Fragile 
- Infected 

 
SKIN 
- Dry 

 
TEETH 
- Deformed and rotting 

 
EYES  
- Cataracts 

- Papilloedema 

ENDOCRINE EXAM:   PSEUDOHYPOPARATHYRIDISM 
LOOK: 
- Tetany and skeletal abnormalities;  

- short stature, short neck, stocky build 
HANDS: PATHOGNOMIC 4th and 5th finger shortening 



 ENDOCRINE EXAM:         SHORT STATURE SYNDROMES 
LOOK: 
- Height 
- Percentile charts 

- Turners, Downs, achondroplasia or rickets? Only 4 to chose from 
 
IS THERE ANY SIGNS OF  
- Hypopituitarism 
- Hypothyroidism 
- Cushings 

- Sexual Precocity (premature puberty) 
 
CHEST 
Auscultate:  

- Cyanotic congenital heart defect 

- Cystic fibrosis coarse crackles all over lung fields? 
 
ABDOMEN 
- Hepatic and renal failure symptoms 

 
TURNERS 
- Fish mouth, webbed neck, sexual infantilism, hand and foot oedema, short 4

th
 

metacarpal,  nail hypoplasia, micrognathia, ptosis, widely spaced nipples, low hair line  

 
DOWNS 
- Small simple ears, single palmar crease, flat nasal bridge, hanging open mouth, 

protruding tongue, short broad hands, hyperflexible joints, straight pubes and mental 
deficit 

 
RICKETS 
- Defective bone mineralisation due to Vit. D deficit 

- = tetany, hypotonia, proximal myopathy, bowing of radius/ulna/tibia/fibula, Harrissons 
sulcus (when lowermost ribs protrude deep into the chest cavity) 

 
ACHONDROPLASIA 
- = autosomal dominant cartilaginopathy 

- short stature, short limbs, but NORMAL SIZED TRUNK 
- BIG HEAD with saddle shaped nose,  
- Exaggerated lumbar lordosis 

- Spinal cord compression! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ENDOCRINE EXAM:             HIRSUITISM 

Excessively hairy woman: Must figure out if virilised or not: 
 

VIRILISATION = MALE secondary characteristics, eg. 
Clitoromegaly  
Frontal hair recession, 
Central fat distribution, less fat on hips and more on abdomen 
Deepening of the voice 
Breast atrophy 
Increased musclebulk of hands and legs 
Male pattern of pubic hair (creeping up towards umbilicus) 
ALL THIS MEANS THERES AN EXCESS OF ANDROGENS 
 
ALSO LOOK FOR: 
Hair: face, midline chest, midline back 
Male baldness pattern (with widows peak) 
Obvious acromegaly or cushings 
Clear haemorrhagic blisters on the hands (porphyrea cutanea tarda)  
AXILLAE: might have tags 

Also will have acanthosis nigricans if the patient has polycystic ovaries 
 
ABDOMEN:  
palpate for adrenal masses and huge polycystic ovaries 

 
ENDOCRINE EXAM:                           GYNAECOMASTIA 

Must determine True (ductal) or False (just fat being deposited) 
!! LOOK FOR TENDRENESS AND BILATERALITY (might be a malignancy!) 

 
LOOK for  
Klinefelters syndrome: tall skinny patients with small firm testes 
Panhypopituitarism  
Chronic liver disease 
Thyrotoxicosis 

 
VISUAL FIELDS:  
Bilateral hemianopia 

 
GENITALS:  
Look for sexual ambiguity (congenital) 
Testes: absence? Normal size?  
LOSS OF SECONDARY CHARACTERISTICS? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ENDOCRINE EXAM:                          DIABETES MELLITUS 
LOOK: 
- Dehydrated? 
- Comatose? 
- Kussmaul Breathing (“air hunger”, deep and rapid) = ketoacidosis 
- Obese? (type 2) 
- Recent weight loss 
- Abnormal endocrine face? Eg. cushings, acromegaly? 
- Pigmenatation: bronze? = haemochromatosis 

 
BEGIN WITH LOWER LIMBS: 
Skin: 
- Hairless and atrophied with loss of subcutaneous tissue 
- Ulcers 
- Infections, eg. cellulitis, boils, fungus 
- Pigmented scars 
- Fistulae with underlying abscess 
- Muscle wasting 
- Charcots joint (horribly swollen due to repeated injury) 

 
 
PALPATE LEG PULSES and TEMPERATURE OF EXTREMITIES 
- Check capillary return 

- Auscultate femoral and popliteal bruits 
!!! Neuro exam @ the lower limbs !!! 
 
UPPER LIMBS: 
- Look at the injection sites 
- Blood pressure lying and standing (autonomic neuropathy) 

 
EYES 
- Test visual acuity 
- Look for Argyll-Robertson pupil (accommodates but does not react to light) 

- Cataracts 
 
FUNDOSCOPY 
- Look for proliferative retinopathy, dot-and-blot haemorrhages and microaneurysms 

 
NEURO EXAM OF CN 3, 4, 6 
- (diabetic 3

rd
 nerve palsy affects movement but not the pupil reflex) 

 
EARS: 
- Infected? 

 
MOUTH 
- Candida thrush? 

 
NECK + SHOULDERS: 
- Carotids: bruit? 
- Scleroderma? 

- Acanthosis nigricans? 
 
ABDOMEN:  
- hepatosplenomegaly? 

 
 
 
 
 
 
 



ENDOCRINE EXAM:                                  PAGETS DISEASE 
LOOK: 
- Short stature? 

- Obvious head and limb deformity? 
 
HEAD, FACE: 
- Scalp enlargement? Frontal and parietal areas should be thickened 
- PALPATE FOR WARMTH over bony areas 
- Prominent skull veins? 
- Bronchial breath sounds might be heard when auscultating the skull!! 

- Look for swollen tender warm SARCOMA (1% of patients get this) 
 
EYES: 
- Acuity and fields; 

 
FUNDOSCOPY: 
- Look for optic nerve atrophy 

 
CRANIAL NERVES:  
- ALL must be tested, but look for hearing loss especially 

 
NECK: 
- Short, with low hairline (basilar invagination) 
- Head held in extension, neck movements decreased 

- JVP: high cardiac output? 
 
HEART: 
- Look for heart failure 

 
BACK: 
- Kyphosis? Scoliosis?  
- Localised tenderness? 

- Systolic bruits over vertebral bodies? 
 
LEGS: 
- Anterior bowing of tibia? 
- Lateral bowing of femur? 
- Bony warmth/temnderness? 
- Warm swelling?? SARCOMA??… 

 
NEURO EXAM of lower limbs: 
- Look for evidence of partial paraplegia 



     GASTROINTESTINAL EXAM     
 

LOOK:  
- Jaundice 
- Cachexia 
- Obesity 
- Loose skin eg. weight lost 
 

SKIN: 
 Pigmentation: 

- Generalised eg. hemochromatosis 

- Localised eg. Addisons disease, Peutz-Jeghers (colon cancer) 
- Acanthosis Nigricans 
- Hereditary haemorrhagic Telangiectasia (inside lip) 
- Porphyria Cutanea tarda (dark urine = vescicular rash) 
- Systemic Sclerosis (tethering of the skin; + reflux and dysmotility) 

Mental State: looking for encephalopathy of decompensated cirrhosis 
 

 

The HANDS  
- Leuconychia = hypoalbuminaemia 
- Blue Lunulae = wilsons copper disease 
- Clubbing = cirrhosis, coelicac disease, inflammatory bowel disease 

PALMS: 

- Palmar erythema = oesterogen excess  
- Anaemia of palmar creases = malabsorption of haematinics 
- Duypuytren’s contracture =chronic alcoholism 
- Hepatic asterixis =liver failure etc etc 

 

The ARMS 
- Bruising = vit K deficit, bone marrow suppression by alcoholism 
- Petechiae / ecchymoses = splenomegaly? Thrombocytopenia? Clotting factor deficit? 
- Deltoid wasting? 
- Scratch marks (pruritis) = biliary canal obstruction 
- Track marks = ? hep C 
- Spider naevi (blanching) = liver disease 
- Campbell de Morgan spots (non-blanching) =non-pathology 
 
PALPATE NODES 
 

FACE: 
- Jaundice? 
- Anaemia 
- Kayser-Fleischer rings @ outer cornea =  wilsons disease 
- Xanthelasma = hyperlipidaemia, cholestasis 
- Post-sigmoidoscopy periorbital purpura = amyloidosis 

 

Parotids: 
- Ask patient to clench teeth; glands are between masseter and ear 
- Bilateral enlargement = alcoholism, mumps, malnutrition,  dehydration 
- Unilateral enlargement = Tumour, duct blockage  

- feel floor of mouth for salivary calculus 
- Painful lump = parotiditis 

- Panless lump = carcinoma 
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MOUTH 
- Own teeth? REMOVE DENTURES 
- Gum hypertrophy: anaemia  
- Pigmentation eg. Peutz- Jeghers 
 
STENCH? 
- Sweet = fetor hepaticus 
- Sickly sweet = ketoacidosis 
- Putrid? = anaerobe infection 
- Tobacco and alcohol? 
- Fish breath? = uraemia 
 
TONGUE 

Thick coating is normal for smokers 
“Lingua nigra” = keratinosis, bismuth (not disease) 
“geographical tongue” = Vit. B2 (riboflavin) deficiency 
Leukoplakia = premalignant!! 

RULE OF S’s: 
- Sore teeth 
- Smoking 
- Sepsis 
- Spirits 

- Syphilis 
Glossitis = smooth erythematous tongue  

= alcoholism, carcinoid syndrome,B12 deficiency 
 
MACROGLOSSIA = tumour,  acromegaly, amyloids, Down syndrome 
 
Mouth Ulcers 
Aphthous ulceration : small shallow ulcer from small vesicle  

= non-pathological 
Big weird lesions? = HIV 
Angular Stomatitis = B6, B12, Folate, Iron deficiencies 
Candida = whitish plaques, bleed when removed 
 

NECK and CHEST 

- PALPATE CERVICAL NODES 
- Palpate SUPRACLAVICULAR NODES 

ESPECIALLY ON THE LEFT SIDE = GI CANCER  
- Spider Naevi? 
- Gynaecomastia? 

(both may result from liver disease and alcoholic testiculopathy) 
 

 
 
 
 
 
 
 
 
 
 



 
The ABDOMEN        
Inspect 
Scars?   Stretchmarks?   Distension? �  
UMBILICUS: Innie or Outie? 
Innie = fat;  Outies = ascites 

 “Black Eye” umbilicus = hemoperitoneum 

ANY VISIBLE HERNIA? 
Prominent veins? Caput medusae? 

Direction of venous flow: test below umbilicus 
= towards head = caput medusae;  
=towards legs =  IVC obstruction 

  

PALPATE         
Ask where it hurts: leave painful areas until last 
LIGHT PRESSURE FIRST 

Palpating hand should only 
move at the MCP joint 

DEEP PRESSURE NEXT 

GUARDING: 
Contraction of abdo muscles to  
resist palpation 
Involuntary = peritonitis 
RIGIDITY: 
Constant contraction 
= peritonitis 
REBOUND TENDERNESS: 
Compess abdo slowly,  
� release suddenly: 
 stab of pain = peritonitis 

MAP OF MASSES:          

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fat 
Food 
Fluid 
Foetus 
Flatus 
Faeces  
Filthy Big Tumour 

GOT MASS?? 
1. Where is it? 

2. Is it painful? 

3. How big? 

4. What shape is it? 

5. What texture has it? 

6. What is the edge like? 

7. Is it hard or soft? 

8. Does it move with respiration? 

9. Is it mobile under pressure? 

10. DOES IT PULSATE?? 

11. Can you get above or below it? 

 

Bladder 
Ovarian tumour,  cyst or abscess 
Pregnant or fibroid-ridden uterus 
Obstructed small bowel 

Faeces 
Colon cancer 
Ovary tumour, cyst or abscess 
Hernia 
Transplanted kidney 
Psoas abscess 

Retroperitoneal lymph nodes 
Abdo Aortic Aneurysm 
Lt lobe of liver 
Pyloric stenosis 
Tumour 
Pancreatic cyst 
Colon cancer 
 Splenomegaly 

Polycystic kidney 
Colon cancer 
 

Hepatomegaly 
Liver mets or primary Cancer 
Colon cancer 
Polycystic kidney 
 

Appendix abscess 
Crohn’s disease abscess 
Ovarian tumour, abscess or cyst 
Psoas abscess 
Amoebiasis 
Hernea 
Transplanted kidney 
Faeces 

Colon cancer 
Small bowel obstruction 
Distended gall bladder 
 

Colon cancer 
Small bowel obstruction 

If your mass is in the abdominal 
wall, it will not disappear if the 
patient tenses their abdominal 
muscles by sitting up to 45 degrees 
 



The LIVER           
Start in inguinal fossa; work your way up with patient breathing deeply 

(MOVES ON RESPIRATION) 
Find Liver Edge Percuss Liver Span in midclavicular line 
(upper border = 6th rib) ; (Normal size = less than 13 cm) 
 

The GALLBLADDER   

Is @ the junction of the 
 Rt Costal Margin and Rt Rectus muscle 
(MOVES ON RESPIRATION) 
 
!! Murphy’s sign: press on the gall bladder. 
Ask patient to inhale deeply 

Half-way, the patient will sharply catch  
breath if the gall bladder is inflamed 

 

The SPLEEN           

MOVES WITH RESPIRATION 
Palpate upwards ���� left costal margin from below umbilicus 
CANT FIND IT? 
Put hand on left lower ribs; Put other hand @ costal margin 
Pull skin towards costal margin with one hand  
while pressing under the ribs with the other. 

 
STILL CANT FIND IT? 
Roll patient towards you,  repeat. 

 
The KIDNEY     

MOVES WITH RESPIRATION 
Bimanual palpation from above and below;  
try to push the kidney’s inferior pole towards abdominal wall 
 

The STOMACH + DUODENUM       
Outlet obstruction = succussion splash when patients  iliac crests are shaken 
Otherwise,  look to the epigastrium 

The  Pancreas           
Midline, Above the umbilicus 

 
The AORTA          

Midline, above and below umbilicus.  
Thinking Aneurysm?  
Palpate the bulge: two fingers slightly apart:  

do they move UP AND DOWN? (not aneurysm) 
do the move APART? = expansile = ANEURYSM 

 

The BLADDER         

  Smooth, oval, suprapubic mass (if full)  
 
 

The TESTES and INGUINAL LYMPH NODES    

 
 

Is it kidney or spleen I’m groping? 
1.  Spleen has a notch. 
2. Percussion of spleen is dull 

(overlying bowel makes percussion of 
kidneys sound hollow) 



PERCUSSION        
Liver: 

Midclav line ���� down until iliac crest if necessary 

Spleen: 
Percuss over lowest intercostal space 
SHOULD NOT be dull on complete expiration 

Kidneys: 
Is that right or left subcostal mass a kidney? 
A kidney will be hollow-sounding due to overlying bowel 

Bladder: 
Suprapubic dullness 

ASCITES: 
Shifting dullness: 
Find resonant centre of abdomen 
Percuss until edge (will become dull) 
Roll patient 
See if the area of dullness has moved (is the centre still resonant?) 

 

AUSCULTATION          
Bowel sounds: 

Any = normal 
None = paralytic ileus 
Loud high-pitched sound = obstruction  

Friction rubs: 
Over liver or spleen; a ROUGH CREAKING OR GRATING NOISE  

   Means the organ capsule is inflamed 

Venous hum 
= is obliterated by putting more pressure on the stethoscope 
= portal hypertension 

Bruitts 
Either side of midline above umbilicus = renal artery stenosis 

 

HERNIAS          
Get patient to stand up; full exposur 
 

INSPECT:  

scars? 
Ask pt: TURN HEAD AND COUGH 
WHERE IS IT IN RELATION TO THE PUBIC TUBERCLE? 

Pubic tubercle is where the adductor longus attaches 

PALPATE: 
 Ask to cough again 
  
LIE THE PATIENT DOWN SUPINE; repeat above steps 

   
 

 



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



             GASTROINTESTINAL HISTORY 
PRESENTING SYMPTOMS: 

- ABDOMINAL PAIN: Acute or chronic?  
How often? Daily pattern? 

- Point to where it hurts:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
RADIATING? 

Localised = ? parietal peritoneal inflammation 

 
COLICKY OR STEADY?  
 Colicky = gut or ureter obstruction  

 
AGGRAVATING FACTORS: 

After meals: ulcer or ischaemic gut 
 
RELIEVING FACTORS: 

Vomiting = ulcer or reflux 
Antacids = ulcer or reflux 
Defecation =  colonic disease 
Writhing / rolling = colicky pain 
Staying perfectly still = peritonitis 
Sitting + leaning forward = pancreatic 

 
PATTERN: 

Peptic = dull, burning, epigastric 
   episodic, waking at night 

 
Bilious = epigastric, severe, constant 
 
Pancreatic = constant, vomit-inducing,  

   radiating to back, relieved by    
   sitting +leaning forward  

 
Renal = colic on a background of  

constant renal angle pain,  
radiating to groin 

 
Bowel = colicky;  

Umbilical every 2-3 min if small bowel, 
Anywhere every 10-15 min if large bowel 
++ distention, vomiting, constipation 

 

 
 

Duodenum, 
head of pancreas 

Liver 

Appendix 

Caecum and ascending colon Sigmoid colon 

Kidney and ureter 

Spleen 

Stomach 

Irritation of the Diaphragm,  
THUS  
- Liver 
- Gallbladder 
- Duodenum 
  

Liver 

Gallbladder Gallbladder 

Small Intestine 

ABDOMINAL DISTENTION 
The 7 Fs: 

- FAT 
- FLUID 
- FOETUS 

FLATUS 
- FAECES 

FILTHY BIG TUMOUR 
- PHANTOM PREGNANCY 

 
APPETITE and WEIGHT CHANGE 
 
 
 
 
 
 
 
 
 
 
 

* Hepatitis causes smoking cessation 
?? HOW MUCH WEIGHT LOSS OVER WHAT PERIOD ?? 

 
NAUSEA +/- VOMITING 
TIMING IS EVERYTHING: 

Eg. 1 hour after meal = gastric outlet obstruction 
Acute with retching = ? small bowel obstruction 

          = ? infection 
Chronic = rule out PREGNANCY and DRUGS 
EARLY MORING VOMITING could be  

pregnancy, alcoholism or  
!! increased intracranial pressure !! 

 
���� CONSIDER ALSO… 
* Peptic ulcer with gastric outlet obstruction 
* Gastroparesis after surgery 
* acute hepatobiliary disease 
* Bulimia nervosa 
* psychogenic vomiting 
 
���� CONTENTS? Eg. bile, old food, faeces? 
 

                    APPETITE 
 Loss Gain 
Loss Malignancy 

Depression  
LIVER DISEASE 
lots of other stuff 

Thyrotoxicosis 
MALABSORPTION 

 
 
WEIGHT 

Gain Hypothyroid Cushings  
Hypoglycaemia 
Hypothalamic disease 
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-  
 

 

HEARTBURN + INDIGESTION: 
Typically: burning retrosternal pain radiating to neck 

 Relieved by antacids 
 Aggravated by stooping and lying down 
 Worse after meals 

WATERBRASH: = uncommon = excess saliva secretion 

    = symptom of peptic ulcer or oesophagitis  
 
DYSPHAGIA + ODYNOPHAGIA:  

     = Difficult vs. Painful swallowing;  
MUST FIND OUT WHICH IT IS!! 
���� When swallowing is PAINFUL there’s inflammation somewhere: 

- eg. oesophagitis,  
- oesophageal perforation,  
- peptic ulcer of the oesophagus 

� when swallowing is DIFFICULT TO INITIATE and results in  
          WATER GOING UP THE NOSE  

and all kinds of CHOKING 
          = means it’s a PHARYNX ISSUE 
 = do neuro exam of CN 9, 10, 12  

 
!! TIMING IS ALL-IMPORTANT !! 
���� INTERMITTENT with first few swallows being the worst = 

  = lower oesophageal ring or oesophageal spasm  
���� CHRONIC PROGRESSIVE = 
 = carcinoma, achalasia, or stricture. 
���� BOTH SOLIDS AND LIQUIDS STICK IN THE THROAT? 
      = motor disorder more likely eg. achalasia or diffuse spasm 

      
���� Can the patient localise the area of blockage? 

      Is it accompanied by heartburn? = stricture 
      
 

      
      What exactly do they mean? 
     = infrequent , more solid, or more difficult to excrete?  

- Acute or chronic? 
- Most often due to habitual neglect of defecation impulse 
 
- CONSTIPATION DRUGS:  

- opiates,  
- antidepressants,  
- aluminium or calcium antacids 

 
- Due to Metabolic or Endocrine disease: 

- Hypothyroidism,  
- Hypercalcaemia 
-  Diabetes mellitus 
- phaeochromocytoma 
- porphyria 
- hypokalemia 

- NEURO DISORDERS eg. 
- Agangliosis 
- Hirschsprung’s disease 
- Autonomic neuropathy of diabetes 
- Spinal cord injury 
- Multiple sclerosis 

  
- Due to OBSTRUCTION: by faeces, malignancy, etc. 

 
 
          
    

REFLUX is aggravated by: 
- Alcohol 
- Chocolate 
- Caffeine 
- Fatty meal 
- Theophylline 
- Anticholinergic drugs 
- Calcium channel blockers 
-  

DIARRHOEA: 
 
FIRST:  what do they mean by  

“diarrhoea”? 
= small but frequent passing of formed 
stool does not make diarrhoea 

           = local rectal or psychological disturbance 

 
SECOND: is it ACUTE or CHRONIC? 

Acute = infective 

Chronic = any damn thing 

 

SORTING BY PATHOLOGY: 
SECRETORY 
- High volume 
- PERSISTS WITH FASTING 
- No pus, no blood, not fatty 
- Staph A, E. Coli, V. Cholerae, VIPoma, 

or gastrin-secreting tumour (Zollinger-
Ellison syndrome), or villous adenoma 

 
OSMOTIC 
- DISAPPEARS WITH FASTING 
- Large volume, related to meals 
- Lactose intolerance, gastric surgery, or 

magnesium antacids 
 
MALABSORPTIVE 
- Classic STEATORRHOEA: 
- Pale , stinking,  unflusheable  

fat-filled (over 7 grams per 24hrs) 
- NUMEROUS CAUSES 
 
ABNORMAL MOTILITY 
- Thyrotoxicosis 
- Irritable bowel syndrome 
 
EXUDATIVE 
- Small volume  
- Frequent 

- Blood and mucus!! 
- =  inflammatory bowel disease  

- = colon cancer 

IRRITABLE BOWEL SYNDROME: 
Alternating diarrhoea and constipation 
… Abdominal pain …  
PLUS 2 or more of the following: 
- Abdo pain relieved by defaecation 
- Looser or more frequent stools with the pain 
- Mucus in rectum 
- Feeling of incomplete emptying 
- Visible distension of abdomen 
 

CONSTIPATION: 



BLEEDING IN THE GIT: !! ASK ABOUT THE DRUGS !! Warfarin, Aspirin, etc 
Gotta find the cause for the puncture / ulcer / coagulopathy 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

MEDICATIONS: want to know about … ALCOHOL, mainly 
- NSAIDs ���� GI bleed 
- Halothane 
- Phenytoin 
- Chlorothiazide 
- chlorpromazine 
- sulphponamides 
- sulphonylureas 
- phenylbutazone 
- rifampicin 
- nitrofurantoin 
- anabolic steroids 
- oral contraceptive 
- ALCOHOL 
- tetracycline 
- valproic acid  
- amiodarone 
- paracetamol 

Allergies:  
lactose intolerance, phenylketonuria or gluten restriction may be described as allergies by the patient 

HEMATEMESIS 
! make sure its from the GUT !! 
not tooth socket or nose 
= blood must be coming from 
the duodenum up 
 

“coffee grounds” = 
stomach contents, slow bleed 
 

Frank Red: Varices 
(oesophageal portosystemic shunting)  
 
Mallory-Weiss tear: 
- after repeated vomiting; 
- first clear gastric contents, 
- then great volumes of blood 

MELENA 
 Upper GI bleed passing 
through whole of GIT 
= jet black stool, foul stench 
 
= could also be ingestion of 
charcoal, liquorice, iron tablets or 
bismuth- BUT NOTHING 
SMELLS AS BAD AS BLOOD  

HEMATOCHEZIA 
 

Bright red blood per rectum, 
not mixed with faeces: = 
HAEMORRHOIDS  
(portosystemic shunt � rectum) 
 
IF MIXED WITH FAECES =  
= MUST BE COLON !! 
  

JAUNDICE 

- The eyes are first to go. 
ASK ABOUT THE COLOUR OF URINE AND STOOL: 
 
JAUNDICE WITHOUT DARK URINE OR PALE STOOL 
means HAEMOLYSIS (unconjugated bilirubin released @ 
circulation, thus not water soluble and cannot be excreted by 
kidneys) 
 
JAUNDICE WITH DARK URINE AND PALE STOOLS means 
OBSTRUCTIVE JAUNDICE 

 
 

With PRURITIS: “itchy jaundice” 
= biliary obstruction (bile salts cause itching)  
 
With ASCITES (���� shifting dullness ) 
= look for portal hypertension signs / symptoms 
 

Acute Hepatitis 

Cholestasis 

Fulminant Necrotic Hepatitis 

Steatosis (Fatty Liver ) 



 
 
PAST HISTORY 
 !! SURGERY !!  

- might have directly damaged the bile duct 
- might have had a length of GUT REMOVED 

- ANAESTHESIA causes JAUNDICE (i.e halothane) 
 

PAST HISTORY OF INFLAMMATORY BOWEL DISEASE 
PAST HISTORY OF HYPERSENSITIVITY TO FOODS 

 
FAMILY HISTORY 

- Inflammatory bowel disease 
- Anaemia 
- splenectomy 
- Liver disease, particularly HEPATITIS 
- Anybody in the family suffering from the same complaint? 
-  

 

SOCIAL HISTORY 
- smoking, drugs and alcohol 
- AMOUNT IS VERY IMPORTANT 
- !! INTRAVENOUS DRUGS ARE VERY IMPORTANT !! 
- ?? CONTACT WITH A YELLOW JAUNDICED PERSON ?? 
- RECENT TRAVEL  
- SEXUAL LIASONS 
- Blood transfusions, tattoos, dental treatment, basically anything invasive  

 

Occupational History: 
!! HEALTH CARE WORKERS !! Ask about NEEDLE STICK INJURIES 

- Toxin Exposures:  
- carbon tetrachloride, vinyl chloride (textile/dye manufacture) 

(chronic liver disease) 



HISTORY OF A HEADACHE   
CHARACTER 
DURATION 
SEVERITY 
FREQUENCY 
RADIATION 
AGGRAVATING AND RELIEVING FACTORS 

 
ASSOCIATED SYMPTOMS: 

Bilateral sensation of tightness without anything extra 
= TENSION HEADACHE 

Flashing lights, unlilaterality, photophobia  
= CLASSICAL MIGRAINE 

Tears, nose snot, flushed forehead 
= CLUSTER HEADACHE 

Stiff neck, posterior headache 
=CERVICAL SPONDYLOSIS 

Morning headache, all over head, + nausea/vomiting  
= INCREASED INTRACRANIAL PRESSURE 

Stiff neck, photophobia, fever 
= MENINGITIS 

persistent, unilateral, temporal, in an elderly person 
     = TEMPORAL ARTERITIS 
upper face, cheeks, forehead 
     = ACUTE SINUSITIS 
sudden onset, local but spreading, with neck stiffness: 
     = SUBARACHNOID HAEMORRHAGE  
 
ASK ABOUT MEDICATIONS 
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       HEMATOLOGICAL HISTORY 
HPI: 
- Fatigue anaemia 
- Weakness anaemia 
- Palpitations anaemia 
- Swollen ankles lymphoedema 
- Postural dizzyness anaemia 
- Bleeding thrombocytopenia or clot disorder 
- Bruising thrombocytopenia or clot disorder 
- Fever cancer 
- Night sweats cancer 
- Weight loss cancer 
- Jaundice hemolysis or liver dysfunction 
- Lymph node enlargement cancer 
- Lumps of any sort? cancer 
- Bone pain cancer mets 
- Tingling and loss of sensation B12 deficit anaemia 
- Skin rash lupus / bacyteraemia / cancer / autoimmune hemolytic anaemia 

 

PAST HISTORY 
- Pregnances 
- Menstrual hsitory 
- Frequent infections 
- Diarrhoea 
- Tarry stools 
- Blood in stools 
- Recet trauma with bleeding 
- Radiotherapy 
- Previous cancers 
- GIT surgery 
- Transplants 
- Bleeding disorders? 
- Previous tranfusions 
- rheumatoid arthritis 

 

FAMILY HISTORY 
- Family members with these same complaints 
- Ethnic origin? Mediterranean, south-east Asian? 

 

SOCIAL HISTORY 
- Whose at home?somebody caring for you? 
- Smoking? 
- Alcohol? 
- DIET? Vego, etc? 
- Sexual lifestyle if AIDS is suspcted 
- IV drugs? 

 

MEDICATIONS:  
- NSAIDS?? 
- Anticoags? 
- Thrombolytics? 
- STEROIDS? 
- Vitamin supplements (iron?…) 
 
- Allergies? 

 
 
 
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



                 HEMATOLOGICAL EXAM 
POSITION SUPINE, 1 PILLOW 
EXPOSE FULLY 
 

LOOK: 
Race and gender:  
- mediterranean = thalassaemia 
- African = sickle cell anaemia 
- N.euro/anglo, prematurely grey, blue eyes = pernicious anaemia 
- Pale anaemia 
- Jaundice hemolytic anaemia 
- Cyanosis hemoglobinopathy or polycythaemia 
- Bruising clot disorder 
- Scratch Marks lymphoid cancer 
- Plethoric red face polycythemia 
- Wasted/cachexic cancer 
 

HANDS: 
NAILS:  
- Nicotine stains 
- Koilonychia iron deficiency 
- Pale nails anaemia 
- Clubbing cancer 
- Vasculitis of the nail bed bacteraemia 
HANDS: 
- Palmar creases: anaemia? 
- RA @ joints? 
- Gouty tophi secondary to myeloproliferative disease 
- Hot hands? Febrile? 
!! PULSE !!  (shock = when you lose 15 to 20% of your blood volume) 
- Sensation: glove and stocking distribution? = Peripheral B12 neuropathy 

ARMS:  
- blood pressure 
- scratch marks 
- palpable purpura vasculitis or septicaemia 
- EPITROCHLEAR NODES 

AXILLA: 
- Nodes enlarged? All drain to central nodes 
- Central 
- Lateral 
- Pectoral 
- Infraclavicular 
- Subscapular 
 

FACE:  
enlarged bones? thalassaemia 
EYES:  
- Jaundice? 
- Pallor of conjunctiva 
- Haemorrhage 
- Injected sclerae 
MOUTH: 
- Hypertrophied gums? leucaremia 
- Bleeding? Chemotherapy or lymphoma 
- Scurvey? 
TONGUE:  
- Glossitis (atrophic?) – Fe deficit, B12 anaemia, or lymphoma 
- Ulcerated 
- Tonsillar/adenoid enlargement? 



NECK: 
- Auscultate carotid bruits 
- Inspect nodes 
- Submental 
- Sub,mandibular 
- Preauricular 
- Postauricular 
- Occipital 
- Jugular chain 
- Post triangle 
- Supraclavicular 
- Paratracheal (lat. to trachea) 
 
 

CHEST: 
- Bone pain: knock on ribs 
- Find apex beat 
 

ABDOMEN:  
- Lie patient down 
- Abdominal breathing = anaemic dyspnoea 
- Palpate liver and spleen (starting @ opposite side for spleen) 
- SPLEEN MOVES WITH RESPIRATION! 
- Scars/surgery? 
- Pulsatile? 
- Stretch marks? 
- Ascites? 
- Black umbilicus? 
- Portal hypertension veins @ navel ? (Caput Medusae) 
- INGUINAL NODES 
 

LEGS: 
- Ulcers 
- Bruising 
- Echhymosis 
- Petechiae 
- Peripheral “stocking” neuropathy (B12 deficit) 
- Popliteal nodes? 
- Swollen legs? Uni or bi laterally? 
- Purpura? 
- Varicosity? 
- Toe clubbing? 
- nail changes same as in fingers? 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Hypertension Exam         
INSPECT for:  

- Cushing’s,  
- acromegaly,  
- polycythemia,  
- Chronic renal failure 

HANDS 
- Radial – radial delay,  
- Radial – femoral delay 
- Feel for thickening of the artery 

BLOOD PRESSURE:  
Check BP on lying and standing 
raise in diastolic pressure on standing usu= essential hypertension 

Check BP on both arms 
FACE 

- Grave’s ophthalmopathy? 
- Examine with opthalmoscope 

NECK 
- Feel and auscultate Carotid pulses 

PRAECORDIUM 
- ? signs of left ventricular failure 
- Enlarged left ventricle 

4th heart sound detectable if BP greater than 180/110 
- Listen in all areas of heart 

ABDOMEN 
- Palpate for Renal or adrenal masses (causes of HT)  
- Palpate for Adominal Aortic Aneurysm  
- Auscultate for Renal bruit 
- Auscultate the femoral artery for bruit 

THE BACK 
- Do Murphy’s kidney punch 
- Offer to do a CNS exam for signs of previous 

cerebrovascular disease 
 

Ask for urinalysis, ECG, previous BP measurements 
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The Red and Painful Eye          
You have to work out whether this is something to worry  
about. Nobody makes it through life without at least one 
 bout of conjunctivitis, and most of us don’t present to 
emergency with it. Very few of us, however, will go blind from a corneal ulcer infected with Pseudomonas.  

ALL SERIOUS CAUSES OF RED EYE ARE 
VERY PAINFUL AND UNILATERAL. 

- BILATERAL RED EYES WITH PUS is bacterial conjunctivitis, treated with Chloromycetin. 
- BILATERAL RED EYES WITHOUT PUS is viral conjunctivitis unless there is history of 

connective tissue disease or exposure to some sort of allergens, or a dust storm. 
- UNILATERAL RED  EYE WITH PUS is an infected corneal ulcer until otherwise proven. 

Look for a foreign body. Otherwise, ..is the pus even coming from the conjunctiva?... 
- UNILATERAL RED EYE WITHOUT PUS  is a cause for concern and requires more thought; 

- Is there loss of visual acuity? If yes, something is rotten in the anterior chamber or the 
whole globe. If not, you have excluded a whole number of dangerous eye problems. 

NEVER PUT A PAD ON 
AN EYE WITH PUS. 
Allow it to drain. - Is there an unreasonable amount of pain? You will need to exclude glaucoma and 

endophthalmitis; ask about systemic symptoms 
- Is the pupil reactive? An unreactive pupil with a strange shape to it is almost diagnostic of 

glaucoma 
- Is the cornea still sensitive? Only dendritic ulcers cause a loss of sensation 
- Are there stereotypical vesicles of Herpes Zoster? 
- Is there photophobia? Iritis presents with an unusual amount of photophobia 
- Is there history of trauma? Examine for hypopyon and hyphaema 
IS THE CORNEA NORMAL-LOOKING? IS THERE NO FOREIGN BODY? A corneal abrasion should 

heal within 24 hours. - If the answer to everything above is NO, its probably just viral conjunctivitis. 
There are 4 serious conditions you need to look out for: 

- Acute Glaucoma -The affected eye is very painful; there is headache, nausea and vomiting 
- the eye is also tender to palpation;   
- THE PUPIL IS MID-DILATED AND UNRESPONSIVE 

 
 
- Corneal Ulcer this starts off as some sort of foreign body; but a traumatic ulcer rapidly becomes an 

infected bacterial ulcer. The eye is very painful, red and sticky.  
The ulcer is very obvious with even a naked-eye fluorescein examination 

 
 
- Dendritic Ulcer These are VERY PAINFUL, especially after 2-3 days.  The eye is very watery, but 

there is no actual pus. The characteristic feature is LOSS OF CORNEAL 
SENSITIVITY- poke it all you like. On fluorescen examination, the ulcer should show 
up as a vivid “dendritic” i.e. tree-like branching defect. In all honesty it looks more 
like an amoeba. 

 
 
 
- Endophthalmitis This is pretty rare, but needs immediate attention (infection is in the vitreous 

humour!)  These are people who present 3 – 4 days after ocular surgery. 
VISUAL ACUITY IS SERIOUSLY IMPAIRED.   

 
 
 IF the visual acuity, the pupil reaction and the cornea slit-lamp exam are all normal, 

you have excluded the four most serious eye conditions.  
 
 
 
 

Alex Yartsev
My Disclaimer



EXAMINATION: the steps you should always follow       
VISUAL ACUITY: recorded as X/Y, where X is the testing distance and Y is the line of the smallest letters  

readable by the patient. Don’t be lazy, just do it. Check each eye separately, with their own glasses. 
EYELID EVERSION: use a cotton bud to roll the eyelids up.  
PUPIL EXAMINATION:  

- Direct response:  you shine the light at the pupil, and it constricts. 
- Consensual response: the other pupil should also constrict 
- Afferent Pupillary Defect: testing the optic nerve; once the light is used to constrict one  

Pupil (well, both - one directly, the other consensually), move the light to 
the other pupil. If there is a defect, the pupil will dilate. 

- Accomodation: the pupil should constrict to look at near objects and dilate to look at far  
objects. An Argyll Robertson pupil of a syphilis patient will do this just fine, 
but wont react to light.  

FUNDOSCOPY: follow the vessels to the optic disc. 
SLIT LAMP: remember to look at EVERYTHING, all of the quadrants of the eye. Peel back the eyelids with your  

clean recently washed fingers; make the patient look to the extreme left, right, up and down 
FLUORESCEIN: otherwise known as resorscinophthalein, is a bright yellow-orange dye. It does  

not stain a normal cornea or conjunctiva but picks  up any minor irregularity, abrasion, 
ulcer, et cetera. Its also quite a good medium for Pseudomonas; so only use the single-use 
disposable packs. 

MINIMS EYE DROPS: amethocaine 1%; local anaesthetic which lasts for about 30 minutes.  
WARN THEM: it stings like hell.   If you are going to send the patient home, give them an eye 
patch lest some sort of filth fly into their insensate eye. Amehocaine will interact with 
sulfonamides and should not be used in people who take them.  

The “red eye” conditions can be classed into painful and painless. 
PAINLESS REDNESS            
Starting at the eyelids, working inward: 

- BLEPHARITIS:  the redness and inflammation of the eyelids; usually either involving the eyelash line (a 
form of seborrhoeic dermatitis) or the back part of the eyelid that makes contact with the eye. Regular eye 
washing and lubricating drops are in order. 

- ECTROPION: outward turning of the eyelids; needs lubricants. 
- ENTROPION: inward turning of the eyelids- somewhat more worrisome as it will likely cause corneal 

abrasion. Check with fluorescein. If abrasions are not present, you should use eye lubricants. If there is an 
abrasion, the management involves taping back the eyelid; but in the long term these people need to see 
an eye specialist for definitive management 

- PTERYGIUM: a solitary fleshy growth; this usually needs to be removed electively 
- SUBCONJUNCTIVAL HAEMORRHAGE: the sclera will be invisible, and the eye will have a 

reasonably well circumscribed area of blood under the conjunctiva. This in itself is not fearsome; however 
you will need to check blood pressure (is it stupidly high?) and potentially cease antiplatelet drugs 
and anticoagulants 

PAINFUL REDNESS usually means something is wrong with the conjunctiva and/or cornea. 
 You have to pull out the fluorescein and examine these structures. 

- DENDRITIC ULCER:  Herpes  Simplex infection; needs topical acyclovir. Once you have seen one, its 
impossible to miss. The fluorescein examination is diagnostic; also most of the time the corneal sensation 
is almost totally absent- test it with a corner of tissue paper 



- BACTERIAL or AMOEBIC ULCER: looks like a little crater, an epithelial defect with an opacified 
base. This needs immediate referral, because extensive ulceration heals badly and in the future, eyesight 
will be markedly affected by tiny little blood vessels overgrowing in the scar. 

- ACUTE BLEPHARITIS: This can get out of hand when normal bog-standard blepharitis is neglected 
and gets infected with Staph Aureus. Topical antibiotics are needed. One needs to also examine the 
cornea- MARGINAL KERATITIS may result and it looks like areas of corneal ulceration around the 
borders of the cornea.  

- HERPES ZOSTER: needs to be considered whenever there is a vesicular rash. Oral antivirals with 72 
hrs is the best management. After 72 hrs the horse has bolted. Famciclovir is a favourite. 

CONJUNCTIVITIS will usually start out unilateral, and become bilateral in a few days. 
The rule of thumb is that bacterial conjunctivitis usually has loads of pus, and viral is  
merely watery. 

- BACTERIAL CONJUNCTIVITIS:  pus is the dominant feature; hard to open the eyes in the morning. 
The anterior chamber and the cornea are usually not involved. Topical antibiotics are required for 5 days or 
so – if its not getting better, you must consider Chlamydia  or Amoeba 

- VIRAL CONJUNCTIVITIS:  watery but not pus-exuding. THIS IS THE MOST CONTAGIOUS 
CONJUNCTIVITIS. It looks a lot like allergic conjunctivitis, but with less itching. BOTH ARE SELF 
LIMITING AND TREATED THE SAME: with lubricating eye drops. 

THE ANTERIOR CHAMBER is where everything dangerous and interesting will be.  
 Anterior chamber problems will inevitably present with some loss of visual acuity. 

- ACUTE GLAUCOMA:   
- hazy cornea 
- visual acuity is impaired; patient reports halos around everything 
- irregular pupil 
- unreactive and mid-dilated pupil 
- tender tense eyeball 
- systemic symptoms of nausea, vomiting, headaches 
MANAGEMENT: 

- PILOCARPINE 4% eye drops ( this is a cholinergic drug; it will stimulate sudden pupil 
constriction which will last for 4-8 hours). 
The idea is that by pulling the iris border inward, the aqueous humour outflow becomes 
unblocked. The pupil may not constrict if the iris is ischaemic from raised pressure 

1 drop every 5 minutes in the 
first hour 

- ACETAZOLAMIDE – carbonic anhydrase inhibitor; decreases secretion of aqueous 
humour 
TIMOLOL 0.5% - beta blocker; also reduces aqueous humour production 
BRIMONIDINE 0.2% -alpha-2-agonist – increases outflow, decreases production 
LATANOPROST 0.005%- prostaglandin F2-alpha analogue – increases outflow 

 

500mg stat and then 250mg 
orally, every 6 hours 

1 drop every 2 hours for the first 
6 hours 

- IRITIS or UVEITIS:  the anterior chamber is cloudy with floating bits, impairing vision.  
- Typically, there is photophobia 

- Hypopyon:  nasty-looking collection of pus at the bottom of the anterior chamber. 
This needs IMMEDIATE REFERRAL – to investigate for infection and malignancy   

- Hyphaema:  blood in the bottom of the anterior chamber; usually after being hit in the face.  
This needs IMMEDIATE REFERRAL also, in the event that the bleeding is continuing 

Eye Emergency Manual on CIAP (NSW Health) http://www.health.nsw.gov.au/gmct/ophthalmology/pdf/eye_manual.pdf
eTG therapeutic guidelines on CIAP 
Tintinalli’s Emergency medicine on AccessMedicine, Ch. 238  
“the Thirty Five Golden Eye Rules”, Colvin and Reich http://www.eyeandear.org.au/training/EYELectures/35_Golden_Eye_Rules.pdf 

http://www.health.nsw.gov.au/gmct/ophthalmology/pdf/eye_manual.pdf


MUSCULOSKELETAL HISTORY          
BASIC INFO 
Some questions about your background: 
- Age 
- Ethnic origin 
- Occupation 
- How long since retired 

HPI 
- Describe the pain: 

- How bad? (1-10) 
- Where EXACTLY does it hurt? SHOW ME 
- Always there or does it radiate? 
- When did it start? 
- Suddenly or gradually? 
- What brings it on? 
- What makes it worse? 
- What makes it better? 
- DOES IT WAKE YOU UP AT NIGHT? 
- HOW DOES THIS AFFECT YOUR 

- MOOD 
- JOB 
- LEISURE 
- RELATIONSHIP 
ARE YOU DEPRESSED ABOUT IT? 
WHAT CONCERNS YOU MOST ABOUT IT? 
Does it hurt like there anywhere else? 
SUMMARISE FINDINGS BACK TO PATIENT 

 

ANY ALLERGIES?  
BEEN IMMUNISED? When? 
EVER BEEN PREGNANT? How many times?  
And right now? 
 
MEDICATIONS: list for me 
 
PAST MEDICAL 

- What are those medications for? 
- How is the general health? 
- Any previous illnesses? 
- Any previous hospital stay? 
- Any previous surgery? 
 

FAMILY 
- Anyone in your family had the same problem before? 
- Cancer? Heart disease? Diabetes? Arthritis?  
WHO DO YOU LIVE WITH? Do they help with ADLs? 
WHAT KIND OF PLACE? Multi-storey? Any stairs? Big backyard? Lots of maintenance? 

 
SOCIAL;    

Do you drink? Smoke? Take Recreational drugs? 
- How much? How often? 
- Perceived as a pr5oblem? 
- CAGE QUESTIONNAIRE: tried to cut down, annoyed by criticism, guilty, eye openers? 

HOBBIES?  
DO YOU EXERCISE? 

 
PERSONAL: 
ADLS: what do you do to get up in the morning: Eg. getting out of bed, showering, toilet, brushing 
teeth, making tea/breakfast, shopping, counting change, opening/locking door etc. 

 

SYSTEMS REVIEW: 
Always ask: ARE YOU ON ANY MEDS? 

NEURO:  
- Headache? 
- Faintng? 
- Dizzyness? 
- Weakness? 
- Concentration/memory? eyesight? 

hearing?  
- Taste/smell? 
 
CARDIO: 
- Chest pain or tightness? 

Palpitations? 
- Dyspnoea? 
- Swollen ankles? 
- Palpitations? 
 
RESPIRATORY: 
- Cough? 
- Sputum 
- Wheezing 
- Fever 
- Dyspnoea 
- How far can you walk? 
 
GASTROINTESTINAL: 
- Swallowing OK? 
- Chewing? 
- Have own teeth, or dentures? 
- Lost or gained weight? 
- Heartburn 
- Nausea 
- Cramps 
- Diarrhoea? 
- Tarry or bloody stools?  
 
GENITOURINARY: 
- Get up often at night?  
- Hows the waterworks? 
 
ENDOCROINE: 
- Ever get shivers?  
- Hot/cold flushes? 
 
MUSCULOSKELETAL: 
- Any joint stiffness? 
- Joint pain 
- Joint swelling 
- Backpain? 
- Muscle spasms? 
- Any Recent falls? 

ANY SKIN RASHES? 
ANYTHING I HAVENT MENTIONED? 
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         THE HAND and WRIST 
LOOK:  
- Deformity? 
- Swan-neck, Z-thumb, boutonnieres? (rheumatoid) 
- Ulnar deviation? 
- Hebverdens (DIP) / Bouchards(PIP) nodes? (osteo) 
- Ganglion cysts (mobile rubbery lump)  
- Dupyiutren’s contracture ? alco? 
- COLOUR of palmar creases? 
- Red? 
- Cyanotic? Pale? 
- Atrophied? 
- Rash? Erythema? 

NAILS: Onycholisis? Hyperkeratosis? Psoriasis? Piting? Splinter hemorhhages? 

 

FEEL 
- Nodes hard? Soft? Rubbery? 
- HOT? 
- TENDER? 
- Snuffbox tenderness? (scaphoid fracture?) 
- WASTED INTEROSSEI? 
- WASTED THENAR WEB? 
- Subluxed fingers? 
 

MOVE PASSIVELY: 
- Passively: dorsi/palmarflex to 75% 

Ulna/radioflex to 20% 
- Tenderness?  
- Limitation? 
- METACARPOPHALANGEAL SUBLUXATION TEST: rock MCP back and forth 
- PALMAR TENDON CREPITUS test: palm against palm, patient flexes fingers 
- PIANO-KEY RADIUS: press on radius with palm on pillow; mvt = +ve 
 

MOVE ACTIVELY: 
- Prayer 
- Inverse prayer 
- Make fist 
- Spread fingers out 
- Test thumb (touch my finger with your thumb) 
- Press on PIP: move DIP 
- Press on MCP: move PIP 
- Move each finger independantly 

 
TEST FOR POWER 
 
PHALLENS CARPAL TUNNEL TEST: 
- Flex wrists for 30seconds; pain/tingling = carpal tunnel 
 
TINELS SIGN:  
- percuss flexor retinaculum: pins and needles = carpal tunnel 
 
GRIP STRENGTH: squeeze my 2 fingers 
 
KEY GRIP: thumb + forefinger 
 
OPPOSITION: hold something with thumb+ pinky 
 
PRACTICAL: undo a button and write a word or two 

 
 



           THE ELBOW 
LOOK: expose whole arm; watch pt. undress 
- Swelling @ olecranon (bursitis) 
- Gout nodules (translucent, firm and mobile ) 
- RA nodules (hard, tender and attached) 
- Wasting 
- Colour: red? 
- Rash? 
- Eczema on elbow bend? 
- Track marks? 

FEEL: 
- MEDIAL (tennis elbow) and LATERAL(golf elbow) EPICONDYLE TENDERNESS 
- Palpate swellings: hard?mobile? 
- Ulnar nerve in its proper  groove? Unusually thick or tender? 

MOVE PASSIVELY:  
- To ~150 degrees; limitation = synovitis 

MOVE ACTIVELY: 
- biceps, 
- triceps,  
- wrist extensors, 
- wrist flexors,  
- wrist supinators,  
- wrist pronators.  

POWER VS. RESISTANCE 
 
REFLEXES: 
- Biceps (5, 6) 
- Triceps (7, 8) 
- Brachioradialis (6) 

FUNCTIONALITY:  

- brush your hair (stiffness) 
- carry/hold a bag (supinator/pronator) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



          THE SHOULDER 
LOOK: 
- Watch the pt undress 
- Stand them up: watch for shoulder drop 
- Dominat shoulder should always drop 
- LOOK FROM BEHIND: are the scapulae symmetrical? 
- Get the pt. to face the wall and lean on it with both hands:  

WINGING OF SCAPULA?    = Serratus anterior weakness 
- SYMMETRY IS ALL-IMPORTANT 
- SWELLING? May be occcult 
- SCARS at axilla? Node bipsy, etc? 

 
FEEL:from medial clavicle ���� shoulder ���� scapula,���� axilla ���� ant. shoulder 
- STERNOCLAVICULAR  
- ACROMIOCLAVICULAR 
- HUMERAL HEAD 
- BICIPITAL TENDON GROOVE  
- CORACOID 
 

FELL WHILE MOVING: same locations 
Looking for: 
- Crepitus  
- Limitation 
- Tenderness:  

- Painful limitation in all directions = intra-articular disease 
- In ONE direction = tendonitis 
- Tendon rupture or neurological lesion =  PAINLESS WEAKNESS 

 

APPREHENSION TEST: 
- Abduct to 90 degrees, externally rotate, push humeral head from behind- 

pt should complain  
- APLEY SCRATCH TEST: assesses all  active shoulder movements quickly 
- Failed apleys: test movements individually. 
 

POWER vs. RESISTANCE: 
- FLEX/EXTEND 
- ABDUCT/ADDUCT 
- EXTERNALLY / INTERNALLY ROTATE 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 



           THE NECK 
LOOK 
- At patient while sitting: 
- POSTURE: Kyphosis / Lordosis / Scoliosis? 
- Head held at midline, or is there torticollis? 
- Congenital webbing a’la Turners syndrome? 

FEEL: 
- Most prom. Vertebra: 
- Check vertebral spacing: should be regular 
- Check that spinous processes are all in midline 
- Check facet joints: 1 cm laterally to midline 
- Feel for muscle spasm 
Lymph nodes:  

- submental 
- submandibular 
- cervical ant. 
- Cervical post 
- Preauricular 
- Postauricular 
- Occipital 

- Fell for thyroid gland and nodules 
- Any pulsatile enlargements over the carotids? 
Cervical SPONDYLOSIS: “hucksteps’s triad”: 

- Tenderness at ant. Insertion of trapezius into neck; 
- Tenderness over medial insertion of deltoid  
- Tenderness in the extensor mass of the forearm, proximally. 

 

MOVE ACTIVELY ONLY! 
- Flex chin�chest  
- Extend (N=45 degrees) 
- Laterally flex (shoulder � ear; N=45 degrees) 
- Rotate 70degrees in each direction 

Say : 
 you want to do a NEURO EXAM OF THE UPPER LIMB 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



           THE BACK 
LOOK: exposure = naked to waist, wearing shorts 
- For deformity: front back and sides 
- Kyphosis 
- Scoliosis 
- Lordosis 
- Observe posture 
- Observe gait: get them to walk  
- Red skin? 
- Bruising? 
- Stench of Denkorub? 
- Muscle wating of deloids, gluts, quads? 
- Look for winging of scapula 
 

FEEL 
- ?hot? 
- even spacing of spinous processes 
- pain? 
- Muscles spasms 
- Sweating: localised or diffuse? 
- PERCUSS DOWN SPINE, looking for bony mets (!! Pain!!) 
 

MOVE: ACTIVELY! 
- FLEX : touch toes 
SCHOBERS TEST: 
- Fingers on back while flexing: looking for 5cm distance iliac spine � lowest rib 
- EXTEND: 
- LATERAL FLEXION: slide hand down hip, note distance 
- ROTATE (brace hips) 
 

LYING DOWN: 
Lasegue test for Disk prolapse 
- lift straightened leg; to 80 or 90 degrees 
- Less than 60 = disk herniation 

Say: 
WANT TO DO NEURO EXAM OF LOWER LIMBS 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
              THE HIP 

EXPOSURE: from hips down 
LOOK: 
- Posture 
- Gait (walk a while) 

 
Trendellenberg test: 
- stand on one leg; normal side will sag 
 

LYING DOWN SUPINE: 
FEEL: 
- Ant. Sup iliac spine 
- Symphysis pubis 
- Tenderness @ midpoint of inguinal ligament (joint capsule) 
- Greater trochanter 
- Ischial Tuberosity 

 
MOVE: PASSIVE 
- Flexion: bent at knee, to chest = 135 degrees 
- ABDUCTION/ADDUCTION: 45 degrees 

- Rotation (flexed knee and hip; move foot) = 45 degrees 
MOVE: ACTIVE 
 

POWER vs. RESISTANCE 
 
THOMAS TEST FOR OSTEOARTHRITIS: 
- Flex both hips; straighten one leg at a time: fully straight? 
- If not = flexion deformity 

 
ALTERNATIVELY: for lumbar root compression: 
- Extend legs fully 
- Put hand under lumbar spin 
- Say: put pressure on my hand 
- Slowly flex one leg at a time 
- Other leg should remain flat on table 

- If the leg lifts up and the lumbar spine pressure decreases, test is +ve 
 
GALLEAZY TEST FOR LEG LENGTH: 
- Bend at knee, toes together: which bit sticks out further?  
- Short above or below the knee? 

 
MEASURE LENGTH OF LEGS:  
- actual: ant sup iliac spine ���� med. malleolus 
- apparent: umbilicus ���� med malleolus 

 
 
 
 
 
 



           THE KNEE 
Position supine, lying down 
LOOK: 
- Muscle wasting 
- Quads first to go 
- Skin changes 
- Scars 
- Rashes 
- Swelling 
- Obvious assymety or deformity 
- VALGUS = bowlegged = RA 
- VARYS = knock-kneed = OA 
- SWELLING: 
- moving as joint is moving? (cartilaginous loose bodies)  
- fixed swelling?  @ joint line =meniscus cyst; @ pop. fossa = baker’s bursa  
- SYNOVIAL SWELLING: suually seen medial to patella 

- Flexion deformity: is there a space under the knee when its extended? 
 MOVE ACTIVELY: watch patient flex and extend the knee 
- Does the PATELLA REMAIN MIDLINE? 
- GLIDES SMOOTHLY?  

- Or slips laterally? 
FEEL: patient sitting down, legs over edge of bed 
- Quad wasting? 
- Hot knee joint? 
- Around joint line: tender? 
- Feel behind knee for a bakers cyst 

PATELLA TAP TEST: 
- Compress suprapatellar bursa 
- Poke patella downwards 
- Any movement means too much joint fluid 

- Patellar Apprehension test: move patella laterally watching the 
pts face 

- LATERAL MOBILITY OF PATELLA: should be very limited  
MOVE PASSIVELY: 
- Flex to 135 degrees 
- Extend to no more than 15 
- With hand on patella: crepitus? 

LIGAMENTS:  
Collateral: 
- brace thigh with one hand; leg extended; 

- try to move leg laterally and medially 
Cruciate: cruciate drawer test;  
- Flex knee to 90 degrees 
- Sit on foot 
- Try to pull tibia anteriorly and push it posteriorly; 
- Ant mvt= ant cruciate laxity 

APLEYS GRINDING TEST: performed prone 
- Flex leg to 90 degrees 
- Hold ankle 
- Press down and gind; pain and/or clicking = meniscus tear 

APLEYS DISTRACTION TEST: 
- Same, but opposite: pull the leg, not push + grind 

- Pain= ligament damage 
TEST KNEE JERK REFLEX (L2-L4) 



         THE ANKLE AND FOOT 
LOOK: 
- Swelling: 
- (bilateral = arthritis or oedema?? Figure it out) 
- deformity? 
- Calluses 
- Scars 
- Muscle wasting, esp. gastrocnemius? 
- HALLUX VALGUS: away from midline, “pinched toe” 
- Clawing of toes? Fixed flexion deformity 
- CROWDING of toes? Rheumatoid Arthritis 
- Sausage deformities of toes? = psoriatic arthritis 
- GET PATIENT TO STAND UP! 
- Arches (transverse, longitudinal )– present? 

 
FEEL: 
- from sole, up to 3rd-4th MTP: mortons neuroma  
- Big toe tenderness: gout 
- Swelling @ medial malleolus: is it piting oedema? 
- Squeeze MTP: tender? 
- SQUEEZE CALF: foot normally plantarflexes 
- If previous achilles tendon injury, it does nothing 

- Achilles tendon: RA nodules? Means seropositive RA!  
 
MOVE PASSIVELY:  TALAR  JOINT 
- Grab mid-foot 
- Dorsiflex to 30 degrees 
- Plantarflex to 50 degrees 

 
MOVE PASSIVELY: SUBTALAR JOINT: 
- Grab ankle, twist front of foot: 
- INVERSION, EVERSION = 20 or 30 degrees 

 
TENDERNESS MORE IMPORTANT THAN RANGE 
 
GET ACHILLES TENDON REFLEX 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



CLINICAL PICTURES: 
        OSTEOARTHRITIS OF KNEE 
• Pain increasing over the last three months.  

• Experienced deep aching pain and swelling in knee after exercise - finishing shopping.  

• Experienced feeling of stiffness in the knee when getting up from a sitting position and climbing 
stairs.  

• Pain is not keeping him awake at night.  

• Over the last few years noticed intermittent right knee pain after playing tennis.  

• Ceased playing tennis, a life long passion, two months ago.  

• Walks along the beach now limited to fifty meters.  

• Analgesic balm gives temporary relief, as does Aspirin.  

• Kees noticed the outside heel of his right shoe was wearing down compared with left shoe.  

• An old acquaintance had noticed he was limping when arriving for a recent dinner party.  
• No locking or giving way reported.  

          CARPAL TUNNEL:  
- numbness, pain and paraesthesiae in median nerve distribution of hand –  
- worse at night,  
- pain radiates up to arm and shoulder,  
- waking up in middle of night, 
- relief from shaking arm/hanging it over bed,  
- pain associated with strenuous activity of hand, 

- weakness and difficulty with fine manipulative tasks eg buttoning, sewing; 
- Occupational history: manual labour involving  

- repetitive fine motor tasks, 
- vibrating instruments 
- lack of posture variation 
- lack of adequate rest breaks 

- long duration of culprit occupation 
        RHEUMATOID ARTHRITIS  

eight month history of morning pain and stiffness in her right knee and ankle, and 
more recently of both hands.  Suffering from functional impairment and decreased 
strength 
pain worst in morning, at least 30min required to reach maximal improvement 
-pain worsens in the cold 
-both hands (PIPs are swollen and red), knees and ankles involved 
-Rt knee is particularly bad, and weakness felt most on weightbearing 
-Has a ganglion in the right wrist 
-eyes are dry and gritty 
The patient must exhibit 4 out of the 7 following criteria to be diagnosed with RA 
-Morning stiffness lasting 30mins before maximal improvement 
-Arthritis in 3 of MCP, PIP, wrist, elbow, knee, ankle and big toe 
-Arthritis in the hands 
-Joint swelling bilaterally 
-Nodules 
-+ve RF 
-Xray changes that show decalcified (more porous) bone or uneven patches of bone erosion 
around the joints affected by RA 

 
 
 
 



NEUROLOGICAL EXAMINATION       
OBSERVE: 

CONSCIOUS? 
 
ENVIRONMENT: 

Bed against the wall = maybe stroke hemiparesis 
Sheep skin on bed 
All meds within the reach of one arm 
Wheelchair 
Walker 
Nasogastric tube 
Life support machinery 

 
GENERAL APPEARANCE 

Age 
Ethnicity 
Stooped forward? 
WEIRD BEHAVIOUR 

Chorea 
Ballismus 
Dystonia 
Obvious Tremor 

HANDEDNESS: 
Shake their hand, or simply ask  
(Lt hemisphere = dominant) 

 
MINI MENTAL STATE EXAM 

ORIENTATION 
WHAT DATE, DAY, SEASON, MONTH, YEAR 
WHERE – WARD, SUBURB, CITY, STATE, COUNTRY 

REGISTRATION 
 REPEAT 3 OBJECTS, REMEMBER THEM 
ATTENTION + CALCULATION 

COUNT BACK FROM 100 IN 7’s 
SPELL “WORLD” BACKWARDS  

RECALL 
 WHAT WERE THOSE 3 OBJECTS I POINTED TO? 

LANGUAGE  

REPEAT “NO ANDS, IFS OR BUTS” 
 FOLLOW A 3-STAGE COMMAND 
 WRITE A SENTENCE 
 COPY AN INTERLOCKING PENTAGON DESIGN 

 
SPECIAL TESTS OF STIFF-NECKEDNESS 

Rotate passively:  
pain + spasm = increased ICP, Spondylosis,  
Parkinsons, or cervical spine fusion 

  

Flex passively towards the chest:  
pain + spasm = meningitis 

     

KERNIG’S SIGN:  
extend knee while hip is flexed 
Hamstring spasm = meningitis 
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HIGHER ORDER FUNCTION     
 

HANDEDNESS FIRST!! 
    

ORIENTATION in person, place, time 
 
SPEECH          

PROPOSITIONAL 
= describe room, clothes 
= expressive aphasia = non-fluent, aware of deficit  

COMPREHENSION 
= touch chin, nose, ear 
= Y/N questions: socks on before shoes? 
= receptive aphasia =fluent but gibbering 

REPETITION 
= no Ifs, Ands or Buts 
= conductive aphasia  
= follows command but cannot repeat words 

OBJECT IDENTIFICATION 
= what is this thing I am holding? 
= nominal aphasia = cant name selective objects 
not localising (dominant temporo-parietal region) 

ARTICULATION 
= “British constitution” 

= dysarthria: 
pseudobulbar = tight squeezing out of lips 
bulbar = nasal speech 
CN 7 = slurred drunken speech 
Extrapyramidal = monotonous bradykinetic 
Cerebellar = explosive 

 
VOICE QUALITY 

= dysphonia? Not a higher order problem 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
PARIETAL LOBE 
DOMINANT: 
Arithmetic  = acalculia 

Gerstmann’s Syndrome: AALF 



Writing skill = agraphia  
Lt-Rt disrientation  

  Finger agnosia (cannot name them) 
 
NON-DOMINANT 

Sensory and visual INATTENTION 
ASTEREOGNOSIS = unable to recognise by touch 
DRESSING APRAXIA = is it inside-out?… 
CONSTRUCTIONAL APRAXIA: cant copy pictures 
SPATIAL NEGLECT: draws clockface with all numbers on one side 

 

TEMPORAL LOBE 
SHORT TERM MEMORY: 3 objects after 5 minutes 
LONG TERM: where do you live? When did WW2 end?  
May start to see Korsakoff’s confabulation psychosis here 

  
FRONTAL LOBE 

Emotion, memory, judgement, inhibition- the seat of the soul 
= ALTERNATING IRRITABILITY AND EUPHORIA 
 
PRIMITIVE REFLEXES 
- Grasp (contra to lesion) 
- Palmomental (ipsi)  

= contraction of orbicularis oris when thenar eminence is stroked  
 - Pout and Snout = tap along upper lip to produce pouting 

 
ASK THE PATIENT TO… 

  interpret a proverb 
 test their smell for ANOSMIA 
 look for GAIT APRAXIA  

fundoscope for PAPILLOEDEMA 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CRANIAL NERVES 
OLFACTORY           

Block one nostril, use good coffee 
Unilateral loss= meningioma or increased ICP 
Bilateral loss= trauma 

OPTIC             
Look at the pupils. Different sizes? = ANISOCORNEA 
 
SCOPE THE FUNDUS: weirdness? Pale disk, hemorrhages etc?… 
 
TEST ACUITY: get their glasses off, use Snellen chart 

Normal = able to read line 6 at 6 metres 
(1st number = seen by pt) 
(2nd number = seen by normal person) 

   VISUAL FIELDS: 
    Look into my eyes; see wiggling finger?  

(come INTO field, not out of it) 
 

 
 
BLIND SPOT:  
come from the lateral, its normally @ temporal visual field 

…Scotoma? 
 
PUPILLARY REFLEX:  

shine light into pupil: 
watch: what is the OTHER pupil doing?  

Should also constrict 
SWINGING LAMP SIGN: 
Move light to contra pupil:  
the ipsi pupil will then DILATE after the light has 
moved away from it.  
This is an AFFERENT PUPILLARY DEFECT  
(eye with reduced acuity will dilate abnormally) 

 
ACCOMODATION: 

Near and far focussing 
 
NORMAL ACCOMODATION BUT NO LIGHT REFLEX? = Syphilis pupil  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



OCULOMOTOR, TROCHLEAR, ABDUCENT   

PTOSIS? Oculomotor = opens eyelid; 
CONSTRICTED PUPIL? Sympathetic (Horners) dysfunction 
DILATED PUPIL? Oculomotor dysfunction 
 
TEST CARDINAL DIRECTIONS (LR 6 SO 4) 

 

 DIPLOPIA? = weakness of a muscle;  
OUTERMOST IMAGE IS FALSE 

 
 

NYSTAGMUS? = jerky or pendular 
PENDULAR = retinopathy or congenital 
Jerky:  
 
  = vestibular, cerebellar, toxic (INO@MLF) 
   

Upbeat   = midbrain or floor of 4rth 
 
 

Downbeat  = foramen magnum 
 

 

CONVERGENCE 
Move finger ���� patients nose 

 
 
Supranuclear palsy:  

loss of vertical, horisontal or both 
Both eyes, fixed unequal pupils, no diplopia! 

Progressive Supranuclear palsy: 
loss of first vertical, then horisontal gaze 
+ monotonous speech 
+ dementia 

Parinaud’s syndrome: 
Loss of vertical gaze 
Nystagmus on convergeance 
Pseudosyphilis pupil: no light response but accommodating fine 

 

 

Recti Recti 
Obliques 

sup 

inf 

sup 

sup 

inf 

inf 



 
TRIGEMINAL         

CORNEAL REFLEX: expect both eyes to blink 
If only contra eye blinks = ipsi 7th palsy 
If touch is still felt, trigeminal nerve is intact 

FACIAL SENSATION: forehead, cheek,  chin 
Total loss = preganglionic, eg. acoustic neuroma 
Dissociated = brainstem issue 

MASSETERS: clench teeth 
 
ABNORMAL MOVEMENTS 

Jaw tremor? =. Parkinsons 
Repetitive chewing? = Tardive Dyskinesia 
Tetanus clench  

JAW JERK REFLEX 
Open mouth 
Strike lower chin 
Normally: NO REFLEX 
EXAGGERATED = UMNL or pseudobulbar palsy 

 

FACIAL           

LOOK : Facial asymmetry?   
Unilateral droop? 
Wrinkle smoothing? 
Loss of NASOLABIAL FOLD? 

MUSCLE POWER: 
Wrinkle forehead; try to smooth out 
Test facial expressions: 

- SURPRISE 
- GRIN 
- SNARL 
- POUT 
- PUFF 
- SQUINT 

TASTE @ Ant 2/3rds 
 

ACOUSTIC           

LOOK @ EAR 
Pull pinna 
Pain =. Otitis externa or TMJ disease 

FEEL FOR NODES 
OTOSCOPE THE DRUMS 
TEST HEARING: 256 Hz fork: 

Rinne’s Test: 
Put struck fork @ mastoid: 
When you cant hear anymore:  
Put fork in front of ear. 
SHOULD BE ABLE TO HEAR IT AGAIN 
If not = conductive loss 

Weber’s Test: 
Put struck fork on centre of glabella 
Should hear it all @ centre of head 
NERVE-DEAF = better @ Normal ear 
CONDUCTION-DEAF = better @ Clogged ear 



VESTIBULAR         

HALLPIKE’S TEST FOR VERTIGO:   
Asit patient up in bed 
Grab patients head and smoosh it into the 
bed to ~ 30 degrees below horisontal 
At the same time turn patients head towards 
yours with eyes open. 
+ve test: LOOK FOR  

NYSTAGMUS 
VERTIGO  

For 15 sec, then- not 
reproduceable  
= benign positional vertigo 

    IF REPRODUCABLE = cerebellar or brainstem problem 

 
GLOSSOPHARYNGEAL and  VAGUS    

OPEN MOUTH AND SAY “AAAH” 
Uvula gets pulled to NORMAL side 

GAG REFLEX (9th sensory, 10th motor) 
Ask if they can feel it;  
Feel it but don’t gag = vagus issue 
No sensation or gag = glossopharyngeal  

problem 
 

SPEECH: Hoarse? 
= unilateral recurrent laryngeal palsy 

 
COUGH: bovine? 

= Bilateral recurrent laryngeal lesion 
 
TASTE @ posterior 1/3rd 
 
 

ACCESSORY          

SHRUG versus resistance 
TURN HEAD versus resistance 

Unilateral = something wrong @ jugular foramen 
Bilateral    = motor neurone disease 
 

 
 

HYPOGLOSSAL          

POKE OUT YER TONGUE 
Wasting? Fasciculations? 
TONGUE WILL DEVIATE TOWARDS LESION  
 
Unilateral UMNL = no deviation 
Bilateral  UMNL = small immobile tongue 
Bilateral LMNL = dysarthria 
 

 
 
 

BULBAR PALSY:  LMNL of 9th, 10th, 12th 
wasted tongue,  
no gag reflex,  
nasal speech,  
limb fasciculations 

PSEUDOBULBAR PALSY : UMNL of 9th, 10th, 12th 
=spastic tongue, exaggerated jaw jerk reflex, 
dysarthria, upper limb UMNL 



SENSORY AND MOTOR SYSTEMS 
General template: 
 
LOOK :  

- scars  
- wasting  
- fasciculations  
- tremor  
- symmetry 
- abnormal movements 

FEEL MUSCLE BULK  
TONE 
POWER 
REFLEXES 
COORDINATION 
Lower = GAIT 
Upper= Fine Functions 
 
PAIN with needle 
Temperature with ice cube 
 
Vibration with tuning fork @ bony prominences 
 
Proprioception with eyes closed 
Light Touch  with cotton bud 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UPPER LIMB MOTOR 
Shake hands;  

Cant relax grip = myoclonus 
Fasciculations? Wasting? 
 
CLOSE EYES, HOLD OUT BOTH 
HANDS WITH PALMS UP: 
Drift UP  = cerebellum 
Drift DOWN = UMNL 
Searching drift = pseudoathetosis,  

   = proprioception loss 

TONE 
POWER 
REFLEXES: 
Biceps, Triceps, brachioradialis 

 
COORDINATION 
Close eyes, touch own nose 
Open eyes, touch my finger 
DYSDIADOCHOKINESIS 

LOWER LIMB MOTOR 
GAIT: 
1. Walk normally  
2. Walk heel-to-toe = cerebellum 
3. Walk on toes = S1-S2 
4. Walk on heels = L4, L5 
5. Romberg’s test 
 
Fasciculations? 
 Wasting? LOOK AT THE QUADS  
TONE 
POWER 
REFLEXES: 
Knee jerk, Achilles tendon,  
Babinsky  (Normal = scrunch) 

 
COORDINATION 
touch my finger with your toe 
foot tapping 
Heel along shin  

 



CEREBELLUM       

INTRODUCE SELF, ASK PATIENT HOW THEY FEEL: 
Mr. Cerebello will reply EXPLOSIVELY + MONOSYLLABICALLY 

Stand the patient up. 
GAIT: 

 walk back and forth,  
 walk heel-to-toe 
 Cerebello will stagger � affected side 

 
CLOSE EYES + STAND WITH FEET TOGETHER 

(Romberg’s test) 
Cerebello will sway + collapse 

 
OPEN EYES, FOLD ARMS 

Swaying = trunkal ataxia 
 
SIT DOWN, PUT ARMS OUT + HOLD 

Cerebello will OSCILLATE 
 
CLOSE EYES, PUT ARMS OUT 

Cerebello will OVERSHOOT (rebound)  
 

CLOSE EYES, TOUCH NOSE 
Cerebello will MISS HIS NOSE 

     
OPEN EYES, TOUCH MY FINGER 

Cerebello will have an INTENTION TREMOR  
 
PRONATE + SUPINATE HAND, QUICKLY 

    Cerebello will have DYSDIADOCHOKINESIS  
 
NYSTAGMUS 

           Cerebello will have  
      JERKY HORISONTAL NYSTAGMUS  

 
SIT ON EDGE OF BED, SWING LEG LIKE PENDULUM  

Cerebello’s leg WILL NOT STOP SWINGING 
 
LIE DOWN, RUN HEEL ALONG ANT. TIBIA 
    Cerebello WILL NOT BE ABLE TO DO THIS PROPERLY  
 

TOUCH MY FINGER WITH YOUR BIG TOE  

Cerebello will have an INTENTION TREMOR 
 

 

STANDING 

SITTING 

SUPINE 



NEUROLOGICAL HISTORY    
 

HEADACHE        
CHARACTER 
DURATION 
SEVERITY 
FREQUENCY 
RADIATION 
AGGRAVATING AND RELIEVING FACTORS 

 
ASSOCIATED SYMPTOMS: 

Bilateral sensation of tightness without anything extra 
= TENSION HEADACHE 

Flashing lights, unlilaterality, photophobia  
= CLASSICAL MIGRAINE 

Tears, nose snot, flushed forehead 
= CLUSTER HEADACHE 

Stiff neck, posterior headache 
=CERVICAL SPONDYLOSIS 

Morning headache, all over head, + nausea/vomiting  
= INCREASED INTRACRANIAL PRESSURE 

Stiff neck, photophobia, fever 
= MENINGITIS 

persistent, unilateral, temporal, in an elderly person 
     = TEMPORAL ARTERITIS 
upper face, cheeks, forehead 
     = ACUTE SINUSITIS 
sudden onset, local but spreading, with neck stiffness: 
     = SUBARACHNOID HAEMORRHAGE  

 
 

FAINTS, FITS          
Consciousness impaired? ���� complex seizure 
   Not impaired ���� simple seizure 
Tonic/clonic? 
Absence (staring, fiddling)? 
  

VERTIGO           

Sensation of constant movement, cant walk, nauseous, etc 
FIND OUT WHAT YOUR PATIENT MEANS BY “DIZZYNESS” 

 

VISUAL DISTURBANCES        
Blurry?  
Double vision? 
Light intolerance? 
Visual loss in one or both eyes? 
CHRONOLOGY: on/off? Progressive? After hot shower? 

 
DISTURBED SENSATION        
Treat as pain, i.e severity, character, duration etc… 
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TWITCH AND TREMOR        
When relaxed? = resting tremor 
When moving deliperately = intention tremor = cerebellum sign 
When anxious = physiological tremor (ask re. thyrotoxicosis) 
Involuntary jerky movements? = chorea 

 

PAST HISTORY of…         
    Meningitis? 

Encephalitis? 
Previous operations? 
Venerial disease? 
Risk factors for cardiovascular disease,  

smoking + diabetes + high cholesterol + atrial fib. Etc 
    

SOCIAL HISTORY         
Smoking? 
Alcohol? 
Drugs? 
Toxins eg. dyes, pesticides 
Heavy metals 
 
 

MEDICATIONS          
 
 

Is there a history of MADNESS in the family?  

  
 
 
 



HISTORY OF OBESITY   
- discuss their problem in a non-judgmental or threatening way.  
- Is their weight perceived as a problem?  

Weight History  
- How long have they had a weight problem?  
- What about their current weight? Is it too much?  
- Have they been bigger?  
- Have they tried to lose weight? - when and how?  
- Why do they think they have gained weight?  
- Did they manage to lose weight after their pregnancies?  

Eating Patterns  
- people tend to under-report their intake whether they are obese or not.  
- an overview of their eating patterns rather than take a detailed dietary history. 
Useful questions include; 
-  How does your eating relate to that of your friends?  
- Are you a big, medium or small eater?  
- Do you snack between meals?  
- Do you eat at night?  
- Do you ever get hungry (most don't) and if so when?  
- Are you trying to control your weight?  
-   

Activity  
- What is your regular activity, at work, leisure etc?  
- Is there anything that stops you being active? (eg arthritis, back problems, 

time, embarrassment etc)  
- What activity can you do?  
- Do you get short of breath?  
- Did you do regular activities eg sport, training, that you don't do now?  

Family  
- Is there a family history of weight problems? Who?  
- What about your children?  

Is there a family history of metabolic disease (Type 2 diabetes, lipid problems) 
or heart problems or hypertension?  

Health Problems  

Current: (many have arthritis, hypertension, Type 2 diabetes,  
sleep apnoea) - How are these being treated and do they restrict your 
lifestyle?  

Past: Major medical illnesses, operations (often had  
cholecystectomies or back/joint operations), depression (this may influence 
the use of pharmacotherapy)  

Current Medications:  
Think about those that may change weight: 
- glucocorticoids, betablockers (less exercise), antidepressants.  

(Hormone replacement therapy (HRT) and menopause are often associated 
with weight gain, but the evidence for this in trials of hormone therapy is 
contradictory. At menopause women tend to gain abdominal fat)  

Current Symptoms  
- Do you get short of breath on walking?  
- Do you snore, have daytime sleepiness, lack concentration etc?  
- Do you have joint aches / problems?  
- Is sexual activity an issue?  
- For women it is essential to ask about their periods, whether they are regular 

or whether there has been any alteration with weight change.  
- Also ask about increasing body and facial hair (hirsutism).  
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CPR at the OSCE       

1. Check Danger 
2. Check response of patient 
3. Calls for help 
4. Turn patient to left lateral position and clear the airway 
5. Head tilt, chin lift to maintain airway 
6. Check for breathing (look, listen, feel) 
7. Turns patient onto back if not breathing 
8. Gives 2 full inflations (2 sec/ inflation). 
9. Checks for carotid circulation 
10. Start compressions with air resus mask 
11. 4-5 cm deep on sternum, no rocking, thumping movements 
12. 2 inflations to 15 compressions every 15 seconds  

(aim for 80-100/min) 
13. checks for return of pulse after 1 min.  

 Then every 2 minutes afterwards 
14. Left lateral position if successful 

 
15. 2 students 
16. Indicate you need assistance with 2 person technique 
17. 2nd students checks for adequate compression; then asking 

1st student to stop, checks for spontaneous pulse  
18. Student 2 takes over airway management, student 1 

continues compressions 
19. 5:1 ratio 
20. indicate to student need to change over 
21. check every 2 minutes 
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        Procedures and Explanations of Procedures 
GENERAL PROCESS: Apply to unknown procedure, may fluke it. 
 
1. Introduce Self. 
2. Ask what patient knows about the procedure. 
3. Ask if patient has ever known anyone who has had this procedure 
4. Ask if the patient knows the reason for having the procedure 
5. Ask what the patients major concern is 
6. Explain the reason for the procedure 
7. Explain the sequence of events during the procedure: 

PREPARATION 
PROCEDURE 
POST-PROCEDURE CARE 
COMPLICATIONS 
WHERE it will be done 
WHO will do it 

8. Explain the potential outcomes 
9. Any further questions? 
 
!!~ALWAYS MENTION PRIVACY~!! 
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Urinalysis           
Need clean mid-stream sample.  
Explain: must clean external genitalia with gauze swab.  
Must urinate a little into the toilet bowl;  
Then must urinate a cupful into the container provided.  
The sample must be delivered ASAP 
 

Peak Flow Meter Use         
Explain: this measures the flow rate of air out of your lungs, 
which is the best and easiest way to measure your overall lung 
function.  
1. Get the mouthpiece and put it on the PF meter as marked 
2. Stand up or sit up straight 
3. Take deep breath (as deep as you can) 
4. Hold the PF meter horizontally 
5. Make a seal with your lips around the mouthpiece 
6. Blow as hard as you can, trying to get all the air out of your 

lungs as fast as you can 
7. Repeat 3 times 
8. Record best result on the chart 
9. Repeat with medication (take ventolin, 15 min later have a go) 

 

  

Venepuncture           
Explain: must stress that their DOCTOR has ordered this test 
Emphasise: procedure necessary for their care 
Ask the pts name 
Check details: is it REALLY mrs Jones? 
PROCEDURE:  gloves on!! 

- choose arm  
- position on bluey  
- tourniquet arm  
- swab with alcowipe 
- put needle into needle holder  
- jab bevel up  
- add vacutainer  
- undo tourniquet  
- remove needle 

CPR             
- Check response of patient 
- Calls for help 
- Turn patient to left lateral position and clear the airway 
- Head tilt, chin lift to maintain airway 
- Check for breathing (look, listen, feel) 
- Turns patient onto back if not breathing 
- Gives 2 full inflations (2 sec/ inflation). 
- Checks for carotid circulation 
- Start compressions with air resus mask 
- 4-5 cm deep on sternum, no rocking, thumping movements 
- 2 inflations to 15 compressions every 15 seconds  
- (aim for 80-100/min) 
- checks for return of pulse after 1 min.  
- Then every 2 minutes afterwards 

- Left lateral position if successful 

Complications 
- Collapsed vein 
- Haematoma 



Cannulation           
1. Introduce Self. 
2. Ask what patient knows about the procedure. 
3. Ask if patient has ever known anyone who has had this procedure 
4. Ask if the patient knows the reason for having the procedure:] 
NEED TO INFUSE FLUIDS QUICKLY,  

or LARGE VOLUMES,  
 

PREPARATION: 
May need to shave arm 

   PROCEDURE: 
1) Sterile field, gloves 
2) Local anaesthetic 
3) Stretch skin 
4) jab 
5) hold stylet still, slide tube off it 
6) remove stylet 
7) cap cannula 
8) flush with saline 
9) tape it down 
10) dispose of sharps 
11)  

 

   POST-PROCEDURE : 
    Observe: NEED TO RE-CANNULATE IF: 

- The site is inflamed 
- The cannula is “tissued” i.e any 

fluids will go into the tissues 
- Blocked: try to flush 
- Still blocked: pull back away from 

wall, try again 
- 3 days is the max lifespan 

 
   COMPLICATIONS: 

Pain 
Bruising/haematoma 
Infection 
Phlebitis 
Thrombosis 
Systemic sepsis 
 

Ventolin Puffer Use         
- Remove cap 
- Shake well 
- Breathe out gently 
- Add nozzle to face 
- Inhale slowly 
- Press canister + inhale quickly 
- Hold breath for 5-10sec 

- Wait 30 sec before next inhalation 
 
 
 
 



Glasgow Coma Scale         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Eye Opening E 

spontaneous 4 

to speech 3 

to pain 2 

no response 1 

Best Motor Response M 

To Verbal Command:  

obeys 6 

To Painful Stimulus:  

localizes pain 5 

flexion-withdrawal 4 

flexion-abnormal 3 

extension 2 

no response 1 

Best Verbal Response V 

oriented and converses 5 

disoriented and converses 4 

inappropriate words 3 

incomprehensible sounds 2 

no response 1 

E + M + V = 3 to 15 

• 90% less than or equal to 8 are in coma  

• Greater than or equal to 9 not in coma  

• 8 is the critical score  

• Less than or equal to 8 at 6 hours - 50% 
die  

• 9-11 = moderate severity  

• Greater than or equal to 12 = minor injury  
Coma is defined as:  
(1) not opening eyes, 
(2) not obeying commands, and  
(3) not uttering understandable words. 
 



ECG             
- Introduce Self. 
- Ask what patient knows about the procedure. 
- Ask if the patient has ever known anyone who’s had an endoscopy 

PREPARATION: 
May need to shave a few areas 

   PROCEDURE: 
Attach leads: some gel underneath 
 some on chest, one on each of arms and leg 
then you just lie back and relax (don’t move) 

   POST-PROCEDURE : 
    Observed for 2 hours after 
    Should not drive or make decisions for 12 hrs after 
    EAT NOTHING for 5 hours 
    Sore throat and stomach pain is normal 
   COMPLICATIONS: 

ECG is completely harmless 
Wont feel a thing,  
No risk of electric shock: ECG measures, not produces 
Need to do it: 
 heart disease is serious, better prognosis if caught early 
The ECG = cheapest diagnostic tool 
Least invasive test (mention serology alternatives) 
 

 
     
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Nasogastric intubation         
- Introduce Self. 
- Ask what patient knows about the procedure. 
- Ask if the patient has ever known anyone who’s had a Salem-sump tube 
- Explain: this will relieve abdo pressure, nausea and vomiting. 
- Will experience DISCOMFORT BUT NOT PAIN (may gag, + watering eyes) 
- Say: you can stop me whenever you like by raising your hand 
-  

PREPARATION: 
Lubricant 
MEASURE TUBE LENGTH: nose����ear����xiphy 
Bend the tube over your hand 
Lubricate first 10cm 

   PROCEDURE: 
Thread in via nose until mark is reache 
Resistance? Chin����chest = open oesophagus 
Get pt. to swallow some water to help tube descend 

   POST-PROCEDURE : 
    Aspirate the tube: test aspirate: should be acidic 

DO NOT FEED until X-ray has been taken 
 to confirm tube position 

 put some AIR into tube: stethoscope the epigastrium  
(should hear a “boom”) 

   COMPLICATIONS: 
Perforation (rare) 
Blockage (flush with coca-cola) 
Incorrect placement ���� trachea or bronchi 
Sore throat 
Loss of K+ due to aspiration 
Loss of nose integrity 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Catheterisation          
MALE 
- Place blue underpad under 

buttocks and thighs.  
- Surgically wash hands and don 

gloves.  
- Arrange equipment on sterile field, 

draw up sterile H 2 O from ampoule 
held by assistant, place on sterile 
field.  

- Arrange sterile drapes 
appropriately.  

- Using sterile gauze swabs hold 
penis and swab the glans and 
urethral meatus with antiseptic 
solution. (With a real patient you 
may need to pull the foreskin 
back.)  

- In a real patient one would apply 
local anaesthetic tube nozzle to the 
urethral meatus, squeezing the gel 
into the urethra so as to minimise 
discomfort - using full tube, 
massaging gel in to reach bladder 
and then waiting for 90 seconds.  

- Grasp penis shaft holding it 
upright and extended, insert 
lubricated catheter fully until urine 
flows back.  

- Place open catheter end in sterile 
kidney dish, attach syringe with H 
2 O to balloon port, insert 
prescribed amount to inflate 
balloon. Connect catheter to urine 
bag. 

 

FEMALE 
- Place blue underpad under 

buttocks and thighs.  
- Surgically wash hands and don 

gloves.  
- Arrange equipment on sterile field, 

draw up sterile H 2 O from ampoule 
held by assistant, place on sterile 
field.  

- Arrange sterile drapes 
appropriately.  

- Using sterile gauze swabs separate 
the labia minora, swab down with 
antiseptic solution starting from 
the inner aspect to the outer. 
Visualise the urethral meatus.  

- Maintaining the labia apart, 
lubricate the catheter with KY and 
insert into the urethral meatus. 
(May also use anaesthetic gel as 
lubricant.)  

- Insert catheter in upward and 
backward movement 
approximately 5-6 cms until urine 
flow is apparent.  

- Inflate balloon with sterile H 2 O at 
balloon port (prescribed amount on 
catheter packet). Connect catheter 
to urine bag.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Complications:  
- infection,  
- perforation, 
- Injury to the urethra caused by rough insertion of the catheter  
- Narrowing of the urethra caused by scar tissue  

- Injury to the bladder caused by incorrect insertion of the catheter  



Endoscopy           
- Introduce Self. 
- Ask what patient knows about the procedure. 
- Ask if the patient has ever known anyone who’s had an endoscopy 

PREPARATION: 
Fast overnight 

   PROCEDURE: 
    Only takes a few minutes 

Local anaesthetic spray to throat 
Asked to “swallow” the fibreoptic scope 
Passed through stomach to duodenum 

   POST-PROCEDURE : 
    Observed for 2 hours after 
    Should not drive or make decisions for 12 hrs after 
    EAT NOTHING for 5 hours 
    Sore throat and stomach pain is normal 
   COMPLICATIONS: 

MORTALITY 1/1000 
Perforation 
Aspiration 
Infection 
Contraindicated by recent MI or COPD 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Colonoscopy           
 
- Introduce Self. 
- Ask what patient knows about the procedure. 
- Ask if the patient has ever known anyone who’s had a colonoscopy 

PREPARATION: 
Low-residue non meat fibre-rich diet  
The day before: clear fluids only 
The night before: bowel prep, live near toilet 

   PROCEDURE: 
    Midazolam / fentanyl solution 
    = conscious + responsive, but no memory of event 
    Lying down on your side 
    scope passed through anus into colon and then ileum 
    GAS INTRODUCED to open bowel 
    Only takes an hour at most 
   POST-PROCEDURE : 
    Observed for 2 hours after 
    Should not drive or make decisions for 12 hrs after 
    Wind and colicky pain is normal 
   COMPLICATIONS: 

1/1000 times 
MORTALITY 2/1000 
Perforation 
Over-sedation 
Infection 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Intravenous Injections and fluids       
1. Wash your hands.  
2. Reassure the patient and explain the procedure.  
3. Uncover arm completely.  
4. Have the patient relax and support his arm below the vein to be used.  
5. Apply tourniquet and look for a suitable vein.  
6. Wait for the vein to swell.  
7. Disinfect skin.  
8. Stabilize the vein by pulling the skin taut in the longitudinal direction 

of the vein. Do this with the hand you are not going to use for inserting 
the needle.  

9. Insert the needle at an angle of around 35 degrees.  
10. Puncture the skin and move the needle slightly into the vein (3-5 mm).  
11. Hold the syringe and needle steady.  
12. Aspirate. If blood appears hold the syringe steady, you are in the vein. 

If it does not come, try again.  
13. Loosen tourniquet.  
14. Inject (very) slowly. Check for pain, swelling, hematoma; if in doubt 

whether you are still in the vein aspirate again!  
15. Withdraw needle swiftly. Press sterile cotton wool onto the opening. 

Secure with adhesive tape.  
16. Check the patient's reactions and give additional reassurance, if 

necessary.  
17. Clean up; dispose of waste safely; wash your hands.  

 
Intramuscular  Injections        

For narcotics, antibiotics, vitamins, anti-emetics 
2. Wash your hands.  
3. Reassure the patient and explain the procedure.  
4. Uncover the area to be injected 

- upper outer buttock  
- lateral side of upper leg, 
- deltoid muscle.  

5. Disinfect the skin.  
6. Tell the patient to relax the muscle.  
7. Insert the needle swiftly at an angle of 90 degrees (watch 

depth!).  
8. Aspirate briefly; if blood appears, withdraw needle. Replace it 

with a new one, if possible, and start again from point 4.  
9. Inject slowly (less painful).  
10. Withdraw needle swiftly.  
11. Press sterile cotton wool onto the opening.  
12. Fix wook with adhesive tape.  
13. Check the patient's reaction and give additional reassurance, if necessary.  
14. Clean up; dispose of waste safely; wash your hands.  

 
 
 
 
 
 
 



Subcutaneous Injections        
For Insulin, Heparin, Adrenaline, narcotics 

1. Wash your hands.  
2. Reassure the patient and explain the procedure.  
3. Uncover the area to be injected (upper arm, upper leg, abdomen).  
4. Disinfect skin.  
5. ‘Pinch’ fold of the skin.  
6. Insert needle in the base of the skin-fold at an angle of 20 to 30 

degrees.  
7. Release skin.  
8. Aspirate briefly; if blood appears: withdraw needle, replace it with a 

new one, if possible, and start again from point 4.  
9. Inject slowly (0.5 - 2 minutes!).  

10. Withdraw needle quickly.  
11. Press sterile cotton wool onto the opening.  
12. Fix with adhesive tape.  
13. Check the patient's reaction and give additional reassurance, if 

necessary.  
14. Clean up; dispose of waste safely; wash hands. 

 
Chorionic Villus Sampling        

CVS is performed by removing a small sample of the placenta 
It is removed with either a catheter (a thin tube) or a needle. 
- Local anesthesia is used for this test.  
- The sample of placenta may be obtained through the cervix.  
- A catheter is inserted into the vagina and through the cervix 

and the sample is withdrawn.  
- The sample also can be obtained by inserting a needle into 

the abdomen 
- Most women feel fine after the test, although some may have 

mild bleeding (spotting) afterward. 
- CVS is usually performed between the 10th and 12th weeks  
- Amniocentesis and CVS carry a small risk of miscarriage 

 
Pap smear / speculum exam         
Explain: procedure is routine screen for abnormality which may lead to cancer, 
thus being the easiest and earliest way to detect it  

PREPARATION: 
NOT menstruating 
Don't douche,  
Don’t use a feminine deodorant  
Dont have sex for 24 hours before the test.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Stoma Care        

 

1. Temporary Stoma - A stoma created with the intention of surgically closing it at sometime in the future.  

2. Permanent Stoma - Cannot be reversed because the distal portion of the bowel or urinary tract has 

been removed, leaving no anatomic possibility for reanastomosis; or when the underlying pathological 

condition distal to the stoma precludes closure and normal function.  

3. Terminal or End Stoma - Is made when the bowel is divided and the top end is brought out through 

the abdominal wall.  

4. Loop Stoma - The bowel is not divided , but the loop of bowel is brought out onto the abdomen, split at 

the antmesenteric border and everted, usually over a 5-8cm plastic rod which ensures the loop of bowel does 

not slip back inside. The mucosa is sutured to the skin, and about a week later when the suture line is secure 

the rod is removed.  

 Stomas are named according to their location eg. 

� Descending colostomy - descending colon  

� Jejeunostomy - jejeunum  

� Terminal Ileostomy - end of the ileum.  

Patients that have stomas require:  

• Emotional support and understanding and a referral to a stomal therapist.  

• The stoma should be pink to red in colour and moist. ( Otherwise something is wrong with perfusion)  

• All stomas should have a transparent drainable bag to allow frequent observations.  

Potential Problems  

Stoma necrosis - Due to lack of blood supply to stoma.  
Skin excoriation, odour.  
Fluid and electrolyte imbalances  

Type of Discharge expected from Stomas  

1. The Loop and End Ileostomy - Intermittently continuos drainage.  

- Contains excoriating digestive enzymes.  

- Liquid or paste like.  

- The more small bowel is left the thicker the discharge is likely to be.  

- Small volume ilesotomies 500mls/day; high volume stomas output of up to 1000mls per day.  

2. Colostomy – Likely to resemble normal bowel motion.  

Odorous. May be semi-liquid till patient is stabilised after surgery or if there is remaining pathology.  

 

 



3. Transverse Colostomy - Unpredictable, likely to be semi-solid, may be frequent, odorus 

and contain digestive enzymes.  

4. Caecostomy and Ascending Colostomy - Watery or semi-solid, almost continual. 

Likely to contain excoriating digestive enzymes.  

5. Urostomy- Urine. Often contains mucous when bowel is used to fashion a bladder substitute . Must 

be watched to ensure fluid is not cloudy or blood stained indicating infection. Concentration also needs careful 

consideration indicating fluid output.  

 

 

• The hole in the bag must fit exactly around the stoma with no adjacent peristomal skin 

exposed to the effluent.  

• Bags must be applied when the skin is clean, dry and crease free, other wise it will leak.  

• The peristomal skin can be washed with plain water or water with a mild soap.  

• Do not use oils or creams.  

• If there is an abdominal wound, the appliance should be attached first so it is totally adherent to the skin, then 
the dressing applied to the wound  

• Bags should be emptied when 1/3 full otherwise the weight will cause leakage.  

• New stomas pass a lot of flatus therefore the appliance needs to 
be emptied regularly.  

 



PARKINSONS HISTORY + EXAMINATION   
 Its all about the duration and complications  

- Will typically be ONE –SIDED 
- Will eventually spread to other limbs and trunk 

 
ASK ABOUT: 

• Stiffness and slowed movements: Cogwheel rigidity 

• Tremor or shaking at rest ( ! PILL-ROLLING TREMOR ! ) 
= relieved by goal-oriented activity 

• Difficulty getting out of a chair or rolling over in bed 

• Frequent falls or tripping 

• Difficulty walking 

• Memory loss 

• Posture shifts forward into stoop 

• Speech changes (eg, whispering, rapid speech) 

• Micrographia 

• Slowness in performing ADLs 

• Drooling (“sialorrhoea”) 

• Ask: when did they stop driving? 
(a good indicator of progression) 

 
Findings on Examination       

   
1. Look at the GAIT:  

- Shuffling,  
- festinating (staggering forward) 
- No arm movement 
- Difficulty stopping 
- Posture is stooped forward 

2. Kinesia Paradoxica:  
- fast movements are OK 
- slow movements are absent 

3. Tremor:  
- characteristic pill-rolling 5 hertz movement, usually 

assymmetrical 
- disappears with voluntary movement (i.e a resting tremor) 

4. Tone 
- Cogwheel Rigidity: especially when distracted 
- Reflexes are NORMAL !! 

5. Face 
- Mask-like face  
- Absence of blinking, the glassy “parkinsonian stare” 
- Seborrhoea (feel the oily forehead) 
- Weakness of upward gaze is CHARACTERISTIC of Parky’s 

6. Speech 
- Monotonous, Rapid and whispering,  
- “Palilalia” (repetition of last syllable) 

7. Autonomic features: 
- Orthostatic Hypotension will be present. 
- Slowed enteric motility and constipation  
- Urinary retention and incontinence  

8. Dysphagia 

 FIRST FEATURE 
 Is usually the 
 LOSS OF ARM SWING  
 WHEN WALKING 

 

MUST ASK ABOUT 

!!! DEPRESSION !!! 

 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



 

    



Paediatric History      

- age, sex and ethnic group 
- Chief complaint 

 

Pregnancy:  
- Length,  
- significant illness or bleeding,  
- adequacy of prenatal care,  
- any drug use 

Birth: 
-  length of labour,  
- type of delivery (ie: why c-section),  
- birth weight,  

 

neonatal period:  
- incubator, 
- oxygen, 
- jaundice,  
- cyanosis 

 
Early Feeding Pattern:   

- duration of breast and bottle feed 
- introduction of cereals and timing 
- any suppliments used 
- weaning period 
- food allergies 

 

immunizations 
 
social history of mother: 

- Alcohol, smoking, drugs 
- Is there a father present? 
- Who else is at home 
- Who helps care for child 
- Is home life harmonious 
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PEDIATRIC presenting histories: 
- IN CHILD CARE?  

- CARED BY SOMEBODY ELSE? 
 
Diarrhoea: 

- Fatty? 
- Bloody? 
- Mucous? 
- With vomiting? 
- FEVER?? 
- Sweats? 
- SLEEPINESS? 
- MOOD? 
- HOW MANY FILTHY NAPPIES? 

 
DEHYDRATION 

- Diminished food intake 
- WHAT IS THE FOOD BEING INTAKEN? 
- HOW MANY WET NAPPIES? 

 
PAST HISTORY? 

- Prev. episodes 
- Concurrent illnesses 
- Past hospital stay 
- Immunisation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Milestones 
� Gross motor:  

� Month 5-8: Sits without support  

� Month 10-14: Stands Alone  

� Month 14-20: Walks up steps  

� Month 21-28: Pedals tricycle  

� Finer motor 

� Month 2.5-4: Grasps rattle  

� Month 4.5-7: Transfers cube hand to hand; self feed  



� Month 8-12: Has neat pincer grasp  

� Month 28-36: Copies circle  

� By age 5 years: Draws a square  

� Cognitive 

� Month 2  : follow objects with eyes 

� Month 3-5: watches dangling objects; interest in surrounding 

� Month 6-8: responds to name 

� Social 

� Month 1.5-4: Smiles at others  

� Month 4-9: Seeks primary caregiver  

� Month 8-15: Stranger anxiety  

� Month 10-15: Displays 2 or more recognizable emotions  

� Month: 11-20: Exploratory play by self  

� Month 21-36: Cooperative play in small groups  

 



        GENITOURINARY HISTORY 
HPI  

- Changes in urine: HEMATURIA  
  = beetroot, rifampicin, trauma, etc… 

- Continuous, or end / beginning?  
- Changes on standing = porphyria 

 
OBSTRUCTION 

Elderly man prostatism 
- HESITANCY (cannot start) 
- SMALL STREAM 
- TERMINL DRIBBLING 
- STRANGURY (recurrent small volume + continuous desire to pee) 
- PIS-EN-DEUX (desire to go again right away) 
- OVERFLOW INCONTINENCE (with complete obstruction) 

  

    INCONTINENCE 
     Transiently = UTI, delirium, excess output, immobility, atrophic urethritis,  
       vaginitis, stool impaction 

 Chronically: 
Stress incontinence = with increased abdo pressure, eg laughing 
Detrusor overactivity = intense urge, then leakage in absence of stressor eg no laughter 
Detrusor Underactivity (rare) = frequency, nocturia, frequent leakage of small volumes 
Urethral obstruction eg. prostatic=  dribbling incontinence after incomplete emptying 

 

CHRONIC RENAL FAILURE 
Symptoms are from uraemic toxin excess 
NOCTURIA 

= early symptom, loss of concentrating ability � dehydration 
    POLYURIA 

= cant concentrate anything at all! 
HYPERTENSION 

� due to failure to excrete sodium 
HYPOTENSION 

� Sodium leaking out of damaged tubules 
HYPERKALEMIA 

�When Urine output falls below 400 ml/day 
METABOLIC ACIDOSIS 
 �cannot excrete acids, KUSSMALU BREATHING + SOB  
RENAL BONE DISEASE 

� failure to hydroxylate Vit. D; 
� fractures   

 
FEATURES OF KIDNEY FAILURE CHRONICITY 
- Small kidneys,  
- hyperparathyroidism,  
- anaemia  
- neuropathy 

 

GENERAL SYMPTOMS OF RENAL FAILURE 
- anorexia 
- vomiting 
- fatugue 
- pruritis 
- hiccups 
- insomnia 
- nocturia 
- bruising 
- oedema 

- bone pain 
- fractures 
- constipation 
- confusion 
- coma 
- heart failure 
- hyper- or 

hypo-tension 
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WHAT TO ASK THE GUY ON DIALYSIS 
- what fluid restrictions? 
- Any phosphate-binding drugs 
- How much weight is gained between dialyses 
- Still pass ANY urine? 
- Are you on the TRANSPLANT LIST 
- Compliant with fluid and diet restrcitions? 
- Any PERITONITIS or PHLEBITIS? 

- Previously transplanted? – any rejection, immune suppression?…. 
 

MENSTRUAL + SEXUAL HISTORY 
- When was the first period 
- Regularity 
- Painful (*dysmenorrhoea) 
- Menorrhagia (voluminous) 
- Discharge 
- Contraceptive use – (which AND how) 

- Previous UTI, venereal disease, impotence 
- Previous pregnancies (number and quality) 

GRAVIDITY = number of pregnancies; 
PARITY = number of births 

 

    MEDICATIONS 
   PAST HISTORY 

- Recurrent UTI? 
- Renal Calculi? 
- Pelvic Surgery? 
- Renal bipsies, ever? 
- Diabetes or gout? 
- Hypertension? 
- Late bedwetting past age 3? � vesicoureteric reflux 
- Myocardial ischaemia  or cerebrovascular disease 

 

SOCIAL HISTORY 

- Access to home dialysis 
- Coping with your chronic illness? 
- Informed regarding likelihood of transplant? 
- History of analgesic abuse? 
- Support from friends and relatives? 
- Smoker, drinker? 
 

FAMILY HISTORY 

- Polycystic kidney (autosomal dominant) 
- Diabetes 
- Hypertension 
- Deafness + renal problems = ALPORT SYNDROME (hereditary nephritis) 

 
 
 
 
 
 
 
 



 RENAL + GENITOURINARY EXAM  
APPEARANCE 
HYPERVENTILATION = met. Acidosis 
UNCONTROLLABLE HICCUPS = terminal uraemia 
URAEMIC FETOR = fish smell; ammonia in saliva 
DIRTY BROWN “SALLOW” COMPLEXION =chronic renal failure 
SLATE GRAY ���� BRONZE  - iron overload from transfusions 
NITROGEN COMA 
TWITCHING, MYOCLONUS, TETANY  

= low calcium = terminal renal failure  
SEIZURES AND COMA = bicarbonate excess,  

Due to overtreatment of met. acidosis 
SUBCUTANEOUS NODULES = calcium phosphate  

 
HYDRATION 
UNDERHYDRATED? 

DRY MUCOUS MEMBRANES 
PINCH the skin; loss of turgor 
PULSE increases dramatically when patient stands up 
PRESSURE falls dramatically when patient stands up 

OVERHYDRATED? 
  AUSCULTATE both lung bases for pulmonary oedema 
   + the heart for LV congestive failure 

 
HANDS 
Leuconychia from hypoalbuminaemia 
White transverse bands 
Single transverse line = Mee’s line = Arsenic poisoning!  
Half-white, half brown nails? = chronic renal failure 
Non-pigmented indentations, “Beau’s Lines” = catabolic state 
 Anaemic palmar creases? 
ASTERIXIS? 
Inspect wrist for SCARS, FISTULAE 
?signs of CARPAL TUNNEL? 

  
ARMS 
VASCULITIS assoc with chronic glomerulonephritis 
BRUISING from nitrogen retention and clotting factor loss 
PIGMENTATION of urochromes 
URAEMIC FROST: the Last Sign of renal failure 
SENSORY PERIPHERAL NEUROPATHY (low Ca++) 
MYOPATHY from low Ca++ 
BONY TENDRENESS … low Ca++… 
 

FACE 
RASH assoc with Systemic Lupus and Glomerulonephritis 
Anaemia or Jaundice? (hemolysis from nitrogenous wastes) 
Band Keratopathy:  high Ca++ 

MOUTH 
Mucosal ulcers from dehydration + immune suppression 
Uraemic Foetor 



NECK: i.e the JVP 
+ auscultate for carotid bruits ( generalised atherosclerosis) 
 

CHEST 
Examine HEART and LUNGS thinking of volume under/overload 
? CONGESTIVE FAILURE? 
? HYPERTENSION 
?PULMONARY OEDEMA?  
 � in absence of heart failure, oedema is non-cardiogenic (like lung ascites) 
Pericarditis from metabolic toxin excess 

 
ABDOMEN 
INSPECT:  

posterior nephrectomy scar 
 Ectopic pelvis kidney visible? 

      Peritoneal dialysis scars? 
                DISTENDED or ASCITIC? Inspect scrotum for oedema 

PALPATE 
Enlarged kidneys protrude anteriorly 
Perinephric abscesses protrude POSTERIORLY 
HEPATOMEGALY? 
ENLARGED BLADDER? 
ECTOPIC KIDNEY? 
AORTIC ANEURYSM? 

PERCUSS 
For shifting dullness of ascites 
Ausculatory percussion of bladder: 
  Put diaphragm over Sym. Pubis; 

 scratch from umbilicus down 
over 8 cm = about 1 litre of urine (!!) 

AUSCULTATE  
 …for renal bruits above umbilicus, 2 cm left and right 
 …then sit them up and auscultate flanks  
MUST EXAMINE RECTUM AND PELVIS:  

Prostatomegaly, prolapse… 

 
BACK 

Rib-based bony tenderness? Chronic renal osteomalacia 
Murphy’s kidney punch: @ renal angle;  

tender = infected pyelonephritis 
Sacral oedema? Is it CHF or nephrotic syndrome? 

 
LEGS 

Oedema? 
Purpura? 
Pigmentation or scratchmarks? 
Peripheral vascular disease? 
Peripheral neuropathy or myopathy … or gouty tophi 

FUNDUS of EYE 
Hypertensive / diabetic retinopathy  



What to look for in chronic renal failure 
Lay the patient flat and supine 
Is the mental state OK? 
Are they “sallow” and weird coloured? 
Are they dehydrated? 
Hyperventilated, hiccupping? 
 
HANDS 
Leuconychia 
White transverse “Muehrcke’s lines” 
Single white band (Mee’s line) 
Distal brown arc 
Asterixis 
 
WRISTS + ARMS 
Vascular access 
Bruising 
Subcutaneous metastatic calcium nodul;es 
Pigmentation 
Scratch marks of pruritis 
Gouty tophi 
 
FACE 
Anaemia 
Jaundice 
Band keratopathy 
Rash of vasculitis 
 
MOUTH 
Dryness 
Ulcers 
Foetor 
 
ABDOMEN 
Peritoneal dialysis 
scars of transplant 
palpate for kidneys (and ectopic transplanted kidneys) 
!! Ascites ?? 
aneurysm 
 
PERCUSS bladder 
AUSCULTATE for renal bruits 
 
Rectal exam for frozen pelvis, prostatomegaly etc 
 
SIT THE PATIENT UP: 
Feel their back for tenderness and sacral oedema 
 
LAY THEM BACK DOWN: 
Look for leg oedema 
Bruising, pigmentation, scratch marks 
Gouty tophi 
Peripheral neuropathy a’la diabetes 
 
BLOOD PRESSURE , FUNDOSCOPY and URINALYSIS 



 
 
 
 



       RESPIRATORY  HISTORY 
HPI: 

COUGH: 
Duration: recent/chronic? 
- Fever? 
Productive?  
- Changes in character? When? 
Quality:  

- barking, (epiglottitis) 
- loud/brassy, (tracheal mass) 
- bovine? (laryngeal nerve palsy) 

Worse at night? 
 Asthma, heart failure 
Worse in morning? 
 Chronic bronchitis, impaired clearance 
Worse after eating? 
 Tracheo-oesophageal fistula 
Worse at work? 

   Occupational pneumoconiosis or allergy 
SPUTUM: 
  How much? 

When is there most? 
  Quality:  

- Purulent (yellowish = pus and infection) 
- Green = pseudomonas, bronchiectasis 
- Foul smelling = anaerobe colony 
- Pink/frothy = pulmonary oedema with extravasated RBCs 

HAEMOPTYSIS?? 
 
DYSPNOEA? 
  When : Time of day? 
   Aggravating factors, eg. exercise? 

Relieving factors eg. rest? 
SEVERITY: how far can you walk? 
How many stairs can you climb? 
Getting worse? = fibrosis 
Associated with a WHEEZE? = asthma 
Rapid Onset? = acute infection, bacterial 
Very RAPID with CHEST PAIN = pneumothorax 

 
WHEEZE? 
 
CHEST PAIN?  

- Pleural = sharp,  
- made worse by cough + deep inspiration, 
- Usually localised 

FEVER? 
NIGHTSWEATS? 
VOICE HOARSENESS? 
SNORING? 
LETHARGY 
DECREASED CONCENTRATION? 
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MEDS:   
- Not just names: what are they for? 
- How long have you been taking those? 
- How do you use that puffer? 
- IS IT HELPING?? 

 
PAST HISTORY 

- Previous lung trouble? 
- Heart trouble? 
- Deep Vein Thrombosis? 
- Operations? 
- Hospital stay? 
- Allergic eczema ( = atopy) 

 

OCCUPATIONAL: 
- NOT just a job description: need detailed walk-through 
- What do you do, or ever did? 
- Please describe the daily tasks 
- What hours did you work 
- When did the problem first begin 
- Has anyone else at work had any of these problems? 
Are the symptoms better during the 

- Weekend? 
- Holiday? 
- Weekdays? 

Have there been any SPILLS or ACCIDENTS AT WORK? 
- Do you regularly use protective clothing/equipment, eg. breathing masks or 

gloves? 
- SMOKING + DRINKING HISTORY 
Then: WHAT DO YOU DO FOR A HOBBY? 
ARE YOU RELATED TO ANYONE WITH ASBESTOSIS? 

 
FAMILY HISTORY 

- Asthma 
- Cystic fibrosis 
- Heart disease 
- Cancer 
- Alpha-antytrypsin deficiency 
- tuberculosis 

 

SOCIAL HISTORY 
- Whose at home?somebody caring for you? 
- Smoking? You or your family? 
- …Weed? Crack? 
- Alcohol? 
- Snorting anything? 
- Allergies? 
- TRAVELLED ANYWHERE RECENTLY?? 

 

HISTORY OF OBESITY: 
- Percieve it as aproblem? 
- History of loss/gain: when were you last happy with your weight? 
- EATING PATTERNS: snacks, number of meals per day, what and how much of it 
- ACTIVITY LEVELS 
- FAMILY ALSO OBESE? 
- Atempts to control weight? Their success? 
- Medications (corticosteroids, antidepressants) 



        RESPIRATORY   EXAM 
POSITION sitting on the edge of the bed 
 ���� EXPOSE THE CHEST  

 

LISTEN:  
- quality of voice?  
- audible breath sounds? STRIDOR (inspiratory rasp)? 

 
 

LOOK: 
- Pallor 
- Cyanosis 
- Jaundice 
- Carbon Monoxide Blush 
- Facial plethora of SVC obstruction 
Paraphernalia? 
- Sputum pot 
- Puffer 
- Peak flow meter 
- Oxygen mask or prongs 
- Heart monitor 
- Cigarettes + lighter 
- Obvious scars, draining tubes 
Observable Abnormalities: 
- Accessory muscles being used? 
- Kyphosis, Lordosis, Scoliosis 
- Barrel or Pidgeon-chested? Carinatum/excavatum 
- Obvious scars, draining tubes 

 

HANDS: 
NAILS:  
- CLUBBING !! 
- Nicotine stains 
- White nails of LEUCONYCHIA 
- Transverse white bands � hypoalbuminaemia 
HANDS: 
- Palmar creases 
- Peripheral cyanosis (is it cold?) 
- Hot or cold hands? 
- Muscle wasting (brachial plexus involvement) 
- Hypertrophic Pulmonary Osteoarthropathy (HPO)- tender? 
- Metabolic Flap or Tremor (from Ventolin)  
!! PULSE !!   
!! RESPIRATORY RATE !! 
 
 

ARMS:  
- scratch marks = Atopy 
!! BLOOD PRESSURE !! 

 
FACE:  

- scleroderma 
- pale conjunctiva 
- Burst vessels @ eye (coughing fits, rheumatoid arthritis) 

HORNERS: ���� Pancoast apical lung tumour 

- drooping eyelid 
- constricted pin pupil 
- asymmetry of sweat on forehead 

 



NOSE 
- deviated septum 

- polyps 

- swollen allergic conchi? 

- Much Snot?? 

- Tender sinuses? 
 

MOUTH 
- Central Cyanosis 
- Nicotine stains on teeth? 
- Teeth broken or rotten? (pneumonia or lung abscess) 
- Tonsils inflamed? 

- Mucous film on oral cavity? 
- Red inflamed pharynx 
- Tongue pale? Blue? = v. low Hb 
- Leucoplakia? 
 
NECK 
- Fat neck? Snore much?… 

- Hypertrophy of SCM, accessory muscles ( = chronic PD) 
- Tracheostomy? Artificial Larynx? 
- Scars, eg. nodes removed for cancer staging? 
- GOITER? 
- Lymph nodes 
- POSITION OF TRACHEA (?midline?) 
- Tracheal Tug (moves inf with respiration, = airflow obstruction) 

- JVP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHEST:             
- Deformity? 
- Hyper-expanded? 
- Intercostal recession 
- Harrissons’ Sulcus @ insertion of diaphragm = childhood lung disease 
-  SHAPE: Ant-Post expansion? = emphysema / COPD 
- Radiotherapy borders? 
- Subcutanous crackling emphysema 
MOVEMENT OF THE CHEST WALL: 

- Symmetrical? 
- Expansion \ested by “Thumb Sign”  or a tape measure (N = 4cm) 

FIND APEX BEAT 
VOCAL FREMITUS: say “99” , feel through intercostal space = 
  = best transmission through pneumonia consolidation 

 

PERCUSSION: Symmetry, symmetry, symmetry 
- Start @ apex above clavicle!  
- Percuss clavicle 
- Down until liver (6ths rib) 
- Percuss down from axilla 
- Percuss the back  

Best to percuss the back when arms crossed @ the front 

 
AUSCULTATION 

Wherever you percussed 
- Breathe deep though the mouth 
- Breath sounds: Vescicular? Bronchial? Diminished? 
Resonance: 

- “99” said in normal voice 
- Muffled = normal 
- Clear = consolidation = lobar pneumonia 
- Bleating Aegophony = mild consolidation  

 

ADVENTITIOUS SOUNDS: WHEN? WHERE?  
CRACKLES 

Early Inspiratory  
= disease of SMALL AIRWAYS 
= Chronic Airflow limitation 

Late Inspiratory or Pan-inspiratory 
FINE = fibrosis (esp if @ lung bases) 
MEDIUM = LV failure, pulmonary oedema 
COARSE = gurgling = bronchiectasis 

Expiratory = fibrosis 
Pulmonary oedema DOES NOT clear with coughing  

 
WHEEZES 

High pitched = sibilant 
 = narrowed ariways (smaller = higher pitch) = ASTHMA 
Low pitched = sonorous 

- Secretions in the airways eg. chronic bronchitis 
IF THE WHEEZE CLEARS WITH COUGHING, ITS ONLY MUCOUS  
Monotonous = fixed obstruction 
Inspiratory = ITS SEVERE, whatever it is 

 
PLEURAL FRICTION RUB = adhesions, ? asbestosis or cancer 

 

Resonant = normal 
Hyper-resonant = pneumothorax or emphysema 
Dull = viscera 
Stoney dull = fluid 
 

Remember the Axilla and the Apex of Lung! 



 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



 

 

Consider other causes of a painful shoulder! Could this be a 

Pancoast tumour, for example? C-spine problems? OA?  

 dhesive Capsulitis and the “frozen shoulder”     

     FROZEN SHOULDER: reduced range of active and passive movements in all directions. 
   This occasionally happens idiopathically, i.e for no good reason. There seems to be  

some association with Dupuytren contracture of the finger, and the microscopic changes seen in the coracohumeral 
ligament are similar to the changes that affect the Dupuytren ligaments. 

KNOWN ASSOCIATIONS: 
- missed fractures or dislocations 
- rotator cuff repair surgery 
- diabetes (?) 
- Dupuytren contracture 
- Age around 50-60 
Positive prognostic factors: 
- Dominant arm involvement 
Negative prognostic factors: 
- Diabetes for over 10 years 
- Associated shoulder pathology, eg. rotator cuff injury 
- Work-related injury, or the involvement of compensation lawyers. 

NATURAL HISTORY: there are 3 stages, each lasting ~ 6 months.    

FREEZING: Initially, there is hypervascular synovitis, and lots of inflammation.  
The pain is initially greatest at the extremes of shoulder ROM. 
The shoulder should be warm to the touch, and may feel slightly swollen.  
PAIN IS AT ITS GREATEST AT THIS POINT.  

FROZEN: Once the inflammation has settled, scarring persists: the hypervascularity and heat  
will have gone, and now capsular contraction is the predominant feature. The capsule is  
shrunken, thickened, and the ROM is  reduced as described above; external rotation and  
abduction are most affected. At this point, histology will show chronic fibrosis, with the  
predominant cells being the fibroblasts and myofibroblasts. This is exactly what you would 
find in a Dupuytrens tendon. The condition also involves the coracohumeral ligament, rotator 
interval, subscapularis  and the subacromial bursae.  Up to 80% of the ROM is lost. 

MOVEMENT RANGE IS AT ITS POOREST AT THIS POINT. Pain  is somewhat better. 
 THAWING: the synovitis has resolved and the capsule gradually loosens over several months. 
  To be more precise, 12 to 42 months. 
  

Most people recover 100% ROM. 10-15% of people may not recover completely. 
Recurrence is rare. 

 

INVESTIGATION  FINDINGS           
  Occasionally, for some reason, people may have investigations for this condition 

  PLAIN XRAYS: may show calcification of the rotator cuff. Rare sign. 
  BONE SCAN: increased uptake in the shoulder. Totally non-specific. 

  MRI: thickening of the coracohumeral ligament and joint capsule. This is more specific. 
  

 

Roughly 2% prevalence in the general population; 

but an 11% prevalence among diabetics! 
Type 1 diabetics have a 40% lifetime risk of 

developing frozen shoulder. For whatever reason. 

A 

External rotation and abduction = most affected 
Extension and horizontal adduction = least affected 



MANAGEMENT             

DRUGS:  NSAIDs and steroid injections. 

 Actual oral steroids are useful for about 6 weeks; after that there is no improvement. 

 Shoulder injections are slightly more useful… 
  

 
 If you manage to hit the joint, you will get some improvement in 80% of these people. 

PHYSIOTHERAPY: most useful in the “frozen” phase. There is certain 4-direction exercise. 

SURGERY:  
 Tricky topic. Its tempting to operate at the 12th or 18th month into the “frozen” phase, when it  

seems as if the capsulitis isn’t getting any better. Several invasive things can be done: 
MANIPULATION UNDER ANAESTHESIA: 
 Basically, wrenching the frozen shoulder through its ROM. May produce a humeral shaft  

fracture, especially in the osteopenic population. Apart from that, there is a good response, 
with only 13% of people having absolutely NO improvement. Generally better for people 
who have had symptoms for longer than 6 months. 

OPEN CAPSULAR RELEASE: 
Yes you may go in and release everything but this is fraught with complications, the 
posterior capsule is difficult to access, and post-operative pain severely inhibits all attempts 
to mobilize the recently released shoulder, so this is reserved for the horrible cases of 
postoperative adhesive capsulitis, where there is lots and lots of subdeltoid scarring. 

  ARTHROSCOPIC RELEASE: 
Better than open release in terms of post-op morbidity; ranges from subscapularis release 
to complete synovectomy. Complications are rare.  

 

THE BOTTOM LINE:            
- This presents in a 50-60yr old diabetic, as pain on shoulder movement. 
- You treat this with NSAIDs and opiates if necessary 
- Then restricted ROM becomes a problem, and you treat this with physiotherapy 
- If pain continues to be a problem, you consider skillfully injecting the capsule with steroids 
- If there is no resolution and the problem persists for years, refer to a surgeon for some 

variety of release procedure, most likely arthroscopic release plus-minus mobilization 
under general anaesthesia. 

 

 
 
  
Tasto et.al, “Adhesive Capsulitis” (SportsMedArthroscRev 2007;15:216221) 

Bunker FE, Anthony PP. The pathology of frozen shoulder. A Dupuytren-like disease. JBJS. 

1995;Br77:638677 

 
 

Overall the outcome of management is relief 
of pain rather than improvement in ROM. 

- HOWEVER:  in the hands of an expert, without radiological guidance,  
             68% of the injections FAIL TO ENTER THE CAPSULE OF THE JOINT. 



           naphylaxisnaphylaxisnaphylaxisnaphylaxis                                                                                                                                                    

                History of Presenting Illness:  
- SUDDENLY: 

- Cant breathe, stridor + wheeze, tachypnoea, cyanosis 
- Palmar erythema, pruritis, urticaria, angioedema 
- Syncope, hypotension, coma, death. 

Occurs in 2 phases: immediate reaction and delayed reaction (several hours afterwards) 
     A moment of reflection… could it be something else? 

       Pale, hypotensive, syncopal- could it be a vasovagal? 
       Could it be just severe asthma? maybe a panic attack… 
      Probably not, with all that angioedema and stridor… 

MANAGEMENT             
1. Intramuscular ADRENALINE right away:  
    and every 5 minutes until airway and BP is stable. 
    Watch for tachyarrhythmias  
2. Intravenous PHENERGAN (antihistamine, H1 blockade) 
    And every 4 – 6 hrs as needed if patient is stable 
3. Intravenous RANITIDINE (antihistamine, H2 blockade) 
    And every 4 – 6 hrs as needed if patient is stable 
4. Intravenous METHYLPREDNISOLONE 
    Hopefully reduce severity of the delayed reaction  
5. Salbutamol or Ipratropium bromide if airway still unstable and wheezy 
6. Intravenous fluids if still hypotensive and shocked 
7. Monitor for at least 24 hrs 
8. Refer to immunologist for RAST allergen testing etc…. 
 
    
 

No time to take a proper history! 
Get a patent airway, and some 
blood pressure, then you talk...  

OFTEN, the patient 
will report a feeling 
 of impending doom, 

“angor animi” 

Adrenaline is your friend: increases blood 
pressure, reduyces vascular permeability, 
inhibits mast cell degranulation 

Patients on Beta-Blockers will NOT RESPOND to adrenaline! 
���� THUS Glucagon is good for them. Inotropic, chronotriopic, vasopressive effects  

independent of beta adrenergic receptors 
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ntineutrophil cytoplasmic autoantibody (ANCA)    

               Comes in 2 distinct flavours, p-ANCA and c-ANCA.  
             “P” stands for perinuclear and “C” stands for cytoplasmic. Thanks to Wikipedia for the below pictures: 

        
 
 
 
 
 
 
 
 
 
 
 

ASSOCIATONS:             
p-ANCA is usually associated with  

- microscopic polyangiitis 
- Churg-Strauss (though only about 50% of the patients are ANCA-positive) 

- crescentic glomerulonephritis which is actually the renal form of 

microscopic polyangiitis. 

c-ANCA is usually associated with Wegener’s granulomatosis. 

 
Pathogenesis of ANCA- associated vasculitides:      
 

A 
The names are arbitrary; the pattern you see is 
staining on ethanol-fixed neutrophils. For some 
reason the staining process gathers the 
immunofluorescence antibody targets in these areas. 
The technique of immunofluorescence is basically all 
about staining the sample with antibodies targeted at 
the thing youre interested in, and then staining it again 
with fluorescing antibodies which are targeted at the first 
antibody. 

 So what the hell are these targets, then? The initial stain antibody has to bind to something.  

For p-ANCA the target seems to be MYELOPEROXIDASE.which is a neutrophil granule protein, which generates free radicals. 

For c-ANCA there are several targets, of which the commonest is PROTEINASE 3.  

 These weird conditions are all grouped under the 
blanket term “ANCA-associated systemic 

vasculitides”, or ASA. They are all faintly related. 

Infection, somewhere… Pro-inflammatory cytokines are released, quite legitimately, 
as a part of the larger inflammatory response. 

Induction of adhesion molecules on the 
endothelial surface, eg. selectin, VCAM, ICAM-1 

WARNING: conjecture! 
The below-presented mechanism 
may not represent the opinion of 
the scientific community at large, 

and may embarrass you when 
quoted to senior consultants. 

P is for PERINUCLEAR. 
 

C is for CLASSICAL but 
may as well stand for 
“cytoplasmic” 

 

Neutrophils are “PRIMED”, i.e. express those 
CD11b adnehsion molecules on their surface. 

A major portion of this priming business is the 
ANCA antigens, proteinase 3 and myeloperoxidase, 
getting traslocated to the cell surface out of the 
lysosomes they are usually stored in.  

ANCA is floating around in the 

bloodstream… for whatever reason. 
There is still no good theory as to why we 
develop these antibodies. There is an 
association with a functional polymorphism of 
the PTPN22 gene, which encodes tyrosine 
phosphatase (which becomes increased in 
rheumatoid arthritis, SLE, type 1 diabetes and 
Hashimoto’s thyroiditis.). Exposure to silica or 
cocaine seems to predispose to Wegeners. 
Smoking is protective against the ANCA 
vasculitides.  Treatment with 
propylthiouracil causes ANCA vasculitis in 
50% of cases, and continues after 

treatment is ceased. In short, nobody knows.   

The neutrophils now have antigens on their surface. The ANCA antibodies 
bind to these targets; and the Fc portions of the antibodies bind to the FC 
receptors. This serves to trigger neutrophil adhesion to vessel walls.  
 

The now-activated neutrophils, coated with antibody, diapedese 
into the vessel walls. The normal mayhem ensues.   



Eczema and Dermatitis        
− Itchy, scaly skin. 

− Acute: weeping, scratched, red 

− Chronic: thickened lichenified skin, scaly like a reptile. 

Atopic eczema:            
− Very common  

− Immunological abnormality of IgE and  T-helper cells,  

− PLUS failure of certain barrier functions of the skin 

− (dry, scaly skin - easily irritated) 
IRRITANTS: 

− sweat, clothes, cleansing products, allergens eg. dust mites, foods, grasses 
MANAGEMENT: 

− antihistamines 

− topical steroids or topical TACROLIMUS  

− UV light 

− Systemic immune suppression 
The key to successful management is caring for the illness for up to  
6 weeks after its been apparently “cured”.   

Seborrhoeic Dermatitis:          
Childhood pattern: flexural, nappy rash 
Adult Pattern:  facial butterfly rsh, dandruff, plepharitis, otitis externa 
Aggravated by stress, skin microbes, yeasts. 
Management  is with antifungal steroidal creams, eg. 1% hydrocortisone. 
  You may try to reduce exposure to irritants. 
This s a chronic relapsing disorder. All you can do is reduce its severity. 

Allergic Contact Dermatitis:         
Lymphocyte mediated hypersensitivity reaction to an allergen 
Pattern varies depending on extent of exposure to allergen. !! VERY ITCHY !! 
Diagnosis is via skin testing 
Management  is by avoidance of allergen. Powerful treatment is indicated in  

severe reactions,  eg. systemic steroids. Otherwise the skin damage  
resolves quickly after the allergen is withdrawn. 

 
 
Also seen... 

ASTEATOSIS: 
 Scourge of the elderly, with their incompetent lower limb vessels-  

Thus reduced nutritional blood flow to the skin compromises barrier functions.  
Strong steroids will only make it worse- so use frequent barrier ointment application  

VARICOSE ECZEMA: 
Same as above, crappy vessels give rise to barrier incompetence & reduced repair capacity-  
But in this case its the venous drainage thats at fault, so compression stockings are the go. 
Also, if possible elevate the limb (improves drainage) and NEVER use steroids. 

POMPHOLYX: 
Hands, palmar surfaces, and feet. Brought on by stress and chemical + physical irritants; 
needs treatment with hardcore topical steroids for the first four days, then maintenance 
therapy with topical barrier preparations. 

Acutely: wet soaks, saline baths 
Chronically, ointments aimed to 
improve barrier function e. Soft 
paraffin, emulsifying ointments etc. 

There is NO CURE. 

Mx = oily goo and steroids 

About 30g of some sort of 
slime is all that is required 
to cover the whole surface 
area of an adult. 
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  Type I - immediate hypersensitivity 
Mediated by IgE antibodies and produced by the immediate release of histamine, arachidonate and derivatives by basophils 
and mast cells. This causes an inflammatory response leading to an immediate (within seconds to minutes) reaction. 

Some examples: 

• Allergic asthma  

• Allergic conjunctivitis  

• Allergic rhinitis ("hay fever")  

• Anaphylaxis  

• Angioedema  

• Urticaria (hives)  

Type II - antibody-dependent hypersensitivity 
In type II hypersensitivity, the antibodies produced by the immune response bind to antigens on the patient's own cell 
surfaces. IgG and IgM antibodies bind to these antigens to form complexes that activate the classical pathway of complement 
activation for eliminating cells presenting foreign antigens (which are usually, but not in this case, pathogens). That is, 
mediators of acute inflammation are generated at the site and membrane attack complexes cause cell lysis and death. The 
reaction takes hours to a day. 

Some examples: 

• Autoimmune haemolytic anaemia  

• Goodpasture's syndrome  

• Pemphigus  

• Pernicious anemia  

• Immune thrombocytopenia  

• Transfusion reactions  

Type III - immune complex hypersensitivity 

In type III hypersensitivity, soluble immune complexes (aggregations of antigens and IgG and IgM 
antibodies) form in the blood and are deposited in various tissues (typically the skin, kidney and joints) 
where they may trigger an immune response according to the classical pathway of complement 
activation (see above). The reaction takes hours to days to develop. 
Some clinical examples: 

• Immune complex glomerulonephritis  

• Rheumatoid arthritis  

• Serum sickness  

• Subacute bacterial endocarditis  

• Symptoms of malaria  

• Systemic lupus erythematosus  

Type IV - cell mediated hypersensitivity 
Type IV hypersensitivity is often called delayed type as the reaction takes two to three days to develop. Unlike the other 
types, it is not antibody mediated but rather is a type of cell-mediated response. CD8 cytotoxic T cells and CD4 helper T cells 
recognise antigen in a complex with either type I or II major histocompatibility complex. The antigen-presenting cells in this 
case are macrophages and they release interleukin 1, which stimulates the proliferation of further CD4 cells. These cells 
release interleukin 2 and gamma interferon, which together regulate the immune reaction. Activated CD8 cells destroy target 
cells on contact while activated macrophages produce hydrolytic enzymes and, on presentation with certain intracellular 
pathogens, transform into multinucleated giant cells. 
Some clinical examples: 

• Contact dermatitis (poison ivy rash, for example)  

• Hashimoto's thyroiditis  

• Insulin dependent (type I) Diabetes mellitus  

• Symptoms of leprosy  

• Symptoms of tuberculosis  
• Transplant rejection  

Type V - stimulatory hypersensitivity 
This is an additional type that is sometimes (often in Britain) used as a distinction from Type II. Instead of binding to cell 
surface components so the cells are destroyed, the antibodies recognise and bind to the cell surface receptors, which either 
prevents the intended ligand binding with the receptor or mimics the effects of the ligand, thus imparing cell signalling. 
Some clinical examples: 

• Graves' disease , Myasthenia gravis  
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INFLAMMATORY MECHANISMS in response to injury                                                                                                 

 VASCULAR  INJURY: blood vessel damaged

Ruptured epithelium releases
ENDOTHELIN;

Von Willebrandt’s Factor (VWF);
and TISSUE FACTOR

at the damaged membrane

ENDOTHELIN causes
TRANSIENT

VASOCONSTRICTION
to reduce blood loss

Blood-floating PLATELETS are now
EXPOSED TO COLLAGEN;

      VWF bridges connect platelets to
collagen; therefore
 PLATELETS ADHERE to COLLAGEN
 Tough as glue to resist shear forces

Membrane-bound
TISSUE FACTOR Activates the

COAGULATION CASCADE:
Results in

ACTIVATION OF THROMBIN
THROMBIN induces
DEGRANULATION

THROMBIN also induces
AGGREGATION

 -and so does ADP and TXA2
-this forms the

PRIMARY (temporary) HEMOSTATIC PLUG
(with FIBRINOGEN linking platelets together)

DEGRANULATION AND SHAPE CHANGE:
Platelets FLATTEN and spill granular contents:

 FROM .�JUDQXOHV�
- Fibronectin
- Fibrinogen
- Factor 5
- Platelet-Derived Growth factor (PDGF)
- 7UDQVIRUPLQJ�*URZWK�)DFWRU����7*)���)

 FROM /�JUDQXOHV��GHQVH�ERG\��
- Adenosine Diphosphate (ADP)

- HISTAMINE

- SEROTONIN

- ADRENALINE

- THROMBOXANE A2 (TXA2)

THROMBIN converts
FIBRINOGEN into FIBRIN (insoluble)

this forms the
SECONDARY (permanent)

 HEMOSTATIC PLUG:
Fibrin forms the scaffold  for

FIBROBLASTS

Aggregated
 PLATELETS
 CONTRACT:
A fused lump

 is formed

PDGF and 7*)���
Stimulate

FIBROBLASTS
HISTAMINE and

SEROTONIN
INCREASE
VASCULAR

PERMEABILITY
And

DILATE VESSELS

FIBRINOGEN BREAKDOWN PRODUCTS
and complement breakdown products

C3a and C5a
Are

CHEMOTAXINS
= attract Neutrophils + Macrophages

COMPLEMENT PROTEINS
PENETRATE  INTO TISSUE:

COMPLEMENT CASCADE
ACTIVATED BY

ALTERNATIVE PATHWAY
(directly by bacterial wall components)

BACTERIA
enter the body

Hydrostatic pressure
pushes water out into

the tissue; thus,

OEDEMA occurs

Physical and
chemical

barriers to
infection are
BREACHED

C3b complement product

OPSONISES antigens

MAC  perforates

bacterial walls,
causing lysis

NEUTROPHILS / MACROPHAGES
ROLL (via selectins)

ADHERE (via integrins)
DIAPEDESIS (penetrate endothelium)
And MIGRATE DOWN CHEMOTAXIS
GRADIENT TOWARDS THE SITE OF

INJURY (via chemotaxins)

Dilated vessels
Have LOWER

BLOOD PRESSURE
therefore its easy for
leucocytes to attach:

less shear forces

MACROPHAGES
devour C3b- opsonised antigens

secrete TNF-. to increase expression of
  selectins and Integrins
therefore, increased NEUTROPHIL MIGRATION
+ exude IL-1 to activate more MACROPHAGES
+ remove cellular debris, eg. dead neutrophils

C3a, c5a ativate
BASOPHIL and

MAST CELL
DEGRANULATION:

more HISTAMINE and
PROSTAGLANDIN;

thus, increased

VASCULAR
PERMEABILITY

EVENTUAL REMOVAL OF PATHOGEN,
FORMATION OF COLLAGEN SCAR ON FIBRIN
SCAFFOLD AND REGENERATION OF TISSUE

Langerhans cells detect
pathogen, migrate to

lymph nodes, Æ specific
immune response

VWF stored in easily

ruptured vesicles on

the endothelial cell

membrane
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Cyclophosphamide 
A hideous DNA alkylating agent; the damage 
done to DNA resembles that caused by 
radiation. Derived in the 1950s from the nitrogen 
mustards which the great warring nations 
stockpiled (and for some reason never found a 
good opportunity to use). 
 
-metabolized by the liver into the active 
ingredient, phosphoramide mustard. Some is 
turned into the bladder-toxic acrolein, which 
causes hemorrhagic cystitis 
 
- the cells most damaged are those with low 
levels of Aldehyde Dehydrogenase (ALDH) 
which transforms the phosphoramide mustard 
into an inactive metabolite.  
 
-side effects are nausea, vomiting, darkening of 
the skin, alopecia lethargy and bone marrow 
suppression. 
 
 
 
 

     olyarteritis Nodosa          

  arteries only!  
- Not venules. If you see inflamed venules, its more likely to be a microscopic polyangitis. 
- Not eosinophilic- eosinophilia suggests Churg-Strauss syndrome 
- Not whole-length; segmental, involving mainly bifurcations.   

SYMPTOMS: weird and non-specific 
- fever 
- weight loss 
- malaise 
- weakness 
- myalgias, especially calves; 
- mononeuritis, most commonly foot drop 
- abdominal pain – worse after eating (“bowel claudication”) 
- headache 
- OCCASIONALLY: hematuria, hypertension (sent in by GP) 

SIGNS: weird and non-specific 
- Rash and purpura 

- LIVEDO RETICULARIS: bizarre mottling of the skin, in a fishnet-like pattern 
- Cutaneous infarcts 
- Raynauds phenomenon 

Blood tests: 
- Anaemia 
- High WCC with neutrophils 
- High ESR, CRP 
- Most likely, ANCA-negative 
- Could have either liver, kidney, or pancreatic failure (due to infarcts) 
- For some reason, 30% of these people are Hep B positive 

Expected complications 
- Hypertension 
- Bowel infarcts and perforations 
- Ischaemic heart disease 
- Renal failure 

Management: 
- Prednisone and cyclophosphamide 
- If there is Hep B, use antiviral drugs. 
- Rate of relapse- 10% 
- Rate of untreated survival ~ 10% over 5 years 

Pathophysiology 
Whole thickness of the vessel wall is involved. Acutely, 
neutrophils swarm in and infiltrate the vessel wall, and 
involve the surrounding perivascular tissues. This 
results in intimal  proliferation, and the vessel wall 
begins to degenerate. Soon after, monocytes become the 
predominant species in the wall, and fibrinous necrosis 
ensues, which produces much greater wall thickening. 
This occasionally results in downstream infarction. As 
the lesions heal, there is collagen deposition, and this 
occludes the lumen even more. Because this happens 
most frequently at bifurcations, it tends to produce 
aneurysms. 

P necrotizing inflammation of the  

small and medium muscular arteries. 

Definitive diagnosis: TISSUE. You need a biopsy. 

PAN very rarely involves the lung. 

Sourced from Harrissons, Chapter 319. The Vasculitis Syndromes- Carol A. Langford, Anthony S. Fauci  
 

 



Speech exam       

1. Shake patients hands 
2. Ask patient whether left or right handed 
3. Determine patient is oriented in person, place and time 

so they can cooperate in exam  
4. Ask patient to describe the room, job, daily activities. 

“free speech form” 
5. Note dysarthria: alcohol, cerebellar, bulbar palsy 
6. dysphonia 
7. Test comprehension: following instructions  

(receptive dysphasia) 
=Touch chin, then your nose then your ears 

 
8. Test yes or no questions: 

“Do you put on your shoes before your socks?” 
 

9. Test repitition:  “No if, and or buts” …  
(conductive or receptive dysphasia) 

 
10. Name two objects pointed at  

(conductive, receptive, or expressive aphasia) 
 

11. Test reading and writing 
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Antibiotic Guidelines for the Feebleminded     
Often-broken Rules of Thumb: 
1. All Intravenous antibiotics should be given SLOWLY 

2. All intravenous antibiotics should only continue for 48hrs 

3. All antibiotics should only continue for 7 to 14 days 
 
Conditional rules of thumb: 

4. Gram NEGATIVE foe? = gentamicin 

5. Gram POSITIVE = penicillins 
6. gram negative ROD eg. E.coli – amoxicillin, augmentin etc.; hard cillins. 

7. Anaerobes? Eg. clostridium difficile ���� Metronidazole 

A.k.a. Mighty FLAGEL 

8. Pseudomonas ���� Ciprofloxacin (just about the only thing that works) 
9. Severe infection =  use 3rd gen cephalosporin  

eg. ceftriaxone, cefotaxime 
 
 
UTI:        Trimethoprim PO 
Urinary Sepsis   Cefuroxime + Gentamicin IV 
Gut Sepsis     Ampicillin, Gentamicin, metronidazole 
 
Cellulitis:     Augmentin PO 

Wound infection   Flucloxacillin IV 
 
 

Osteomyelitis    Flucloxacillin IV 
Septic Arthritis    Flucloxacillin IV 
 
Comminity  Pneumonia  Amoxicillin PO  
Atypical Pneumonia  Erythromycin PO 
Hospital Pneumonia  Cefuroxime IV 
 
Meningitis    Ceftriaxone + benzylpenicillin IV 
Listeria meningitis   the above plus ampicillin IV 
 

Endocarditis    gentamicin IV, AND 
      - benzylpenicillin if unknown  

- Flucloxacillin if staph aureus  
- Amoxicillin if enterococcus 
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WHICH CEPHALOSPORIN SHOULD I USE?     
 They all act in the same way as penicillins: peptidoglycan wall attack. 
 Also some variable effect on gram-negatives. 
 
 ACTIVITY BY GENERATION: 
 
 

1
st
 generation  

eg. Cephlex 
Cefazolin 

 

2
nd

 generation 

eg Cefuroxime, 
Cefonicid 
 

3
rd

 generation 

Cefotaxime 
ceftriaxone 

Gram-positive 
cover 

Gram – negative 
cover 

2nd generation 
antianaerobe  

eg cefoxitin, 
cefotetan 

Anaerobe cover 

4
th

  generation 

Cefeticol 
Flomoxef 

Think Cocci, think skin 
flora. Also some UTIs. 
 
1st gen sporins are good for  

• Some Staph 

• Some Strep 

• E. Coli 

• Klebsiella 
 
Not sure whats growing 
under that toe? Unknown 
organism peacefully 
colonising an old woman’s 
bladder? Throw a 1st gen 
cephalosporin at it while 
waiting for cultures.  

 

Think ENT; otitis media, 
sinusitis, pharyngitis, 
etc etc. 
ESPECIALLY: 

H. Influenzae 

M. Catarrhalis 
Beloved by the ENT 
surgeons and such. 
Also… some activity vs. 

N. gonorrhoea  
 
 
ANTIANAEROBES: 
 Used for prophylaxis 
before abdominal 

ACUTE RAGING 

MENINGITIS 
Good for 
Neisseria etc… 
Penetrates the BBB 
very well; mix this with 
vancomycin for evil 
multi-resistant 
pneumococcal 
meningitis. 

Not much use, 
really… good for 
pseudomonas, 
therefore a non-
ototoxic and non-
nephrotoxic 
alternative to 
aminoglycosides; 
otherwise too 
expensive for general 
use. 

PENICILLIN ALLERGY? 
About 10% of people 
with this will also have 
an allergic reaction to a 
cephalosporin. 

IV 
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Bacteriology for Dummies         
GRAM STAIN TELLS YOU EVERYTHING. Two dyes are applied: 
Gram-positives have thick walls which retain the bluish crystal violet dye. 
Gram negatives have thin walls which only retain the red carbol fuschin dye. 
 

Gram-negatives:          

 = ALWAYS have endotoxin 
 = ALWAYS have Lipopolysaccharide (which enrages macrophages) 
 

 OBLIGATE AEROBE RODS: 
    Eg. Pseudomonas aeruginosa 
  Bordetella pertussis 
  Haemophilus Influenzae 
  Legionella pneumophila 
   
  Also Campylobacter Jejuni (microaerophile gut resident) 
 

 OBLIGATE AEROBE COCCI: 

Moraxella catarrhalis 
   

 

Facultative ANAEROBE RODS: gut flora 
   Eg. Escherichia Coli  
 Shigella dysenteriae 
 Salmonella typhi 
 Proteus sp. 
 Klebsiella sp. 
 Bacteroides fragilis 

 
Facultative Anaerobe Cocci 

Neisseria meningitidis 
 Neisseria gonorrhoei 
 
Obligate ANAEROBE COCCI are mainly faecal and irrelevant 
    Eg. Veillonella 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

All of these are 
 RESPIRATORY TRACT INFECTIONS!! 
Seeing as they require oxygen to live 

Gut-dwellers, facultative anaerobes 
(prefer to live without oxygen, but its 
not toxic to them) 

Pyogenic Gram-negative cocci 
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Gram-Positives don’t really need the air…     
   

Obligate AEROBE RODS 
 Bacillus Subtilis 

Bacillus cereus,  
Bacillus anthracis 

 
Obligate AEROBE COCCI 

  Micrococcus (clinically irrelevant) 
*most fungi are obligate aerobes and are gram-positive 

 
Facultative ANAEROBE RODS: spore-formers 

  
  Listeria monocytogenes: non-spore-forming 

 
FACULTATIVE ANAEROBE COCCI  
     Streptococcus viridans  

Enterococcus sp. 
Staphylococcus aureus  
Streptococcus pneumoniae  
Streptococcus pyogenes 

 

OBLIGATE ANAEROBE RODS: spore-formers 
    Clostridium tetani 
 Clostridium botulinum  

Clostridium Difficile 
  

 

  

 OBLIGATE ANAEROBE COCCI 
 Peptostreptococcus sp. 
 Streptococcus intermedius 
 
 
 

 
 

Rules of thumb: 
- Anaerobes will only live on devitalised or hypoxic tissue. 
- Anaerobe discharge is foul-smelling 
- Gram negatives are generally immune to beta-lactams (except aminopenicillins) 
- Anaerobes are generally immune to aminoglycosides 
 
 

MOST COMMON PATHOGENS!! 
= Pyogenic cocci 

Barely relevant; usually a co-
infection with some other 
organism in a gut or liver 
abscess 

Compost-making soil bacteria; 
natural decomposers. They cause 
garbage to reek. 



Emergency Diagnosis and Management of SEPSIS     
Anybody on IV antibiotics or with unexplained hypotension needs this assessment: 
 
 

INCLUSION CRITERIA 
SIRS: 2 of these 
- Temperature over 38 or under 36 
- Heart rate over 90 
- Respiratory rate over 20 
- Arterial PaCO2 under 32mmHg 
- White Cell Count  over 11 or under 4  

(or more than 10% of immature forms) 
- Sepsis of unknown origin and on IV antibiotics 
 

Septic shock 
- Systolic Blood Pressure under 90- AFTER crystalloid fluid challenge-  

- of more than 20-30ml/kg over 30 minutes 
- Blood Lactate over 4mmol/L 
- Oliguria +/- acute deterioration of mental state 
- Acute end-organ dysfunction 

SEPSIS  is SIRS arising from 
a documented infection 

SO, your patient is septic. 
Now,  fluids are their best friend. FLUIDS !! 
 

1) AIRWAY, BREATHING, CIRCULATION. 

 May need to intubate. 

2) venous access: big cannula in each arm 

3) take bloods: 
 - FBC 
 - 2 x Culture (aerobes + anaerobes) 
 - ABGs 
 - Lactate 
 - EUC 
 - LFTs 
 - BSL 
 - Coagulation 

4) IV FLUIDS: because the vessels are  globally dilated, one must refill the new  

available space so that the heart may fill and beat again. 
 THUS: give 20 to 30 ml/kg over 30 minutes until their systolic BP gets over 90 

 

5) Antibiotics as per department guidelines 

(give together with first fluids) 
 

6) insert Urinary Catheter (to measure output) 

 
7)keep giving crystalloid bolus 500mls over 30min 

 until blood pressure normal 
 

FIND THE ABSCESS!! 
…and drain it. antibiotics are 
very useful, burt they will only 
touch the outside of the 
massive pocket of pus. 
 
! pus may be hidden ! 
Head-to-toe survey, then- 
- gallbladder   
- kidney (pyelonephritis) 
- joints (infectious arthritis) 
- pelvis 
- spine (epidural abscess) 
- meningitis 
 

and ORDER A CHEST X-RAY 
 

Patients blood pressure 
NORMALISED? 
 

= Give noradrenaline  
(ONLY if central venous 
pressure is  8 to 12 mmHg) 
 

 
ONLY UNTIL MAP is over 70 

 

JVP = immediate clue  
regarding hypovolemia.  
If theres a JVP, there’s probably 
enough blood to go around. 

GOALS OF THERAPY: 
- Central venous pressure 8-12 mmHg 
- Mean arterial pressure over 70 mmHg 
- SaO2 over 93% 
- Hematocrit over 30 
- Central venous O2 saturation of over 70 
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Bacteremia and Infective Endocarditis      
Sepsis, septicaemia = its all the same thing. 
BACTERAEMIA IS COMMON! = every time you brush your teeth 
 

SEPTICAEMIA means SYMPTOMATIC BACTRAEMIA 

Symptoms related to endo and exo toxins 
septic shock = cardiovascular collapse due to septicaemia  
happens when the Systemic Immune Response Syndrome (SIRS) makes your venules 
dilate and makes your capillaries leaky. Thus blood pressure plummets 
 
PRESENTATION: 
Symptoms are non-specific and vaguely remind you of inflammation… 

- Tachycardia  
- Tachypnoea 
- Vasodilation (flushed, plethoric) 
- Fever 
- Malaise 
- Lethargy 
- Headache 
- Confusion 
- Coma 

 
 
The patient may be presenting VERY LATE: with END-ORGAN DYSFUNCTION 
This stems from microhaemorrhage secondary to disseminated intravascular coagulation 
Borderline functioning organ will fail first; eg. chronically diseased kidneys will go into acute failure 
Plus-  
The patient may have specific signs that point to a particular pathogen’s toxic shock syndrome Eg. 
Haemolytic-uremic syndrome, where enterohaemorrhagic  E.Coli endotoxin attacks the red blood cells  
  

In ENDOCARDITIS, there may be nephrotic syndrome due to circulating Ag/Ab complexes 
 

SEPTIC SHOCK: 
- Hypotension due to vasodilation and increased capillary permeability 
- Circulatory failure due to hypotension 
- Renal failure (pre-renal, due to hypotension- with tubular and cortical toxicity)  

- Thus, Oliguria 

- Disseminated Intravascular Coagulation which consumes all your platelets, 
- Thus Consumption Coagulopathy and MICROHAEMORRHAGES 

- Leaky capillaries allow too much water into the lungs:  

Thus� Characteristic fluffy opacities on chest X-ray= 
= ACUTE RESPIRATORY DISTRESS SYNDROME 
= normally occurs 1-2 days after septic insult 
= massive reduction in gas exchange and compliance with an option  
   to upgrade into fibrosis. MAY NEED VENTILATION 

- Underperfusion causes GUT WALL ISCHAEMIA  
Thus� translocation of gut organisms into the abdominal cavity  

- HEPATIC DAMAGE  from endotoxin directly 

- Gall Bladder “Sludging” (the formation of thickened fluid that has not yet formed stones. The  

sludge is thick enough to prevent a normal flow of bile so it has the same effect as gallstones) 
- Failure of GIT means failure of nutrition, and the acute phase response results 

in reduction in blood albumin which exacerbates the extravasation of fluid. 
 
 
 

OR!!  There may be a FOCUS 
i.e where the microbe came from; Eg.  

- Abdo pain (typhoid) 
- Gall bladder pain (cholangitis) 
- kidney (pyelonephritis) 
- joints (infectious arthritis) 
- pelvic infection  
- spine (epidural abscess) 
- meningitis 

 

WATCH OUT FOR 

STAPH 
ENDOCARDITIS!! 
= will eat through 
valves in 6-12 hours 
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Emergency Diagnosis and Management of SEPSIS                                     
Anybody on IV antibiotics or with unexplained hypotension needs this assessment:

INCLUSION CRITERIA
SIRS: 2 of these
- Temperature over 38 or under 36
- Heart rate over 90
- Respiratory rate over 20
- Arterial PaCO2 under 32mmHg
- White Cell Count  over 11 or under 4

(or more than 10% of immature forms)
- Sepsis of unknown origin and on IV antibiotics

Septic shock
- Systolic Blood Pressure under 90- AFTER crystalloid fluid challenge-

- of more than 20-30ml/kg over 30 minutes
- Blood Lactate over 4mmol/L
- Oliguria +/- acute deterioration of mental state
- Acute end-organ dysfunction

SEPSIS  is SIRS arising from
a documented infection

SO, your patient is septic.
Now,  fluids are their best friend. FLUIDS !!

1) AIRWAY, BREATHING, CIRCULATION.

 May need to intubate.

2) venous access: big cannula in each arm

3) take bloods:
- FBC
- 2 x Culture (aerobes + anaerobes)
- ABGs
- Lactate
- EUC
- LFTs
- BSL
- Coagulation

4) IV FLUIDS: because the vessels are  globally dilated, one must refill the new

available space so that the heart may fill and beat again.
THUS: give 20 to 30 ml/kg over 30 minutes until their systolic BP gets over 90

5) Antibiotics as per department guidelines

(give together with first fluids)

6) insert Urinary Catheter (to measure output)

7)keep giving crystalloid bolus 500mls over 30min
 until blood pressure normal

FIND THE ABSCESS!!
…and drain it. antibiotics are
very useful, burt they will only
touch the outside of the
massive pocket of pus.

! pus may be hidden !
Head-to-toe survey, then-
- gallbladder
- kidney (pyelonephritis)
- joints (infectious arthritis)
- pelvis
- spine (epidural abscess)
- meningitis

and ORDER A CHEST X-RAY

Patients blood pressure
NORMALISED?

= Give noradrenaline
(ONLY if central venous
pressure is  8 to 12 mmHg)

ONLY UNTIL MAP is over 70

JVP = immediate clue
regarding hypovolemia.
If theres a JVP, there’s probably
enough blood to go around.

GOALS OF THERAPY:
- Central venous pressure 8-12 mmHg
- Mean arterial pressure over 70 mmHg
- SaO2 over 93%
- Hematocrit over 30
- Central venous O2 saturation of over 70



 

Endocarditis: 
Usually a trivial bacteraemia which latches onto a slightly abnormal vascular surface. 

- Heavy prolonged bacteraemia may affect an only slightly abnormal area 

- Trivial bacteraemia may infect a very badly abnormal area 

 
PRESENTATION: 
- Fever 90% 
- Nausea, anorexia, malaise, lethargy, weight loss = 90% 
- Murmur 85% 
- Embolus 50% 
- Splenomegaly 20-60% 
- Stroke 20% 
 

INVESTIGATIONS: 
FBC: Neutrophilia 
 + anaemia of chronic disease 
ESR: elevated 
FERRITIN: elevated 
ECG: ST changes in all leads 
ECHO: new valve dysfunction  
 
 
REPEATED BLOOD CULTURES ARE THE BEST INVESTIGATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SEQUELAE: 
Vave destruction 
Nephritis 
Splenomagely 
Major emboli  
 

Diagnostic Criteria: 
- Demonstrate bacteraemia:  

3 bloods in 48 hrs has nearly 100% sensitivity 
- Clinical supportive evidence (Hx + exam) 
- Demonstration of vegetations by echo 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

           olymyositis and Dermatomyositisolymyositis and Dermatomyositisolymyositis and Dermatomyositisolymyositis and Dermatomyositis                                                          

Symptoms and Physical Signs        
    MUSCLE WEAKNESS, 
    -    PROXIMAL  

- Symmetrical 
- Of insidious onset (usually takes several months) 
- Sometimes painful (myalgia and arthralgia) 

- DEFINITELY painful on palpation: 
- May even be ATROPHIC after a while 

- DYSPHAGIA +/- Aspiration 
- FINE MOTOR CONTROL is lost late in polymyositis  

               – BUT is lost EARLY in INCLUSION BODY MYOSITIS 
- CHARACTERISTIC RASH: face, trunk, hands:  
  The heliotrope rash: symmetric, confluent, purple-red, macular eruption 

Mainly face, the eyelids and periorbital tissue. 

  Gottron’s rash: erythematous nail beds and scaly purple papular eruptions  
over the dorsum of the hands, especially MCP and interphalangeal joints.  

Extramusculoskeletal manifestations:  

- Interstitial lung disease or aspiration pneumonia  
- Cardiac arrhythmia or congestive heart failure 
 

  
 
 

INVESTIGATIONS: 
 
 
 
 
 
 
 
 
 
 
 
 
 

All members of the same evil family, the 

Idiopathic Inflammatory Myopathies 

 

Difficulty kneeling, climbing or descending 
stairs, raising arms, and arising from a seated 

position; difficulty holding the head up 

The “shawl” sign 

These qualify your 
myositis as a 

DERMATOmyositis 
(commonest variety) 

DIFFERENTIALS TO EXCLUDE: 
- Vasculitis 
- Progressive systemic sclerosis 
- Infectious myositis 
- Muscular dystrophy 

 

- Eaton-Lambert syndrome 
- Drug-induced myopathies - Corticosteroids, statins, 
- Electrolyte disorders 
- Inherited myopathies 

Need to ask about 
FAMILY HISTORY 
of muscle disease 
…and 

MEDICATIONS 

SENSATION AND REFLEXES  

WILL BE PRESERVED 
 

POLYMYOSITIS can be produced by a 

PARANEOPLASTIC SYNDROME! 
Especially ovaries, gastrointestinal tract, lung, 
and breast and NHL. 10-20% of patients with 

dermatomyositis have neoplasms 
 

FBC may show some leucocytosis 
EUC – are they in acute renal failure 2ndary to rhabdomyolysis?  
Urinalysis may show blood++++ as myoglobinuria 
ESR will be moderately elevated 
Rheumatoid factor (RF) present in 50% 
Antinuclear Antibodies (ANA) present in 50% 
 Acetylcholine Receptor Antibody for Mysathenia… 

 Creatine Kinase (CK) WILL BE RIDICULOUSLY HIGH 
 ELECTROMYOGRAPHY: excludes neurogenic cause 

 MUSCLE BIOPSY 

 

Will give accurate diagnosis; IF you manage 
to get a biopsy of an affected patch of muscle. 

IS IT MYASTHENIA ? 

Myasthenia gravis affects 
the EYE MUSCLES early; 
The myopathies NEVER  
affect the eye muscles. 
 

MANAGEMENT: 
1. Prednisone: monitor response with CK levels and clinically: no functional improvement? 
2. ADD AZATHIOPRINE and watch for side-effects 

3. PHYSIO and EXERCISE; taper immunosuppressives, repeat electromyography in 3 months   
4. Other options for second line therapy would be methotrexate, chlorambucil, cyclosporin and intravenous immunoglobulin 

 

THESE are the only 3 tests you really need 
 

The only specific antibody: 

anti-Jo-1 

= antibody against histidyl-tRNA synthetase; 
associated with DM, PM, Raynauds’, 
interstitial pneumonitis, and so forth… 

 

dermatomyositis is the only disease that shows “perifascicular 

atrophy” whereas polymyositis shows necrosis and inflammation  

bone marrow depression, hepatotoxicity,  
skin rashes,  nausea and vomiting.  
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Psoriasis            
Rule of thumb: PSORIASIS DOES NOT ITCH. 
Totally different immunology to eczema, though lymphocytes still involved. 

Special Places:            
− Ears 

− Nails 

− Flexures 

− Scalp 

− Face 
 

Psoriasis management:          
− Topical or systemic or phototherapy 

− Topical: 

− Dithranol 

− Tar preparations 

− Topical vitamin D 

− Phototherapy: 

− Narrow or broad band UVB: usually combined with topical therapy 

− Systemic therapy: 

− Methotrexate 

− Oral retinoids 

− Cyclosporin, Mycophenelate, Hydroxyurea 
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Morning stiffness happens with every 
variety of inflammatory arthritis-  
BUT ONLY WITH RHEUMATOID is it 
going to last for longer than an hour! 
Stiffness  is a rough measure of the degree 
of inflammation 

ystemic Lupus Erythematosus and the Arthralgiasystemic Lupus Erythematosus and the Arthralgiasystemic Lupus Erythematosus and the Arthralgiasystemic Lupus Erythematosus and the Arthralgias             
  HPI of ARTHRITIS 

Articular symptoms: 

- Morning stiffness  
- Loss of function  
- Deformity 
- Swelling 
- Pain 
- Symptoms AGGRAVATED BY REST 

 (OA aggravated by movement and relieved by rest) 
 

Extra-articular symptoms:  
- Raynaud’s phenomenon RA or SLE 
- Rash (malar?…) SLE 
- Fever any non-degenerative arthropathy eg. gout, RA, SLE, infectious arthritis 

 WHAT KIND OF FEVER?? High grade = infectious cause!! 

- Fatigue renal involvement, sleep loss or anaemia of chronic disease? 
- Anorexia renal involvement, and/or chronic inflammation 
- Weight loss renal involvement, and/or chronic inflammation 
- Malaise chronic inflammation 
- Diarrhoea irritable bowel syndrome or Crohns disease (associated with arthritis) 
- Mucosal ulcers non-specific sign of autoimmune disease 

- Red, dry, gritty eyes active inflammatory process 

- Urethritis +/- Balanitis reactive arthritis (Reiter’s syndrome) 

-  
 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagnostic Questions: which arthritis is this? 
ACUTE or CHRONIC? 

If its been going on for months, its probably not infective. 
If the joint gets red, hot and swollen within 1 hour, it’s haemarthrosis 
If it within days and in the big toe, ankle or knee its probably gout 

LARGE or SMALL joints involved? 
LARGE usually crystalline or infective arthritis 
SMALL usually autoimmune arthritis  

HOW MANY JOINTS?? 
MONOARTICULAR (1 joint) if ACUTE = infective until proven otherwise ! 
  Must beware of non-gonococcal monoarthritis- very serious complications 

PAUCIARTICULAR (2-5 joints)  
POLYARTICULAR (>6 joints)  

RELAPSING / REMITTING COURSE? 
  …is characteristic of autoimmune disease. 

DEFORMITY IS TAKING PLACE? 
Only Rheumatoid Arthritis regularly deforms; not much else. 

DEMOGRAPHICS:  Young thin pre-menopausal women DO NOT GET GOUT  
PATTERN OF INVOLVEMENT:  which was the first joint, next joint etc… 

 
 
 
 
 
 
 
 
 

 

Could it be 

TRAUMA? 

WAS THERE AN 

INJURY? 

What was its 
mechanism? 

Usually Staph A.  

High fever, big swelling, 
mono or  pauciarthritis,  
extremely painful joint; 
Inflammation extending 
past the joint and up and 
down the limb – plus a  
systemically ill patient- 
���� IMMEDIATE 
ARTHROCENTESIS! 
Start antibiotics 
without waiting for 
cultures 

bugs, blood, and crystals 
(BBC) cause the 

most intense joint pain. 
 Degeneration pain is dull and irritating. 
  

MIGRATING, with FEVER, and 
TENOSYNOVITIS and DERMATITIS 
its likely gonococcal arthritis 

BOTTOM LINE: IT’S the CHITS 

Crystals Haemarthrosis  Infectious Traumatic Synovial or bone tumour 

 ITS NOT Rheumatoid  if  
 it’s a monoarthritis OR  
 the hands are not involved 
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So, its CRYSTALLINE SEDIMENTATION… 
WHAT IS GROWING IN THOSE JOINTS? 

    Clue: its either GOUT or PSEUDOGOUT. 
 
 

You must exclude fracture. 
 
 
 

PHYSICAL EXAMINATION 
General observation 
- Sick pale and weak- could be SEPSIS!! 

 
Joint observation 
- Compare right and left 
- Erythema? Underlying arthritis or infection 
- Scars? Previous joint operations or trauma 
- Rash psoriasis or vasculitis  
- Swelling-  effusion, osteophyte or hypertrophy?  
- Deformity- chronic destructive, usually RA 
- Muyscle wasting and atrophy  = chronic disease 
 
Palpation 
- Warmth means active inflammation 
- Tenderness grades 1 to 4 (4= pt  wont let you do it) 
- Spongy boggyness synovitis or effusion 

  
Active + Passive Movement 
Look for  
- Stability 
- Joint crepitus 
- Fixed flexion/extension deformity 
 

So, its INFECTIOUS ARTHRITIS… 
WHATS THAT BUG, THEN? 

Skin breakdown, previously healthy, joint replacement or 
concommitant RA 
� STAPHYLOCOCCUS AUREUS 
Splenic dysfunction, otherwise well 
���� STREPTOCOCCUS Sp. 
Pustules, tenosynovitis, fever, migrating,  
young sexually active drug-user 
� NEISSERIA GONORHHOEA 
Immune suppressed host,  
and/or gastrointestinal infection 

���� AEROBIC  or ANAEROBIC Gram-Neg 
Recent travel history, immune compromise 
� MYCOBACTERIUM Sp. 
Immune compromise 
�FUNGUS 
Exposure to ticks, antecedent rash, knee joints 
� SPIROCHETE: BORELLIA BURGDORFERI 

 
 

PAST HISTORY 
- Obesity 
- Alcoholism 
- Renal impairment 
- Diuretic use  

 

SEXUAL HISTORY 
- Sexually active 
- IV drug user  

 

MEDICATIONS 
- Hydrallazine  
- Procainamide 
- Antibiotics  

FAMILY HISTORY 
- Psoriasis in the family? 
- RA in the family? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

GOUT 

Drug SLE  

Gonococcal 
or reactive  
arthritis 

Monosodium Urate crystals 
 
Needle-shaped 
 
Usually monoarticular 
 
Big toe, ankles, knees 
 
Not in young women 
 
DUE TO: 
Hyperuricaemia, obesity, 
alcoholism, lead poisoning, 
hyperlipidaemia, diuretics,  
Cyclosporine 
 
ACUTE management: 
       NSAIDs and steroids 
Chronic management 
       Allopurinol  
       Colchicine 
       Dietary restrictions 

Calcium Pyrophosphate 
 
Rod or log crystals 
 
 Usually monoarticular 
 
Knee, wrist 
 
Old people 
 
DUE TO: 
Hypothyroidism, 
hemochromatoisis, chronic 
renal failure, diabetes, 
hyperPTH, hypercalcaemia 
 
ACUTE management:           
        steroids, NSAIDS 
Chronic management  

NSAIDS  
colchicine 

IF YOU CAN PASSIVELY MOVE THE LIMB 
WITHOU PAIN, ITS NOT A  JOINT PROBLEM 

and if active movement causes pain in just one plane 
 its probably a tendon or bursa problem 

IF YOU FIND SYNOVITIS, IT MUST BE 
INFLAMMATORY OR SYSTEMIC RHEUMATIC. 
Looking for 

- Joint effusion with fluid 
- Warmth over a joint 
- Boggy swelling 
- Soft tissue swelling  
(eg. the sausage fingers of psoriatic tenosynovitis) 

 

Ask about 
RECENT MUMPS 
or PARVOVIRUS 

Specifically for SLE: 
OBSERVE the cushingoid appearance due to 
corticosteroid treatment (and the stigma thereof) 
Palpate PIP and MCP for arthritis;  
look for Raynauds (cold intolerance)  
look for  Sjogren’s (dry eyes and mouth) 
Auscultate for pericarditis, pleuritis,  pulmonary fibrosis 
 Feel for hepatosplenomegaly 
Do urinalysis and measure  blood pressure  

IS THE LUMBAR SPINE INVOLVED? 
!! PROBABLY A SERONEGATIVE ARTHROPATHY !! 



INVESTIGATIONS:           
 

ESR non-specific marker of inflammation 

CRP non-specific marker of inflammation (NORMAL IN RHEUMATOID) 
FBC looking for 

- Anaemia of chronic disease 

- Thrombocytopenia of lupus 
-  

Coagulation studies  
coagulopathy of lupus + Antiphospholipid syndrome 

Urine microscopy + biochemistry 
Looking for protein and cast characteristic of lupus nephritis 

X-ray Looking for characteristic degenerative changes to support clinical diagnosis 
 
Arthrocentesis If unsure which infective agent is responsible , 

 or which crystals are being deposited 
Electrolytes, urea, creatinine 

Not terribly useful, as kidney function must drop by 75% 
before differences in creatinine clearance become 
measurable 

Serology: 
RHEUMATOID FACTOR: 80% of RA patients have a positive RF 
 
ANTINUCLEAR ANTIBODY: 95% of SLE patients have a positive ANA 

expecting homogenous pattern 
ANTI-2-STRANDED DNA: 65% to 80% of SLE patients have a normal AdsNA 

!! VALUABLE: AdsNA decreases with successful therapy and 
increases with disease activity 
 

DIAGNOSTIC CRITERIA: 4 or more of the following = LUPUS 
- Malar cheek rash 
- Discoid lupus rash 
- Photosensitivity 
- Mouth or nasal ulcers 
- Joint swelling + stiffness 
- Pleuritis 
- Pericarditis 
- Urine sediment with protein and red cell casts 
- Sizures and psychosis (or merely an intractable headache) 
- Anaemia 
- Thrombocytopenia 
- Previous miscarriage of unknown cause  

(or due to recognised placental thrombosis) 

- Positive ANA or other autoimmune serology characteristic of 
systemic lupus 

 
 

 



 

Seronegative Spondyloarthropathies                          
CHARACTERISTICS:

- No Rheumatoid factor ( hence seronegative)
- Involvement of spinal and sacroiliac joints (hence spondyloarthropathy)
- Peripheral arthritis (predominantly lower limb)
- ENTHESOPATHY: inflammation of the attachment of tendon to bone
- Familial clustering
- HLA-B27 ( immune phenotype which accounts for racial differences)

i.e aboriginals have 0% incidence, Haida indians have 50%
- Spectrum of extra-articular features (common to all)

MUST SATISFY ONE OR BOTH PRIMARY CRITERIA plus one secondary
So how do you know if its inflammatory back pain? = 4 of 5 criteria:

- onset before age 40
- insidious onset
- present for over 3 months
- morning stiffness of over 30min
- improves with exercise

PERIPHERAL EXTRA-ARTICULAR SIGNS:
- enthesopathy
- skin lesions, mucosal lesions;
- inflammatory eye disease (! Iritis! Difficult to miss)
- inflammatory bowel disease
- cardiovascular lesions
- AIDS (associated with Reiters syndrome)

Peripheral arthritis:
- Acute onset
- Lower limbs
- Assymmetric
- Large effusions
- Usually pauciarthritis

Enthesopathy-  Specific for seronegative arthropathy!
- Associated with HLA-B27
- Enthesis is highy vascular and thus susceptible to antigen/antibody deposition and

bacterial invasion
- BONE EROSION and new bone formation results
- Achilles + plantar fascia enthesitis = painful walking

- Chest wall enthesitis= pleuritic pain

SACROILIITIS: ���� bottom of the SIJ is synovial so look there first
EARLY CHANGES: blurring of joint lines, widening of joint, sclerosis (opacity) on both sides of joint
- IN SACRO-ILIITIS PROPER, the JOINT LINE IS FUSED AND INVISIBLE

DIAGNOSE THE
PRESENCE

NOT THE SUBTYPE

DIAGNOSTIC CRITERIA:
PRIMARY:
- Inflammatory spinal pain
- Or
- Asymmetric lower limb Synovitis

SECONDARY:
- Positive family history
- Psoriasis
- Inflammatory bowel disease
- Preceding urinary or GI infection
- Buttock pain
- Enthesopathy in the Heel
- Sacroiliitis (X-ray diagnosis)

DACTYLITIS =
an enthesopathy!
Ask the patient about

“SAUSAGE FINGERS”

CARDIOVASCULAR INVOLVEMENT:
long standing and severe disease causes
INVOLVEMENT OF AORTIC ROOT
(and thus, aortic regurg)

SYNDESMOPHYTES of the SPINE:
the anlylosing spondylitis lesion
order of progression:

1. The vertebral body become squared
2. A degenerative Romanus lesion eats away

at a corner of the vertebral body
3. Bony destruiction of the romanus lesion is

followed by bony overproduction, causing a
spike of bone to descend from the lip of one
vertebral body down towards the next body
(= that’s a syndesmophyte)

4. The syndesmophytes fuse (“bridge”)
the vertebral bodies together.

Sclerosis on ONE SIDE
= normal adaptation to childbirth

 WHATS IMPORTANT FOR ANKYLOSING SPONDYLITIS: males much more common
Peripheral arthritis is common, 50% of cases; EXTRA-SPINAL FEATURES = iritis, aortitis, SC compression, amyloidosis
!!! APICAL FIBROSIS IS PATHOGNOMIC! Nothing else fibroses the apex of lung except ank spond. !!!

MUST MAKE SURE THE PATIENTS SPINE IS NOT FIXED IN FOETAL CURL! Make them sleep prone!!

ONYCHOLYSIS
Is PSORIATIC Arthritis
Otherwise hard to tell
apart from RA, but nail
changes are in 90%
= PITTING + BREAKDOWN

 In psoriatic arthritis
mutilans, the bones
literally dissolve, leaving
behind floppy deformed
fingers and wrists

REITERS SYNDROME
A TRIAD:
Uveitis,
Urethritis
and Arthritis

“reiters” is the
same thing as
reactive arthritis

Reiters is the 
same thing as 
reactive arth. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SYSTEMIC LUPUS ERYTHEMATOSUS            
An AUTOIMMUNE CT disease with auto-abs, circulating immune complexes and widespread
tissue damage.

EPIDEMIOLOGY: female:male   9:1
1/1000 whites
1/250 black women
onset 20s & 30s

PATHOGENESIS: disturbance of immune regulation. Defective suppressor T cells cause polyclonal B cell activation
?  uncontrolled auto-ab production against nucleic acids, RBCs, coagulation proteins,
phospholipids, lymphocytes, platelets et al. Typically the abs target nucleic material.
Circulating immune complexes are deposited in the kidney, brain (choroid plexus), heart, spleen,
lung, GIT, skin & peritoneum causing inflammation & tissue damage.
Exacerbations happen when there is more circulating DNA as a result of infection, trauma, drugs.

MULTIFACTORIAL CAUSE:
genetic: families display SLE, CT disease, antinuclear ab’s, immune

complexes
assoc with histocompatibility Ags: HLA-B8 and DR3

environmental: worsened by sunlight & oestrogen, triggered by drugs (HYDRALAZINE –
antiHT, PROCAINAMIDE – antiarrhythmic)

HISTORY: PRESENTATION

General: malaise (100%), weight loss (60%), nausea & vomiting
(50%), thrombosis (15%)

Musculoskeletal: (95%) arthralgia, arthritis, myositis
Skin: (85%) skin rash (BUTTERFLY, DISCOID, VASCULITIC), alopecia
Fever: (77%)

Neuro: (60%) delirium, dementia, convulsions, chorea,
neuropathy, MS symptoms
Renal: (50%) haematuria, oedema, renal failure
Respiratory: (45%) pleurisy
Cardio: (40%) pericarditis
Haematogical: (50%)  lymphadenopathy, anaemia
Thrombophlebitis, recurrent Miscarriage lupus anticoagulant

Sjogren’s ?
PMH Meds: procainide, hydralazine (cessation of drug?)

Treatment given & complications of treatment
FHX
SHX

EXAMINATION:

CLINICAL FEATURES
1. Malar rash
2. Discoid lupus
3. Photosensitivity
4. Oral ulcers
5. Arthritis (non erosive)
6. Pericarditis / pleuritis
7. CNS

-seizures -npathy
-psychosis -aphasia
-mental ? -mvt ?
-visual field dfx

LABS
8. proteinuria / casts
9. anemia / leucopenia /

lymphopenia / thr-penia
10. +ANA
11. anti-dsDNA or –Sm

4 out of the 11 makes SLE a possibility

GENERAL INSPECTION CHEST

Cushingoid Cardiovasc system – pericarditis, murmurs
Weight Respiratory – pleural effusion, pleurisy,
Mental state pulm fibrosis, atelectasis

HANDS ABDOMEN

Vasculitis big Spleen
Rash – photosensitivity, mac-pap big Liver
Raynaud’s HIPS

Arthropathy Aseptic necrosis
ARMS LEGS

Livedo reticularis (vasculitis) Feet – red soles, sml joint synovitis
Purpura (thrombocytopenia) Rash
Prox myopathy (SLE, steroids) Prox myopathy

HEAD Cerebellar ataxia
Alopecia, lupus hairs neuro exam – npathy, hemiplegia,
Eyes – scleritis, keratoconj. sicca, anemia, fundi (hard exud) mononeuritis multiplex
Mouth – ulcers, infection ulceration
Nose – nasoseptal perforation OTHER

Rash – butterfly, discoid, diffuse mac-pap urine analysis - proteinuria
CN lesions blood pressure - HT

Lymphadenopathy Temp chart

PROGNOSIS
Course: chronic relapse & (long) remission, flares rare post-menopause
Complications from therapy: Infections – immunosuppression

Coronary artery disease – chronic steroid use
Must control initial acute phase well ?  early diagnosis is key
Range of disease severity but 10yr survival in western world >95%

CORONARY ARTERY DISEASE AND STROKE ARE THE BIGGEST KILLERS in SLE 



 

 

INVESTIGATIONS:

TREATMENT

MUSCULOSKELETAL
NSAIDS avoid gastrotoxic NSAIDS, counter with cytoprotective Rx

Antimalarials Hydroxychloroquine is the antimalarial drug used most often in the United States; ophthalmologic monitoring is recommended every

six to 12 months

Glucocorticoids Individual joints may benefit from intra-articular injection of triamcinolone; severe polyarthritis flare-ups may be

treated with intravenous "pulse therapy" consisting of 1,000 mg of methylprednisolone daily for three days; use of
prednisone for maintenance therapy should be limited to 10 mg or less daily

Immunosuppressives Methotrexate or azathioprine can be used as steroid-sparing drugs; methotrexate not during pregnancy

SKIN
1. Sunscreen Blocks both UVA and UVB radiation

2. Antimalarials Use of combination antimalarial therapy (hydroxychloroquine and quinacrine) or chloroquine, which has more risk

of retinopathy, is sometimes necessary

If antimalarials not tolerated:
Dapsone G6PD status should be checked

Retinoids avoid in pregnancy

PROXIMAL MYOPATHY PERICARDITIS (chronic constrictive)

1. low BP
2. pulsus paradoxis (??BP on

inspiration)

3. ? JVP
4. apex beat impalpable
5. heart sounds – distant, early 3

rd

heart sound & early pericardial
knock

6. big Liver, ascites, oedema

PLEURAL EFFUSION

1. dysnnoea
2. ? breath sounds
3. ? chest mvt
4. dull percussion
5. ? vocal resonance
6. ± pleural rub

PLEURISY – describes
disease process affxng pleura

1. pleuritic pain
2. ? chest movt
3. pleural rub

SJOGREN’S ? of SLE

1. keratoconj. sicca
2. dry mouth

LIVEDO RETICULARIS
(capillaries dilate and blood
stagnates within these vessels)

1. mottled cyanotic skin
discolouration
surrounding pale
central areas

2. legs, arms and trunk
(worse in cold weather)

PULM FIBROSIS

1. clubbing
2. cyanosis
3. crackles (fine, late, inspirat)

HAEMATOLOGICAL TESTS:
Anaemia  (normochromic normocytic)
Leucopenia
Clotting defics – abs to VII, IX, X
Lupus anticoagulant – (10% cases)
Thrombocytopenia – (15%)

SEROLOGICAL TESTS
SPECIFIC for SLE (even when quiescent)

Antinuclear Ab (99%)

Anti-double stranded DNA
Anti-Sm
EXACERBATIONS: complement weirdness

? Total haemolytic complement CH50
? C3, C4

SKIN BIOPSY
+ immunofluorescence of BM

-affected skin (95% cases)
-non-affxd skin (50%)

+ RHEUMATOID FACTOR (10%)

**if patient doesn’t match criteria exactly, may have other CT
disease or Mixed CT disease (MCTD). Profile of auto-abs
determine specific disease.

Avascular necrosis (14% cases) commonly at hip joints, early detection requires MRI. Core decompression of bone is an effective

treatment in early stages of the disease

>20mg/day >1 month prednisone / Raynauds / vasculitis
Osteoporosis (64%) lumbar spine osteoporosis is associated with high dose, long-term prednisone. Calcium, vitamin D, calcitonin and

bisphosphonates are effective treatments (even in premenopausal women with osteoporosis)



 
 
 
 
 
 
 
 

3. Corticosteroids Try topical steroids first. Systemic steroids may be necessary as part of initial therapy for severe discoid lupus

or for lupus vasculitis; intradermal corticosteroids are helpful for individual discoid lesions, especially in the
scalp

If very severe, requiring >10mg/day steroids, consider adding:
Immunosuppressives Methotrexate or azathioprine is used as steroid-sparing drug

Thalidomide One of the most effective drugs for treatment of discoid lupus, but teratogenicity and neuropathy will

limit its acceptance and use

RENAL
corticosteroids / immunosuppressives PREDNISONE

Corticosteroids: start high, then decrease dose by 10% at reg intervals to wean off
completely if poss. Use clinical signs as a guide. If long-term high-doses are required,
consider oral immunosuppressives.
AZATHIOPRINE / CYCLOPHOSPHAMIDE / antimalarials
Intermittent regime for immunosuppressives. Treat with minimal dose that controls tissue
inflammation.

CNS

CARDIOVASCULAR

HAEMATOLOGICAL

PREGNANCY ISSUES
Contraindicated if on WARFARIN or IMMUNOSUPPRESSIVES (cyclophosphasmide). Miscarriage more likely if
antiphospholipid syndrome. Postpartum flares frequent. Elective caesarean advised.

MILD (mesangial GN, focal proliferative GN)
may take a single therapy

SEVERE (diffuse proliferative GN, severe
proteinuria) should take both

Psychosis / Seizures - anti-psychotics / anticonvulsants & corticosteroids

Must exclude other conditions: tumours / infection / toxic metabolic states. Severe states can be treated with
methyprednisalone pulse therapy or IV immunosuppressives

Accelerated atherosclerosis (6-10%) due to disease (↑ homocysteine) and steroid SE’s (HT, weight gain, cholesterol)

Lifestyle changes and pharmacologic management.

Thrombosis resulting from production of antiphospholipid Abs (incl. lupus anticoagulant and anticardiolipin Ab), seen in 50% cases.

Responsible for thrombosis, recurrent miscarriage & thrombocytopenia.

Warfarin (INR 3-4) if history of thrombosis
Heparin & low dose aspirin if recurrent miscarriage
(neither if thrombocytopenia also present)

hemolytic anaemia prednisone for severe acute states

leucopenia usually not severe enough for treatment

thrombocytopenia usually not severe enough for treatment

if <50 000 x10
9
/L, give high dose IV prednisone then start treatment regime.

Miscarriage Early losses usually due to active SLE or unknown factors

2
nd

 or 3
rd

 -trimester losses usually due to antiphospholipid antibody syndrome

Heparin & low dose aspirin

Congenital heart block Mother usually has both anti-Rho and anti-La antibodies. Most babies survive, but some have

important morbidity (early detection possible).

Premature birth Risk factors: active SLE, daily prednisone >20 mg, renal disease and hypertension (↑ risk of premature

rupture of the membranes) Pre-eclampsia may be difficult to differentiate from SLE renal flare.



 

DIAGNOSIS AND MANAGEMENT ALGORITHM of SLE   
Straight out of Harrisons 
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Table 300–4. Medications for the Management of SLE 

 
 

Medication Dose Range Drug Interactions Serious or Common Adverse Effects 

NSAIDs, salicylates (Ecotrina 
and St. Joseph's aspirina 
approved by FDA for use in 
SLE) 
 

Doses toward upper 
limit of 
recommended 
range usually 
required 

A2R/ACE inhibitors, glucocorticoids, 
fluconazole, methotrexate, thiazides 

NSAIDs: Higher incidence of aseptic meningitis, 
transaminitis, decreased renal function, 
vasculitis of skin 
Salicylates: ototoxicity, tinnitus 
Both: GI events and symptoms, allergic 
reactions, dermatitis, dizziness, acute renal 
failure, edema, hypertension 

Topical glucocorticoids Mid-potency for 
face; mid to high 
potency other areas 

None known Atrophy of skin, contact dermatitis, folliculitis, 
hypopigmentation, infection 

Topical sunscreens SPF 15 at least; 30+ 
preferred 

None known Contact dermatitis 

Hydroxychloroquinea 
(quinacrine can be added or 
substituted) 
 

200–400 mg qd 
(100 mg qd) 

None known Retinal damage, agranulocytosis, aplastic 
anemia, ataxia, cardiomyopathy, dizziness, 
myopathy, ototoxicity, peripheral neuropathy, 
pigmentation of skin, seizures, thrombocytopenia 
Quinacrine usually causes diffuse yellow skin 
coloration 

DHEA 
(dehydroepiandrosterone) 

200 mg qd Unclear Acne, menstrual irregularities, high serum levels 
of testosterone 

Methotrexate (for dermatitis, 
arthritis) 

10–25 mg once a 
week, with folic acid; 
decrease dose if 
CrCl < 60 mL/min 

Acitretin, leflunomide, NSAIDs and salicylates, 
penicillins, probenecid, sulfonamides, 
trimethoprim 

Anemia, bone marrow suppression, leukopenia, 
thrombocytopenia, hepatotoxicity, nephrotoxicity, 
infections, neurotoxicity, pulmonary fibrosis, 
pneumonitis, severe dermatitis, seizures 

Glucocorticoids, orala 
(several specific brands are 
approved by FDA for use in 
SLE) 
 

Prednisone, 
prednisolone: 0.5–1 
mg/kg per day for 
severe SLE 
0.07–0.3 mg/kg per 
day or qod for milder 
disease 

A2R/ACE antagonists, antiarrhythmics class III, 

2cyclosporine, NSAIDs and salicylates, 
phenothiazines, phenytoins, quinolones, 
rifampin, risperidone, thiazides, sulfonylureas, 
warfarin 
 

Infection, VZV infection, hypertension, 
hyperglycemia, hypokalemia, acne, allergic 
reactions, anxiety, aseptic necrosis of bone, 
Cushingoid changes, CHF, fragile skin, 
insomnia, menstrual irregularities, mood swings, 
osteoporosis, psychosis 

Methylprednisolone sodium 
succinate, intravenousa 
(approved for lupus 
nephritis) 
 

For severe disease, 
1 g IV qd x 3 days 

As for oral glucocorticoids As for oral glucocorticoids (if used repeatedly); 
anaphylaxis 

Cyclophosphamide 
b  
Intravenous 
Oral 
 
 

0.7–2.5 mg/kg q 
month x 6; consider 
mesna 
administration with 
dose 
1.5–3 mg/kg per day 
Decrease dose for 
CrCl < 25 mL/min 

Allopurinol, bone marrow suppressants, colony-
stimulating factors, doxorubicin, rituximab, 
succinylcholine, zidovudine 

Infection, VZV infection, bone marrow 
suppression, leukopenia, anemia, 
thrombocytopenia, hemorrhagic cystitis (less 
with IV), carcinoma of the bladder, alopecia, 
nausea, diarrhea, malaise, malignancy, sterility 

Mycophenolate mofetil b 
(approved for lupus 
nephritis) 
 

2–3 g/d PO Acyclovir, antacids, azathioprine, bile acid–
binding resins, ganciclovir, iron salts, 
probenecid, oral contraceptives 

Infection, leukopenia, anemia, 
thrombocytopenia, lymphoma, 
lymphoproliferative disorders, malignancy 
Alopecia, cough, diarrhea, fever, GI symptoms, 
headache, hypertension, hypercholesterolemia, 
hypokalemia, insomnia peripheral edema, 
transaminitis, tremor, rash 

Azathioprineb 
 

2–3 mg/kg per day 
PO; decrease 
frequency of dose if 
CrCl < 50 mL/min 

ACE inhibitors, allopurinol, bone marrow 
suppressants, interferons, mycophenolate 
mofetil, rituximab, warfarin, zidovudine 

Infection, VZV infection, bone marrow 
suppression, leukopenia, anemia, 
thrombocytopenia, pancreatitis, hepatotoxicity, 
malignancy, alopecia, fever, flulike illness, GI 
symptoms 

aIndicates medication is approved for use in SLE by the U.S. Food and Drug Administration. 
bIndicates the medication has been used with glucocorticoids in the trials showing efficacy. 
Note: NSAIDs, nonsteroidal anti-inflammatory drugs; FDA, U.S. Food and Drug Administration; A2R, angiotensin 2 receptor; ACE, angiotensin-
converting enzyme; GI, gastrointestinal; SPF, sun protection factor; CrCl, creatinine clearance; VZV, varicella-zoster virus; CHF, congestive heart 
failure. 

 



    Crappy summary made by Alex Yartsev. If you have aproblem with the way I reference my material, email me. 

Cyclophosphamide 
A hideous DNA alkylating agent; the damage 
done to DNA resembles that caused by 
radiation. Derived in the 1950s from the nitrogen 
mustards which the great warring nations 
stockpiled (and for some reason never found a 
good opportunity to use). 
 
-metabolized by the liver into the active 
ingredient, phosphoramide mustard. Some is 
turned into the bladder-toxic acrolein, which 
causes hemorrhagic cystitis 
 
- the cells most damaged are those with low 
levels of Aldehyde Dehydrogenase (ALDH) 
which transforms the phosphoramide mustard 
into an inactive metabolite.  
 
-side effects are nausea, vomiting, darkening of 
the skin, alopecia lethargy and bone marrow 
suppression. 
 
 
 
 

egener’s Granulomatosis         
    Key features: 

- Granulomatous inflammation. If you see inflamed venules, its more likely to be a 
microscopic polyangitis. 

- Not eosinophilic- eosinophilia suggests Churg-Strauss syndrome 
- Not whole-length; segmental, involving mainly bifurcations.   

SYMPTOMS: weird and non-specific 
- fever 
- weight loss 
- malaise 
- weakness 
- myalgias, especially calves; 
- mononeuritis, most commonly foot drop 
- abdominal pain – worse after eating (“bowel claudication”) 
- headache 
- OCCASIONALLY: hematuria, hypertension (sent in by GP) 

SIGNS: weird and non-specific 
- Rash and purpura 

- LIVEDO RETICULARIS: bizarre mottling of the skin, in a fishnet-like pattern 
- Cutaneous infarcts 
- Raynauds phenomenon 

Blood tests: 
- Anaemia 
- High WCC with neutrophils 
- High ESR, CRP 
- Most likely, ANCA-negative 
- Could have either liver, kidney, or pancreatic failure (due to infarcts) 
- For some reason, 30% of these people are Hep B positive 

Expected complications 
- Hypertension 
- Bowel infarcts and perforations 
- Ischaemic heart disease 
- Renal failure 

Management: 
- Prednisone and cyclophosphamide 
- If there is Hep B, use antiviral drugs. 
- Rate of relapse- 10% 
- Rate of untreated survival ~ 10% over 5 years 

Pathophysiology 
Whole thickness of the vessel wall is involved. Acutely, 
neutrophils swarm in and infiltrate the vessel wall, and 
involve the surrounding perivascular tissues. This 
results in intimal  proliferation, and the vessel wall 
begins to degenerate. Soon after, monocytes become the 
predominant species in the wall, and fibrinous necrosis 
ensues, which produces much greater wall thickening. 
This occasionally results in downstream infarction. As 
the lesions heal, there is collagen deposition, and this 
occludes the lumen even more. Because this happens 
most frequently at bifurcations, it tends to produce 
aneurysms. 

W 

Definitive diagnosis: TISSUE. You need a biopsy. 

PAN very rarely involves the lung. 

Sourced from Harrissons, Chapter 319. The Vasculitis Syndromes- Carol A. Langford, Anthony S. Fauci  
 

 



INFLUENZA and the flu-like symptoms       
The word “pandemic” gets thrown around a lot. Every year there is a flu “pandemic”.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FATAL  COMPLICATIONS: lets say you are not a perfectly healthy 20 year old  
SECONDARY BACTERIAL PNEUMONIA: common, 25% of influenza deaths  

As later explained, influenza disables the barrier function of the respiratory 
epithelium. Strep Pneumoniae is the commonest pathogen here (48%) followed by 
Staph Aureus and Hemophilus.  
 
 

 
 

NATURAL HISTORY:       
Day 0: Exposure occurs. 

Transmission is via droplets. Infected people have huge 
amounts of the virus in their respiratory secretions. Its not just getting 
coughed or sneezed on – you can get it merely TALKING to an 
infected person.  

Day 1: Incubation commences.  
You are probably asymptomatic, but the virus is reproducing. 
Symptoms start 24 to 48 hrs following exposure. 

Day 2: Symptoms develop.  
- FEVER 
- HEADACHE 
- MALAISE, “I feel like shit” 
- MYALGIA 
- COUGH, usually dry 
- SORE THROAT 

  Physical signs are few: 
- Throat may be hyperemic and red 
- There may be cervical lymphadenopathy 

Day 3 to Day 7: Gradual improvement...  
IF you are a normal person. The elderly and the 
immunocompromised may not get off so easily. 

 
 

Fever of influenza 
lasts for the whole 5-7 
day course of the 
illness, not just the first 
24-48hrs like the other 
respiratory viruses. 

Aftermath: some people feel fatigued 
and weak for WEEKS after a flu. This is 
“post-influenza asthenia”.  
It DOES resolve eventually. 

Stereotypically: the flu improves for 5 or so days, and then, suddenly – 
a high fever and cough develops, this time with purulent sputum. 

from Medieval Latin “Influentia”, influence (so 
called apparently from the belief that epidemics 
were due to the influence of the stars)

People at risk of dying from the flu: 
- the elderly 
- the children 
- immunocompromised people 
- diabetics 
- dialysis patients 
- people with congestive heart failure 
- people with COPD 

Viral shedding PEAKS at 24 
to 48 hrs; you are at your 
most infectious just at the 
point of feeling the symptoms 
for the first time. 
You remain slightly infectious 
for about 5-10 days in total. 
Children and the elderly remain 
infectious for longer 

PRIMARY INFLUENZA PNEUMONIA: rare  
is what you think about when after 5-7 days the infection FAILS to resolve. 
This is the virus causing consolidation, with typical Xray findings. The patient will  
now have a moist cough. Dyspnoea and progression to cyanosis may occur! 

All of the above:  
What normally happens is a mixed viral/bacterial pneumonia.  

 
 

 
The key feature is: your patient was getting better, but is now getting worse. 
 

Alex Yartsev
My Disclaimer



SYSTEMIC COMPLICATIONS:          
Myositis +/- Rhabdomyolisis: most people get myalgia with the flu, but most don’t go on to develop true  

myositis with a CK rise. 
CNS involvement, including Guillain-Barre Syndrome may include rare weird things like encephalitis  

in HIV patients,  transverse myelitis, aseptic meningitis, and so on. 
Myocarditis / Pericarditis is absurdly uncommon and was mainly documented during the 1918 pandemic.  
   Now THAT was a pandemic…. 

DIAGNOSIS  

during a KNOWN INFLUENZA OUTBREAK:   
Best predictor: development of fever and cough within 48 hrs of onset of symptoms  
(which are URTI symptoms: runny nose, sore throat etc…)- positive predictive value is  
around 79%, i.e. 79% of patients with this history will actually have the flu. 
[ this is most accurate] 

SPORADIC CASES:  
Cannot be differentiated from other respiratory viruses! Clinically, they all look similar. 

DIAGNOSTIC GOLD STANDARD:  
VIRAL CULTURE; takes 48-72 hours.   
Most accurate in the first 48 hrs (viral shedding is greatest  during this time) 

 
 

MANAGEMENT:            ANTIVIRAL DRUGS: 
Effect is greatest when 

- the symptoms started less than 30 hrs ago 
- the patient is febrile at presentation 

Uncomplicated influenza, caught after 48 hrs: 
- Rest 
- Oral fluids 
- Paracetamol 
- Cough syrup 

Uncomplicated influenza, caught within 30 hours: 
- Antiviral drugs are indicated when one is trying to control an outbreak, or when 

the patient is at risk of serious complications (eg. a HIV or chemotherapy patient) 
- TAMIFLU (oseltamivir) 75mg po bd for 5 days 

Complicated influenza, i.e. pneumonia – probably presenting 5-7days after onset 
- Follow the existing community acquired pneumonia guidelines. At the time of 

writing, the drugs du jour seem to be Augmentin Duo Forte and Roxithromycin. 
 
Vaccination:            

- Contraindicated if you have an existing URTI or febrile illness, or if you have had 
Guillain-Barre Syndrome before. 

- Indicated for just about everybody else 
 

Influensa A, B, C? Whats the difference?         
There really isn’t a great deal of difference from the perspective of an emergency doctor.  
Type A is more virulent, mutates faster, and causes a more severe disease.  A pandemic is typically type A. 
Type B mutates slower and is less severe. 
Type C is rare, but is also likely to cause a severe illness.  



Epstein-Barr Virus and Infectious Mononucleosis    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

4-6 weeks incubation 

Epithelial cells 
become infected: 
shed virus into saliva 

B-lymphocytes become infected: EBV binds 
to the C3d complement receptor 

TRANSMISSION  
by oral secretions 

ACYCLOVIR prevents 
transmission via saliva 

CLONAL PROLIFERATION  
of B and T cells Memory B cells act as  

a reservoir of virus 

Production of antibodies by 
mutated virus-modified B-cells 

LYMPHADENOPATHY 

Detectable “heterophile” 
IgM antibody in 40% of 
patients within 1 week 
and for the next 3 months 

= MONOSPOT test 
heterophil antibodies 

agglutinate horse red cells 

Antibodies to EBV-specific 
antigens are produced: 

Detectable antiviral antibodies: in 3-4 weeks, in 70% 

Viral Capsid Antigen (VCA)  for 1-3 months  
Early Antigen D (EA-D) for 3-6months 
(marker of chronic infection) 

PRESENTATION: 
infants and young children: 
- asymptomatic   
- maybe mild pharyngitis with or without tonsillitis. 
 

Adolescents: 
Prodrome:  
- Fatigue 
- Malaise 
- Myalgia 
Then… 
- Fever (low-grade, for 1st 2 weeks) 
- sore throat, + tonsil exudate 
- lymphadenopathy- tender and symmetric 

- splenomegaly during the second and third weeks. 

- Rarely, a rash. 
Symptoms last 2-4 weeks 

Enter the VIRUS: linear DNA core 
surrounded by a nucleocapsid and an 
envelope that contains glycoproteins 

1-2 weeks 

LAB FINDINGS 

 
FBC: mildly elevated WCCs 

- differential that demonstrates greater than 50% lymphocytes,  
- OR an absolute lymphocyte count greater than 4500, 
- OR  an elevated lymphocyte count with greater than 10% atypical lymphocytes 

 
LFT: AST + ALP elevation in 90% 
 Bilirubin rises in 40% 
  

MONOSPOT test: the most common and specific test to confirm the diagnosis of IM. 
Tests for heterophile antibody. The monospot test is 75% sensitive and 90% specific compared 

with EBV-specific antibodies 

 
SPECIFIC ANTIBODY tests are more expensive and time-consuming 
used for patients with suspected acute EBV infection who lack heterophile antibodies and for patients with atypical infections 
 

EBV =. Most common in early 
childhood, with a second peak 
during late adolescence.  
By adulthood, more than 90% 
of individuals have been 
infected and have antibodies to 
the virus. 

DIFFERENTIALS: 
 - cytomegalovirus, (commonest) 
- Toxoplasma,  
- HIV,  
- herpesvirus 6,  
- hepatitis viruses  
- rubella 
- lymphoma / leukaemia 
- drug hypersensitivity  

MANAGEMENT: Rest, Analgesia, Antipyrexia.   
Avoid excess physical activity. You might rupture your bloated spleen! 
If airways get obstructed by Waldeyer’s ring of lymph nodes, use prednisolone. 
Antiviral therapy is of absolutely no use, quoth EBM  

COMPLICATIONS: 
Splenic rupture + airway compromise is the main worry in the short term.  
Also reported: EBV meningitis, acute transverse myelitis or peripheral neuritis; hemolytic 
anaemia, hepatitis, glomerulonephritis, monoarthritis,  pneumonia and psychosis. 
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Replication

Mechanism of RNA Virus infection using Rubella as a model            
An RNA virus is a virus that either uses RNA as its genetic material,
or whose genetic material passes through an RNA intermediate
during replication. For example, Hepatitis B virus is classified as an
RNA virus, even though its genome is double-stranded DNA,
because the genome is transcribed into RNA during replication. The
basis for this classification is error-prone RNA replication: All
RNA viruses have very high mutation rates because they lack DNA
polymerases which can find and edit out mistakes. DNA viruses
have considerably lower mutation rates.

Rubella virus is the sole member of the genus Rubivirus in the family Togaviridae

Penetration into the

Respiratory EpithelialCell

Cells already have mechanisms
designed to endocytose things,
and viruses take advantage of
this, fooling it to gain entry by
pretending to be something else.

INHALATION is the mode of entry into the hosts’s body:
Rubella virus flies along on airborne snot droplets

Clathrin-mediated endocytosis: a normal mechanism of endocytosis
Clathrin is common as mud; nerves use it to endocytose synaptic vesicle components,  it’s the
usual way of getting stuff into the cell. The Clathrin protein assembles a basket-like protein
complex which is a complicated machine for forming a “coated pit”, manipulating the

cytoskeleton to involute the lipid bilayer membrane, and close it again forming a vesicle.

The virus gains entry by getting bound to clathrin..
exactly what aprt of the virus does the binding,
nobody knows. All that is known is that clathrin-
dependant endocytosis is responsible for its entry.

The endosomes travel to the lysosome where the
low pH causes the endosome to break down,
releasing the viral particle.

Cells already have
mechanisms
designed to
produce proteins,
and viruses can
insert themselves
into this process
thus using the
cell’s own protein
assembly lines to
replicate.

lysosome

The free viral particle uses its glycoproteins to bind
to the ribosimes in the rough endoplasmic reticulum

ribosome Binding to ribosomes causes discapsulation and
the release of viral RNA into the ribosome

Positive-sense parental RNA
The parental genome acts as mRNA; this is great
because the normal ribosomal reaction to mRNA is
to translate it into proteins.

POSITIVE SENSE
means the RNA is in
the same nucleotide
sequence as mRNA.
NEGATIVE SENSE
RNA is the mirror
image of that
nucleotide sequence.

The first proteins that are made are non-structural
proteins; these are vital for the production of viral RNA.
They also cleave and shape the structural proteins.

Non-structural proteins
produce a mirror-image
negative sense RNA, which is
necessary to clone lots more
of positive-sense viral RNA.
They also produce “sub-
genomic” mRNA, only coding
for capsular proteins

Structural proteins, eg.
capsule, glycoproteins, etc

Non-structural proteins,
eg. RNA plolymerase

Positive-sense progeny RNA

Structural proteins are produced from a separate
strand of +ve sense mRNA, from the last third of the
viral genome.  This strand is replicated  separately by
the non-structural protein enzymes. The same
enzymes complete the structural protein formation by
cleaving and folding them. (in rubella, a host enzyme
(signalase) is also responsible for cleaving the capsule
proteins. The complete progeny RNA triggers capsid
proteins to fold around it, forming the nucleocapsid.
Ultimately, the completed viral capsule is assembled
and extruded from the surface of the rough
endoplasmic reticulum.

INCUBATION
PERIOD of about
14 to 19days;
Viremic by 7th

Infectious by 10th;
Rash on the 15th

infectious until 20th

The virus is exocytosed in the same way as normal
cellular wastes, via a vesicle. The viraemia which
results from this rapidly induces a lymphocytic and
humoural antibody response, with the rash being a
subcutaneous immune complex deposition reaction.Signs and symptoms of

“GERMAN MEASLES”
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           yrexia of unknown originyrexia of unknown originyrexia of unknown originyrexia of unknown origin                                         

  History and Examination:            
- Family history of collagen diseases and cancer 
- Immunization status  
- Occupational history ? virologist ? Sex worker? 
- Travel history  been to African swamps lately? 
- Nutrition (including consumption of dairy products)  
- Drug history (over-the-counter medications, prescription medications, illicit substances)  
- Sexual history  
- Recreational habits  
- Animal contacts  
- Surgical history could there be a deep abscess? 

- ASK ABOUT ALL ORGAN SYSTEMS 
Repeat a regular physical examination daily while the patient is hospitalized. 
Pay special attention to rashes, new or changing cardiac murmurs, signs of arthritis, abdominal tenderness or rigidity, 
lymph node enlargement, funduscopic changes, neurologic deficits and changing patterns of fever peaks. 

SO WHAT COULD BE CAUSING THIS? massive list of differentials… 

Bacteria 
 

 
Viruses 
 

 
 
Neoplasms 
 
 
Autoimmune 
 

 
 
Granulomae 

 
Medications 

Endocrine 
 
 
The OTHERS 
 
 

PUOs are caused by 

- infections (30-40%)- mainly kids 
- neoplasms (20-30%)- mainly elderly 
- collagen vascular diseases (10-20%) 
- miscellaneous diseases (15-20%).  
- between 5-15% of FUO cases defy 

diagnosis, despite exhaustive studies.  

ABSCESS: Previous abdominal operations, trauma, or histories of diverticulosis, peritonitis, endoscopy, or gynecologic procedures 
            Most common locations are the subphrenic space, liver, RLQ, retroperitoneal space, and the pelvis in women.  

TUBERCULOSIS: especially among migrants and the immunocompromised, so do a Chest X-ray 

URINARY TRACT INFECTION is easily recognised; so do a Urinalysis  

ENDOCARDITIS causing new murmurs, so listen to the heart and take blood cultures 
CHOLANGITIS could be clinically silent, so think about doing the LFTs even though they may be normal 
OSTEOMYELITIS if there are musculoskeletal symptoms, so do a Tc99 Bone Scan 

COULD IT SIMPLY BE AN ADVANCED HIV INFECTION? Typical and atypical mycobacteria 

and cytomegalovirus (CMV) are opportunistic infections that frequently cause prominent constitutional 

symptoms, including fever, with few localizing or specific signs, so do HIV and CMV serology 

HERPESVIRUSES can reactivate in the immunocompromised and elderly without much external signs; 

so do EBV Monospot, Herpes serology and Blood film for Atypical Lymphocytes. 
   
Speaking of HIV: could it be CANDIDA or CRYPTOCOCCUS? Could it be TOXOPLASMOSIS? 

CHECK EVERY 
 LYMPH NODE! 
And feel the spleen… 

Lymphomas and Acute leukaemias cause fever, night sweats and weight loss. 

Renal cell carcinoma: fever being the only presenting symptom in 10% of cases. 

 Hematuria may be absent in approximately 40% of cases, but there will be anaemia and high ESR 

Adenocarcinomas of the breast, liver, colon, or pancreas and liver metastases from any site.  

  

IN THE OVER-50S: 

 more than 30% of PUO cases are related to 
connective-tissue disorders and vasculitic disorders.  

Giant cell temporal arteritis  
Polymyalgia Rheumatica  
 

account for 50% 
of the cases. 

Fever may only be the FIRST THING THAT GOES WRONG: watch for arthralgia, rash, nephritis 

Systemic Lupus: can get fevery, easily identified with ANA, DsDNA(Ab), etc… 

Polyarteritis Nodosa: a systemic necrotising vasculitis; ANCA, high ESR, leucocytosis 

Rheumatoid Arthritis: fever can sometimes present without (rather, before) arthralgia. RF. 

Sarcoidosis: look for lymph nodes and granulomae with NON-INVASIVE IMAGING 

Crohns Disease: hard one, need Endoscopy and Biopsy 

 
beta-lactam antibiotics, procainamide, isoniazid, alpha-methyldopa, quinidine, and 
diphenylhydantoin. Just stop the drugs and the patient will cool down within 2 days 
 
HYPERTHYROIDISM: fever and weight loss often the only signs; run a TSH and T4 

ADRENAL INSUFFICIENCY: rare but potentially fatal! Nausea, vomiting, weight loss, 
skin hyperpigmentation, hypotension, hyponatremia, and hyperkalemia. 
 

Giant Cell Arteritis – ESR will be over 100 ask about jaw claudication and visual loss 

Polymyalgia Rheumatica -symmetrical pain and stiffness involving the lumbar spine and large proximal muscles,  
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INVESTIGATIONS:             
FBC:Anemia, leukaemia, leukocytosis, lymphocytosis? Atypical lymphocytes of EBV or CMV? 

- PERIPHERAL BLOOD THICK AND THIN FILMS for malaria 

Urinalysis: Exclude UTIs and cancers of the urinary tract 

LFT: mainly to check for viral hepatitis or liver abscess 

Culture EVERYTHING! 
SEROLOGY– EBV, CMV, HIV, HEP B and C, toxoplasma, chlamydia 

ESR: for Giant Cell Arteritis, Polyarteritis Nodosa, etc 

ANTIBODIES: 
- ANA 
- Rheumatoid factor 
- ANCA 
- Double-stranded DNA 

IMAGING:              

Chest Xray- who knows what you may find 

Abdominal Ultrasound (maybe even in absence of symptoms) 

CT scan of abdomen and pelvis (if there are vague abdominal symptoms) 

MRI and /or Tc99 Bone Scan if you suspect osteomyelitis 
ENDOSCOPY if you suspect Crohns 

If all else fails, you may be reduced to doing BIOPSIES. 
 

 

For MANAGEMENT, you need an underlying cause.      
No evidence supports prolonged hospitalization in patients who are clinically stable and whose workup is unrevealing. 
 

 
 
 
 



 Rubella Virus                 Rubella Virus                 Rubella Virus                 Rubella Virus                                           
 
 

DETAILED HISTORY OF PRESENTING ILLNESS (HPI) 
RASH is usually the presenting problem: DISCRETE PINK MACULOPAPULAR LESIONS  
SYMPTOMS IN ORDER OF APPEARANCE (2 week course of illness): 
- Anorexia 
- Malaise 
- Headache 
- ENLARGED NODES: Cervical, post-auricular, occipital 
- Viraemia (detectable 9 days before rash) 
- FEVER 
- RASH  � Presentation therefore, is usually towards the end of disease progression 
- RASH APPEARS in the order of FACE ���� BODY 

- DISAPPEARS in same pattern ----------------------------------------------RASH IS NOT DIAGNOSTIC! Need lab tests 
 
PT IS INFECTIVE FOR 1 WEEK BEFORE RASH AND 4 DAYS AFTER!  

 

LIST  OF DIFFERENTIAL DIAGNOSIS (DDx) 
VIRAL –  
- Scarlet fever,  
- Fifth disease,  
- Roseola Measles,  
- Primary HIV infection, 
- Epstein Barr Virus, 
- Dengue Fever,  
- Viral Exanotherms,  
- Rubella 
ALLERGIC- Allergic Reactions (Drugs, Contact, Chemicals?) 
BACTERIAL/RICKSETTIA – 
- Meningococcemia,  
- Bacterial sepsis,  
- Rocky Mountain Spotted Fever, 
- Typhus 
 

LIST OF PERTINENT FINDINGS ON HISTORY (HX) 
–HISTORY OF TRAVEL TO UN-IMMUNISED REGIONS 
- IMMUNISATIONS? 

 

LIST PERTINENT FINDINGS ON EXAMINATION (EX) 
Physical Examination  

� Fine rash on trunk extending on to neck and face.  
� Temperature 38 ° C. (normal 37 ° C) = FEVER 
� Lymph nodes behind ears and back of head enlarged and tender  

 

EXPECTED AND ACTUAL RESULTS FROM TESTS AND INVESTIGATIONS  
Viral culture for rubella - specimen should be obtained within 2 weeks of rash onset 

Serology test by venupuncture 
FOR RUBELLA-SPECIFIC ANTIBODIES: 

  IgM for existing infection (>72 hours after onset of rash but < 7-10 days after onset or rash) 

  IgG for prior exposure (or after 2-3 wks of rash onset) 

for presence of rubella specific IgM antibody  

 
You need a quantitative pregnancy test to determine risk to potential infant  
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             IgG Antibody Titres 
No antibodies 0 ut/ml 

No significant antibodies 1-20units/ml 

Low level of antibodies 20-30 units/ml 

Protective  >30 units/ml 

 
 

DIAGNOSTIC DECISION / MECHANISM 
The initial immune response is marked by the appearance of specific IgM antibodies that rise in titre over 2 to 3 weeks as 
the rash is fading.  
In infected pregnant woman, rubella virus crosses the placenta to infect the embryo. Its greatest effect is on cells rapidly 
dividing during early gestation. Specific effects vary with time of fetal infection and are likely to be  
severe if the fetus is infected within the first 12 weeks.  
As antibody is produced, circulating virus and antibody form complexes which when deposited in skin or synovia 
induce cytokine production and inflammation, resulting clinically in a rash (common) or arthropathy (uncommon 
except in older women). In a significant proportion of cases, however, the rash may be very mild or completely 
inapparent.  

THEREFORE: IgM SEROLOGY = DIAGNOSTIC  
 

MANAGEMENT 
GOALS: 

• Minimize infectivity (QUARANTINE) 

• Vaccination of  relatives with MMR vaccine.  

• Vaccination of contacts with MMR.  
• Contact, information and where necessary vaccination of school contacts.  

FOR PREGNANT PATIENT: 
• Counselling regarding the risks to the fetus if she contracts rubella.  

• Follow-up investigation for rubella infection 10 days later  
 

EXTRA MANAGEMENT 

Treatment of Rubella is symptomatic. Reduce fever and rash. 
Rest, paracetamol, calamine lotion (rash), hydration. 
 
 

EXTRA DIAGNOSIS  
Hydrops fetalis due to rubella infection is fatal and will result in either stillbirth or neonatal death.  
Congenital Rubella Syndrome  

- mental retardation,  
- hearing loss,  
- cardiac defects (patent ductus arteriosis, pulmonary artery stenosis, ventricular septal defects),  
- cataract, 
- diabetes mellitus (later in life). 

 
 

HOW IS THIS DIAGNOSIS MADE 
Diagnosis made through viral culture using cell lines and detection through RT PCR and serology of IgM and IgG 
antibodies specific to Rubella virus.   
Serology is determined through ELISA assay of Rubella antibodies. 

 

EPIDEMIOLOGY 
Congenital Rubella Syndrome Prevalence 20:10,000 (Australia); MOST AFFECTED ARE 5-9 Yrs old 
 

 
 

 



 
 
AETIOLOGY 
- -Caused by RNA Togavirus; MAN IS THE ONLY HOST 
- spreads through air droplet inhalation 
- infects respiratory tract  
- initially replicatesin upper respiratory mucosa 
- incubates for ~18 days; 

� Incubation period = Period in which virus is replicating in host but host is not infectious 

- Spreads hematogenously 
Transplacental spread across placenta to fetus can occur 
. Ave 18days (12-23days) 
Can be excreted in urine and respiratory tract of congenital rubella infants up to 2yrs. 
Rubella significantly impairs the cell’s ability to grow and divide. 
 

PATHOPHYSIOLOGY 
Rubella infection causes :  
Direct damage to host cells 

• Resulting in cell growth in infected cells being slowed considerably  

• Infected cells produce INF-alpha and beta which inhibit viral replication, cell proliferation and increased lytic 
potential of NK cells. 

• Infected cells are killed by cytolysis. 

• Mechanism of fetal damage – mitotic arrest, tissue necrosis, chromosomal damage 
Indirect damage to host tissues 

• By inducing a host immune response that damages both infected and non infected cells. 

• Antibody is produced and forms virus/antibody complexes which are deposited from the circulation into the skin 
and joints where their presence stimulates the production of cytokines and inflammation. 

 
Persistant infection- reactivation of the virus from a latent state can occur months or years after primary infection. 
Transformation of host cell into oncogenes may also occur. 
 
Foetal RUBELLA: severe if the fetus is infected within the first 12 weeks.  
 

PROGNOSIS 
Time of infection of mother 
<8wks pregnant – 80% chance of fetal damage 
9-12 wks pregnant – 30% chance of fetal damage 
> 20 wks pregnant – defects rare 
 
 

 
 
 
BASIC SCIENCES 
 
Cellular immunology 
- When a virus invades a host cell, viral DNA is processed 
- MHC I class protein binds a portion of the encoded foreign peptide and presents this complex extramembranously 
- CD8 T cells recognise the MHC class I protein and costimulatory molecule CD28 
- These two signals activate the CD8 T cell and induce a cytotoxic effect on the host cell.  

 
 
 
 
 
 
 
 



Host response to viral infection 
Physical barriers: 

• keratinised layers of the skin 

• low pH 

• mucous secretions that continuously wash over mucosal surfaces 

• IgA found in mucous secretions (binds to virus particles and prevents them from binding to infectable host cells) 

Infected cells produce interferon αααα and ββββ and IL-1.   
- Interferons α and β cause neighboring cells to  

- produce endonuclease which degrades viral mRNA and  
- halt all protein synthesis.  

-  IL-1 causes inflammation and recruitment of macrophages, neutrophils, NK cells to site of infection. 
- NK cells – recognize viral protein expressed on infected cell surface and kill cells through perforins. 

- Viral antigen expressed and bound to MHC-I on infected cells are recognized by the immune system CD8 T-cells – 
this results in the activation and production of cytokines and lymphokines which cause further inflammation and killing. 

 
- Antigen presenting cell (APC) presents viral peptides via MHC-II to helper Tcells  
- Helper T cells clonally activate B Cells which differentiate into memory and plasma cells. 
- Plasma Cells begin producing IgM antibodie 
 
 
2 main defense responses by host to a viral infection:  
                                                                    (1)                                  (2) 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 



 

 

• Consider interferons (alpha or beta) synthesized in response to viral 
infection  

• Induction of interferon synthesis (diagram below) 

 

o double stranded RNA is a potent inducer of interferon.  

• Induction of the antiviral state 

o antiviral state induced in cell by binding of interferon to cell surface 
receptor (refer to diagram below) 

o interferon does not induce antiviral state by being in cytoplasm of 
cell.  

 

 

 

1)The interferons 

 



BIOCHEMISTRY 
Biological barriers 
Host factors  

• immune status 

• genetic background 

• age ( young and old more susceptible ) 

• gender 

• nutritional state 

• excersice status 
• smoking (inhibits virus infection) 

 
 
 
 
 
 
 
1.   Initial Infection 

• Sites of viral entry 
             Mouth, cornea, epidermis, respiratory tract, genitourinary, GIT 
2.   Tissue Invasion 

• Lines of defense – Non specific – granulocytes, macrophages, NK cells 
                                     Specific – Langerhan cells, T/B cells. 

3.   Haematogenous spread 

• Reticulo-endothelial system – spleen, liver (Kupffer cells) 
• Blood brain barrier- fenestrated endothelium, choroid plexus, tight endothelial junctions – astrocyte activity 

• Blood retinal barrier 

• Placental barrier – Hofbauer cells 

 
Barriers to spread 
Antiviral effector molecules  

• Type I IFNs 

•  Chemokines 

• Reactive nitrogen intermediates 

• Reactive oxygen intermediates 

• Cytokines of the immune response – Th1 and Th2 spectrum. 
 
CELL BIOLOGY 
Rubella virus(German measles) 

� caused by spherical enveloped fragile RNA virus - rubivirus (togavirus family) 

� RNA genome produces and single polypeptide which is cleaved into 3 proteins 
� virus is easily killed by heat and UV light 
� disease can occur sporadically, epidemics are not uncommon 
� worldwide distribution 
� spread by simple contact via droplets   
� can produce mild infection (adults and children) 
� servere infection – congenital rubella syndrome, hydrops fetalis (fetus, embryo). 
� Maximum infectivity occurs before and during time rash is present 

 
EMBRYOLOGY 
Foetal placental circulation at 21 days gestation. 
Function of placenta:  
1) anchors blastocyst,  
2) secrete hormones(estrogen and progesterone>20wks???)  
3) supply of nutrients/exhange of gasess, removal of excretory products, 
4) provides fetal immunity through passive IgG immunity. 
Decidua: inner layer of the wall of the uterus, which envelops the embryo, forms a part of the placenta and is discharged with it. 

 
IMMUNOLOGY 

Fetal Immunity 
� Immunity develops prenatally in the absence of exogenous stimuli 
� Includes the production of immune cells (phagocytes and lymphocytes) 
� Specific immune responses are poorly developed but non-specific mechanisms are relatively mature. 

Virus factors 

• Virulence – capacity for virus to cause disease 

• Does 

• Species specificity 

• Stability 



� Natural Killer (NK) lymphocytes are also present during the fetal period – they are found in the liver by the middle of 
prenatal life 

� Neutrophils in the neonate tend to migrate less rapidly than those in an adult, and the status of mononuclear phagocytes 
is unclear 

� Primary lymphoid organs – bone marrow, thymus, fetal spleen, fetal liver 
� Secondary lymphoid organs – lymph nodes, tonsils, spleen 

Features of an ideal antiviral drug might include the following:  
* Effective inhibition of some essential viral process  
* Drug-resistant viruses do not appear  
* Broad spectrum activity (e.g., a single drug effective against any of the 100+ common cold viruses)  
* No effect on host processes 
Antibodies 
2

nd
 trimester (>12wks)  
� Small amounts of IgM produced by fetus– low affinity, no memory, responds to limited range of antigen 
� Passive immunity –fetus is protected by infection by its isolation within the uterus and maternal IgG which 

decreases after birth. 
Infant at 6 mths – IgG produced by infant 
IgG antibodies may also be transferred to neonate after birth through breast milk. 
Full immunocompetance achieved at adolescence.  

 
Lymphocyte development 
On the first appearance of lymphocytes the fetus begins to achieve tolerance (immunological non-responsiveness) to ‘self’ 
antigens. The extent of fetal damage after an infection such as congenital syphilis, rubella and cytomegalovirus is 
variable, but damage is less marked when infection occurs at a later fetal age. 
 
In humans, antibodies against the diphtheria toxin, tetanus toxin, erythrogenic toxin, staphylococci, streptolysin, 
rubeola, rubella, mumps and polio cross the placental wall. Generally only certain subclasses of the IgG antibodies 
can cross the placenta. These antibodies give the fetus a small amount of protection up until the end of the first year of 
life. It is for this reason that such vaccinations such as rubella should generally not be given prior to 1 year of age, as it 
may react with maternal antibodies.  
 
 

PATHOLOGY  
Control of Communicable disease 

1. Control of reservoir – isolation and treatment of infected cases 
2. Interruption of transmission 
3. Protection of host – immunization, quarantine, mask 
4. Control of incidence – primary prevention 
5. Control of morbidity -  early diagnosis and treatment 
6. Control of mortality –better treatment for advanced disease 

 
 

PHARMACOLOGY 
Teratology 
Adverse outcomes in pregnancy due to teratogens (‘monster’ creating chemicals) 

• 57% of pregnancies detected by hGC at 8-9 days after fertilization do not devel0p as clinically detectable 
preganancy 

• 15-20% end in spontaneous abortion 

• 2% end in miscarriage 

• 2-3% of newborns have a major malformation severe enough to require hospitalization (including visceral and 
cardio malformations) 

All congenital malformations occur in first 8wks of embryogenesis( organogenesis period).  
Exception – genitourinary malformations. 

 
Therapeutic drugs teratogenic in humans 

• Anticonvulsants  - phenytonin, carbamazepime 

• Anticancer agents – alkylating agents eg. Cyclophsphamide. Antimetablotes eg. Methotrexate 

• Androgenic hormones 

• Antithyroid drugs – prophythrouracil 
• Aminoglycoside antibiotics – Streptomycin (deafness) 



• Coumarin anticoagulants – warfarin (face abnormality defects) 

• Retinoic acids – acutane 

• ACE inhibitors – captopril 

• Tetracycline  

• Sleeping tablets – thalidomide ���� !! 

 
Other human teratogens: 
Alcohol, cocaine 
 
Prevention of rubella through: Vaccination and Immunization 
Vaccination : administration of vaccine or toxoid. 
Immunization : process of inducing immunity by any means. May be passive, or active. 

Neonate vaccinations : Hep B,  DTP, Polio Hib, MMR 
 
Live attenuated infection agents may be given (eg. Measles, rubella virus ) 

• Induces immunologic response more like natural infection. 

• Inactivated agents or constituents of products obtained by genetic recombination 
 
Passive immunization is generally used to provide temporary immunity in an unimmunized subject exposed to an 
infectious disease when active immunization either is unavailable. Used in diphtheria, snake/spider bites, specific 
immunosuppressent (eg. Rho (D) immunoglobulin.) 
 
The route of administration in part determines the rapidity and nature of the immune responses to vaccines. Vaccines can 
be administered orally, intranasally, intradermally, subcutaneously, or intramuscularly. Vaccines must be administered by 
the licensed route to ensure immunogenicity and safety. Use with caution in immunocompromised patients 
 
Because age influences the response to vaccines, schedules for immunization are based on age-dependent responses 
determined empirically from clinical trials.  
The presence of high levels of maternal antibody and/or the immaturity of the immune system in the early 
months of life impairs the initial immune response to some vaccines. 
 
A definable prevalence of immunity in the population above which it becomes difficult for the organism to circulate and 
reach new susceptibles. This prevalence is called herd immunity. 

 
 
Rubella vaccination ( live attenuated ) available in Aust. since 1971 as a combined vaccination with measles and mumps. 

Neonate vaccinations: 1st at 12-15mths, 2nd at 4-12 years 
Use of the vaccine is contraindicated during pregnancy or if there is a likelihood of pregnancy within 3 minths of 
immunization.  Inadvertent use of the vaccine during preganancy has not, however revealed a risk of teratogenicity.  
 
HISTOLOGY  
Cytopathic effect (CPE) of virus growth in cell cultures. NOT VERY VISUALLY OBVIOUS – cells get multinucleated 
Rubella invasion in HELA cell line – multinucleated cells 
 
BEHAVIORAL SCIENCES 
Cross cultural communications. 

� Language is the main barrier to communication cross culturally and patients who do not speak English as a 
primary language will have difficulties understanding the questions we ask or answering the questions in a 
manner that is useful for understanding the presenting medical complaint. 

� Modesty is an issue in many cultures and so it is vital to protect and maintain the standards of the culture while 
examining the patient. 

� In all our patient interactions we need to ensure that the patient feels cared for and understood.  
� It is important to try to keep our minds open when dealing with patients from different cultural backgrounds. 

 

GENETICS (irrelevant drivel) 
Rubella – broke paradigm that congenital malformations are genetic (Gregg’s discovery 1940) 
 

 



                  eptic Shock due to eptic Shock due to eptic Shock due to eptic Shock due to an an an an Unknown organismUnknown organismUnknown organismUnknown organism                     

      History of Presenting Illness :        
- Fever; chills, rigors, anxiety 
- Malaise, anorexia, fatigue 
- Decreasing Level of Consciousness 

Extract some Salient Features from the History:        
- How sudden the onset? 
 (this may tell you a little bit about the likely source- eg. onset of a perforated-viscus- 
 associated faecal sepsis will be more rapid than some sort of skin-related cellulitis) 

- What could the pathogen be: is there something pointing to a weird pathogen? 
- IS THE PATIENT NEUTROPENIC, immune suppressed, on steroids? 
- IS THERE AN ENTRY POINT, eg. cannula, catheter, central line, peritoneal dialysis? 

EXAMINATION FINDINGS: look at your patient!! Do they LOOK sick? ����     
- A chatty rosy-cheeked grandma sitting up in bed is probably NOT septic.  
- LISTEN TO THE HEART: endocarditis?… New murmur?… Pericardial rub?…. 
- Look for characteristic disease-specific findings, eg. purpural rash of N. Meningitidis 
- Generalised erythema suggests a Staph Aureus or Strep Pyogenes toxic shock 

 
 
 
 
 
 
 
 
 
 
 
 
INVESTIGATIONS:            

- FBC will probably have WCCs elevated; use this to support a bacterial cause (neutrophils will be raised) 
 - 2 x Culture (aerobes + anaerobes) mainly for completeness- 
 - ABGs –alkalosis? Acidosis?  Hypoxemia?? Are they in ARDS?  
 - Lactate will be raised secondary to peripheral hypoperfusion…  
 - EUC needed if you want to give them the heavy duty nephrotoxic aminoglycosides or macrolides 
 - LFTs 
 - BSL 
  - Coagulation…? DIC already raging?  

IMAGING: Chest X-ray, Abdo ultrasound… don’t delay treatment for CT availability 

   FIND THE ABSCESS: there is usually a focus of infection; DRAIN IT!! antibiotics wont get to the    
   center of that pocket of pus. Think gallbladder, kidney, joints, pelvic STD, spine(epidural), meningitis… 

Could be anything, could be nothing.               
The ELDERLY don’t tend to have very many signs of 
sepsis, and may not even mount a fever. 

INCLUSION CRITERIA for SIRS: Systemic Inflammatory Response Syndrome. 
SIRS: 2 of these 
- Temperature over 38 or under 36 
- Heart rate over 90 
- Respiratory rate over 20 
- Arterial PaCO2 under 32mmHg 
- White Cell Count  over 11 or under 4  

(or more than 10% of immature forms) 
- Sepsis of unknown origin and on IV antibiotics 
 
 

Septic shock 
- Systolic Blood Pressure under 90- AFTER crystalloid fluid challenge-  

- of more than 20-30ml/kg over 30 minutes 
- Blood Lactate over 4mmol/L 
- Oliguria +/- acute deterioration of mental state 
- Acute end-organ dysfunction 

SEPSIS  is SIRS arising from a 
documented infection 

JVP = immediate clue  
regarding hypovolemia.  
If theres a JVP, there’s probably 
enough blood to go around. 

NOTE: blood cultures do NOT have to be positive at any point.  
Practically speaking, only 30% of the patients will grow anything at all 

TACHY-EVERYTHING; 
Peripherally shut down 

Got to ask yourself: what am I trying to 
achieve? What information do I need to 
treat this raging bacterial infection? DO I 
REALLY NEED TO KNOW WHICH MICROBE 
DID THIS? Do I need to correct metabolic 
abnormalities?… etc etc 

The lab will do a quick 
gram stain; may help 
guide management… 

The mighty PROCALCITONIN: a BETTER marker of 

infection than C-reactive protein or WCC.  

METABOLIC ACIDOSIS: 
= the beginning of the end 

The Significance of a TEMPERATURE: 
Especially in a child, THE ACTUAL TEMPERATURE is 
irrelevant- but THE PRESENCE OF A FEVER matters. 
I.e. it doesn’t matter much whether youre 38.5 degrees or 41.5. 

U.S. is good for biliary tree and gall bladder 
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EMPIRICAL MANAGEMENT OF THE SEPTIC PATIENT     
Maintain vital signs first; 
Definitive management second. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The infection site helps in determining the most likely cause of a patient's sepsis 

 Suspected Source of Sepsis 

 Lung Abdomen 
Skin/Soft 

Tissue 
Urinary Tract CNS 

Major Community 
Acquired 
Pathogens 

Streptococcus 
pneumoniae  
 
Haemophilus 
influenzae  
 
Legionella sp.  
 
Chlamydia 
pneumoniae 

Escherichia coli  
 
Bacteroides 
fragilis 

Streptococcus 
pyogenes  
 
Staphylococcus 
aureus  
 
Clostridium sp.  
 
Polymicrobial 
infections  
Aerobic gram 
negative bacilli 
  
Pseudomonas 
aeruginosa  
 
Anaerobes  

Escherichia coli  
 
Klebsiella sp. 
  
Enterobacter sp. 
  
Proteus sp. 

Streptococcus 
pneumoniae  
 
Neiserria meningitidis  
 
Listeria 
monocytogenes  
 
Escherichia coli  
 
Haemophilus 
influenzae 

Major Nosocomial 
pathogens 

Aerobic gram 
negative bacilli 

Aerobic gram 
negative bacilli  
Anaerobes  
Candida sp. 

Staphylococcus 
aureus  
Aerobic gram 
negative bacilli 

Aerobic gram 
negative bacilli  
Enterococcus 
sp. 

Pseudomonas 
aeruginosa  
Escherichia coli  
Klebsiella sp.  
Staphylococcus sp. 

 

1) AIRWAY, BREATHING, CIRCULATION. 

 May need to intubate. O2 at 100% 

2) venous access: big cannula in each arm 
 Also consider ARTERIAL CANNULA to measure the MAP more accurately 

3) take bloods: management is concurrent with investigations 
4) IV FLUIDS: because the vessels are  globally dilated, one must refill the new  

available space so that the heart may fill and beat again. 
 THUS: give 20 to 30 ml/kg over 30 minutes until their systolic BP gets over 90 

          + TRANSFUSE BLOOD TO MAINTAIN Hb! 

5) Antibiotics as per department guidelines 

(give together with first fluids) 
Empiric antibiotics that cover the infecting organism, started early, is  
the only proven medical treatment, other than volume replacement 
 

 
 
 
 
 
 
 
 

6) insert Urinary Catheter (to measure output) 

 
7)keep giving crystalloid bolus 500mls over 30min 

 until blood pressure normal 

GOALS OF THERAPY: 
- Central venous pressure 8-12 mmHg 
- Mean arterial pressure over 70 mmHg 
- Hematocrit over 30 
- SaO2 over 93% 
- Central venous O2 saturation of over 70 

From the Oxford Textbook: 
Empirical antibiotics of choice are 

CCCEEEFFFUUURRROOOXXXIIIMMMEEE   
GGGEEENNNTTTAAAMMMIIICCCIIINNN   
MMMEEETTTRRROOONNNIIIDDDAAAZZZOOOLLLEEE  

INOTROPES IN SEPSIS: 
The BP needs to go over 90. 
The MAP needs to go over 70. 
http://www.sccm.org/professional_resources/guidelines/table_o

f_contents/Documents/Hemodynamicsupport.pdf 

 
SO: ONLY AFTER YOU TRIED FLUIDS FIRST: 

 DOBUTAMINE first: 
Then watch the MAP and urine output; 
If you got urine- good; avoid further inotropes 

STILL NO URINE? MAP too low? 

- Give DOPAMINE if a bit brady 

- NORADRENALINE if a bit tachy 
don’t go crazy with the inotropes and vasopressors; 
your goal is to reperfuse the organs, but too much 
vasoconstrictor will actually collapse those 
arterioles and that’s not what you want. Hence the 
constant MAP monitoring via an arterial line. 

 



 

Subcutaneous AbscessSubcutaneous AbscessSubcutaneous AbscessSubcutaneous Abscess                                                                                                    
Detailed History of Presenting Illness (HPI) 
- Pt presents with infected wound;  

- Red 
- Hot 
- Swollen 
- Painful 

- History of penetrating trauma at the site; foreign object possibly still present 
- Discharge of pus 
 

List of Differential Diagnoses (DDx) 
- Subcutaneous Abscess as result of infection 
- Local cellulitis 
- Allergic reaction (contact dermatitis) 
- Skin cancer 

 
List Pertinent Findings on History (Hx) 

Need To Know: 
- Allergies (ESPECIALLY TO ANTIBIOTICS) 
- Tetanus shots?  Should be every 10 years 

- Other vaccinations? 
- Diabetes? Lesion may be due to diabetic neuropathy 
- Previous infectious disease? 
- History of the lesion:  

- How did this happen (eg. gomer fell down) 
- immediate management (antiseptic)? 
- Attempt to remove foreign matter? 
- Cleaned / dressed wound? 

UNDERLYING CAUSE OF FALL: may be functional impairment; gomer assessment: 
- Glasses: short or long sighted? Used continuously? 
- Use of alcohol? 
- Support network, i.e. who would come if the pt. yelled for help- (lives alone?) 
- Previous falls requiring hospitalisation? In similar circumstances?.. 
 

List pertinent findings on Examination (Ex) 
CARDINAL SIGNS OF INFLAMMATION:  

1. PAIN 
2. HEAT 
3. SWELLING 
4. REDNESS 

- Lymph Nodes draining the injured site: enlarged? 
- Temperature: FEVER? 
- Range of movement in affected region: painful? Limited? 
- Tenderness localised to lesion or GENERALISED? 

 

Tests and Investigations: How is this diagnosis made? 
SWAB OF PUS FROM WOUND: 
 CULTURE: incubation of agar plates; AIM is to separate cultures into easily identifiable clumps 

 (anaerobically or aerobically or 5% CO2; physiological (37 degrees) or 25 degrees Celsius 
for 24hrs – 6 weeks) 
- Blood Agar (all-purpose) 
- Selective Medium eg. MANNITOL SALT AGAR for staph (nothing else lives in that much salt) 
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IDENTIFICATION: done for SINGLE COLONIES OF SUSPECTED ORGANISM 
through:  

- MORPHOLOGY i.e. appearance on growth media (eg. golden-yellow = staph.A ) 

• mannitol salt agar differentiates between Staph aureus and Staph epidermidis because  
- S.A can ferment mannitol, generating acid by-products (detected as yellow colour change)  
- S.E cannot do this; agar stays same colour 

 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
Above: Staph. Aureus in Gram stain   Above: mannitol agar Staph. Aureus 

 
 
Or appearance on GRAM STAIN: Rods, cocci, etc. 

POSITIVE = BLUE 
NEGATIVE = PINK 

 Staphylococcus organisms are seen as Gram-Positive (BLUE) bunches of grapes 
 

-   BIOCHEMISTRY i.e does the microbe degrade / ferment any  
different sugars, eg mannitol? 

- Does the microbe produce Enzymes eg coagulase, catalase, DNAase 

- Staph A. does all of the above 
- SEROLOGY : Specific microbial antigens can be detected by using SPECIFIC ANTIBODIES 
- MOLECULAR GENETICS: PCR (Polymerase Chain Reaction) used to multiply microbial 

nucleic acid sequences; VERY SENSITIVE (no false positives) but EXPENSIVE   
- ANTIBIOTIC SENSITIVITY: 3 major methods 

- Disk Diffusion: small paper disk with incorporated antibiotic is placed 

in centre of agar dish; should inhibit growth of organisms- degree of 
inhibition is distance of bacteria from centre of disk.  

- Enzyme Detection: β-Lactamase activity can be measured with 
simple test. 
Most Staph (95%) are resistant to penicillin due to β-Lactamase 
(enzyme) which breaks down penicillin’s β-Lactam ring; 
 β-Lactam ring is the basis of its efficacy vs bacteria (ring gets 
incorporated into bacterial cell wall leading to:  
loss of cell wall integrity, influx of water and cell lysis); 

- Gene Detection: genes that cause drug resistance have been 
identified;  
Detection of these genes is now possible to identify MRSA   
(eg. mecA gene = methycillin resistance;  
nuc gene = Staph A specific) 

 

• CULTURE RESULTS are  sent back to clinician 2-4 days following submission  

for fast growing organisms like Staph aureus, E. coli 
 

 



Disease Definition:  
Superficial infection [at location] secondary to foreign body with local cellulitis,  

by the following pathogen [p] 

 
 

Management 
Immediate: 
SURGICAL: Lesion has to be 

- incised   
- drained  
- Foreign body must be removed 
- cleaned with antiseptic (chlorhexidine gluconate) 
- dressed with gauze 

 
PROPHYLAXIS: give TETANUS BOOSTER SHOT 

 
ADVICE: patient has to 

- Rest and elevate affected body part  

- change dressings daily 

- monitor temperature 
  

ANTIBIOTICS: SYSTEMIC with beta-lactamase resistant activity –  

amoxycillin/clavulanate 500mg tid 5 days.  

(short course; watch for contraindications) 
 
ANALGESIA: with Paracetamol or NSAIDS 

 
Long Term: 
MANAGE THE CAUSES OF FALL:  Visit from occupational therapist to home;  

thus make living arrangements safe  
   ENSURE COMPLIANCE, monitor pain, etc. 
  ARRANGE SOCIAL SUPPORT eg. meals on wheels, neighbours to help with chores, etc.  

 
Epidemiology 
Infection is one of most common causes of death in elderly 

 

Basic Sciences and Comparative Diseases 
7 deadly sins’ of  geriatric rehab;  the consequences of immobility:  

- Pressure sores,  
- Venous thrombosis,  
- Constipation/UTI’s,  
- Bronchopneumonia,  
- Depression,  
- Deconditioning (atrophy) 

- Malnutrition 
 
 
 
 
 
 



Pathophysiology  
Acute Inflammation:  

localised, rapid, short-lived, stereotypic response of vascularised living tissues to injury; 
Characterised by influx of FLUID and POLYMPORPHONUCLEAR LEUCOCYTES 

AIM:  

- to contain infectious agents, inanimate foreign particles, damaged or cancerous cells to localised area 
- and/or to eliminate them  
- AND to initiate healing (= some combo of tissue regeneration and repair with scar (fibrotic) tissue 
EARLY RESPONSE (minutes-hours): 

ENHANCED BLOOD FLOW:  (REDNESS, HEAT): 

- allows fluid and plasma proteins inc. complement to move from microvessels into interstitial spaces 
ie ‘exudate’ (combo of fluid, salts, complement, Ab, neutrophils etc) 

- dilutes toxins  
- increases flow to lymphatics,  
- delivers Ab, complement, fibrin system components and polymorphonuclear leukocytes; 
- THUS: causes SWELLING and PAIN 
- neutrophils infiltrate and begin phagocytosis if extracellular microbes present,  
- eosinophils phagocytose helminth worms if present  
- mast cells secrete histamine which increases inflammation 

• neutrophils are drawn to the scene by margination (due to cytokines)  

- and emigration from blood stream; 

-  attachment by selectins,  

- rolling,  

- arrest and activation by integrins,  

- spreading into flattened form  

- diapedesis (squeezing through endothelial cells)  

- climbing up chemotactic gradient in a process called chemotaxis to site of tissue injury/infection 

MEDIUM TERM RESPONSE (hours-days): 
- if tissue damage and/or infection still not resolved,  

circulating monocytes differentiate into macrophages and  
move into affected tissue: 

- to clear debris,  
- produce cytokines that regulate inflamm. and start healing process;   
systemic manifestations (fever and lymphatic involvement) may occur at this stage  

due to IL-1 and TNF-α 
LONG-TERM RESPONSE (days-months): 
- even if acute inflamm persists, healing will start to occur;   
- some microbes provoke excess exudate ie pus formation (esp. Staph and Strep infex)  

- either diffusely or in discrete tissue foci: 
- ‘abscess’ (enclosed) or  
- ‘ulcer’ if open (where necrotic inflamm tissues have been sloughed off)  
-  pus contributes to tissue damage (contains lots of oxygen species and inflamm. chemicals) 

- necrotic tissue contains, in this case, pus, plus neutrophils and oedema 
- fibrous tissue contains lots fibroblasts which produce lots collagen  
- hyperaemia is increased blood flow to an area of tissue causes REDNESS and HEAT 
- oedema is consequence of increased fluid movement across microvascular bed (SWELLING) 
- vasoactive mediators (inc. histamine, prostaglandins, certain kinins and leukotrienes) cause PAIN 
 
- scurvy is due to severe Vit C deficiency in which collagen can’t be formed properly so there is  

- reduced strength of healed wounds,  
- increased bruising and  
- microhaemorrhages 

 

 

 

 

 

 



FLOWCHART OF INFLAMMATORY MECHANISM: 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 VASCULAR  INJURY: blood vessel damaged 

Ruptured epithelium releases 
ENDOTHELIN;  

Von Willebrandt’s Factor (VWF); 
and TISSUE FACTOR  

at the damaged membrane 
 

ENDOTHELIN causes 
TRANSIENT 

VASOCONSTRICTION 
to reduce blood loss 

Blood-floating PLATELETS are now 
EXPOSED TO COLLAGEN;    

      VWF bridges connect platelets to  
collagen; therefore 
 PLATELETS ADHERE to COLLAGEN 
 Tough as glue to resist shear forces 

 

Membrane-bound  
TISSUE FACTOR Activates the  

COAGULATION CASCADE: 
Results in  

ACTIVATION OF THROMBIN 
THROMBIN induces 
DEGRANULATION 

THROMBIN also induces 
AGGREGATION 

 -and so does ADP and TXA2  
-this forms the  

PRIMARY (temporary) HEMOSTATIC PLUG 
(with FIBRINOGEN linking platelets together) 

 

DEGRANULATION AND SHAPE CHANGE: 
Platelets FLATTEN and spill granular contents: 

 FROM α-granules: 
- Fibronectin 
- Fibrinogen 
- Factor 5 
- Platelet-Derived Growth factor (PDGF) 
- Transforming Growth Factor β (TGF- β) 

 FROM δ-granules (dense body): 
- Adenosine Diphosphate (ADP) 
- HISTAMINE 
- SEROTONIN 
- ADRENALINE 
- THROMBOXANE A2 (TXA2) 

THROMBIN converts  
FIBRINOGEN into FIBRIN (insoluble) 

this forms the  
SECONDARY (permanent) 

 HEMOSTATIC PLUG: 
Fibrin forms the scaffold  for 

FIBROBLASTS 
 

Aggregated 
 PLATELETS 
 CONTRACT: 
A fused lump 

 is formed 
 

PDGF and TGF- β 
Stimulate 

FIBROBLASTS 
 

HISTAMINE and 
SEROTONIN 
INCREASE 
VASCULAR 

PERMEABILITY 
And  

DILATE VESSELS 
 

FIBRINOGEN BREAKDOWN PRODUCTS 
and complement breakdown products  

C3a and C5a 
Are  

CHEMOTAXINS 
= attract Neutrophils + Macrophages 

 

COMPLEMENT PROTEINS 
PENETRATE  INTO TISSUE: 

COMPLEMENT CASCADE 

ACTIVATED BY  
ALTERNATIVE PATHWAY 

(directly by bacterial wall components) 
 

BACTERIA 

enter the body 
 

Hydrostatic pressure 
pushes water out into 

the tissue; thus, 

OEDEMA occurs 

Physical and 
chemical 

barriers to 
infection are 
BREACHED 

 

C3b complement product 

OPSONISES antigens 
 

MAC  perforates 

bacterial walls, 
causing lysis 

 

NEUTROPHILS / MACROPHAGES 
ROLL (via selectins) 

ADHERE (via integrins) 
DIAPEDESIS (penetrate endothelium) 
And MIGRATE DOWN CHEMOTAXIS 
GRADIENT TOWARDS THE SITE OF 

INJURY (via chemotaxins) 
 

Dilated vessels 
Have LOWER 

BLOOD PRESSURE 
therefore its easy for 
leucocytes to attach: 

less shear forces 
 

MACROPHAGES  
devour C3b- opsonised antigens 

secrete TNF-α to increase expression of 
  selectins and Integrins 
therefore, increased NEUTROPHIL MIGRATION 
+ exude IL-1 to activate more MACROPHAGES 
+ remove cellular debris, eg. dead neutrophils 
 

C3a, c5a ativate 
BASOPHIL and  

MAST CELL 
DEGRANULATION: 

more HISTAMINE and 
PROSTAGLANDIN; 

thus, increased 

VASCULAR 
PERMEABILITY 

 

EVENTUAL REMOVAL OF PATHOGEN, 
FORMATION OF COLLAGEN SCAR ON FIBRIN 
SCAFFOLD AND REGENERATION OF TISSUE 

 

Langerhans cells detect 
pathogen, migrate to 

lymph nodes, � specific 
immune response  

VWF stored in easily 

ruptured vesicles on 

the endothelial cell 

membrane 



 
Relevant anatomy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
RELEVANT LT KEYWORDS FOR SKIN ANATOMY: 

Rete ridges: The dermal-epidermal junction interlocks forming fingerlike projections called rete ridges 

Merkel cell: MECHANORECEPTOR, detect pain, itch and temperature 
Pacinian Corpuscles: MECAHNORECEPTOR FOR PRESSURE 
Meissener Corpuscles: MECHANORECEPTOR FOR TOUCH 
skin is largest organ of body: protective barrier, regulates body temp and H20 loss, sensory and excretory  

(sweat contains urea), produces Vit D from precursors, post-puberty apocrine glands release pheromones 

 
Behavioural science 
Aging and Mental Acuity: 

• Ability to pursue activities of daily living is affected by  

extrinsic factors (eg finances, living situation) 

intrinsic factors (eg physical health and mobility, mental health, cognition) 

• Cognitive functioning = capacity to attend to stimuli, process info, learn,  make decisions 

• Memory types:  

• sensory memory (brief, immediate),  

• short-term memory STM (temporary storage of info for processing),  

• long-term memory (parts of STM that are rehearsed and/or categorized and ‘filed’ 

• Active processes (learning intentionally)  

• vs Passive (learning incidentally) 

• Episodic (memory of things done)  

• vs semantic memory (generalisations, abstract knowledge) 

• Declarative (factual) 

•  vs procedural knowledge (skills, rules, algorithms to process facts) 

 

• Sensory, short term and long term episodic memory are STABLE WITH AGE;   

• manipulation of material in short term memory adversely affected by age 

• Intelligence = relatively enduring ability to respond successfully to perceptual/cognitive/verbal problems; 

•  50% of IQ can be attributed to inheritance(?) 

• Binet’s intelligence test by performance of tasks 

• Spearman’s intelligence test of general vs specific intelligence 

• Catell’s 2 intellectual factors: 

•  fluid intelligence (inherited thinking and reasoning),  

• crystallised intelligence (learned skills);  

• fluid sets limit on crystallised ability 

• Sternberg’s 3 types intelligence highest to lowest:  

• analytical/componential (break problem into step by step),  

• creative/experienced (extrapolate),  

• contextual/street smarts 

• Decline in fluid intelligence with age vs crystallised intelligence endures 

• <10% ppl aged 65-80 have dementia; 20% 80+ year olds have it 

FUNCTIONAL STATUS IN THE ELDERLY    NB 50% hospital bed occupied by persons 60+ years old! 
• continuum from partial loss of ability through threshold for clinical diagnosis 

• one presentation in elderly (eg a fall) has many causes (eg Alzheimer’s, cardiac arrhythmia, UTI)  
• multifactorial aetiology: no single disease process for syndromes in elderly 

• definition of disability = reduction/loss of ability within a person’s environment 
• personal activities of daily living (PADLs) =  

• bathing, 

•  dressing,  

• grooming, 

•  toilet,  

• getting out of bed/chair, 

•  eating,  

• continence,  



• mobility 
• instrumental activities of daily living (IADLs) (manipulation of environment, interaction):  

• cooking, 

•  shopping, 

•  finances,  

• housework,  

• telephone,  

• managing medications 
 always take complete medication hx, 

• ASK ABOUT:  

• activities of daily living,  

• nutritional hx, 

•  immunisations;   

• beware deafness impeding communication; 

•  assess pain by effect on ADLs;   

• neurological and cognitive functioning exams essential 

• Geriatric giants (NB probable exam question!): 

•  falls (fractures/injury)##################################### 
• FALLS: = one of most common/ serious problems in elderly: 

•  30% people aged 65+ fall each yr;  3 times more common in nursing homes/hospitals  

• many more institutional falls require hospitalisation than home falls 

• consequences of falls more serious in elderly due to high prevalence of co-morbid disease  

• risk factors for falls:  
• intrinsic  

• lower limb weakness, 

•  poor grip strength, 

•  balance disorders, 

•  functional and cognitive impairment,  

• vision  

• extrinsic  

• (polypharmacy (>4 meds esp. psychotropic ),  

• loose carpets,  

• poor lighting,  

• lack of bathroom safety equipment) 
• Hx of fall: loss of consciousness? (beware of amnesia about this);   

ASSESS the FOLLOWING: 

•  postural hypotension,  

• gait : get up and go test:  
get up from chair and walk around, difficulties require further investigation), balance,  

• cardiac arrythmias,  

• medications,  

• neuro function 

• FOLLOW UP OF FALL:  

• OT assessment of home environment;  

• review meds esp. if taking >4;  

• consider walking aids, hip protectors,  

• vision assessment,  

• muscle strengthening/balance training (Tai Chi) 

OTHER GERIATRIC GIANTS: 

•  confusion (delirium, dementia), 

•  incontinence,  
• functional decline/not coping 

 

• Drug efficacy decreases in elderly and risks may outweigh benefits;   

• randomized trials rarely look at adverse effects and only study homogeneous younger people 



 

• When considering treatment,  

• life expectancy for      men   is      77-78 years  
women is  81-82 years  

BUT at 60, expect another 20 yrs life, at 70 expect 10 yrs, at 80 expect 5 yrs , at 90 expect 2.5 years 

 

Immunology 
Immunity is 
- humoral (eg complement, Ab’s) 

or 

- cellular (B and T cells, macrophages) 

 

antigen is a substance that can stimulate Immune Response (IR) ie it’s immunogenic 

- leucocytes (white blood cells): derived from haemopoietic stem cell in bone marrow 
- Neutrophils (phagocytic, bacteriocidal, shortlived, terminally differentiated),  
- eosinophils (anti-parasitic, allergies),  
- mast cells (local inflamm, allergies, anti-parasitic, in tissues),  
- basophils (same as mast cells but in blood), dendritic cells (trap and present antigen),  
- macrophages (phagocytosis, in tissues, long lived),  
- monocytes (macrophage precursors in blood) – all derived from myeloid 
 
- Natural Killer cells,  
- T helper lymphocytes,  
- T cytotoxic lymphocytes,  
- B lymphocytes –all derived from lymphoid, all specific except NK cells 

• PROTECTION VS. INFECTION:  
1. Physical barriers eg intact skin, secretions (eg lysozome in tears/saliva), natural flora   
2. Innate immunity vs everyday microbial assaults: cells and molecules  
3. Acquired immunity for better efficiency of innate immunity  

Innate system of immunity: 
 ancient, responds rapidly (minutes), stereotypical response to every situation, non-specific, no memory; 
• exocytes release mediators (eosinphils and mast cells) vs phagocytes ingest and destroy diseased cells 
PHAGOCYTOSIS:  

1. Foreign particle adheres to phagocytic cell membrane   
2. Cell membrane invaginates and forms a phagosome trapped inside cell   
3. Phagosome fuses with lysosome and toxins/enzymes/oxygen species kill and degrade bacterium and 
phagocyte digests remnants 

• Phagocytes recognise invaders using pattern recognition receptors (PRR) specific to microrganisms  

• eg. components of bacterial cell wall receptors such as mannose receptor;   

• lipopolysaccaride (LPS) receptor for gram –ve bacteria);   
• activation of PRR’s on leucocytes is danger signal: 

• LEADS TO 

•  increased phagocytic activity,  

• increased cytokine secretion : 

• IL1 recruits more cells, causes monocytes to become macrophages,  

• TNF raises body temp � fever; increases selctin + integrin expression 
• Soluble mediators of innate immunity =  

1. complement system  
(serum proteins activated in cascade in response to tissue injury +/- bacterial invasion (latter 
recognised by PRR):  end result of cascade: increased phagocytosis, bacterial cell lysis by Membrane 
Attack Complex (MAC) and inflammation;  
 2. Acute phase reactants eg C-reactive proteins which reinforce innate immunity (thus, CRP test for 

inflam) 
• Innate response vs virus: virus infected fibroblasts in tissues secrete type 1 interferons (IFN alpha and beta) 

 –these act on surrounding host cells and prevent them being infected by stopping all protein synthesis  
(ANTI-VIRAL STATE) 



NK cells recognise and kill virus infected host cells: 
- by checking their MHC class 1 molecules for signs of presented viral antigen 

 

Specific (adaptive) immunity: ‘specialised’ immune response to target a certain pathogen 

KEY CONCEPT: 1 lymphocyte for 1 antigen; 1 kind of receptor x10
5 
all over the surface. 

  There are 10
10

antigen types; 
  There are 10

12 
Lymphocytes. 

THUS: 1 in 10,000 chance of a lymphocyte meeting its antigen 
THUS: Lymphocytes must CIRCULATE to inrease chances of this meeting, and  
   PROLIFERATE to increase their fighting numbers 
CLONAL SELECTION:  

PRIMARY RESPONSE 
Lymphocyte + its antigen = Rapidly Dividing Lymphocyte 
= Divides into 2 sets of CLONES: 
the EFFECTOR clones (activated, to fight with cytokines and antibodies)- live for days/hours 
the MEMORY clones (inactive, to float around and express the receptors for this antigen)-live for 

YEARS 
SECONDARY RESPONSE: 
 Memory cells become effectors, activate and begin dividing 
 THEREFORE suddenly there are numerous cells specific for the stimulating antigen 
THREFORE THE RESPONSE IS SWIFT AND BRUTAL- greater chance of meeting antigen 

TYPES OF LYMPHOCYTES: 
 B CELLS:  

- originate in bone marrow 
- Migrate into secondary lymphoid tissue (lymph nodes, spleen, MALT) 
- Ingest antigens and present them on MHC class 2 molecules to Helper T Cells 
- When stimulated by Helper T Cells , they differentiate into Memory cells and Plasma cells (which 

produce antibodies) 
       T CELLS: 

- Originate in thymus 

-  2 major subtypes:  

- CD 4 T-HELPER CELLS- regulate immune response 

- AIDS patients lose their CD4+ T cells 

- CD4+ T cells bind an antigen epitope lying in the groove of a  

class II MHC molecule 

- TH1 participate in cell-mediated immunity, eg. 

TUBERCULOSIS MANTOUX TEST-  

- THESE RESPOND TO MHC CLASS 2 presented by APC 

- then release lymphokines that attract other leucocytes 

 

- TH2 provide help for B cells and, in so doing, are essential 

for antibody-mediated immunity. 

- bind to antigen when it is presented by B cells 

- -THIS CAUSES THE B CELLS TO… 

- Replicate like mad 

- Switch from synthesizing their antibodies as 

integral membrane proteins to a  

soluble version 

The result is the development of a population of  

Plasma cells secreting antibodies against the  

antigenic material. 
CD 8 T-CYTOTOXIC CELLS 

- secrete molecules that destroy the cell to which they 

have bound. 

- The CD8 molecule, together with the MHC 1 receptor, 

signals that the cell to which the T cell has bound is 

virus-infected and needs to be destroyed 

 



Lymphocyte Development: SELF vs NON-SELF PARADIGM 
GROW IN PRIMARY LYMPHOID ORGANS: bone marrow and thymus 
Need RECEPTORS FOR 10

10
  antigens; THUS: SPECIFICITY OF RECEPTORS IS ARRANGED BY 

RANDOM DNA SHUFFLING: “SOMATIC  RECOMBINATION” of 200 genes- 

THIS IS THE GENERATION OF DIVERSITY, or G.O.D. of immunology 
…Thus; numerous RANDOM receptors are generated;   

THEREFORE some lymphocytes end up with SELF-TARGETTING RECEPTORS!  This is no good; thus: 
THE LYMPHOCYTES ARE TESTED in primary lymphoid tissues to see if they react to self-antigens;  
IF THEY ARE SELF-TARGETTING, THEY ARE DESTROYED (commanded to apoptose)  
THUS: all “graduating” lymphocytes have SELF-TOLERANCE; the rest (90%) are disqualified and killed. 
BREAKDOWN OF THIS MECHANISM LEADS TO AUTOIMMUNE DISEASE 
 

Microbiology 
• normal flora of gut, skin etc essential for health: more microbial cells than human ones in our body!   

• Human host acquires flora just after birth and flora changes continuously thereafter;   
• COMMENSALISM – organism acquires nutrients without being harmful to host eg Staph epidermidis 

• BUT: commensals can become pathogens if environment or balance changes or host immunity impaired 
(opportunism);   

• PARASITISM is ability to attach, enter, adapt, multiply and persist without benefit to host 

• Disease results from:  
- imbalance in normal flora; 
- establishment of microbe with pathogenic potential;   
- any bacteria in normally ‘aseptic tissues’  

(eg blood, bladder, eye, testis – NB not strictly sterile as viruses and prions may be present); 
- host response to infection (inflammation is damaging to human cells too!) 

 

Koch’s postulates: to attribute a disease to a specific organism  

- 1. The organism must always be present in cases of disease,  
- 2. It must be cultivated in pure culture (on non-living substrate),  
- 3. Inoculation of susceptible hosts must reproduce disease,  
- 4. Organism must be detected in inoculated hosts – 
- ( some problems (eg can’t always cultivated in pure culture notably viruses!) but still a useful paradigm) 

 
• PRIONS: infectious single (sialoglyco)protein, no nucleic acid,  

- long incubation period (years), 
- loss muscle coordination, dementia and insomnia (think: mad cow syndrome),  
- standard autoclaving does not eliminate! 

• VIROIDS: ‘viruses that infect viruses’, circular single-stranded RNA with some double stranded bits,  
- only relevant eg: delta agent that infects Hep B virus  
- � additional Hep D virus in humans, hepatotoxic 

• VIRUSES: either RNA or DNA;  single stranded (ss) or double stranded (ds);   
- icosahedral, helical or complex morphology;   
- replication by adsorption, penetration, uncoating, replication of nucleic acid, assembly & accumulation  
- (inclusion body) and release- HIJACK CELLULAR PROTEIN SYNTHESIS MECHANISM;  

• RICKETTSIA: gm negative bacteria which are obligate intracellular parasites (need cell cultures),  
- spread by arthropod vectors (lice, fleas, etc) – spotted fevers and typhus 

• CHLAMYDIA: gm negative bacteria which are obligate intracellular parasites of mammals and birds,  
- C. trachomatis infects mucous membrane of eye/genital tract,  
- C. psittaci transmitted from birds to immunodeficient humans (lung infection);   
- elementary body is infectious, extracellular and induces endocytosis  
- reticulate body is not infectious, it is intracellular and replicating 

• MYCOPLASMA: free-living bacteria lacking rigid cell wall,  
cause atypical pneumonia and non-gonococcal urethritis;  

-  L-forms: formed from certain bacteria when cell-wall synthesis is impaired eg by antibiotics 
• SPIROCHAETES: ) – all small, gm neg; usually thin and corkscrew-shaped 

- Treponema pallidum (syphilis) 
- ,Borrelia recurrentis (relapsing fever –tick borne),  

- Leptospira interrogans (leptospirosis – rodent borne) 
• BACTERIA(procaryotic cells): no nucleus, cell wall present, plasma membrane +/-: flagella, spores, fibriae or 

pili, capsule, plasmids (DNA) – all of these add virulence 



 
 
 

• Virulence factors (increase pathogenicity, also increase bacterial survival):  

( EAT RICE ) 
E – enzymes (damage tissue) 
A- adhesion (allows colonisation to occur) 
T- toxin (exotoxins) 
R- resistance (via slime to receptors, or generally to antibiotic therapy) 
I- invasion (of surrounding tissue, or the blood/lymph system) 
C- capsule (slime layers often protect against immune response) 
E- endotoxins 

 
 

• How bacteria cause disease:  
• entry and attachment (inflammation increases secretions and symptoms facilitate spread eg cough, 

diarrhoea,; flagella for motility eg up urethra;  haematogenous spread by direct inoculation or vector),  
• establishing a niche (attach to tissues via receptors, compete with other flora and host cells eg iron 

acquisition), colonisation/adhesion (by pili/fimbriae and/or bacterial surface proteins); 

•  local or general spread, 

•  multiplication,  

• evasion of host defences (egs capsule that evade phagocytic recognition, antiphagocytic toxins and evasion 
of Ab’s by molecular mimicry and antigenic variation), exotoxins, shedding – transmission;  

 

Tissue/organo tropism: tissue preference or predilection for colonisation due to membrane receptors 

 

Endotoxin:  
lipopolysaccharide (LPS) in cell wall of all gram negative bacteria, released when they die, mildly pyrogenic 
- LPS causes MACROPHAGES TO GO MAD; begin to issue forth great streams of TNF and IL-1 

Exotoxin:  

secreted by some gram positive bacteria, 
much more toxic than endotoxin!  
eg’s include the virulence factors above (such as lecithinase); S aureus has many! 

Bacterial growth: 
•  lag phase (increase in cell size, no cell division),  

• exponential or logarithmic phase (lots cell division, nutrients and wastes constant),  

• stationary phase (build up of wastes and or depletion of nutrients and/or host defences lead to 

decreased growth rate but constant cell count),  
• decline phase (more bacteria killed than formed) 

 

Genetic exchange between bacteria: 

•  transformation (uptake of extracellular DNA), 

•  transduction (bacteriophage transmits fragment of DNA from one bacterium to other,  

• conjugation (bacteria transmits DNA to another via sex pilus – more common in gm negative).   
All of these allow plasmid to be integrated into bacteria; 

 plasmids contain genes for virulence, antibiotic resistance, antimicrobial agents and metabolic 
activities. 
 

• Staph aureus is only pathogen that is frequently carried on skin and in nose as part of flora in 10-20% healthy 
adults; wound/foreign body infections include subcutaneous abscesses called ‘furuncles’ (boils) or if bigger and 
deeper ‘carbuncles’, impetigo (localized, superficial, crusty skin lesion esp. in kids);   
other main suspect in a purulent wound is Step pyogenes; also consider enteric species and anaerobes 

• Tetanus due to ubiquitous anaerobic pathogen Clostridium tetani,  

• exotoxin of this bacteria causes spasms,  

• treat in 4 steps:  
1. Supportive care (respiration, cardiac, etc)  
2. Deliver passive immunisation (ie Ab’s vs the toxin)  



3. Immunise actively (ie with toxoid which is an attenuated toxin that stimulates immune response vs part of 
toxin molecule not involved in toxicity ) 
4. Give antibiotics – penicillin D.O.C. (need to arrest C tetani infection or it will continue to produce toxin!) 
 

• Pasteurella multicida in cat and dog bites causes local purative inflammation and progresses to 
septicaemia due to exotoxins 

• Fungi (eukaryotic cells): ; gm positive;  cell wall is chitin 

•  –1) yeast (asexual) and 2) hyphae (asexual/sexual);   

• mass of hyphal elements = mycelium; 

•  amphotericin B blocks ergosterol synthesis and disrupts plasma membrane; 
•  fungi not inhibited by antibacterial antibiotics;   

• fungal infections ‘mycoses’ –  

• superficial, cutaneous (eg ringworm/tinea),  

• subcutaneous, systemic (eg candidiasis, cryptococcosis),  

• opportunistic (candidiasis, aspergillosis) 

 
Pharmacology (drug names – how they act and where they act) 
Antibiotics:  
1. Competitive antagonism eg isoniazid, suphonamides (inhibit bacterial synthesis of folic acid);  
2. Inhibition of nucleic acid synthesis eg quinolones, metronidazole;  
3. Inhibition of bacterial protein synthesis eg rifampicin and actinomycin D inhibit transcription, 
aminoglycosides, spectinomycin, tetracyclines, macrolides, chloramphenicol, erythromycin, clarithromycin and 
clindamycin inhibit translation;  4. Alteration of cell membranes eg Polymyxin B and Colistin;   
5. Inhibition of cell wall synthesis eg B-lactam antibiotics (penicillins, cephalosporins, carbanemens), 
cycloserine, ethionamide, isoniazid, vancomycin, bacitracin, ristocetin 
 
Minimal inhibitory concentration is lowest conc that inhibits multiplication of organism in vitro vs min. 
bacteriocidal concentration: can use this to predict therapeutic capacity,  
other factors to consider are toxicity, host’s immune capacity, ability of antibiotic to reach tissues 



BRAIN TUMORS           
INCIDENCE: about 15 in 100,000 

 ONLY KNOWN RISK FACTOR is cranial irradiation 

 Proposed risk factors include mobile phone radiation, high tension wires and head trauma 
Clinical presentation of brain tumours  
 Usually the result of increased intracranial pressure: Normally 0 to 15 mm Hg; over 30 requires treatment 
- 6ths and 4

th
 cranial nerve problems  

- diffuse headache, worse in the morning 

- PAIN CAN BE THROBBING AND UNILATERAL, LIKE A MIGRAINE!! BEWARE !! 

 
 
 
TYPICAL PRESENTATION: 
- Focal symptoms (eg. dysphasia, hemiparesis) 
- Rate of progression = indication of degree of malignancy 
- Usually: SUBACUTE ONSET, months to weeks 
- Seizures are present in 15 to 95% of tumours (depending on subtype) 
 
 DEATH FROM A BRAIN TUMOUR is usually due to TONSILLAR HERNEATION from increased ICP 
 Thus, coma and death from respiratory failure 

 
Diagnosis of a Brain Tumour 
- MRI is gold standard; no MRI findings = no lesion. 
- Contrast agents get through broken blood-brain barrier 
- CT can MISS some tumours! 
- PET can distinguish high- from low-grade 
 

PROGNOSIS OF A BRAIN TUMOUR 

- Tumour Grade is ALL-IMPORTANT! Single most valuable prognostic factor 
- Age (younger = better) 
- Clinical status (i.e comorbidities, etc) 
- THESE influence the outcome MORE THAN TREATMENT 
Types of brain tumours  
 

GLIAL: oligodendroma and astrocytoma 

 
ASTROCYTOMA:  
- A terrible beast which spreadeth yonder aong the white matter tracts, thus rendering itself INOPERABLE 
- Young adults most stricken 
- First symptom OFTEN A SEIZURE  
- Looks like a non-enhancing mass on MRI 
- PET will show high-activity regions: try to biopsy THESE 

(normally, biopsies are not representative as different regions will have different histology, so 
you want to hit the most active high-grade areas with the biopsy needle) 

- These tumours will eventually become high grade. 
SURVIVAL about 5 years 

- TREATED WITH RESECTION (when you can) and RADIATION 

 

ASTROCYTOMA FROM HELL: GLIOBLASTOMA MULTIFORME 

- Commonest and worst  
- 50-70 age group 
- irregular ring-like lesion on MRI findings; +edema and mass effect 
- necrotic, with pseudopalisading of cells; lots of vascular proliferation 

SURVIVAL about 1 year. 
- p53 and epidermal growth factor receptor mutations are the culprit here. 
- TREATED with radiotherapy and surgery whenever possible 
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OLIGODENDROMA: given a choice, this is the tumour you would want. 
- 20% of glial tumours 

- looks like an astrocytoma on MRI 
- “fried-egg” appearance under the microscope 

- delicately vascular, prone to hemorrhage 

- THE ONLY BRAIN TUMOUR THAT CALCIFIES! 
Thus, you might actually see it on a plain skull X-ray (!) 

SURVIVAL: usually about 16 years; most eventually progress in malignancy 
TREATED with chemo radio and surgically. 

 

 
MENINGIOMA 

- Arises from arachnoid cells 
- About 20% of all brain tumours 
- Majority are asymptomatic and are found en route to another diagnosis 
- Whorls of cells on microscopy: identical to normal arachnoid cells 
- Slowly growing 
- Genetic abnormality: absence of chromosome 22 
- WHEN OVER HEMISPHERES it produces hemiparesis and seizures 
- In the base of skull, it will cause cranial nerve palsies 
- MRI shows a tethered tumour with a “dural tail” 
- Treated with resection only. 20% will recur in 10 years. 

 
 

SCHWANNOMA 
- Peripheral nerve sheath cells gone bad: most often sensory nerves 
- 10% of brain and 30% of spine tumours 
- Angle of cerebellum and pons is a favourite:  

here, they are called ACOUSTIC NEUROMA 
 



ALSO ask about risk factors:              AGE?  

1
st
 degree relatives? Hypertension? Cholesterol?  

Diabetes? Heart disease, esp. Atrial Fibrillation? Homocysteinaemia? Prior strokes?- 14% recur in 1 yr! 

Cerebrovascular AccidentCerebrovascular AccidentCerebrovascular AccidentCerebrovascular Accident                                 
So, youre brought in by ambulance after falling over and becoming incoherent and incontinent…  

History of Presenting Illness          
 

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When did it happen?? Crucial for thrombolysis 

TIA and Stroke  ONSET is ALWAYS  SUDDEN  

Strokes usually happen IN THE MORNING  

There is usually NO PRECIPITATING EVENT 

for stroke; haemodynamic TIA may result from 

a change in posture or strenuous activity  

Symptoms are FOCAL, NEGATIVE and MAXIMAL AT ONSET? =  STROKE!! 

TIA differs only in 

duration: 

resolves 

in 24 hrs 
  

Is your patient  very 

OLD??  90% of 

strokes happen to  

   !! over55s !! 

Risk of stroke doubles for 

every decade after 55 y.o. 

~ Consider stroke ~ 
For any acute focal neuro 

deficit or any acutely  

altered  consciousness 

Smoking?? 
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STROKE SYNDROMES by VASCULAR TERRITORY     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-  

The DOMINANT MCA allows 

LANGUAGE and ART 
Thus: stroke out here, and its  
APHASIA and APRAXIA for you 

ANTERIOR CEREBRAL ARTERY: the Seat of Manners 
BEHAVIOURAL ABNORMALITIES:  
- Paucity of insight., slowness of thought, apathy, distractability 
usually happens when you congenitally have both ACAs arising from one stem; this 
way you infarct bilaterally 

+ CONTRALATERAL FOOT, LEG and GENITAL FAILURE: 
Hemiplegia and hemianaesthesia sparing the upper limbs and face 

(therefore also INCONTINENCE) 
 

Middle Cerebral Artery:    Total occlusion  

CONTRALATERAL HEMI-EVERYTHING 
-plegia, -anopia, -anaesthesia; DOWN TO THE THE HIP  
taken out sensory and motor cortex, damaging the optic tract with oedema 

 eyes and head deviate towards the side of the lesion 

          PLUS either DOMINANT or NON-DOMINANT symptoms: 
 

 

MCA Superior division 
WEAKNESS of UPPER LIMBS and FACE  
(so called “Brachiofacial paralysis”) 
BROCA’S EXPRESSIVE APHASIA and / or DYSARTHRIA 

Global aphasia: complete failure 

of comprehension and expression  

Anosognosia, hemineglect, 
constructional apraxia  

The NON-dominant MCA: WEIRDNESS 

In the Superior division: 
…Brachiofacial paralysis, as well as 
Anosognosia:  you stubbornly fail to notice that  

you  have a serious neurological deficit 

 Hemineglect: everything on that side does not  

exist for you, you just ignore it  
Constructional apraxia: inability to mentally  

rotate objects, follow maps, copy pictures 

Dressing apraxia: unable to operate simple shirts 

In the Inferior division:  
…Superior Quadrantinopia, as well as 
APROSODIA (inability to perceive the emotional  

content of speech) 

MCA Inferior Division 
CONTRALATERAL HEMIPLEGIA 
SUPERIOR QUADRANTINOPIA 

Wernicke’s Receptive Aphasia 

Anterior Choroidal 
Supplies Posterior Limb of Internal Capsule 
and lateral geniculate Nucleus 
HEMIPLEGIA AND HEMIANOPIA 
 

POSTERIOR CEREBRAL ARTERY 
Rarely will you infarct the whole thing. Usually only 
one of the branches: 

VISUAL DISTURBANCE eg.  
Homonymous hemianopia with macular sparing 
HEMIBALLISMUS if subthalamic nuclei infarcted 
IN THE DOMINANT HEMISPHERE: 
ANOMIA, AGNOSIA, ALEXIA in occipitotemporal stroke 
 

BASILAR ARTERY OCCLUSION: 
“locked-in syndrome” 
complete paralysis with 
preservation of consciousness 
almost uniformly fatal 

 

Superior Cerebellar: 
- ipsilateral limb and gait ataxia 
- Horner's syndrome  
- tremor  
- contralateral limb dysmetria 
- contralateral loss of pain and temperature 

sensation over the body and face, 
- loss of limb position sense  

- DEAFNESS  

PICA: Lateral Medullary Syndrome 
Lateral medullary syndrome; 
- Dysarthria  
- Dysphagia  
- Dysphonia  
- Vertigo  
- Nystagmus  

- Ataxia or Unsteady gait  
- Loss of taste and paralysis of the palate 
Ipsilateral Horner's Syndrome 
 

Anterior Spinal Artery: Medial Medullary Syndrome 
weakened tongue on the affected side  
(due to involvement of the hypoglossal nerve), 

weakness of the contralateral limbs 
Decreased position and vibration sense  
 

Non-Dominant PCA stroke: 
Anomia for familiar faces (prosopagnosia) 
Spatial Disorientation 
BILATERAL TEMPORAL PCA STROKE: 
Hippocampus damaged, thus PERMANENT AMNESIA 
 

AICA: Pontine Infarct  
- DEAFNESS 
- loss of pain and temperature sensation 

on the face AS WELL AS complete 
paralysis of the face;  

- Ipsilateral limb and gait ataxia 
- Dizziness 
- Nystagmus 
  

VERTEBRAL ARTERY OCCLUSION: 
What happens depends on the quality of your 
other vertebral artery: if you don’t have one, 
this has the effect of a basilar artery stroke. 
 

Loss of pain + temperature:  

IPSI face- CONTRA body 



 

 

 

 

 

 

 
 

 

Intracranial haemorrhage: same pt, 14 days apart; 

note the darkened spot which is all that remains of 

the haemorrhage in the right. posterior putamen 

 

 

 

 

 

 

 
 

Early stroke: greyish           Old stroke (blackish) 

Mimicking Stroke:             
The most frequent stroke mimics include  

seizures (17%);  

systemic infections (17%);  

brain tumors (15%);

toxic-metabolic causes,  

such as hyponatremia (13%);  

positional vertigo (6%).  

 

 

 

 

 
Examination: Where did the clot come from?     
ATRIAL FIBRILLATION? ENDOCARDITIS? Then, peripheral vascular system:  

- carotid auscultation for bruits,  
- blood pressure, and pressure comparison between arms 
- examine extremities for ischaemia (peripheral emboli),  
- retina [effects of hypertension and cholesterol emboli (Hollenhorst plaques)]; 

PLUS: look for signs of head trauma 

Tests and Investigations           
 
CT scan of the BRAIN:   ..CT again each time they deteriorate 

-   Exclude non-Vascular Causes! Eg. tumour 
Confirm infarction: if its visible yet: an infarct of the brain takes   

                                                hours to ripen, and even after 3 hours the changes are very subtle   
- Rule out intracerebral haemorrhage and sub-arachnoid bleeding: 

Whitish areas, especially in the base of skull; 
Subarachnoid � the CSF in the ventricles will be bright, it is mixed with blood 

done within the first few days of stroke, CT identifies  
- intracerebral haemorrhage in all cases, 
- SAH in about 95-97% and 

- cerebral infarction in about two-thirds. 
CT will miss little infarcts, early infarcts, posterior fossa infarcts (obscured by artefacts) 

NOTE:  A CT scan done too early (before oedema begins) will yield nothing !! 
thus, a NORMAL CT DOES NOT EXCLUDE A STROKE!!  
But… even 5 hrs after the CVA the CT will give findings in 50% of cases 
So scan anyway, just to have a baseline picture of their brain 

         WHAT ARE YOU LOOKING FOR?   
The evolution of a haemorrhage: 

- Immediately: a white, hyperdense area  
- Within days: becomes less dense (turns to clot) 
- after a few days to a few weeks (depending on its size) it 

becomes isodense with surrounding brain tissue (‘fogging’) and 
may be difficult to see.  
Smaller haemorrhages fog up faster  

- Thereafter the haemorrhage becomes hypodense and may be 
mistaken for an old infarct 

The evolution of an infarct:  
hyperacute stage : the CT image often appears normal.  
Sometimes might find a hyperdense artery (see the thrombus in it) 
within 3 hours there are usually subtle changes in the ischaemic brain  

=  loss of normal grey-white matter differentiation  
 = compression of the lateral ventricle due to focal brain edema  
= and hypodensity!!  Dark greyness… 

during the first few days,  
becomes more clearly demarcated and well defined 
and more hypodense (black)  

around days 3–5 the swelling of the infarct is usually maximal  
during the second and third week the swelling subsides 
Eventually a sharply demarcated, atrophic, hypodense 
 (similar to CSF) defect remains: the INFARCT CAVITY 
 

Its all about the 

BRUITS 

REMEMBER: 

Hypoglycaemia 
Head trauma 
Brain Tumour 
Epilepsy  
Hemiplegic migraine 
Syncope 
TIA 
Meningitis 

Miscellaneous disorders  

- syncope, 

- trauma,  

- subdural hematoma,  

- herpes encephalitis, 

- transient global amnesia, 

- dementia,  

- demyelinating disease,  

- myasthenia gravis,  

- parkinsonism,  

- hypertensive encephalopathy, 

 

CT excludes 90% of intracranial 
haemorrhages; the other 10% 
can be picked up with  
LUMBAR PUNCTURE 
by12 hours after a subarachnoid bleed, 
blood breakdown products collect at the 
base of the spine, and can be drained for 
analysis – you are looking for 

XANTHOCHROMIA, or yellowness 

WITHIN 24 HOURS: to distinguish haemorrhage from infarct 

Investigate bruitts with DOPPLER ultrasound 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MRI for stroke:                       
Diffusion Weighted Imaging is much more helpful than CT in the early phase 

 Infarcts of any size are more often and more quickly visible  
However, even MRI can be normal in a clinically definite stroke !! 

Minutes: loss of the normal flow void in the symptomatic artery within minutes of onset  
(the MR equivalent of the hyperdense artery sign on CT) 

3 hours: swelling of the ischaemic brain on T1-weighted images, but without signal change on T2-weighted images 
8 hours: signal changes on T2-weighted images 
16 hours: signal change on T1-weighted images. 
Large infarcts are often visible on routine T1- and T2-weighted imaging within 6 hours,  
… but small cortical and subcortical infarcts may never become visible.  

Also may want to consider Magnetic Resonance Angiography 
 
The advantages of MRI over CT are: 
 
1. Better soft tissue contrast resolution; 
2. Multiplanar capabilities; 
3. No ionising radiation; 
4. No bone artifacts which limit the sensitivity of  
    lesion detection in the posterior fossa; 
5. Very sensitive to changes in water concentration  
     in tissues and therefore superior 
    detection of lesions;  and 
6. Ability to perform both anatomic and physiological   
    imaging. 
 
The disadvantages of MRI are: 
 
1. More expensive than CT  
   (between two and three times more); 
2. Less accessible to patients because there are  
    less units than CT in Australia; 
3. Problems with cardiac pacemakers  and other  
    implants including aneurysmal clips;  and 
4. Claustrophobia 

 

 

 

 
OTHER INVESTIGATIONS:          

FBC, ESR: looking for infectious WBC changes  
urea, creatine, electrolytes: looking for renal disease 2ndary to renal artery stenosis  

(comorbid with hypertension) 
Liver Function Testing: looking to exclude hepatic encephalopathy 
Random Glucose: looking to exclude ketoacidosis coma 
Serum cholesterol & triglycerides looking for hyperlipidaemia (a risk factor) 
Chest X-ray looking for signs of heart failure, in particular LV and LA enlargement  
ECG: looking for signs of dysrhythmia, in particular atrial fibrillation  
Echocardiogram: looking for atrial appendage clots and septal defects 
Lumbar Puncture to support a diagnosis meningitis if that’s what it looks like 
Echo doppler : looking for carotid stenosis and/or aneurism, even if there wasn’t a bruitt. 

 
How is this diagnosis made ? 

By CT, MRI, and the exclusion of hypoglycaemia, infection, trauma and tumour 

 
 
 
 

T2 MRI 
In T2 MRIs the CSF is white. In this MRI 
performed 3 days after a stroke a 
hyperintense (pale) region is seen in the left 
lateral medulla (arrow) oblongata. This 
represents edema within an area of 
infarction. 

 

Diffusion-weighted MRIs are 

good at showing cytotoxic edema, which 
appears as a hyperintense (white) region. 
This edema is seen in infarcts that are aged 
from a few hours to 10 days. In this image, 
a hyperintense region is seen in the left 
lateral medulla (arrow), indicating an acute 
infarct in this region. The resolution of 
diffusion-weighted images is not as good as 
T1 or T2 images, but their advantage is that 
they can show very early infarcts. 
 

MRI has not been evaluated for 
(and is generally held to be useless at) 
picking up very acute haemorrhage 



 MANAGEMENT            
Immediately: 

- CIRCULATORY AND RESPIRATORY SUPPORT:  

   Make sure they have an airway and are saturating 
Make sure they are not dehydrated 

REPLACE FLUIDS INTRAVENOUSLY: NIL BY MOUTH  
until cleared as somebody who can swallow without choking. 

If CT scan excludes haemorrhage, aspirin (150-300mg) should be given as soon as possible  
-  

- WATCH THEIR BLOOD PRESSURE: mainly out of morbid interest 

Give them more fluids if they are hypotensive, BUT- 
DO NOT attempt to lower even ridiculously high blood pressures: 
         High blood pressure helps perfuse the highly stenosed brain vessels 

 THUS wait 7 – 10 days before staring new antihypertensives 
HOWEVER if they are already on anti-HT meds,  
YOU CAN FEED THEM THEIR OWN PILLS 
…carefully watching their blood pressure  
  and monitoring them for signs of deterioration.  

IF THE SYSTOLIC IS OVER 220,  lower their blood pressure:   
that way they will become eligible for thrombolysis. 
Use a short-acting drug which has a reduced effect on intracranial  

vessels, eg. LABETALOL (Alpha-Blocker and nonselective beta-blocker) 
 

- ESTABLISH NORMOGLYCAEMIA   

 
- ADMINISTER NEUROPROTECTIVE DRUGS 

- May be medicolegal suicide, as none have been proven to have a 
measurable effect on survival;  

- ANTICOAGULATE with heparin  

- if particularly keen; but 1-4% of patients with stroke will 
upgrade to hemorrhagic stroke when anticoagulated  (i.e the 
clot you dissolved was holding the blood in a vessel 
somewhere) 

- PLUS: may consider anticoagulation if the patient is looking at a prolonged hospital stay 

 
 
 
 
Long-Term Rehabilitation: 
 Administer therapy to address those functions lost as the result of CVA: 
Eg.  SPEECH THERAPY 

OCCUPATIONAL THERAPY 
PHYSIOTHERAPY 
COUNCELLING 
PSYCHOTHERAPY 
Key words to spout in the barrier: “Therapeutic Alliance” and “Multidisciplinary Team Approach”  

 

 
 
 
 
 

STROKE UNIT is the best place to recover 
from a CVA because its swarming with the 
abovementioned specialist allied health staff  
Most people stay for months… 

ARE THEY PERFUSING THEIR BRAIN? 
Whats their cerebral perfusion pressure?       
If you know their Intra Cranial Pressure and 
their Mean Arterial Pressure… 
     CPP = MAP – ICP  
The normal ICP should be less 

than 20 mmHg and the normal CPP 
should be more than 60 mmHg. 

 

Is the ICP RISING? you don’t know! 

���� insert an ICP monitor IF: 
 - Glasgow score 8    - Midline shift on CT 
- massive subarachnoid bleed 
- brain stem compression 

KEEP ICP BELOW 20 
How this is done is detailed in the 
management of brain injury in the ICU. 
Essentially you sedate them, straighten their 
neck, raise their BP to maintain CPP, give 
loop diuretics, mechanically hyperventilate,  
give mannitol or IV glycerine, or decompress 
surgically with ventricle drain or craniotomy. 

 

Dexamethasone is NOT 
INDICATED for the treatment 
of strokeish ICP elevation 

Thrombolysis   

ONLY in the 1st 3 hours 
ONLY for major severe strokes 
ONLY if you have excluded a bleed 
ONLY intravenous tPA  
ONLY in the hands of people trained  

in its use.  
NEVER in uncontrolled hypertension 

(not over 185 systolic) 
NEVER in thrombocytopenic patients 

RISK OF FATAL BLEED = 1 in 16 



Prognosis              

Stroke is the third leading cause of death and the leading cause of disability in the US.  
Cerebrovascular disease was the second leading cause of death worldwide in 1990,  

killing over 4.3 million people. 

Cerebrovascular disease was also the fifth leading cause of lost productivity 

Epidemiology             
In the US: Incidence for first-time strokes is more than 400,000 per year.  

At current trends, this number is projected to jump to one million per year by the year 2050.  

Risk factors:             

Risk factors you cannot change  
• Age. Nine out of ten strokes affect people over 55.  

The risk for stroke increases with age.  
The risk doubles every decade you are over 55.  

• Race. African-Americans and Hispanics have 2 to 3 
times the risk of ischemic stroke 

• Gender. Stroke is more common in men than women.  
However, at older ages, more women than men have 
strokes.  
At all ages, more women than men die of stroke.2  

• Family history. The risk for stroke is greater if a 
parent, brother, or sister has had a stroke or TIA.  

• Prior history of stroke or TIA.  
About 14% of people who have a stroke have another 
stroke within 1 year.2  
Up to 25% have another stroke within 5 years.3  

 

 

Risk factors that you can change  
• Hypertension = the second most important stroke risk 

factor after age.  

• Diabetes. About one-quarter of people with diabetes 
die of stroke.  
Having diabetes doubles your risk for stroke  

• High cholesterol.  

• Other heart conditions such as atrial fibrillation, 
endocarditis, heart valve conditions, and 
cardiomyopathy 

• Other diseases :  lupus, syphilis, hemophilia, 
pneumonia, high levels of homocysteine, and 

periodontal disease.  

Pathophysiology             
CAUSES OF COLLAPSE  
= either with retention of consciousness or with loss of consciousness.  

=Loss of consciousness =  
EITHER cerebral cortex has been disturbed diffusely,  
OR that the Brainstem Reticular Formation 

Common causes =  epilepsy  
- tonic-clonic,  
- absence,  
- akinetic  

Recovery is usually rapid, though some patients may carry on having continuous  
seizure (status epilepticus). 

 

cerebrovascular disease 

especially if the reticular formation is involved in a brain stem stroke or in 
massive cerebral strokes such as subarachnoid hemorrhage.  

The collapse is usually of longer duration than in syncope or epilepsy 

syncope - a sudden and brief loss of consciousness associated with a loss of  

postural tone, from which recovery is spontaneous. 
ALL SYNCOPE = result of DECREASED CEREBRAL OXYGENATION 

... Syncope can be  
1. neurally mediated (vasovagal syncope) 

= reflex-mediated changes in vascular tone or heart rate. This is the commonest 
cause of syncope, and may be due to emotional factors or activation of receptors 
in organs such as the bladder (micturition syncope) or the carotid sinus.  

2. orthostatic hypotension  
(volume depletion, medications, primary and secondary –  
e.g. diabetes - autonomic failure).  

3. psychiatric (e.g. panic attacks).  
4. Due to primary cardiac conditions such as structural 

 heart diseases (such as aortic stenosis) or arrythmias. 
In about a third of cases a cause cannot be found. 



CEREBRAL ISCHAEMIA              
- The blood flow to the brain is controlled relatively independently to that of the rest of the body. 
VASCULAR CONTROL 

!! CRITICAL NEED FOR STABLE PREESSURE !! ���� 
 REMAINS CONSTANT for 50 – 150 mmHg 
This is known as cerebral autoregulation .  
(increased pressure = dilation of arterioles to drop the pressure) 

METABOLIC CONTROL 
increase in the partial pressures of CO 2 (pCO 2 ) = vasodilation,  
decrease in pCO 2 = vasoconstrictor.  

THUS: sudden and local changes to blood flow, matching neurone activity. 
Increased local neural metabolic activity  
� the release of CO 2 (which leads to a decrease in local pH)  
� local vasodilation.  
� increased blood flow  
� Thus, need for more nutrition is met 

Cerebral blood flow is also controlled by both sympathetic and parasympathetic 
autonomic nerves. 

 sympathetic  = from the superior cervical ganglion in the neck,  
Parasympathetic    = from seventh (facial) cranial nerve.  
� IMPORTANT ROLE UNDER ABNORMAL CIRCUMSTANCES 

eg. SYMPATHETIC : extremes of pressure autoregulation (when b.p. approaches 50 or 150) 
PARASYMPATHETIC: dilating vessels under conditions of focal hypoxia or ischaemia  
  THUS; AUTONOMIC REGULATION = DAMAGE CONTROL 
 
 
COMPROMISED BLOOD SUPPLY IS DUE TO:  
- blockage or rupture of an artery 
- blockage of a vein. 
- a severe fall in arterial blood pressure  
less severe hypotension causes decreased perfusion at sites of potential limited 
cerebral circulation 

� leads to "boundary/watershed zone" infarcts between the territories of, for example, 
the anterior and middle cerebral arteries. If the reduction of blood supply is of brief duration 
(e.g., migraine or tranisient ischaemic attack) full recovery of neural function is the rule. 

 If reduction in blood supply is prolonged enough to cause ischaemic necrosis (i.e. 
infarction) very little recovery of neural tissue function can be expected.  

 
Following a stroke, arterial pressure is often elevated.  
However, there is usually severe disruption to normal autoregulatory mechanisms of cerebral 
blood flow.  
 
Giving agents that lower arterial pressure, therefore, may seriously compromise 
cerebral perfusion. 
 
CAUSES OF STROKE                6.01 
stroke = prolonged neurological deficit with sudden onset and a vascular basis.  
Transient ischaemic attacks = short-term neurological deficit that resolves quickly. 
 
Take history and examine to determine: 
1. What is the cause of this patient's stroke?  
2. Is there effective therapy for this stroke?  
3. Can the chance of a further stroke be reduced?  
 
Strokes can be due either to    OCCLUSION (� ischaemic necrosis; infarction) 

   Or  RUPTURE (� haemorrhage) 
 



INFARCT:             
MOST OFTEN:  
cause of infarct is atheroma in the internal carotid artery near its origin from 
the common carotid artery. 
ALSO atheroma may form  
at the termination of the internal carotid artery and in the basilar artery. 
 
Small embolus = only TIA, and more commonly to deep structures. 
 
Small penetrating arteries to the deep parts of the brain can be occluded by 
atheroma, thrombus, or hypertensive thickening of the vessel walls.  
THUS, small infarcts will be found in the deep structures of the brain such 
as the basal ganglia 

 
HAEMORRHAGE:            
usually due either to  
1. rupture of a berry aneurysm at the base of the brain,  
- giving rise to a subarachnoid hemorrhage,  
2. rupture of a small penetrating artery  
- gives rise to a hematoma deep in the brain (an intracerebral hemorrhage).  
- These have become less common with better control of arterial hypertension. 

 
 
NEUROPROTECTIVE AGENTS               6.01 
NORMALLY: treat stroke by addressing thrombogenesis or thrombolysis. 

Eg: heparin, aspirin, tPA 

NO LONGER!! Noveau therapies aim at cellular disturbances of ischaemia 

 

PATHOLOGY OF BRAIN INFARCTION: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISCHAEMIA Rise in intracellular Na+ 
BECAUSE: 
- Na+ channels stay open for too long 
- No ATP means Na+/K+ATPase 

cannot pump Na+ 
- THUS Na+ gradient collapses. 

MASSIVE 
GLUTAMATE + ASPARTATE RELEASE 

BECAUSE: 

- Transporter for excitatory amino 

acids (which normally removes 

them from extracellular space) 

RUNS BACKWARDS and pumps 

shitloads of them out of the 

ischaemic neuron. OVERSTIMULATION of NMDA glutamate receptor 
- Which has great permeability for Ca++ 
THUS: 
CALCIUM IONS RUSH INTO THE CELL 
…and cannot be removed by the ATP-starved Ca++ ATPase 

MITOCHONDRIAL INJURY 
THUS: no more ATP, forever 

ACTIVATION OF 

- Proteases 

- Kinases 

- Phospholipases 

- endonucleases 

IN ABSENCE OF REPERFUSION 

WITH REPERFUSION 

REPERFUSION INJURY 
From production of oxygen free 
radicals 

free radical 
scavengers (e.g., 

voltage gated Na+ 
channel blockers (e.g., 
lubeluzole, riluzole), 

voltage gated Na+ 
channel blockers (e.g., 
lubeluzole, riluzole), 

voltage gated Ca+ channel blockers (e.g., 
nimodipine, lifarizine) 

glutamate receptor antagonists (e.g., 
dizocilpine, dextrorphan), 



Neuroprotective agents act by targeting one or more of these abnormal cellular events.  

these drugs target the peri-infarct area which lies between the non-salvageable, ischaemic core 

and normally perfused brain. 

The peri-infarct area is thought to be recruited into the infarcted 

core over several hours (evolving stroke), providing a therapeutic 

window for drug intervention. 

 

Thus, it is hoped that neuroprotective agents will prevent "at risk" 

tissue progressing to infarction, thereby reducing brain damage 

caused by stroke. 

They include  

glutamate receptor antagonists (e.g., dizocilpine, dextrorphan),  

voltage gated Na+ channel blockers (e.g., lubeluzole, riluzole), 

voltage gated Ca+ channel blockers (e.g., nimodipine, lifarizine)  

free radical scavengers (e.g., tirilazad).  

 
 
 
 
 
 
PHARMACOLOGY OF ASPIRIN              6.02 
 

Aspirin (acetylsalicylic acid) = COX enzyme system inhibitor. 
 
This enzyme system, now called cyclo-oxygenase, converts arachidonic acid to products such as prostaglandins (PGs) and thromboxane (Tx). 
The major arachidonic acid metabolite in platelets is thromboxane A2, which is proaggregatory and the major metabolite in endothelial cells is 
prostacyclin(PGI 2 ) which inhibits platelet aggregation.  
 

Aspirin acetylates many proteins, binding to them irreversibly. In the case of platelet cyclo-
oxygenase, this irreversible binding inhibits thromboxane synthesis for the lifespan of the 
platelets.  
 
Thus, prolonged bleeding tendency will last for several days after cessation of 
treatment with aspirin. 
___________________________________________________________________________ 
long-term treatment with aspirin reduces the incidence of cerebro-vascular events in 
patients with previous strokes or transient ischaemic attacks.  
___________________________________________________________________________ 
Clinical studies in normal volunteers suggested that low doses of aspirin (less than 100 mg) 
effectively inhibit platelet cyclooxygenase activity with only slight inhibition of vessel wall PGI 2 
formation.  
 
  
daily doses of 30 mg aspirin are no less effective than 283 mg  
and the lower dose has less side effects (Dutch TIA Trial, 1991). 
 
Therefore: 
 
use aspirin (in doses of 100-300mg/day) in patients needing secondary prevention of 
cerebrovascular disease provided that there are no contraindications (Orme, 1988). 
 
 
 



Relevant anatomy 
 
 
 

 
 
 
 
 
 
 



 

In the medulla, as in the spinal cord, the different fibre tracts are segregated from each other. For 

example, the corticospinal tracts are found within the pyramids lying ventrally in the medulla; the 

dorsal spinocerebellar tracts are found within the inferior cerebellar peduncle located dorsolaterally; 

the medial lemnisci are found close to the midline, and the spinothalamic tracts are found laterally. Two 

major decussations occur in the medulla. First, the huge pyramidal (corticospinal) decussation which 

defines the caudal boundary of the closed medulla, and second, the sensory decussation of the axons 

from the gracile and cuneate nuclei, located more rostrally in the closed medulla. 
The reticular formation of the medulla is made up of many distinct groups of cells concerned with specific functions, the majority of which, are crucial for 
the maintenance of life. For example, the reticular formation contains small cell groups regulating cardiovascular function, and other autonomic activities, 
as well as respiration. The reticular formation carries out these critical functions, in part, by controlling directly the activity of the spinal cord (e.g., via 
reticulospinal tracts). The reticular formation is, in turn, under the control of higher centres.] 

The brain receives its vascular supply from the internal carotid 

and vertebral-basilar arterial systems. The internal carotid 

arteries predominantly supply forebrain structures, while the 

vertebral-basilar system supplies the cervical spinal cord, 

brainstem, cerebellum, occipital and portions of temporal 

neocortex. The two systems meet and anastomose in the circle of 

Willis on the ventral surface of the brain. This has important 

clinical implications. For example, if a proximal artery (e.g., the 

internal carotid artery) is occluded, blood flow to a distal 

branch (e.g., the anterior cerebral) may be supplied from the 

other major arteries contributing to the circle. 
The vertebral-basilar arterial system has many branches. The most important are the posterior 
inferior cerebellar artery (PICA), the anterior inferior cerebellar artery (AICA), the superior 
cerebellar artery (SCA) and the posterior cerebral artery (PCA). Many of the branches of the 
vertebral-basilar arteries that supply the brainstem also supply the cerebellum (e.g. PICA, AICA 
and SCA). 
In the brainstem, the zone of supply of each arterial branch of the vertebral artery is 
characteristically "wedge-shaped". For example, in the caudal medulla, three wedges of supply 
are seen on each side. The most lateral wedge is supplied by the posterior inferior cerebellar 
artery, the middle wedge is supplied by the vertebral artery itself, and the most medial wedge is 
supplied by the anterior spinal artery. Thus a blockage of an individual artery will cause a 
distinctive wedge-like zone of infarction in the medulla, and this will be manifest as a distinct set 
of symptoms and signs which can be recognised on clinical examination. 
 
 
 
 

 
 



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MECHANISM OF PATHOLOGICAL CHANGES AFTER STROKE  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RISK FACTORS: 
Age.  
Hypertension  
Gender. women.  
Family history.  
Prior history of stroke or TIA.  
Diabetes. doubles your risk for stroke  
High cholesterol.  
Other heart conditions  
high levels of homocysteine  

BLOOD VESSEL 

OCCLUSION  
 

RUPTURE of the blood  vessel 
  

ISCHAEMIA 

NO ATP!!  Thus: 
Na+/K+ ATPase cannot pump 
the Na+ out;  
PLUS Na+ channels stay 
open for far too long 
Therefore  
Influx of intracellular Na+ 
And hence  
SWELLING OF NEURONS 
 

HAEMORRHAGE 
  

SWELLING 
Of brain parenchyma 

ORGANISATION: 
3 days later 
microglia transform 
into FOAM CELLS 
= suck up the debris 
and hemosiderin… 
BUT NEVER QUITE 
LEAVE THE AREA 

10 days later 
astrocytes activate 
and produce protein 
in their cytoplasm 
(eccentric deposition) 
these are GLASSY 
GLIAL FIBRES: the 
brain equivalent of 

scar tissue 

Neutrophil Influx; 
Free radicals produced 

  

“BROWN SLIT” 
RESOLUTION 
 Flipped by changing ionic gradients, 

the excitatory amino acid transporter  
runs BACKWARDS: pumps 

glutamate and aspartate OUT 
of the cell: THUS ���� 
 

OVERSTIMULATION  
Of NMDA glutamate receptor 
 

MASSIVE INFLUX  
of CALCIUM IONS 

Voltage-gated  
Na+ channel blockers 
 

Glutamate 
receptor 
antagonists 
 

Voltage-gated Ca++ 
channel blockers 
 

Ca++ cannot be 
removed by the 
ATP-starved 
CA++ATPase 

 

REPERFUSION 
  

NO  REPERFUSION 
  

REPERFUSION INJURY: 
� free radicals generated 
by sudden influx of oxygen 
EAT THE NEURAL TISSUE  
but, the ischaemic 
penumbra is restored  
(i.e wherever damage was 
sublethal can be repaired) 
 

MITOCHONDRIAL INJURY 
Too much calcium causes 
mitochondria to lyse… 
THUS: more free radicals,  
and whats worse,  

NO MORE ATP, EVER! 
Also… 
Release of mitochondrial contents 
especially electron transport 
chain components, results in the 
activation of  
APOPTOSIS and AUTO-LYSIS 
via activation of endonucleases, 
proteases, kinases, and phospholipases 

Conventional 
thrombolytics and 
vasodilators 
 

Free Radical 
Scavengers 
 

CAVITATION 
A  fluid-filled hole in the brain. 
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Multiple Sclerosis         
History of Presenting Illness: Initial symptoms in order of frequency   

- Weakness 
- Sensory Loss 
- Paresthesia 
- Optic Neuritis 
- Diplopia 
- Ataxia 
- Vertigo 
- Bladder urge incontinence 
- Paroxysmal Symptoms  

(brief attacks of paraesthesia + spasm and 
tonic contraction) 
- Lhermitte’s sign (electric shock on neck 

flexion) 
- Pain 
- Dementia 

- Visual loss 
- Facial palsy 
- Impotence  

 

Differential Diagnoses            
Systemic Lupus 
Sjogrens syndrome 
Behcets disease 
Paraneoplastic effect 
sarcoidosis 

Lyme disease 
Subacute combined degeneration 
Multiple emboli ���� stroke 
Acute encephalomyelitis 
Neurosyphilis 

 
Pertinent Findings on History          
AIM is to exclude the diagnosis of every other disease on the list above; not easy 

The review of systems should concentrate on the evidence of bladder, kidney, lung, or skin infection and 

irritative or obstructive bladder symptoms. 

Classic MS symptoms 
• Sensory loss (ie, paresthesias) usually is an early complaint. 

• Motor (eg, muscle cramping secondary to spasticity) spinal cord symptoms 

• autonomic (eg, bladder, bowel, sexual dysfunction) spinal cord symptoms  

• Cerebellar symptoms (eg, Charcot triad of dysarthria, ataxia, tremor) may occur. 

• fatigue (which occurs in 70% of cases)  

• Dizziness 

• Subjective difficulties with attention span, concentration, memory, and judgment may be 
noted any time during the disease course. 

• About 50% of patients with MS have impairment, usually mild, in information processing on 
neuropsychological testing. 

• Depression is common, but euphoria is less common. 

• Over the course of the disease, 5-10% of patients develop an overt psychiatric disorder (eg, manic 
depression, paranoia, major depression) or dementia. 

• Eye symptoms, including diplopia on lateral gaze, occur in 33% of patients. 

• Trigeminal neuralgia may occur. 
Family History:  

Consider asking abut ethnic background. The Norse cultures suffer most (except Eskimos, who are 
paradoxically immune.) Also, the risk seems to be associated entirely with childhood years spent in 
a temperate climate 

 
 
 
 
 

 

Clinical patterns of MS. A, B, relapsing-remitting; 
C, D, secondary progressive; E, F, primary 

progressive; G, progressive relapsing. 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Optic neuritis = the initial presentation of 15% of patients with MS.  
!! Fifty percent of all patients who present with ON have MS !!  
Isolated episodes of ON, even if they are recurrent, do not represent MS. 

= Acute onset (minutes or hours) of  

• single eye visual blurring, 

• decreased acuity (ie, usually scotoma),  

• decreased color perception,  

• discomfort of the moving eye 
3 phenomena of optic neuritis: 

1. Phosphenes: flashes of light when you move your eyes 
2. Uhthoff phenomenon: eye symptoms made worse by HEAT 
3. Pulfrich effect: rate of transmission between the optic nerves are unequal, thus a 

 sense of disorientation in traffic  
!! BILATERAL OPTIC NEURITIS IS RARE !! 

 
Findings on Examination           
:focus on long white matter tracts: 

Eye:Optic neuritis 
- funduscopy results are usually normal: UNLESS your pt is a chronic sufferer,  

in which case expect OPTIC NERVE ATROPHY: a pale and useless-looking optic disk 

 "The patient sees nothing and the doctor sees nothing."  
- Light Reaction: afferent pupillary defect (i.e cant see thus cant react) 

may be seen in the affected eye.  
- Visual acuity usually is impaired (ie, subtle to total blindness). 

- internuclear ophthalmoplegia (INO) = classic finding; a lesion in the median longitudinal 
fasciculus (MLF) resulting in  

- a weakness in adduction of the ipsilateral eye  
- nystagmus on abduction of the contralateral eye, 
- an incomplete or slow abduction of the ipsilateral eye upon lateral gaze, 
- complete preservation of convergence. 

- abnormal pupillary responses, 
- acquired pendular nystagmus : rapid, small amplitude pendular oscillations of the eyes in the 

primary position resembling quivering jelly. Patients frequently complain of oscillopsia 
(subjective jumping/jerking of objects in the field of vision), which impairs visual performance 

- loss of smooth eye pursuit. 
YOU HAVE TO FIND ONE OF THESE SIGNS TO EVEN CONSIDER A DIAGNOSIS OF MS 

Spinal Cord Symptoms 
= indicative of upper motor neuron dysfunction, as long white matter highways is what the SC is all about 

- Sphincter paralysis = bladder, bowel, and sexual dysautonomias. 
- Paralysis 
- Spasticity 
- hyperreflexia  
- Decreased joint position and vibration sense 
- Decreased pain and temperature (less common) 

  

Cerebellar symptoms:  

- Disequilibrium,  
- truncal or limb ataxia,  
- scanning (ie, monotonous) speech, 
- intention tremor, 
- saccadic dysmetria  

 

Lhermitte sign: Neck flexion results in an electric shocklike feeling in the torso or extremities 

 
 
 
 
 
 



Tests and Investigations           
Visually Evoked Potentials 

The individual visual evoked potentials 

with the major scotoma superimposed 

(grey-shaded area).  

 

 

 

 

Approximately 85% of clinically 

definite MS patients have abnormal 

VEPs.  

 

SOMETHING VERY SIMILAR can 

be done for somatic sensations and 

hearing 

 

Full Blood Count 
Should be NORMAL; 

  if white cells are increased, you may be looking at a case of meningitis or brain abscess  

VDRL: Venereal Disease Research Laboratory test 
A blood test used to diagnose syphilis. Neurosyphilis has many manifestations, and can mimic MS 
in many ways; however it is not as common in civilised countries as it is in Calcutta or London 

ESR 
Hopefully NOT ELEVATED 
This is done to rule out infection and various nasty rare illnesses which cause raised ESR such as  
- Acute Disseminated Encephalomyelitis 

Immune-mediated encephalitis (IME), ADE, allergic treatmentn to prior infection, begins 1-2 weeks after event, occus 
after viral infection or vaccination, affects corpus callosum and white matter (above and below tent), self-limited; 
steroids may help  

- Meningitis 

- Wegener's granulomatosis 
(Sinuses, mucoperiosteal thickening, may destroy bone and cartilage, lungs, necrotizing granulomata, multiple round 
nodules (2 mm - 9 cm), may cavitate, kidneys, glomerulonephritis most likely to be necrosis of capillary tuft, generalised 
necrotizing vasculitis of arteries and veins, auto-immune: basement membrane, almost always involves lungs, M = F, 
30-50 years of age, symptoms: cough, haemoptysis, fever, wt loss, multiple respecially infections, treatment: cytotoxins, 
immunosuppression ) 

MRI with Gadolinium Contrast          
 

- If there was a gold standard for MS diagnosis, MRI would be it.  
- The MRI findings are gadolinium-absorbing lesions over the  

white matter tracts in the brain, where the BBB is broken and     
acute inflammation is taking place. 

- This may not pick up small lesions during a period of  
remission, because some of them re-myelinate. 

The signature lesions are the “periventricular high signal 
areas”, or “Dawson’s Fingers” 

! Acute disseminated encephalomyelitis may be radiographically 

indistinguishable from MS. BEWARE!! 
CSF: 

Immunochemistry 
           selective increase in immunoglobulin G with  

          oligoclonal bands;  

          ..and maybe elevated protein in acute phase 
Microscopy  
           Up to 50 mononuclear cells on cell count  

(lymphocytes dominate) 

Culture 
Hopefully nothing; however this excludes 
meningitis and encephalitis 

 



How is this diagnosis made ?    …BY EXCLUSION!! 
To call it MS, you must.. 
- Find objective CNS abnormalities, eg. big scotoma 

- These abnormalities are due to white matter tract destruction, eg. corticospinal 

tracts, dorsal column tracts, cerebellar pathways, medial longitudinal fasciculus or 

optic nerve problems 

- Must have at least two sites where this is occurring (four if you involve MRI) 

- Symptoms must last at least 1 day, and occur at least 1 month apart 

- OR: 6 months of progressive decline with increased CSF IgG 

- That IgG has to be OLIGOCLONAL with 2 or more bands  

- The patient must be between 15 and 60 years old 

- After all that, 

 ITS MULIPLE SCLEROSIS IF YOU CANT FIND A BETTER EXPLANATION 

 
Disease Definition            

Multiple sclerosis (MS) is an idiopathic inflammatory demyelinating disease of the CNS.  

MS is characterized by  

(1) a relapsing-remitting or progressive course and  

(2) a pathologic triad of CNS inflammation, demyelination, and gliosis (scarring).  

Lesions of MS are classically said to be disseminated in time and space.  

 

Management             
ACUTE: 
Hit them with steroids right away if you suspect an acute lesion in progress: 

DRUG ‘O’ CHOICE: IV infusion  Methylprednisolone  3-5days  
Mechanisms of action same as for Cortisol (but more potent (5x anti-inflammatory) 

and does not stimulate Na retention. Decreases inflammation by suppressing 

migration of polymorphonuclear leukocytes and reversing increased capillary 

permeability. 

NO LONG TERM BENEFIT but duration of attack is reduced 

LONG TERM: 
Aim is to slow progression and delay onset of SUSTAINED PROGRESSION 
DRUGS which do this include: 
- INTERFERON BETA 1a  
- INTERVERON BETA 1b 

IFNs have nasty side effects such as  

- Injection site reactions;  

- Flu-like symptoms;  

- CNS disturbances incl. depression and suicidal ideation;  

- Leucopenia; 

- Menstrual disturbances  

- Elevated hepatic enzymes;  

- Hypersensitivity reactions; 
- COPAXONE (glatiramer acetate) 

is practically the same except side-effects are nicer,  
eg. no menstrual disorders or depression.  
The mechanism is unknown, but it seems to decrease the frequency of relapses 

- MARIJUANA : although anecdotally patients report improvements in ataxia and spasticity, 
this management option is not supported by world literature and thus cannot be recommended 
with a straight face. 

 



Emergency Assessment of the Unconscious Patient    
CONSCIOUSNESS: awareness of self and external stimuli. 
Regulated by the Brainstem Reticular Formation, especially the Locus Coeruleus 

− Obtundation: response only to stimulus 

− Stupour: response only to PAINFUL stimulus 
Massive list of differentials;...so what has put this person into a coma? 

FIRST YOU LOOK FOR THE MOST EASILY REVERSIBLE CAUSES 
Eg. something that you can answer with a big needle, like a tension pneumothorax or a heroin overdose. 
 

The ABCs:             
Is your patient HYPOXIC, HYPOVOLEMIC, HYPOTENSIVE? 
Whatever else the problem may be, these are more serious. 
i.e you cant be conscious if your blood is not circulating. 

 
HISTORY:              

− Age?  
− Diabetes? Heart condition? Epilepsy?  

− DRUGS?? Taken anything? 

− Trauma? (ask for the mechanism of trauma) 
− Rate of onset of coma (sudden collapse, or steady decline?) + was there a prodrome? 

− Even when its clearly drug-induced, there may also be a brain injury. 

EXAM:             

PULSE 
BLOOD PRESSURE 
TEMPERATURE 
RESPIRATORY RATE AND PATTERN: 

 ATAXIC BREATHING has no pattern; = medulla lesion 
  CHEYNE-STOKES BREATHING shallow breathing, gets deeper, deeper,  

then shallows out again- indicates that injury is in brainstem or thalamus 

PUPILS: size, reaction, symmetry. 
   Tiny equal pupils: opiate overdose or Pons lesion 
   Mid-size equal fixed unreactive pupils: Midbrain lesion 
   Unequal pupils: !! CONING !! lesion is on the dilated side  
 While on the topic of the head, look for 

− Crepitus of the facial bones or CSF RHINORRHOEA 

− Raccoon Eyes (bilateral orbital haematomae) 

− “Battle Sign” – huge bruise at the mastoid process behind the jaw 

− Haemotympanum 
 

OK, now take some blood   .... and do some SCANS:    
EUC  -  hyponatremia of sudden onset? 
FBC – so anaemic, or leucocytosis  of sepsis 
LFT -  hepatic encephalopathy? 
COAGS – unexplaiable intracranial bleed? 
BSL – hypo, or HONK, or ketoacidosis 
DRUG LEVELS eg. anticonvulsants 

BRADYCARDIA and HYPERTENSION? 

= “Cushing response” 

= increasing ICP!! 

BASE OF 

SKULL 

FRACTURE 

 CT OF HEAD 
−  The usual eg. blood where blood shouldnt be 

− Diffuse Axonal Injury: petechiae on CT  
C-SPINE SERIES 
  

Glasgow Coma scale 

 Eyes opening Motor verbal 

6  Obeys 
commands 

 

5  Localises to 
pain 

Orientated 

4 Spontaneous Withdraws from 
pain 

Confused 

3 To speech Abnormal 
flexion 

Inappropriate 

2 To pain Extends to pain incomprehensible 

1 none none None 
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EPIDURAL HEMATOMA 
Fast growing: being filled by an 
artery which got cut open by 
skull fracture edges moving 
past one another. The MIDDLE 
MENINGEAL is a common site 
 
 
 
 
 
 
 
 
 
 
 
 
 

=  This does not  mean 
brain damage, but it does 
NEED AN URGENT 
OPERATION to dig out 
the clot 

SUBDURAL HEMATOMA 
Slow-growing venous filled 
hematoma. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

=  This  means brain 
damage is happening, but it 
DOES NOT NEED AN 
URGENT OPERATION  

SUBARCHNOID BLEEDING 
slow Or fast bleeding into the CSF 
and subarachnoid space. From 
deceleration trauma, when the 
brain rides forward along the 
anterior cranial cavity floor, 
shredding its supplying vessels 
with the jagged crista galli . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
!! SUBTLE CT SCAN CHANGES !! 
since patient lies supine for the CT, 
the blood collects in the posterior 
parts of the ventricles. Plus the sulci 

are also filled with blood, but its hard to see. 

CEREBRAL CONTUSION: 
bleeding into the parenchyma 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLUS, you sometimes get these 
scattered throughout the brain; this is 
MULTIPLE PETECHIAL 

HAEMORRHAGES which are 
associated with diffuse axonal injury. 

Treating Head Injury in the intensive care setting    
In this setting that means youre treating secondary injury: i.e rising ICP due to the brain 
becoming engorged with blood in response to trauma. Thus, a swelling brain bruise. 

=== !! ITS ALL ABOUT THE SWELLING !! === 
 
 
 
 
 
 
1. FIRST, SECURE AIRWAY. Intubate if the patient is GCS 8 or below 
2. Sit the patient up at 30 degrees 
3. Keep their head straight. 
4. SEDATE THEM HEAVILY (even a slight cough could raise their ICP dangerously) 
5. CONTROL THE CARBON DIOXIDE ���� AT 37 to 38 because CO2 determines the  

cerebral blood flow, and you want to keep the blood flow 
constant so that the vessels don’t dilate too much (thereby 
adding to the already high ICP) 

6. GET A SKULL CT SCAN. Need to know what is raising that pressure: 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Normally ICP is 0 to 15 mm Hg; 
over 30 requires treatment:  

Cerebral perfusion pressure : 
CPP = MAP - ICP  
!! CPP should be around 65!! 
So keep the MAP at  or above 80 
 

If the Intracranial Pressure rises above 20-25, the 
cerebral perfusion pressure will drop. THUS: 

Keep the ICP in MID-TEENS 
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CONTROLLING THE ICP: 

7. Make sure you have a good idea of what the blood pressure and the ICP are 
This means an Arterial line and an ExtraVentricular Drain ( Neurosurgeons 
just cram it through the brain into the ventricle; the theory is that the brain damage 
already incurred makes the thin needle wound seem acceptable) 

8. Suck the fluid out with HYPERTONIC SALINE 

3 times the concentration of normal; better than mannitol. 
 
BLOOD PRESSURE RISING NOW? 

9. Consider giving frusemide  
(as the blood becomes hyper-osmolar it will suck in some interstitial 
water and thus expand in volume; so you want to urinate it out before the 
blood pressure goes out of control) 

10. Blood pressure falling? Give Noradrenaline (vasoconstrictor) 
 
INTRACRANIAL PRESSURE STILL RISING?? Time for “Second Tier Therapies” 

11. Barbiturates: reduce the metabolic rate or the brain, thus decreasing oxygen  
demand and reducing blood flow (which is dependant on metabolic rate, 
vasodilation being triggered by metabolites) 

12. Hypothermia: for the same reason 

13. Muscle Relaxants to stop coughing: heavily sedated patients might still manage  
to gag on their endotracheal tube and cough, though not showing 
any outwardly signs of doing so. However, the ICP WILL JUMP 
each time they do so. WATCH THE ICP GAUGE! (With paralysing 
anaethesia the patient will still gag, but not be able to cough.) 

14. STEROIDS: if the ICP increase is not the result of trauma, but a tumour 
 

STILL RISING?? 

15. Its time for DECOMPRESSIVE CRANIECTOMY 
Take off the front of the skull, and the brain has somewhere to expand into. 

 
 
 
 
 
 
 
 
 
 



Intracranial Aneurysm          
Presentation: 
- 90% present with intracranial haemorrhage 
- 7% present with space-occupying symptoms 
 
 
 
 

 
-  
-  
-  
-  

SPECIFIC SYNDROMES  

Anterior communicating artery:  
= the most common site of aneurysmal subarchnoid haemorrhage  

- altitudinal visual field deficits, 
- abulia (Loss or impairment of the ability to act or to make decisions.) 
- akinetic mutism 
- amnestic syndromes 
- hypothalamic hypopituitarism 

Anterior cerebral artery:  
- frontal lobe syndromes 
- anosmia,  
- motor deficits  

 

Middle cerebral artery:  

- Aphasia 
- Hemiparesis 
- hemisensory loss 
- anosognosia (a condition in which an ill patient is unaware of her own illness or the deficits resulting from her illness)  

- visual field defects  

Posterior communicating artery: 
- Pupillary dilatation, 
- ophthalmoplegia,  
- ptosis  
- mydriasis (pupil dilation) 

- hemiparesis  

Internal carotid artery:  

- ophthalmoplegia due to compression of CN III  

- variable visual defects  
- optic atrophy due to compression of the optic nerve 

- bilateral temporal hemianopia (chiasm pressure) 

- Hypopituitarism 
- anosmia may be seen with giant aneurysms. 

 

Cavernous-carotid aneurysms exert mass effects within the cavernous sinus, producing  

- ophthalmoplegia  
- facial sensory loss 
- epistaxis if ruptured. 

Basilar artery:  

- bitemporal hemianopsia  
- oculomotor palsy 
- bulbar dysfunction 
- respiratory difficulties 
- neurogenic pulmonary edema. 

Vertebral artery or PICA:  

- Ataxia 
- bulbar dysfunction 
- spinal involvement 

False localizing signs:  
- CN III palsy and hemiparesis in uncal herniation,  

- CN VI palsy with elevated intracranial pressure, 

- homonymous hemianopia due to posterior cerebral artery compression along the tentorial edge, 

- brainstem dysfunction associated with tonsillar herniation 

 

- common, affecting approximately 5% of the population  
- are multiple in 20-30% of patients 
- mostly remain asymptomatic throughout life  
- symptomatic aneurysms are >1 cm 
- often occur at vessel bifurcations  
- cause 80% of subarachnoid haemorrhages  

3rd nerve palsy: 
- weakness or paralysis of the  

- superior rectus 
- inferior rectus 
- medial rectus 
- inferior oblique 
- levator palpebrae muscles,  

- impaired parasympathetic innervation to the pupil.  

With a complete oculomotor palsy, the eyelid will be 
paralyzed, the eye will be in an abducted and inferior 
position, and the pupil will be markedly dilated 
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INTRACRANIAL PRESSURE and CUSHINGS TRIAD     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CPP = MAP - ICP 

MAP = mean arterial pressure;  

 

 

Where DP is the diastolic pressure and PP is the pulse pressure (the difference between 
systolic and diastolic). It is believed that a MAP of greater than 60 mmHg is 
enough to sustain the organs of the average person under most conditions. 

CPP = Cerebral Perfusion Pressure 
= in adults should be around 70mmHg  

ICP = Intracranial Pressure 
Normal ICP = 0 to 10 mmHg in adults 
 = 0 to 10 mmHg in children 
 = 0 to 5 mmHg in infants  
Above 15 mmHg = intracranial hypertension 
Above 20mmHg  = risk of focal ischaemia 
Above 50mmHg = risk of global ischaemia 
Maintenance of an adequate cerebral perfusion 
pressure is more important than control of ICP per se.
   

Raised ICP 

Reduced CPP 

Reduced O2 content of intracranial blood; 
Increased CO2 content of intracranial blood 
Lactic acidosis of intracranial blood 

Vasodilation in response to these changes 

Thus hyperventilation can lead to a mean reduction in 
intracranial pressure of about 50% within 2-30 
minutes. When PaCO2 is less than 25 mmHg  there is 
no further reduction in CBF. Low arterial oxygen 
tension also has profound effects on cerebral blood 
flow.  When it falls below 50 mmHg. there is a rapid 
increase in CBF and arterial blood volume. 

Increased intracranial blood content 

Artificial hyperventilation 

Vasoconstriction in 
response to these changes 

Decreased intracranial blood content 

Decreased ICP Potentially, 
hypoperfusion 

Reduced CO2 and  
Increased O2 

…decorticate = flexion; 
…decerebrate = extension

AUTOREGULATION of cerebral blood flow keeps the CPP steady 
with an MAP range of 60 to 160mmHg . At 60mmHg the vessels are 
maximally dilated and at 160 they are maximally constricted. 

HYPERTENSION: 
The rise of MAP to compensate for increasing ICP is an adrenergic response, chiefly alpha-
adrenoceptor-mediated, with both increased cardiac output (predominantly stroke volume, and hence 
increased pulse pressure) and increased vascular resistance peripherally. This response is said to 
originate either in the ischaemic hypothalamus (as a result of ischaemia-induced excitatory 
neurotransmitter release). 
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           eningiomaeningiomaeningiomaeningioma                                                                                                                                        

      History of Presenting Illness and Physical Signs     
- HEADACHE 
- Seizures 
- Focal signs suggestive of location: 

- Monoparesis of contralateral leg----------------- 
- Apathy, disinhibition, incontinence------------- 
- Unilateral anosmia------------------------------------ 
- Upper cranial nerve palsies (II, III, IV, V, VI)--- 
- Contralateral hemianopia---------------------------- 
- Loss of hearing and facial weakness----------- 
- Brown-Sequard syndrome (spinal cord hemisection) 
- Unilateral visual loss in one eye-------------------- 
- Seizures and upper cranial nerve palsies-------- 
- Sphincter dysfunction and tongue atrophy----- 

 
  

 

 
 
 
     INVESTIGATIONS:      

       The BLOODS: FBC- WCC elevated? With fever, think abscess / meningitis  

                     EUC-  
         The RAYS: Chest X-ray-  
      Contrast CT of head: This is “the shit” of brain  

      tumour imaging. Exposes the mystery. You expect an  
      oedema-surrounded hyperdense lesion with  
      calcifications, which enhances well with contrast.  

      MRI is also very good:  
- The edema may be more apparent on MRI than on CT scanning. 
- An enhancing tail involving the dura may be apparent on MRI. 

       MRI angiography is excellent when you have decided that you need to operate: 

      Shows the supply from the external circulation  
Mother-in-law blush (which comes early and leaves late)  

Sunburst or radial appearance of the feeding arteries 

Electroencephalogam: Some value in surface tumours; -slow wave activity (? Due to oedema?) 
Formal Neuropsychological testing : 
 May be required to properly identify what the dysfunction is, as vaguely “not feeling myself” is not a useful symptom. 
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Spinal canal meningioma: 

- contralateral decreased pain sensation, 
ipsilateral weakness,  

- decrease in position sense 
- sphincteric weakness  
- ultimately, complete quadriparesis  

Could it be- 
- Stroke 
- Migraine 
- Meningitis or abscess 
- Sinusitis 
- Brain aneurysm? 

MUST EXCLUDE: 
- MENINGITIS 

- BRAIN ABSCESS 

- INTRACRANIAL HAEMORRHAGE 

     MOST of these will be excluded by the imaging 
-  

Have they got a 

temperature? 

Early morning headache, 
consistent with rising ICP? 

AND papilloedema??   

The key is to exclude the dangerous emergencies- 
- Especially ones which can be quickly repaired 

Is there reason to think about encephalopathy of some sort? 
Could they simply be delirious from dehydration? 

pneumonia increases the likelihood of  
embolic pneumococcal abscess or meningitis  

A largely harmless slowly growing pet inside your head 

These are characteristic MRI 
features of a meningioma 
 

MUST 
REMEMBER: 
The most likely 
nature of an 
intracranial mass is 
a METASTASTIC 
DEPOSIT: so it is 
wise to look for 
another  cancer 
outside the brain 

 MANAGEMENT:  
1. Control the symptoms (eg. metaclopromide, anticonvulsants, physio) 
2. Cut the bastard out. May also IRRADIATE, as there is a 20% recurrence rate. 

3. Occupational therapy, speech pathology, swallowing assessment, etc etc… like stroke  

Continue anticonvulsants until 3 months after surgery  

Beware! This may be a 
NEUROFIBROMATOSIS 
- which may first 
present as a solitary 
benign cerebello-

pontine angle mass.  
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Paediatric Coma Scale  
Eyes open  
 Spontaneously   4 
 To speech          3 
 To pain               2 
 Not at all             1 
Best verbal response  
 Orientated           5 
 Words                  4 
 Vocal sounds       3 
 Cries                    2 
 None                    1 
Best motor response  
 Obeys commands 5 
 Localizes pain         4 
 Flexion to pain        3 
 Extension to pain     2 
 None                       1 
Normal aggregate score  
 Birth to 6 months 9 
 6-12 months 11 
 1-2 years 12 
 2-5 years 13 
 Over 5 years 14 

Meningitis  and Brain Abscess Meningitis  and Brain Abscess Meningitis  and Brain Abscess Meningitis  and Brain Abscess                             
PRESENTING SYMPTOMS:         Sub-Acute (days) or Acute (hours)  

- FEVER from infectious process 

- WORSENING HEADACHE from increased ICP 

- STIFF NECK from meningeal irritation (PATHOGNOMIC) 

- PHOTOPHOBIA (rarely the presenting symptom) 
- ALTERED CONSCIOUSNESS from increased ICP 
- FOCAL NEURO SIGNS from nerve pressure or irritation 
- NAUSEA AND VOMITING from increased ICP 

- Plus there is a characteristic petechial rash from meningococcal meningitis 

Differential Diagnoses           
The moment you hear “…fever headache and stiff neck…” you should think MENINGITIS 
Would hate to miss it in a child, because the disease progression is often very rapid. 
Thus, its CNS infection until proven otherwise 
 
OTHERWISE… 
 The ICP increase and its retinue of symptoms could be from  

- Space-occupying Lesion eg. Primary Brain Lymphoma (! Also causes fever !) 
- Encephalitis 
- Viral meningitis 
- Aseptic Meningitis (i.e non-infectious causes, eg. myelogram gone wrong) 
- Cytotoxic oedema from a HUGE infarct (hard to tell if the patient is unconscious) 
- Intracranial Hematoma (sub/epidural, subarachnoid or intracerebral) 

The fever could be an unrelated infection 
The stiff neck might be infected or a case of ANKYLOSING SPONDYLITIS (although not in kids) 

History   ! Assess consciousness 1st!  ���� 
Then, the key is to figure out the potential pathogens from history and 
to exclude cancer and trauma 
THUS: ASK ABOUT 
- Chronology of current symptoms  

something chronic will point towards cancer;  
BUT something acute could be traumatic eg.  

epidural (arterial) hematoma 
and something sub-acute could be a  

subdural (venous) hematoma 
- Any Recent Trauma to rule out hematoma 
- Most recent infections to get some idea of where the pathogen 

migrated from  
! PNEUMONIA AND OTITIS MEDIA IN PARTICULAR !  

- Cardio History to see if there might be a ventricular septal defect 
sending clots into the brain 

- Vaccination history to rule out a few pathogens 
- Travel history (esp. time of year;) it may be something exotic 
- Sexual History and/or HIV status: as above 
 
The child younger than 3 months may have very nonspecific symptoms, including 
hyperthermia or hypothermia, change in sleeping or eating habits, 
irritability or lethargy, vomiting, high pitched cry, or seizures 

Examination: Assess airway, breathing pattern and circulation! 
VITALS: expecting a high temperature 
General: looking for signs of previous infection which could have migrated to the brain: 
 THUS: Otoscopy for otitis media; 
  Lung percussion/auscultation to look for bronchitis or pneumonia  

Look for areas of tenderness over the scalp and neck  
(looking for potential fracture or infectious process) 
look for neck LYMPH NODES (drain from the meninges) 

NEURO EXAM: Look for Cranial nerve lesions; try to trace them to one lesion (Occam’s Razor) 
- CN 6 and 4 may give FALSE LOCALISING SIGNS 
Look also for cerebellar and brainstem signs eg. ataxia, proprioceptive loss, decerebrate posturing (i.e rigid 
extension of the arms and legs, downward pointing of the toes, and backward arching of the head) 

CLASSICAL 
TRIAD OF 

SYMPTOMS 
for 

MENINGITIS 

ABSCESS 
SYMPTOMS 
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Tests and Investigations          
FBC 
- Looking for INCREASED NEUTROPHILS 

(bacterial meningitis or abscess) 
- Or  INCREASED 

LYMPHOCYTES(viral meningitis) 
- Plus haemoglobin may be low, which is 

typical of infection. 

Chest X-ray 
- This may point out a source of infection and 

narrow the range of potential pathogens; 
 

CT scan with contrast ���� 

- Blood brain barrier is breached in infectious 
CNS diseases, especially abscesses, so this 
will show up nicely 

 

Culture of Discharge  
and Blood Culture 
If it is bacterial infection, the culture should provide 
an accurate idea of what the pathogen is,  

as well as its resistance to antibiotics  

CSF sample analysis and culture 

- This is the BEST DIAGNOSTIC TEST to 
determine what the pathogen is; 

- HOWEVER:  
NEVER PERFORM A LUMBAR PUNCTURE ON SOMEONE WITH  

INCREASED INTRACRANIAL PRESSURE! 
…Or you may change the pressure gradient in the brain 
and suck the brainstem through the foramen magnum. 

 
SO DON’T TAKE TOO MUCH!! 
~3.5 mL of CSF is sufficient to obtain a cell count (1.0 mL), glucose and protein concentrations (1.0 mL), 
latex particle agglutination (LA) tests (0.5 mL), and Gram's stain and bacterial cultures (1.0 mL) 

CSF SAMPLE: 

The classic CSF abnormalities in bacterial meningitis are:  
(1) polymorphonuclear leukocytosis (>100 cells per microliter in 90%),  
(2) decreased glucose concentration [<2.2 mmol/L (<40 mg/dL) ‘ 

and/or CSF/serum glucose ratio of <0.4 in ~60%],  
(3) increased protein concentration [>0.45 g/L (>45 mg/dL) in 90%], and  
(4) increased opening pressure (>180 mmH2O in 90%).  
CSF bacterial cultures are positive in >80% of patients, and CSF 

  
Gram stain is high specific but only about 80% sensitive,  
…depending on the number of organisms present in a given volume of CSF 
VIRAL MENINGITIS: 
The classic CSF profile in patients with viral CNS infections is  

a lymphocytic pleocytosis with a normal glucose concentration,  

as contrasted with the PMN pleocytosis and hypoglycorrhachia characteristic of bacterial meningitis.  
 

Disease Definition 
Meningitis:… is an acute purulent infection within the subarachnoid space 

Abscess: .. is a focal, suppurative process within the brain parenchyma; it begins in an area of devitalized brain tissue as 

a localized area of cerebritis and develops into a collection of pus surrounded by a well-vascularized capsule. 

 
 
 
 



!! B-Lactam AB.concentration in 
the CSF should exceed the   
Minimum Inhibitory 
Concentration of the bacterium 
for 40% of the dosing interval 

 
Management            
Immediate: 
Treat empirically; give broad-spectrum 3

rd
 generation 

antibiotics INTRAMUSCULARLY eg. cephalosporin 

After investigations: 
Use antibiotics for which there is no resistance and which 
penetrate the blood brain barrier,  
INTRAVENOUS OR INTRAMUSCULAR 

Eg. Chloramphenicol, Bactrim, Ciprofloxacin 

Cefotaxime, sulphonamides, beta-lactams (penicillins), anti-TB drugs (eg. isoniazid, 
rifampicin) 
PLUS: you can give dexamethasone to reduce ICP and inflammation (because the antibiotic-

mediated lysis of bacterial cell walls will release polysaccharides, thus aggravating the inflammation 
 

Prognosis is related to the delay before therapy  
- prognosis is worse for patients at the extremes of age (ie, <2 y, >60 y)  

and those with significant comorbidities and underlying immunodeficiency. 
- Meningitis caused by S pneumoniae, L monocytogenes, and gram-negative bacilli has a higher case-fatality 

rate compared to meningitis caused by other bacterial agents. 
- Seizures = poor prognosis 
- VIRAL MENINGITIS = GOOD PROGNOSIS 
- If you’re in a coma at the moment of presentation, you’re most likely to die. 

The overall mortality for bacterial meningitis is 5-10%  
(varies with causative organism and age.)  
Neonatal meningitis has a mortality rate of 15-20%.  
In older children, the mortality rate is 3-10%.  

Meningitis from S pneumoniae and Listeria has the highest mortality rate  
N meningitidis has the lowest mortality rate  

!!! HIGH RISK OF DEAFNESS !!! most common of long-term sequelae 

Epidemiology            

Rogues Gallery: most common pathogens 
Neonatal Meningitis (0-3 months of age) 
Bacteria are acquired from the birth canal before the 
baby acquires its protective layer of Normal Flora.  

Common pathogens are  
- Escherichia coli,  
- Listeria monocytogenes  
- Streptococcus agalactiae (= Beta-haemolytic 

Streptococcus Lancefield Group B = "Group B 
Strep").  

Childhood Meningitis (4 months to 14 years)  
Common pathogens are  
- Haemophilus influenzae type b (Hib), now 

becoming rare because of immunisation,  
- Streptococcus pneumoniae (SP)  
- Neisseria meningitidis (NM). All may also 

occasionally cause neonatal meningitis.  
Adult Meningitis  



N.meningitidis (particularly 15 - 25 years) and S.pneumoniae (particularly the elderly). 

MECHANISM OF PATHOGENESIS       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pathogen colonises 
Nasopharynx 

       Pathogen  
colonises Lungs 

Invasion of the 
BLOODSTREAM 
(BACTERAEMIA) 

Penetration of the 
columnar epithelium 
(neisseria is actually 
endocytosed and 
travels across in 
vescicles) 

Penetration of the 
alveolar epithelium 

Migrates up the 
EUSTACEAN TUBE 

Which in children is more 
horisontal and thus more 
conducive to infectious 

spread 

OTITIS MEDIA 

       Pathogen  
colonises Heart 

Invasion of  
MASTOID CELLS  

Destruction of bone 
and Dura Mater  

The few resident immune 
cells of the meninges attempt 

to phagocytose and/or lyse 
the invading barbarian horde; 

THE RESULT: 
POLYSACCHARIDE RELEASE 

POLYSACCHARIDE stimulates 
immune cells via toll-like 

receptors and begins  
the reaction of 

SUPPURATIVE INFLAMMATION  
of the MENINGES 

including the  
pain-sensitive dura mater; 

MENINGITIS 
HEADACHE 
Referred from 

nocicepting 
dura and/or 

increased ICP 
 

FEVER 
Due in part to 
TNF-alpha and    
 IL-1 release 

NECK  
STIFFNESS 

Due to 
meningeal 
irritation 

INVASION OF  
CSF 

Spread hematogenously or via septic 
embolus to the areas which are not covered 
by the blood-brain barrier, eg. choroid 
plexus, area postrema, hypothalamus 

 

FOCAL INVASION OF 
SUBARACHNOID SPACE  

 

Slowly the abscess forms: 
The early cerebritis stage (days 1 
to 3) is characterized by a perivascular 
infiltration of inflammatory cells, which 
surround a central core of coagulative 
necrosis. Marked edema surrounds the 
lesion at this stage.  

In the late cerebritis stage (days 4 
to 9), pus formation leads to 
enlargement of the necrotic center, 
which is surrounded at its border by an 
inflammatory infiltrate of macrophages 
and fibroblasts. A thin capsule of 
fibroblasts and reticular fibers gradually 
develops, and the surrounding area of 
cerebral edema becomes more distinct 
than in the previous stage.  

The third stage, early capsule 
formation (days 10 to 13), is 
characterized by the formation of a 
capsule that is better developed on the 
cortical than on the ventricular side of 
the lesion. This stage correlates with the 
appearance of a ring-enhancing capsule 
on neuroimaging studies.  

The final stage, late capsule 
formation (day 14 and beyond), is 
defined by a well-formed necrotic center 
surrounded by a dense collagenous 
capsule. The surrounding area of 
cerebral edema has regressed, but 
marked gliosis with large numbers of 
reactive astrocytes has developed 
outside the capsule. This gliotic process 
may contribute to the development of 
seizures as a sequelae of brain abscess. 

 

Abscess RUPTURE  
 

Penetration into the 
skull via a defective 
(eg. fractured) 
CRIBIFORM PLATE 

Space-occupying ABSCESS 
 

INCREASED ICP 

ABNORMALITY OF 
CONSCIOUSNESS 

 

FALSE LOCALISING SIGNS,  
eg.  6

th
 & 4

th
   Cranial Nerve palsies 

 

FOCAL NEUROLOGICAL SIGNS 
By direct compression of surrounding structures 

 

Release of TNF-alpha and IL-1 
from macrophages results in 
INCREASED PERMEABILITY 

OF THE BLOOD BRAIN 
BARRIER 

 

vasogenic 
OEDEMA 

 

Penetration of the 
sphenoid and ethmoid 
sinuses, and 
consequently the  
CAVERNOUS SINUS 

An irrelevant aside: 
Vasogenic oedema: 
= Increased ECF 
Cytotoxic oedema: 
= Increased ICF 



 
Basic Sciences : Relevant anatomy       
Clinical Anatomy of the Meninges        
The brain is suspended in cerebrospinal fluid (CSF); It 
is surrounded by 3 layers which together make up the 
meninges: 

• the pia 

 - covers the external surface of the brain  

• the arachnoid  
- more loose and filled with CSF  

(pia + arachnoid = leptomeninges)  

• the dura  

- attached to the periosteum of the skull, 
 except where it forms 4 rigid septa  

• falx cerebri,  

• falx cerebelli,  

• tentorium cerebelli and  

• diaphragma selli  
 

Location of infection: Purulent collections in relation to the meninges:  

• Subarachnoid space - infection of CSF, spreads over the entire leptomeninges = meningitis  

• Subdural space - potential space between arachnoid and the dura.  
Infection spreads rapidly because the arachnoid and dura are attached at few points (subdural 
empyaema)  

• Epidural space - infection confined by attachment of dura to bone (epidural empyaema)  
Adjacent structures and spread of infection intracranially:  

• Sinuses - infection in the frontal or ethmoid spreads to anterior cranial fossa  

• Infection in sphenoid to middle cranial fossa, spreads to cavernous sinus (!! Death !!) 

• Middle ear and mastoid - infection tracks to middle cranial fossa (temporal lobe, cerebellum)  
Increased intracranial pressure (ICP) and displacement of intracranial structures:  

• Leptomeningitis: pressure spreads evenly and no displacement unless severe ICP rise  

• Focal collection: subdural, epidural or in brain - uneven pressure causes displacement early  
The brain herniates across the dural septa, in particular the temporal lobe over the tentorium, causing  
- compression and paresis of the third cranial nerve (oculomotor), 
- followed by ipsilateral corticospinal tract signs as the contralateral cerebral peduncle is compressed against the tentorium,  

- and coma (the characteristic signs of coning). 

Cranial nerves and meningitis  
• All exit through the meninges at the base of the brain and are thus affected by basilar meningitis  

• Third cranial nerve (oculomotor) - close relationship to the tentorium  

• Sixth cranial nerve (abducens) - longest intracranial course - may be involved directly or with increased ICP 
(false localising sign)  

•  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Functional Anatomy of the Cranial Nerves      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Vestibular Anatomy and Function       
Vestibular receptor cells are force detectors.  
the semicircular canals detect angular forces (from head rotation)  
the otoliths detect linear forces (from head tilts or translations).  
Almost every head movement results in a combination of both angular and linear forces. 
The neural signals from the vestibular force detectors result in three major effects:  

• Perception: 
 If you close your eyes, you know whether you are moving or not and whether your head is upright or tilted..  

• Oculomotor responses:  
vestibular stimulation normally causes the eyes to move to compensate for head movement 
= the vestibulo-ocular response (VOR).  

• Postural responses: some vestibular pathways project to the muscles of the neck and trunk, causing these muscles to react to 

compensate for head movement and to preserve postural stability.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



THUS: the 3 components of the BBB are: 
1) Tight junctions of the endothelial cells 

2) thick basal lamina 
3) Astrocyte foot processes 

 
Cell Biology:  the BLOOD-BRAIN BARRIER  
Unlike peripheral capillaries that allow relatively free exchange of substance across / between cells, 
 the BBB strictly limits transport into the brain through  

both physical (tight junctions) and metabolic (enzymes) barriers.  
Thus the BBB is often the rate-limiting factor in 
determining permeation of therapeutic drugs into the 
brain. 
 
The periendothelial accessory structures of the 
BBB include  
- pericytes,  
- astrocytes,  
plus a basal membrane.  
The endothelial cells of the BBB are distributed along 
the length of the vessel and completely encircles the 
lumen. A thin basement membrane (i.e. basal lamina) 
supports the ablumenal surface of the endothelium. 
The basal lamina surrounds the endothelial cells and 
pericytes; the region between which is known as the 
Virchow-Robin space. Astrocytes are adjacent to the 
endothelial cell, with astrocytic end feet sharing the 
basal lamina (Figure 1.2.1 & 1.2.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Pericytes 
 in the periphery are flat, undifferentiated, contractile connective tissue cells, which develop around 
capillary walls. They are derived from microglia. 
Their function?  
- Apparently, to regulate capillary endothelial cell proliferation and all aspects of angiogenesis 
-THEY DO SO BY INHIBITION: lack of pericytes = vascular hyperplasia 

 
ASTROCYTES             

Astrocytes are glial cells which envelop > 99% of the BBB endothelium.  
Intercellular adhesion between astrocytes =  gap junctions  
Astrocytes serve as scaffolds, guiding neurons to their proper place during development and direct 
vessels of the BBB. The association of astrocytes to the cerebral microvasculature is underlined by the 
association of neurons to astrocytes.  

The ~20 nm gap between adjacent astrocytes, which is readily diffusible by horseradish 

peroxidase (Brightman and Reese, 1969), indicates that they most likely do not contribute 

to the physical barrier of the BBB. 
 

BASAL LAMINA           
consists of laminin, fibronectin, tenascin, collagens, and proteoglycan  

-  provides mechanical support for cell attachment, 
-  serves as a substratum for cell migration, 
-  separates adjacent tissue,  
-  can act as a barrier to the passage of macromolecules.  

Figure 1.21 A representative cross-section of a 
cerebral capillary of the BBB. Shown are the 
astrocytic end feet (AE), basal lamina (BL), 

endothelial cell (EC), nucleus (NU), pericyte (P), and 
tight junction (TJ). 

Figure 1.2.2 A representative cross / longitudinal-
section of a cerebral capillary of the BBB. Shown are 
the astrocytic end feet (AE), basal lamina (BL), and 
endothelial cell.(EC).  

 



 
 

Anatomy of the cerebral capillary         
The surface area of the brain microvasculature is ~ 100 cm

 2
· per gram of tissue, with the capillary volume 

and endothelial cell volume constituting approximately 1% and 0.1% of the tissue volume, respectively  
The mean intercapillary distance in the human brain is ~ 40micrometres  
This short distance allows for near instantaneous solute equilibration throughout the brain interstitial space for 
small molecules, once the BBB has been overcome.  
The microvasculature of the central nervous system (CNS) can be differentiated from the peripheral 
tissue endothelia in that it possess uniquely distinguishing characteristics: 
- Tight junctions 
- Cells of uniform thickness without fenestrations  
- BBB endothelial cells are ~ 39% thinner than peripheral ones 
- Greater number of mitochondria than in the peripheral vascular endothelium 
- An active enzyme barrier (metabolism occurs in the cerebral endothelium) 
- There is a difference in numbers of transmembrane protein receptors, between the lumen side and 

the astrocyte side of the endothelial cells in the BBB 

 
Transport at the Blood Brain Barrier (BBB)         
There are four basic mechanisms by which solute molecules move across membranes.  
- simple diffusion, which proceeds from low to high concentrations.  
- facilitated diffusion, a form of carrier-mediated endocytosis, in which solute molecules bind to specific 

membrane protein carriers, also from low to high concentration.  
- simple diffusion through an aqueous channel, formed within the membrane.  
- active transport through a protein carrier with a specific binding site that undergoes a change in affinity.  
 

Transport mechanisms at the BBB.  
1 = paracellular diffusion (sucrose),  
2 = transcellular diffusion (ethanol),  
3 = ion channel (K+ gated),  
4 = ion-symport channel (Na+/K+/Cl- cotransporter),  
5 = ion-antiport channel (Na+/H+ exchange),  
6 = facilitated diffusion (Glucose via GLUT-1),  
7 = active efflux pump (P-glycoprotein),  
8 = active-antiport transport (Na+/K+ ATPase),  
9 = receptor mediated endocytosis (transferrin & insulin) 



 
Behavioural science: kids in hospital       
About one in every four children will be hospitalised at least once before reaching school age. 
Impact on the Child  
Most children respond to hospitalisation with some level of overt distress and a deterioration in psychosocial 
functioning.  
Some children still show clinically significant behavioural/emotional disturbance 6 months after discharge. 
 
GREATER RISK OF THIS: 

• aged between 6 months and 4 years  

• developmentally delayed  

• individual characteristics that affect a child's ability to cope with adverse, stressful situations, such as personality (e.g. 
high trait anxiety), a coping style that is avoidant or an external locus of control  

• a prolonged admission  

• multiple admissions  

• previous adverse experience of hospitalisation or procedures  

• more severe trauma or illnesses, particularly those which result in pain or painful procedures  

• inadequate or inappropriate preparation of the child and/or parents about the possible effects of hospitalisation and 
how they can be minimised or managed  

• lack of training of medical, nursing and other staff as to how to minimise adverse effects  

• especially in the younger child, lack of parental contact, or at least regular contact with someone with whom the child 
can form a supportive relationship  

• parents who are highly anxious or respond poorly to stress  

• a punishing parental style or tendency to reinforce dependency  
Impact on the Family  

- Factors associated with good family adjustment include a  
- prior history of good coping, 
- good quality of marital and family relationships,  
- good support systems,  
- religious or spiritual faith,  
- a trusting relationship with medical staff.  

Strategies which help parents cope include  
(1) obtaining as much information as possible about the child's medical condition,  
(2) establishing a social support system to help share the burden of the child's hospitalisation, and  
(3) attempting to integrate the child's illness into the mainstream of their everyday life. 

Minimizing Adverse Effects  
Hospital staff can minimimze the effects by 

 (1) providing timely information to parents and children,  
(2) providing play therapy and modelling for younger children and teaching cognitive coping strategies to 
older children, and (3) providing facilities for parents to room-in and support which enables them to focus 
their attention on caring for their child. 

 
Microbiology and Immunology        
 
Site of infection:  
The localisation of CNS infections is a function of both the causative agent and the host and may be generalised 
(meningitis, encephalitis) or specific –  
- either for certain cell types (for example, polio virus and the anterior horn cell or rabies virus and neurones)  
- or anatomic areas (for example, Herpes simplex virus with predilection for the temporal lobe, tuberculous 

meningitis which predominantly affects the meninges at the base of the brain and spread from adjacent 
structures as outlined above)  

 
Exposure history:  
Recent arrival from or travel to areas outside Australia will require consideration of a much wider range of 
infections, not present in Australia. For example, only two cases of rabies have been diagnosed in Australia, both 
acquired overseas and both diagnosed at post mortem. Cerebral malaria is a medical emergency and in contrast 
to rabies, treatable. Within Australia, specific exposures such as pig shooting (brucellosis) or caving 
(histoplasmosis) require careful history taking.  
Host factors  
Age  
Susceptibility to and causes of CNS infection differ markedly with age. In previously well individuals in 
Australia, certain neurotropic viruses (enteroviruses, mumps, herpes simplex) and encapsulated bacteria 
are the most common causes of CNS infections. Viruses may cause meningitis or encephalitis, and while the 
incidence is higher in the neonatal period, the spectrum of viruses does not change greatly throughout life. In 
contrast, bacteria, including mycobacteria, largely cause meningitis and the likely causative agents vary 
considerably with age  

  



 
Other foci of infection  
Infection of the middle ear and sinuses is particularly associated with intracranial abscess, either 
epidural, subdural or parenchymal. Chest lesions are commonly present when meningitis due to Cryptococcus 
neoformans occurs and miliary disease, including pulmonary disease, is usually present in tuberculous 
meningitis.  
 
Immunosuppression  
In a patient who has impaired immunity, the range of possible pathogens expands greatly and differs according to 
the part of the immune system affected (cellular, humoral or complement or multifactorial) and whether the defect 
is congenital or acquired.  
 
Pathogenesis of meningitis and prevention by immunisation  
Entry to the meninges  
Haematogenous spread: Possession of a polysaccharide capsule is the common factor which 
distinguishes the most common meningeal pathogens ( Hib, SP and NM). The polysaccharide capsule interferes 
with phagocytosis by complement, allowing invasion into the bloodstream and subsequently the meninges.  
Antibody to polysaccharide(PS) acts with complement to protect against invasion.  
Antibody develops naturally from the age of 2 years (probably by cross immunity from related organisms) which 
accounts for the age-related susceptibility to encapsulated organisms.  
Under two years, PS must be conjugated (joined ) to a protein to elicit an antibody response following 
immunisation (the principle used for Hib immunisation).  
Over 2 years, antibody responses are elicited to PS alone. Meningococcal vaccines contain two PS, types A and 
C, while pneumococcal vaccines must contain 21 types in order to cover the most common stereotypes.  
 
 
Spread from adjacent structures: This requires a defect in the barriers separating the meninges which puts the 
normal bacterial flora of adjacent anatomic structures (facial sinuses, nasal cavity or middle ear) in contact with 
the CSF.  
Such defects may be 
- traumatic (e.g. facial fracture)  
or  
- congenital (e.g. defect in the oval or round window of the middle ear).  
Overall, meningitis from haematogenous spread is much more common. 

 
Tissue Damage  

• Tissue damage from bacterial meningitis is mediated both directly by microbial factors and by 
cytokines induced by them.  
Paradoxically, antibiotic therapy leading to microbial lysis promotes release of bacterial cell wall 

components stimulating cytokine release. This has led to the suggestion that corticosteroids or other agents 
aimed at damping down the inflammatory response be used together with antibiotic therapy in bacterial 
meningitis.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cefotaxime      
Mechanism of Action 
 3rd generation Cephalosporin, mechanism of 
action as for other Beta-lactams; Crosses Brain-
blood barrier.  

Dosage  
2-6 g daily in divided doses  

Other Uses  
Infections due to susceptible organisms; 
Respiratory, UTI; Septicaemia; Intra-abdominal 
infections; Gonorrhoea; ENT infections; Soft 
tissue, bone, joint infections; Meningitis 
(combination therapy); Postop obstetric, biliary 
surgery;  

Contraindication  

Do not administer with lignocaine; 
Hypersensitivity to other beta-lactams; Renal or 
hepatic impairment; Fluid restriction; Side Effects 
Superinfection; Pseudomembranous colitis; GI 
upset; Hypersensitivity; Arhythmia; Neutropenia; 

Risk in Pregnancy B1 
 

 

Dexamethasone      
Mechanism of Action  
Same as for Cortisol but more potent (30x anti-
inflammatory) and does not stimulate Na retention; 
i.e immune suppressant   

Dosage  
Initially 0.5-10 mg daily , then 0.5-1 mg daily  

Other Uses  
Corticosteroid responsive disorders; Drug of choice for 
suppression of ACTH production;  

Contraindication  
Uncontrolled infections; Stress; Prolonged use; Live 
virus vaccinations; Hepatic impairment; Diabetes; 
Age; Side Effects As for other glucocorticoids, consult 
literature;  

Risk in Pregnancy A 
 



 

Pharmacology of ANTIBACTERIAL AGENTS:      
With loud thanks to Medical Pharmacology At  A Glance, 1997 3rd

 ed. M.J. Neal 
 
* GRAM STAIN: 

Reflects important differences in cell wall structure:  
Depending on retention or not of methyl violet after washing with acetone 
+ve = peptidoglycan slime 

-ve =  LPS and double-layered phospholipid wall 
 

ANTIBIOTICS INHIBITING NUCLEIC ACID SYNTHESIS 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
SULFONAMIDES: 
- Interfere with FOLIC ACID SYNTHESIS  
- Are negated by presence of pus and some local anaesthetics eg. procaine. 
- Concenrated in the urine (but may crystallise due to low solubility) 
- NOW MAINLY USED TO TREAT Urinary Tract Infections. 
- BACTERIOSTATIC 
 

TRIMETHOPRIM: 
- Mimicks FOLIC ACID;  
- 50,000 more affinity for inhibiting bacterial dihidrofolate reductase than for the human enzyme.  
- Synergistic with sulfonamides (particularly sulphamethoxazole) 
- Excreted in the urine 
- USED MAINLY vs. RESPIRATORY INFECTIONS and UTI (poor effect on pneumococcus and S.pyogenes) 
- BACTERIOSTATIC 
 

QUINOLONES: 
- Inhibit DNA gyrase, thus no supercoiling of bacterial DNA. Eucariotic cells have no DNA gyrase.  
- Good penetration into tissues, low toxicity, effective when given orally. BROAD SPECTRUM.  
- Concenrated in the urine 
- BACTERIOSTATIC AND BACTERICIDAL 
 
5-NITROIMIDAZOLES: 
- Upon entry into bacteria, Reduced into active intermediates which damage DNA and interfere with synthesis  
- Effective vs. ANAEROBES and some PROTOZOA- BROAD SPECTRUM 
- BACTERIOSTATIC AND BACTERICIDAL 
 
 
 
 



 

ANTIBIOTICS INHIBITING BACTERIAL CELL WALL SYNTHESIS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BETA LACTAM ANTIBIOTICS: 

PENICILLINS 
- Interfere with synthesis of bacterial wall PEPTIDOGLYCANS: 
- by preventing cross-linkage between linear peptidoglycan polymers 
- MAINLY USED FOR GRAM-POSITIVE BACTERIA: 
- GRAM NEGATIVE bacteria have an outer phospholipid wall which may hinder penicillin penetration 
- Often given with a beta-lactamase inhibitor  
- POOR PENETRATION INTO THE BRAIN! 
- Mainly excreted in the urine 
- BACTERICIDAL 

 

CEPHALOSPORINS: eg. what we used to treat 6.03     
Very similar to penicillins in structure and action (i.e beta-lactam ring is primary active component) 
- Mainly excreted in the urine 

- BACTERICIDAL 

- PENETRATE Blood-Brain Barrier THUS useful in meningitis 
 
VANCOMYCIN: 
Inhibits the release of building-block peptide from carrier molecule, thus halting the synthesis of peptidoglycans 

- NOT absorbed orally!  
- BACTERICIDAL 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

ANTIBIOTICS INHIBITING PROTEIN SYNTHESIS 

..Are SELECTIVELY TOXIC TO BACTERIA: 
Bacterial ribosimes have a 50S subunit and  30S subunit,  
while mammal ribosomes have a 60S subunit and a 40S subunit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TETRACYCLINES 
- Inhibit protein synthesis by competing with tRNA for the activation site (the 30S subunit) on the ribosome 
- Absorbed well into macrophages therefore good for Rickettsia and Chlamydia and other intracellular pathogens 
- !! Cause DISCOLOURATION OF NEW TEETH !! therefore not given to under 8 yr. olds 
- BROAD SPECTRUM 

- BACTERIOSTATIC AND BACTERICIDAL 
 
AMINOGLYCOSIDES 
- Interefere with protein synthesis by altering base-pairing properties of bacterial tRNA : 
- THUS misreading of mRNA occurs: NON-FUNCTIONAL PROTEINS PRODUCED, which cause cell death 
- ALL AMINOGLYCOSIDES are potentially TOXIC 

- BACTERIOSTATIC AND BACTERICIDAL 
 
CHLORAMPHENICOL 
- Inhibits transfer of the new amino acid to the growing peptide (transpeptidation) at the 50S subunit 
- Penetrates everywhere including the brain, thus VERY GOOD FOR Haemophilus Influenzae MENINGITIS 
- SERIOUS SIDE EFFECTS: bone marrow aplasia, RBC + WBC suppression, encephalopathy, optic neuritis. 
- � WILL ALMOST CERTAINLY KILL NEONATES who cant metabolise it ( “grey baby syndrome”) 
- BACTERIOSTATIC AND BACTERICIDAL 

 
 

MACROLIDES 
- Inhibit translocation of the peptide chain from the active peptide-building (A) site to the waiting (P) site (50S) 
- THUS: no new peptide is built because the old peptide is stuck at the A-site. 

- Mainly Gram-POSITIVE bacteria, like the pennicillins. 
- POOR PENETRATION OF BLOOD-BRAIN BARRIER  
-  UNLIKE PENICILLINS the macrolides are effective vs. WEIRD PATHOGENS eg. Mycoplasma and Legionella 
- BACTERIOSTATIC AND BACTERICIDAL 

 
 



MigraineMigraineMigraineMigraine                                                                                    
Mea Cerebrum Nocet….    

History of Presenting Illness         
���� Typically, a throbbing pulsating pain 

    intensifies with any activity 
    nausea + vomiting = common 

visual or audial AURA preceding onset of pain: 
develops over 5-20 minutes and lasts less than 60 minutes.  

  Less commonly: phonophobia and photophobia 

Differential Diagnoses            

Also consider Transient Ischaemic Attack, ruptured intracranial aneurism and brain tumour 
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



==Red Flags== 

- Decreased consciousness 
- Confusion 
- Seizures 
- History of head trauma 
- Fever 
- Neck stiffness 
- Papilloedema 

- Focal neuro deficit eg. 
hemiparesis (could still be a 
migraine, but a sinister sign 
nonetheless 

Migraine Symptom  vs. 
Patients Affected, %  
  
Nausea 87  
 Photophobia 82  
 Lightheadedness 72  
 Scalp tenderness 65  
 Vomiting 56  
 Visual disturbances 36  
 Photopsia 26  
 Fortification spectra 10  
 Paresthesias 33  
 Vertigo 33  
 Alteration of consciousness 18  
 Syncope 10  
 Seizure 4  
 Confusional state 4  
 Diarrhea 16  

Precipitating factors 
in migraine: 
- precipitous falls in 

oestrogen levels 
(i.e. menstrual) 

- chronic stress 
- fatigue 
- anxiety 
- alcohol 
- strong smells 
- post-exercise 
- intense heat or 

bright light 
- certain food stuffs 
- hypertension 

- sinusitis 
- cervical 

spondylosis  

- some intracranial 
diseases.  

 

 
History               
Important features:  
Age at onset 
Location(s)- usually unilateral 
Frequency 
Duration 
Character 
Intensity 
Mode of onset (aura?) 
Associated symptoms  
 (neurologic, gastrointestinal, sensory) 
Family history of headache 
Known or suspected precipitating factors (triggers) 

Aggravating and ameliorating factors 
Prior and current medications  
Relation to menstrual cycle: 

Headaches tend to occur in relation to the menstrual cycle. This is 
especially true of headaches that begin happening in the early 
teenage years or after pregnancy.  

Stress and lack of sleep 
Intake of caffeine, chocolate, red wine, food additives  

Vasoconstrictors precipitate migraine directly.  
Caffeine is one such sympathomimetic vasoconstrictor agent. Tyramine and 
phenylethylamine are vasoconstrictors present in red wine, aged cheese, 
and dark chocolate 

Vasodilator agents precipitate migraine through an indirect mechanism. 
Culprit food additives:  
sodium nitrite (preservative) 
Monosodium Glutamate  
Aspartame (artificial sweetener) 
History of head trauma  
Results of any prior neuroimaging 
 

Examination          
IF your patient has “uncomplicated” migraine, neurological examination will be all clear. 
HOWEVER: the key is to rule out anything horrible eg. space-occupying lesion 

THUS:   
- scope the fundus for  papilloedema + retinal haemorhages 
- (also a good assessment of peripheral vascular disease) 
- look for neck stiffness to rule out intracranial infection 
- perform a neurological exam to make sure there is no persisting neuro deficit 
- (if there is something like hemiparesis or blindness, it may be still due to a  

migraine- but now you would call it “complicated migraine”, see definitions below) 

Tests and Investigations       
IMAGING is indicated IF:  
- First or worst headache of the patient's life 
- Change in frequency, severity, or clinical features of the headache 
- Abnormal neurological examination 
- Progressive or new daily, persistent headache 
-     Neurological symptoms that do not meet the criteria for migraine with typical aura or     
       that themselves warrant investigation 
- Persistent neurological deficit 

- Hemicrania that is always on the same side and associated with contralateral neurological symptoms 
- Inadequate response to routine therapy 
- Atypical clinical presentation 

MRI is the modality of choice for this sort of thing. 

SEROLOGY would be useful for monitoring therapeutic drug levels and to rule out metabolic disturbances  

LUMBAR PUNCTURE is to be avoided unless there is good reason to think its MENINGITIS 

 
 



Disease Definition            
International Headache Society Criteria for Migraine (and some other common headaches) 

Migraine without aura (MO) diagnostic criteria 

A. At least five headache attacks lasting 4 - 72 hours 
(untreated or unsuccessfully treated), which has at least 
two of the four following characteristics: 
1. Unilateral location 
2. Pulsating quality 
3. Moderate or severe intensity (inhibits or prohibits daily 
activities) 
4. Aggravated by walking stairs or similar routine physical 
activity 
B. During headache at least one of the two following 
symptoms occur: 
1. Phonophobia and photophobia 
2. Nausea and/or vomiting 
 

 

 

BELOW is stuff that can be safely ignored, as it 

is slightly beyond the scope of this case 

Migraine with aura (MA) diagnostic criteria 

A. At least two attacks fulfilling with at least three of the 
following: 
1. One or more fully reversible aura symptoms indicating 
focal cerebral cortical and/or brain stem functions 
2. At least one aura symptom develops gradually over 
more than four minutes, or two or more symptoms occur in 
succession 
3. No aura symptom lasts more than 60 minutes; if 
more than one aura symptom is present, accepted 
duration is proportionally increased 
4. Headache follows aura with free interval of at least 60 
minutes (it may also simultaneously begin with the aura 
B. At least one of the following aura features establishes a 
diagnosis of migraine with typical aura: 
1. Homonymous visual disturbance 
2. Unilateral paresthesias and/or numbness 
3. Unilateral weakness 
4. Aphasia or unclassifiable speech difficulty

Cluster Headache      

A. At least five attacks of severe unilateral 
orbital, supraorbital and/or temporal pain lasting 
15 to 180 minutes untreated, with one or more 
of the following signs occurring on the same 
side as the pain 
1. Conjunctival injection 
2. Lacrimation 
3. Nasal congestion 
4. Rhinorrhoea 
5. Forehead and facial sweating 
6. Miosis 
7. Ptosis 
8. Eyelid oedema 
B . Frequency of attacks from one every other 
day to eight per day 

Tension-Type Headache   

A. Headache lasting from 30 minutes to seven 
days 
B. At least two of the following criteria: 
1. Pressing/tightening (non-pulsatile) quality 
2. Mild or moderate intensity (may inhibit, but 
does not prohibit activity 
3. Bilateral location 
4. No aggravation by walking, stairs or similar routine physical activity 
C . Both of the following: 
1. No nausea or vomiting (anorexia may occur) 
2. Photophobia and phonophobia are absent, or one but not both are present 

Cervicogenic Headache             

A. Pain localised to the neck and occipital region. May project to forehead, orbital region, temples, vertex or ears 
B. Pain is precipitated or aggravated by special neck movements or sustained postures 
C . At least one of the following: 
1. Resistance to or limitation of passive neck movements 
2. Changes in neck muscle contour, texture, tone or response to active and passive stretching and contraction 
3. Abnormal tenderness of neck muscles 
D. Radiological examination reveals at least one of the following 
1. Movement abnormalities in flexion/extension 
2. Abnormal posture 
3. Fractures, congenital abnormalities, bone tumours, rheumatoid arthritis or other distinct pathology (not spondylosis or osteochondrosis) 

 

There are 4 subtypes which one must recognise: 

- Complicated Migraine: one which features a persistent neuro deficit 

- Uncomplicated Migraine: one where the neuro signs disappear together with the pain 

- Common Migraine is the 70% of migraine which is not preceded by an aura 

- Classical Migraine is always preceded by an Aura. 

Also there are Migraine Equivalents, i.e aura symptoms which occur without a following headache  



 
How do you know its not something else:       
1. By VISUAL and SENSORY AURA SPREADING RATE: 

Unlike TIA, the migraine aura (so-called “scintillating scotoma”) spreads 

slowly, over 20 minutes up to 1 hour.  

TIA symptoms reach their maximal manifestation in fewer than 5 minutes 

2. By its location: migraine is typically unilateral 
3. By its duration: gradual onset, peaking within 2 hours; 

  !! Super-rapid onset headaches justify panic and immediate investigation !! 

 
Management         from NEJM 2002 
ACUTE: 
 With DRUGS: acute attack 

The drug should be taken as soon as the headache component of the attack is recognised 
- ASPRIN 
- PARACETAMOL 
- IBUPROFEN 
- Any combination of the above 

- PLUS you may want to take an antiemetic if nausea is a problem; its important to be able to digest 
the drugs above without throwing them all back up. 

          !! AVOID OPIATES !! or your patient may look like (or be) an addict when he/she switches GPs 

 plus, opiates ONLY MASK the pain, without treating the pathophysiological basis of the attack 

  

Ergot Derivatives: low cost and long experience in the field: BUT awful side-effects 
Eg. nausea, vomiting, cardiac ischaemia, persisting peripheral vasoconstriction, and 
ergotism which is a horrible convulsive illness (spasm of arterioles with thrombosis and 

gangrene caused by ergot poisoning, aka. St Anthony’s Fire) which historically has been 
confused with demonic possession and manifestations of witchcraft. 
Such as: ergotamine and dihydroergotamine  
Ergot compounds work by   
- Vasoconstriction everywhere 
- Reducing the release of neurogenic inflammatory peptides  
 
Tryptamines (tryptans): unlike ergot compounds, these actually have EBM 
prescription instructions of dosage etc; they also have well-established 
pharmacokinetics and a nice comforting safety record. 
Such as sumatriptan, naratriptan, rizatriptan, zolmitriptan, and almotriptan 

 Triptans work by  
- Selectively vasoconstricting cranial arteries via 5-HT 1b and 1d receptors 
- Inhibiting neurotransmission in trigeminal pain (spinal) nucleus via same receptors 

- Inhibiting release of neurogenic inflammatory peptides, same mechanism 

PROPHYLACTIC: 
Treatments to date are relatively nonspecific, their efficacy is moderate, and they have substantial side effects. 

Suggestions is that prophylactic migraine drugs somehow block cortical spreading depression. 

 
5-HT 2a and 2c receptor antagonists: eg. pizotifen, methysergide 

side effects: increased appetite, weight gain, sedation. 
Work by blockading vasoconstriction and platelet aggregation, thus reducing spreading cortical hypoperfusion 

Beta-1 Adrenoceptor Blockers also seem to have some effect by unknown mechanisms 

Tricyclic antidepressant AMITRIPTYLINE has proven effect – 

- Once again, nobody knows how or why. 

Sodium Valproate, an anticonvulsant, also has a proven effect – but no other anticonvulsants  

Happily, there is no biopsychosocial treatment for this condition. 

AVOIDANCE OF TRIGGERS: important if coffee or chocolate produces your migraine 

      = this is quite common; Roger Pamphlett is one example 

Rubbing temples seems to help: ? by inducing extracranial artery 
vasoconstriction, thus reduced stretch receptor signalling ?  

!! In the US, 50-80% of patients with chronic daily headaches reported analgesic overuse 



 Prognosis:             
Every person responds differently to treatment. Some people have rare headaches that require little to 

no treatment. Others require the use of several medications or even occasional hospitalisation. 

Most people who develop migraines will continue to have intermittent headaches over 
many years. Migraines often end when people reach their 50s or 60s.  
 

Epidemiology             
= the most common cause of vascular headache, 

 afflicts approximately 15% of all women and 6% of all men 

Risk factors: 
- Being mid-menstrual 
- Being pregnant, in the 1

st
 trimester 

- Having a family history ( over half of cases may be inherited) 
- Weak association with asthma and allergy 
- Weak association with epilepsy 
- Some personality factors, eg. over-responsiveness to stress 

 
BIOPSYCHOSOCIOCULTUROPHILOSOPHICAL aspects     

Headache and Emotional Distress in the Community (LT) 
headache is a common presenting complaint in general practice.  

The two commonest headache syndromes are migraine and tension headache.  

TENSION classified into 

 episodic (occasional) and  

chronic (daily) tension headache on the basis of their time course. 

 

Both syndromes may be associated with emotional distress. 

 

 People with migraine are more likely than others to suffer clinical depression, and people with a 

history of depression are more likely to have a history of migraine.  

 

Strongly felt emotions eg. depressive symptoms ����  potential precipitant of an episode of headache. 

 

headache is a not-uncommon presentation of depression in general practice.  

Presentation like this, of a physical symptom reflecting mental disorder, is called 'somatization'. 

 

Tension headaches associated with depression tend to improve as the depressive 

illness responds to treatment.  

 

 
 
 
 
 
 
 
 
 
 
 
 



Pathophysiology: a possible MECHANISM OF MIGRAINE    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOXIOUS STIMULUS 
- Increased Amino Acids in CNS ECF 
- Increased K+, thus induced depolarisation 
- Glutamate NMDA receptor agonists 
- Reduced Mg++, thus increased NMDA activation 
- Mechanical stimulus 
- Coffee, chocolate, red wine, cheese 
- Depression 
 

Cortical Spreading Depression 
Brief excitation, followed by 10 minutes of 
inhibition of neuronal activity: 
FIRST @ OCCIPITAL LOBE 
Spreading at 2 – 6 mm per minute 
 

Dysfunction of neurones which control cortical blood flow 

 

Transient depolarisation of fibres which control sub-pial arteriole diameter 
 

VASCULAR CHANGES: 

HYPOPERFUSION ! Not hypoxia ! 

= Change in peripheral resistance (increases!) 

THUS: responsive increase in 
diameter of pain-sensitive intra and 
extra-cranial ARTERIES  
 

??? PARADOXICAL HYPEROXIA ??? 
seen on PET scans: possibly due to reduction in neuronal activity during 
the 10 minute inhibition 
THUS possibly less demand for oxygen and thus more oxygen in the 
ECF and capillaries?…  speculation only! 

DISTORTING 
STIMULUS: 

- Vasodilation 

- Stretching 

- Local Inflammation Stretch Receptors  

-  

Afferent trigeminal 
pain fibres 

  

SPINAL TRIGEMINAL 
NUCLEUS 

Signal transduced and 
transmitted 
* Reflex arcs work here 
  

Trigeminal       ganglion 
  

Cross to 
contralateral 

  

SWOLLEN, 

PULSATILE 

qualities of 

headache conveyed 

by the blood 

vessels: 

 

THALAMUS  
  

Occipital excitation 
= AURA  

-  

Ventro-Posterior  
Thalamus 

= point-for-point 
representation of 
bodily areas; 
 
THUS: integration of 
pain with normal 
tactile sensation 
 

Medio-Dorsal 
Thalamus 
= links to cingulate  
= ? depression? 

MEDULLA: 
Reticular 
formation 
= somatic and 
behavioural 
responses to pain,  
“suffering” 
 

MIDBRAIN: 
Mesolimbic + 
mesocortical 
���� project to 
hypothalamus 
= Autonomic  and 
endocrine 
responses; eg. 
crying, anorexia, 
?insomnia 
 Cingulate and 

Prefrontal Medial 
cortexes: 
= EMOTIONAL 
RESPONSE 
= modification of 
motivational states 
(eg. hunger and 
pain) 
 



Basic Sciences:        Relevant anatomy 
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!! PERFORATING 

ARTERIES !! 

from the ant. and mid. cerebral 

arteries supply the 

basal forebrain  

- hypothalmus  

- thalamus 

- internal capsule  

- basal ganglia 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
The basilar artery is the other major source of arterial blood to 

the cerebral cortex. In the region of the midbrain the paired 

posterior cerebral arteries arise from the basilar artery.  

They supply the midbrain, contribute to the supply of the 

hypothalamus and thalamus and then supply medial and 

inferior surfaces of occipital and temporal lobes. 
VEINOUS DRAINAGE:       
The veins are named according to their location, superficial or deep to the cortical 

mantle.  

Superior superficial veins 

- drain the cortical surface  

- empty into the superior or inferior sagittal sinuses.  

Inferior superficial veins  
- empty into the cavernous and transverse sinuses. 

 Deep cerebral veins include the internal cerebral veins which drain much of the thalamus and striatum and then pass through the 

transverse cerebral fissure to unite and form the great cerebral vein (of Galen), which empties into the straight sinus. 

STROKE syndromes: where is the clot??       
MCA: If the entire MCA is occluded at its origin…  

- contralateral hemiplegia,  
- hemianaesthesia,  
- homonymous hemianopia,  
- and a day or two of gaze preference to the 

ipsi side 
DOMINANT: 
- global aphasia, 
- Dysarthria  
NON-DOMINANT:  
- anosognosia,  
- constructional apraxia, 

- and neglect are found 

ACA: usually well tolerated due to good collateral 

circulation. 
- Profound abulia (a delay in verbal and motor 

response)  
- bilateral pyramidal signs with paraparesis  

- urinary incontinence  
- Dyspraxia of left limbs,  
- tactile aphasia in left limbs 

 
 

Ant. Choroidal: supplies post. limb of internal 
capsule  

- contralateral hemiplegia, 
- hemianesthesia (hypesthesia), 

- and homonymous hemianopia.  

PCA: infarction of the medial temporal and occipital 

lobes.  
- Contra homonymous hemianopia with macula sparing 
- Only the upper quadrant of vis. Field may be involved. 
- If the 2ndary visual association areas are spared and 

only the primary cortex is involved, the patient may be 
aware of visual defects.  

- Acute disturbance in memory, particularly if dominant 
hemisphere involved. The defect usually clears 
because memory has bilateral representation.  

- If the dominant splenium of the corpus callosum is 
involved, you alexia without agraphia.  

- Visual agnosia for faces, objects, mathematical 
symbols, and colors  

- anomia with paraphasic errors (amnestic aphasia) 

- peduncular hallucinosis (visual hallucinations of 
brightly colored scenes and objects). 

 

 

 
 

internal carotid artery 
- supplies blood to the majority of the cerebral cortex;  enters cranium next to optic chiasm 

1
st
 branch: posterior communicating artery 

2
nd

 branch: anterior choroidal artery:  

- supplies limbic region: 
choroid plexus of the lateral ventricle (hence its name), the internal capsule (the retro-lenticular limb), hippocampal formation and amygdala 

Then:  

int.carotid divides into 2 major branches: MIDDLE and ANTERIOR CEREBRAL arteries 

anterior cerebral artery : medial surface of frontal and parietal lobes + parts of pre- and post-central gyri containing somatotopic 

representation of the lower limb). Its cortical supply also extends onto the dorsomedial surface of the frontal and 

parietal cortex, so-called "watershed areas".(watershed = supplied by two arteries, at the borders of 

their distribution) 

middle cerebral artery  

� travels in the lateral sulcus; supplies insular cortex and lateral cortical surface.  



Arterial territories and Border zones (“watersheds”)    
 
 
 
 
 
 
 
 

 



Cortical localisation          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Language skills are represented in the left hemisphere in 95% of right handers and 70% of left-handers.  
In the remaining cases, it is located either in the right hemisphere or bilaterally.  
Early infancy left-hemisphere lesion = some or all language functions may develop in the right hemisphere. 
  
Within the speech-dominant hemisphere:  

Broca's area in the posterior, inferior region of the frontal lobe and 
  Wernicke's area, at the posterior end of the lateral sulcus are the primary language regions. 
"expressive" or "Broca's" aphasia ���� impaired speech output and relative preservation of comprehension 
"receptive" or "Wernicke's" aphasia. ���� speech output is fluent but nonsensical, and comprehension is 
impaired  
A "conduction aphasia" is characterised in patients by selective impairment in repetition tasks and results 
when there is a disconnection between receptive and expressive speech areas. 
 In "transcortical aphasia", repetition is intact but other speech functions are impaired. Extensive crescent shaped 
infarcts in the borderzones ("watershed areas") between major cerebral arteries may cause transcortical aphasia. 
Mutism or abulia may occur if there is damage to the medial frontal/ cingulate cortical regions. 
Gerstmann Syndrome =  
- left/right disorientation, 
-  dysgraphia,  
- finger agnosia  
- dyscalculia. 
 
The non-dominant hemisphere is somewhat more important for visuospatial skills.  
Lesions in the non-dominant parietal region may cause disorientation or neglect which is characterised by 
inattention to the contralateral side of the body and/or space.  
Clock drawing is sometimes used as a bedside assessment tool to look for evidence of visuospatial 
dysfunction.  
 
The representation of musical skills appears to involve both cerebral hemispheres. 

 
 
 
 

These deficits indicate dysfunction in tertiary association cortex in the dominant parietal 
lobe. However, (i) these defecits rarely occur in isolation after left parietal damage (ie., 
impairments in language dysphasia, reading dyslexia and coordinated motor skills 
dyspraxia are also common and (ii) their presence does not indicate that dysfunction is 
limited to the left parietal lobe. 



Function of the cerebral cortex               

primary sensory areas 
CONTRLATERAL BODY receptors � transmit to � THALAMUS � transmits to PRIMARY SENSORY AREAS 
TOPOGRAPHICAL: body areas represented in discrete areas of the cortex,  

eg. somatosensory homunculus 
! Blood supply to upper body sensorymotor band  
IS DIFFERENT from blood supply to lower body;  
THUS stroke may affect one and not the other !! 

 
REGIONS WITH GREATER INPUT  
ARE OVER-REPRESENTED 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRIMARY 
- Inputs from a specific 

part of the THALAMUS 

- TOPOGRAPHICAL 

conections 

 

      FUNCTION is to 

RECEIVE and PASS ON 

Areas: 

Somatosensory 
= postcentral gyrus 

Visual 
= on the banks of the 
calcarine sulcus 
= surrounded in secondary 
processing areas 
Auditory 

= small area at the 
transverse gyrus of Heschl 
(on sup. temporal lobe; 
buried in lateral sulcus) 
Gustatory 

=insula and opercula of the 
temporal lobe 
Motor  

= Precentral gyrus 
= executive function; no real 
control of fine movements 
 

SECONDARY 
- For each primary 

area there is a set 
of secondaries 

- THUS: 
INPUTS mainly from cortex 
 

FUNCTION is to 
PROCESS, 

ADD DETAIL, 
COMPARE TO MEMORY 

 
Areas: 
Somatosensory @ opercula 
 
Visual @ occipital lobe 
(colour, orientation, motion) 
 
Auditory @ 
Plenum temporale,  under 
Wernicke’s area 
 
Motor @ caudal frontal lobe 
=  the organgrinder; orders the 
primary motor area to make 
specific movements. 
 

HIGHER ORDER 
Inputs from many 

areas are integrated 

here 
PREFRONTAL: 

The ASSHOLE centre: 

Social and moral reasoning 

Personality, thinking, 

cognition; 

MOVEMENT: determines the 

most appropriate trajectories 

of motion 

SHORT TERM MEMORY 

PARIETAL: 

Usually Rt. Lobe dominant 

Attention; focus, recognition 

Filters relevant from 

irrelevant 

CINGULATE: 

Anxiety; autonomic 

control, eg. drooling 
INSULA: 

Love; pain 

(palaeospinothalamic tract) 

ORBITOFONTAL: 

Morality, self-evaluation, 

Right-and-wrong decisions 

TEMPORAL: 

Fear, sexual function 

LANGUAGE 
Lesion = “aphasia” 

 

BROCA AREA 

=inf frontal gyrus 

= Motor for speech 

= expressive area 

LESION: 

 telegraphic speech; 

 poor grammar 

(but conscious of 

mistakes) 

 
WERNICKE AREA 

= sup temporal gyrus,  

= inf parietal lobe 

sensory/receptive speech 

LESION: 

Nonsensical speech, no 

relevance to question 

asked but fluent 

 

CONDUCTION 

Broca 

wernicke 

memory 



Structure of the cerebral cortex          
Meaningless Statistics: Cortex  = about 250 000mm 

2
 in area; contains about 10 

9
 neurones 

Anatomy:divided into 4 lobes that reflect the overlying bones of the skull: frontal, occipital, parietal, temporal. 

HISTOLOGY:            

2 major classes of neurons: PYRAMIDAL and STELLATE (granular):  

Pyramidal = organise the stratification of processing, reach between layers, extend axons out of cortex 

Stellate = interneurons, excitatory OR inhibitory function- but local 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two major classes of neurones are present:  

pyramidal cells and nonpyramical (which include stellate) cells; + supporting glial cells  
Pyramidal cells are characterised by  

- triangular shape to the cell body 
- an axon that projects away from the cell's location 
- two sets of dendrites.  

- Apical dendrite projects vertically towards the 
cortical surface,  

- basal dendrites ramify below the cell body.  
 

Nonpyramidal cells are smaller and more diverse, 

many which do not have a projecting axon serve as 
interneurones. 
 They may be excitatory or imhibitory to their neighbours and 
serve to modulate the local transmission of information. 

 

 

 

 

 

 

Layer 1: poor in cells, only stellate neurones.  

THALAMUS 
 

Layer 2:  
smallish stellate and pyramidal cells:  
THIS IS WHERE INTELLIGENCE HAPPENS 
 
Layer 3: 
 Normal stellate and pyramidal cells; 
The axons of this layer go to contralateral cortex 
THUS: make up MOST OF CORPUS CALLOSUM 
(it is said they PROJECT CALLOSALLY) 
 

CONTRA 
CORTEX 

    IPSI 
CORTEX 

Brainstem: 
Influence via 
disseminated 
catecholaminergic 
neuron endings all 
over the cortex 

 

Layer 4:  Thalamic Lamina, only stellate  

 
Layer 5:  

GIANT pyramidal cells,  

projecting to all subcortex  

eg.  to Cranial nerve nuclei (Corticobulbar tract) 
- Muscles via spinal cord (corticospinal tract) 

   
 

Layer 6: 

- Project back to thalamus 

   

 

subcortex 
 



 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

CENTRAL PAIN PATHWAYS         
 All primary afferent neurons are PSEUDOUNIPOLAR 

 i.e they sit in the periphery and send fibres towards the CNS.  

 

Both spine and spinal trigeminal nucleus are arranged into concentric LAMINAE 

10 laminae in total; numbered post to ant 

LAMINA 10 = around central canal. 

Lamina 1 = most posterior; 

Laminae 8  and 9 = most anterior 

** LAMINA 8 =Responsible for REFLEXIVE WITHDRAWAL; full of interneurones** 

 

IN THE SPINE: After the laminae:         

Fibres cross the midline @ level of entry;  

form CONTRALATERAL FIBRE BUNDLE “Anterolateral tract” 

Which consists of  

SPINOTHALAMIC tract  ���� synapses in ���� THALAMUS; 

SPINORETICULAR tract ���� synapses in ���� ventrolateral medulla  

(cardiorespiratory control) 

      + Solitary tract nucleus 

SPINOMESENCEPHALIC tract ���� synapses in ���� pons/midbrain,  

periaqueductal gray 

THUS: links emotion to 

pain,  

some autonomic control 

 

IN THE TRIGEMINAL NUCLEUS: After the laminae:       

The fibres ALSO CROSS OVER into contralateral side 

Follow roughly same path as the anterolateral tract of the spinal 

column 

 

MAKE THE SAME CONNECTIONS with  

THALAMUS, VENTROLATERAL MEDULLA, 

PERIAQUEDUCTAL GRAY 

@ Thalamus, there is a massive termination of fibres  

– carrying information about noxious events across the entire body 

 

 

 



IN THE THALAMUS:           

VENTROPOSTERIOR THALAMUS  
 
Also: 
 medial and intralaminar group of thalamic 
nuclei  
which are intimately connected  
with cingulate cortex, medial prefrontal 
cortex   
= critical for the elaboration of emotional 
responses and in modifying motivational states. 

 

VENTROPOSTERIOR NUCLEI � 

Organised into topographical regions: 

- there is a point for point  

representation of body 

areas 

From there, signals are relayed 
to somatosensory (postcentral gyrus)  

THUS: pain sensation is integrated  

with normal tactile sensation 

 

 

 

 

 

 

 

Neurobiology of Pain               
the consequences of pain present in two global categories,  

"activating"  

- evoking fight or flight, 

-  hypertension,  

- tachycardia  

- general arousal;  

"deactivating"  

- evoking quiescence,  

- loss of interest in the environment 

- hypotension 

- bradycardia  

- sometimes nausea and fainting. 

 

THERE ARE 2 SYSTEMS FOR INTEGRATING RESPONSES TO PAIN: 

EXAMPLE: Cutaneous pain 

EXAMPLE: Deep chronic visceral pain 

 



THESE SYSTEMS ARE ACTIVATED BY DISTINCT TYPES OF PAINFUL EVENTS. 

 

Projections to the medulla (spino- and trigemino-reticular tracts)  

almost certainly play a critical role in producing the changes in autonomic 

activity associated with certain types of pain; eg. crying,  

Projections to the midbrain (spino- and trigemino-mesencephalic tracts)  

likely play critical roles in integrating the somatic and behavioural 

responses to pain from different regions or following distinct timecourses.  

Projection of "pain pathways"to thalamic regions (spino- and trigemino-thalamic tracts)  
other than the ventroposterior nuclei (VPl and VPm): THERE ARE ALTERNATIVE PATHWAYS 

Eg. Mediodorsal thalamus to frontal cortex:  

these may mediate pain-associated depression 

THUS: pain = motivational state like hunger and thirst, 

 NOT SENSORY DOMAIN LIKE VISION 

       LATERAL ANATOMY OF THE BRAIN: in unnecessary detail  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

       MEDIAL ANATOMY OF THE BRAIN: in unnecessary detail 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

       INFERIOR ANATOMY OF THE BRAIN: in unnecessary detail  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Mechanism of Headache:    Pain Pathway    
“Primary” (idiopathic) headache: Migraine and Tension headache = most common 

“Secondary” headaches are associated with intracranial pathology  

eg. space-occupying lesions, increased ICP, stroke, hemorrhage, etc. 

 

PAIN-SENSITIVE SCALP AND INTRACRANIAL STRUCTURES:  

- proximal parts of cerebral and dural arteries,  

- scalp arteries,  

- the large veins and venous sinuses,  

- scalp and other extracranial muscle (particularly in tension-type headache) 
 

MOST IMPORTANT SENSORY NERVES: Trigeminal and C1 ���� C3 (referring to occipital and neck areas) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISTORTING 
STIMULUS: 

- Vasodilation 

- Stretching 

- Local Inflammation 

Stretch 
Receptors  

-  

Afferent trigeminal 
pain fibres 

  

SPINAL 
TRIGEMINAL 

NUCLEUS 
Signal transduced and 
transmitted 
* Reflex arcs work here 
  

-  

Trigeminal       ganglion 
  

Cross to 
contralateral 

  

DRUGS: 

- NSAIDS block COX1 and COX2 

activity 

- PARACETAMOL 

- AMITRIPTILINE 

SWOLLEN, 
PULSATILE 
qualities of 
headache 
conveyed by the 
blood vessels: 
PAIN MAY BE 
ALLEVIATED � 
compressing 
extracranial 
vessels, thus 
reducing blood 
flow and vessel 
stretching: 
 

SO RUB 

THOSE 

TEMPLES! 

THALAMUS and then 
HIGHER CORTICAL 

CENTRES 

The ROOT of migraine: 
Inept system of intracranial blood flow 
regulation which allows such stresses to 
befall the poor intracranial vessels 

A mnemonic for the branches of the 

TRIGEMINAL NERVE: 

Two Zulus Buggered My Cat. 
Temporal, Zygomatic, Buccal, 

Mandibular, Cervical. 



MIGRAINE WITH AURA: 30% of cases        

Aura symptoms: 

- nausea 

- photophobia 

- PHONOphobia 

- “premonitary” sensations, eg. zigzag patterns in field of vision 

AURA = result of MOVING CHANGES due to REDUCED CEREBRAL BLOOD FLOW 

Due to misregulation of ARTERIOLAR BLOOD FLOW 

= Is termed OLIGAEMIA, “spreading hypoperfusion” 

Typically starts @ PRIMARY VISUAL CORTEX  

2-3 minutes later it progresses to other, larger areas 

HEADACHE PHASE begins soon.  

The headache phase is characterised by extra- and intra-cranial arterial DILATION 

MIGRAINE WITH AURA: 30% of cases        

= NO MEASURABLE CHANGES TO CEREBRAL BLOOD FLOW, initially; 

@ HEADACHE PHASE, the arteries still dilate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Pain Pathways in General          

 

 

 

 

 

 

 

 TISSUE DAMAGE
Accompanied by
  mechanical,
  chemical or
  temperature change

 Release of K
+

Directly stimulates
nociceptors

Noxious
stimulus
Eg. pressure,
temperature etc

INFLAMMATION:

Release of
- Bradykinin
- Histamine
- Serotonin

SENSITISATION
of nociceptors

NOCICEPTORS
ACTIVATED

Release of
SUBSTANCE  P

A-Delta Fibres:
- FAST
- “FAITHFUL”
- MYELINATED
- Group III Fibres
- ACUTE + SOMATIC PAIN

C-Polymodal Fibres:
- SLOW

- PROMISCUOUS

- UNMYELINATED
- Group IV fibres
DULL + VISCERAL PAIN

Neospinothalamic tract Palaeospinothalamic tract

DORSAL ROOT GANGLION

… plus some pain fibres travel up the DCT

2ndary Neurons at
Lamina I and II  of the

DORSAL HORN

 Spinothalamic
DECUSSATION =

At the level of
 the spinal cord

BRAINSTEM
RETICULAR
FORMATION

THALAMUS

SOMATOSENSORY

CORTEX

NEUROPATHY
Mediated by A-δ fibres
- At RECEPTOR  LEVEL:
Spontaneous nociceptor activity (eg. small
neuroma growing like a cap at the end of the
noci axon.
… or, spontaneous activity of the 2ndary neuron
which loses all stimulus, becomes unstable and
depolarises for no reason other than boredom

- At DRG + FIBRE LEVEL:
 Sympathetic Sprouting where sympathetic
efferents travelling together with severed
nociception fibres sprout abnormal links and
begin to stimulate the alpha-2 adrenoceptors on
the noci fibre, thus causing pain stimulus as an
effect of normal autonomic efferent signalling

- At SYNAPSE LEVEL:
Sensitisation of 2ndary neurons by
upregulation of glutamate NMDA receptors,
which are those most important for pain
transmission

- At DORSAL HORN LEVEL:
Sprouting of new connections into the laminae
1 and 2 (pain) from laminae 3, 4 and 5 (touch) �
THUS light touch and temperature become
misrepresented as pain
-Or: Loss of Local Inhibition through spinal
interneuron “gating” which normally limits the
amount of signals transmitted to higher CNS
Or: Loss of Central Inhibition in the higher
CNS which directs afferent gating of pain stimuli;

The cell bodies of all primary sensory neurons are found 
within ganglia, and nociceptors are no exception.  
body = cell bodies in dorsal root ganglia; 
orofacial region and dura = trigeminal (Gasserian) ganglia 



BRAIN TUMORS           
INCIDENCE: about 15 in 100,000 

 ONLY KNOWN RISK FACTOR is cranial irradiation 
 Proposed risk factors include mobile phone radiation, high tension wires and head trauma 

Clinical presentation of brain tumours  
 Usually the result of increased intracranial pressure: Normally 0 to 15 mm Hg; over 30 requires treatment 

- 6ths and 4
th

 cranial nerve problems  
- diffuse headache, worse in the morning 

- PAIN CAN BE THROBBING AND UNILATERAL, LIKE A MIGRAINE!! BEWARE !! 

TYPICAL PRESENTATION: 
- Focal symptoms (eg. dysphasia, hemiparesis) 
- Rate of progression = indication of degree of malignancy 
- Usually: SUBACUTE ONSET, months to weeks 
- Seizures are present in 15 to 95% of tumours (depending on subtype) 

 
 DEATH FROM A BRAIN TUMOUR is usually due to TONSILLAR HERNEATION from increased ICP 
 Thus, coma and death from respiratory failure 

Diagnosis of a Brain Tumour 
- MRI is gold standard; no MRI findings = no lesion. 

- Contrast agents get through broken blood-brain barrier 
- CT can MISS some tumours! 
- PET can distinguish high- from low-grade 

PROGNOSIS OF A BRAIN TUMOUR 
- Tumour Grade is ALL-IMPORTANT! Single most valuable prognostic factor 
- Age (younger = better) 
- Clinical status (i.e comorbidities, etc) 
- THESE influence the outcome MORE THAN TREATMENT 

Types of brain tumours  
GLIAL: oligodendroma and astrocytoma 

ASTROCYTOMA:  

- A terrible beast which spreadeth yonder aong the white matter tracts, thus 
rendering itself INOPERABLE 

- Young adults most stricken 
- First symptom OFTEN A SEIZURE  
- Looks like a non-enhancing mass on MRI 
- PET will show high-activity regions: try to biopsy THESE 

(normally, biopsies are not representative as different regions will have different histology, so 
you want to hit the most active high-grade areas with the biopsy needle) 

- These tumours will eventually become high grade. 
SURVIVAL about 5 years 

- TREATED WITH RESECTION (when you can) and RADIATION 

 

ASTROCYTOMA FROM HELL: GLIOBLASTOMA MULTIFORME 

- Commonest and worst  
- 50-70 age group 
- irregular ring-like lesion on MRI findings; +edema and mass effect 
- necrotic, with pseudopalisading of cells; lots of vascular proliferation 

SURVIVAL about 1 year. 

- p53 and epidermal growth factor receptor mutations are the culprit here. 
- TREATED with radiotherapy and surgery whenever possible 
 

OLIGODENDROMA: given a choice, this is the tumour you would want. 

- 20% of glial tumours 

- looks like an astrocytoma on MRI 

- “fried-egg” appearance under the microscope 

- delicately vascular, prone to hemorrhage 

- THE ONLY BRAIN TUMOUR THAT CALCIFIES! 
Thus, you might actually see it on a plain skull X-ray (!) 

SURVIVAL: usually about 16 years; most eventually progress in malignancy 
TREATED with chemo radio and surgically. 

 



MENINGIOMA 
- Arises from arachnoid cells 
- About 20% of all brain tumours 
- Majority are asymptomatic and are found en route to another diagnosis 
- Whorls of cells on microscopy: identical to normal arachnoid cells 
- Slowly growing 
- Genetic abnormality: absence of chromosome 22 
- WHEN OVER HEMISPHERES it produces hemiparesis and seizures 
- In the base of skull, it will cause cranial nerve palsies 
- MRI shows a tethered tumour with a “dural tail” 
- Treated with resection only. 20% will recur in 10 years. 

SCHWANNOMA 
- Peripheral nerve sheath cells gone bad: most often sensory nerves 
- 10% of brain and 30% of spine tumours 
- Angle of cerebellum and pons is a favourite:  

here, they are called ACOUSTIC NEUROMA 

 
Functional Brain Imaging:          
MRI takes a semester to explain. Here is a popular science view: 
- Based on the laws of electromagnetism, any electrically charged particle which moves 

creates a magnetic field called a magnetic moment  
- This makes every hydrogen atom in the body a tiny magnet with a north and south pole (a 

magnetic dipole) 
- Each hydrogen atom is also spinning along its own little axis (thus it is a moving charge) 
- These axises (axes?) are normally all facing different directions. 
- Now, you put these atoms into a magnetic field, and they all line up parallel to the field 

(or face the opposite direction. The point is- they line up.) 
 
- NOW: these atoms, though facing in generally the same direction, DON’T ACTUALLY 

ALIGN PRECISELY. Their axis wobbles in a cone-shaped trajectory. Essentially, this is 
what happens when a spinning top starts slowing down. 

- This wobble is called precession 
- The speed of wobbling is called the precessional frequency 
- NOW you get a large radiofrequency gun, and aim it at exactly 90 degrees (perpendicular) 

to the direction of the magnetic field which has aligned them. The hydrogen atoms must 
get hit IN THE SIDE by the RF pulse.  

 
- Getting hit with this radiofrequency photon misalignes the hydrogen atoms. They 

literally flip, either 90 (perpendicular, facing the direction in which the RF pulse was 
travelling) or 180 degrees (i.e they reverse direction)   

-  BUT they are still in a magnetic field, and thus they will try to realign themselves. 
- THEY DON’T ALL COME BACK AT ONCE; it takes a little while to return to the normal 

parallel alignment.  
- As they slowly rotate back to face the big magnet, they become less perpendicular  and 

more parallel. 
- The return to parallel is called longitudinal relaxation , or T1 recovery 
- The deviation from the perpendicular is called transverse relaxation, or T2 decay 
Thus, T1 recovery is gradually increasing after a pulse, and T2 decay is, well, decaying. 

The transverse magnetization induces a voltage in an antenna or receiver coil which will 
be eventually become the MR signal 

T1 recovery occurs because of the influence of the big magnetic field 
T2 decay occurs because of neighbouring hydrogen atoms interacting with each other. 
- THUS: T1 time tells us about how molecularly mobile or “glued-down” the 

hydrogen atoms are; i.e fat hydrogen is less mobile than water hydrogen  
- T2 tells us how many hydrogen atoms are near each other (i.e the greater their 

density, the faster they interact and the faster does the T2 signal fade)  
More painful detail at http://www.erads.com/mrimod.htm 



Multiple Sclerosis          
=.  

History of Presenting Illness: Initial symptoms in order of frequency   

- Weakness 
- Sensory Loss 
- Paresthesia 
- Optic Neuritis 
- Diplopia 
- Ataxia 
- Vertigo 
- Bladder urge incontinence 
- Paroxysmal Symptoms  

(brief attacks of paraesthesia + spasm and 
tonic contraction) 
- Lhermitte’s sign (electric shock on neck 

flexion) 
- Pain 
- Dementia 

- Visual loss 
- Facial palsy 
- Impotence  

 

Differential Diagnoses            
Amyotrophic Lateral Sclerosis  
Bell Palsy  
Brain Abscess  
Guillain-Barre Syndrome  
HIV Infection and AIDS  
Lumbar (Intervertebral) Disk Disorders  
Neck Trauma  
Sarcoidosis  
Spinal Cord Infections  

Spinal Cord Injuries  
Stroke, Hemorrhagic  
Stroke, Ischemic  
Subdural Hematoma  
Syphilis  
Systemic Lupus Erythematosus  
Tick-Borne Diseases, Lyme  
Transient Ischemic Attack  
Trigeminal Neuralgia 

 
Pertinent Findings on History          
AIM is to exclude the diagnosis of every other disease on the list above; not easy 

The review of systems should concentrate on the evidence of bladder, kidney, lung, or skin infection and 

irritative or obstructive bladder symptoms. 

Classic MS symptoms 
• Sensory loss (ie, paresthesias) usually is an early complaint. 

• Motor (eg, muscle cramping secondary to spasticity) spinal cord symptoms 

• autonomic (eg, bladder, bowel, sexual dysfunction) spinal cord symptoms  

• Cerebellar symptoms (eg, Charcot triad of dysarthria, ataxia, tremor) may occur. 

• fatigue (which occurs in 70% of cases)  

• Dizziness 

• Subjective difficulties with attention span, concentration, memory, and judgment may be 
noted any time during the disease course. 

• About 50% of patients with MS have impairment, usually mild, in information processing on 
neuropsychological testing. 

• Depression is common, but euphoria is less common. 

• Over the course of the disease, 5-10% of patients develop an overt psychiatric disorder (eg, manic 
depression, paranoia, major depression) or dementia. 

• Eye symptoms, including diplopia on lateral gaze, occur in 33% of patients. 

• Trigeminal neuralgia may occur. 
Family History:  

Consider asking abut ethnic background. The Norse cultures suffer most (except Eskimos, who are 
paradoxically immune.) Also, the risk seems to be associated entirely with childhood years spent in 
a temperate climate 

 

Clinical patterns of MS. A, B, relapsing-remitting; 
C, D, secondary progressive; E, F, primary 

progressive; G, progressive relapsing. 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



 

Optic neuritis = the initial presentation of 15% of patients with MS.  
!! Fifty percent of all patients who present with ON have MS !!  
Isolated episodes of ON, even if they are recurrent, do not represent MS. 

= Acute onset (minutes or hours) of  

• single eye visual blurring, 

• decreased acuity (ie, usually scotoma),  

• decreased color perception,  

• discomfort of the moving eye 
3 phenomena of optic neuritis: 

1. Phosphenes: flashes of light when you move your eyes 
2. Uhthoff phenomenon: eye symptoms made worse by HEAT 
3. Pulfrich effect: rate of transmission between the optic nerves are unequal, thus a 

 sense of disorientation in traffic  
!! BILATERAL OPTIC NEURITIS IS RARE !! 

 
Findings on Examination           
:focus on long white matter tracts: 

Eye:Optic neuritis 
- funduscopy results are usually normal: UNLESS your pt is a chronic sufferer,  

in which case expect OPTIC NERVE ATROPHY: a pale and useless-looking optic disk 

 "The patient sees nothing and the doctor sees nothing."  
- Light Reaction: afferent pupillary defect (i.e cant see thus cant react) 

may be seen in the affected eye.  
- Visual acuity usually is impaired (ie, subtle to total blindness). 

- internuclear ophthalmoplegia (INO) = classic finding; a lesion in the median longitudinal 
fasciculus (MLF) resulting in  

- a weakness in adduction of the ipsilateral eye  
- nystagmus on abduction of the contralateral eye, 
- an incomplete or slow abduction of the ipsilateral eye upon lateral gaze, 
- complete preservation of convergence. 

- abnormal pupillary responses, 
- acquired pendular nystagmus : rapid, small amplitude pendular oscillations of the eyes in the 

primary position resembling quivering jelly. Patients frequently complain of oscillopsia 
(subjective jumping/jerking of objects in the field of vision), which impairs visual performance 

- loss of smooth eye pursuit. 
YOU HAVE TO FIND ONE OF THESE SIGNS TO EVEN CONSIDER A DIAGNOSIS OF MS 

Spinal Cord Symptoms 
= indicative of upper motor neuron dysfunction, as long white matter highways is what the SC is all about 

- Sphincter paralysis = bladder, bowel, and sexual dysautonomias. 
- Paralysis 
- Spasticity 
- hyperreflexia  
- Decreased joint position and vibration sense 
- Decreased pain and temperature (less common) 

  

Cerebellar symptoms:  

- Disequilibrium,  
- truncal or limb ataxia,  
- scanning (ie, monotonous) speech, 
- intention tremor, 
- saccadic dysmetria  

 

Lhermitte sign: Neck flexion results in an electric shocklike feeling in the torso or extremities 

 
 
 
 
 
 



Tests and Investigations           
Visually Evoked Potentials 

The individual visual evoked potentials 

with the major scotoma superimposed 

(grey-shaded area).  

 

 

 

 

Approximately 85% of clinically 

definite MS patients have abnormal 

VEPs.  

 

SOMETHING VERY SIMILAR can 

be done for somatic sensations and 

hearing 

 

Full Blood Count 
Should be NORMAL; 

  if white cells are increased, you may be looking at a case of meningitis or brain abscess  

VDRL: Venereal Disease Research Laboratory test 
A blood test used to diagnose syphilis. Neurosyphilis has many manifestations, and can mimic MS 
in many ways; however it is not as common in civilised countries as it is in Calcutta or London 

ESR 
Hopefully NOT ELEVATED 
This is done to rule out infection and various nasty rare illnesses which cause raised ESR such as  
- Acute Disseminated Encephalomyelitis 

Immune-mediated encephalitis (IME), ADE, allergic treatmentn to prior infection, begins 1-2 weeks after event, occus 
after viral infection or vaccination, affects corpus callosum and white matter (above and below tent), self-limited; 
steroids may help  

- Meningitis 

- Wegener's granulomatosis 
(Sinuses, mucoperiosteal thickening, may destroy bone and cartilage, lungs, necrotizing granulomata, multiple round 
nodules (2 mm - 9 cm), may cavitate, kidneys, glomerulonephritis most likely to be necrosis of capillary tuft, generalised 
necrotizing vasculitis of arteries and veins, auto-immune: basement membrane, almost always involves lungs, M = F, 
30-50 years of age, symptoms: cough, haemoptysis, fever, wt loss, multiple respecially infections, treatment: cytotoxins, 
immunosuppression ) 

MRI with Gadolinium Contrast          
 

- If there was a gold standard for MS diagnosis, MRI would be it.  
- The MRI findings are gadolinium-absorbing lesions over the  

white matter tracts in the brain, where the BBB is broken and     
acute inflammation is taking place. 

- This may not pick up small lesions during a period of  
remission, because some of them re-myelinate. 

The signature lesions are the “periventricular high signal 
areas”, or “Dawson’s Fingers” 

! Acute disseminated encephalitis may be radiographically 

indistinguishable from MS. BEWARE!! 
CSF: 

Immunochemistry 
           selective increase in immunoglobulin G with  

          oligoclonal bands;  

          ..and maybe elevated protein in acute phase 
Microscopy  
           Up to 50 mononuclear cells on cell count  

(lymphocytes dominate) 

Culture 
Hopefully nothing; however this excludes 
meningitis and encephalitis 

 



How is this diagnosis made ?    …BY EXCLUSION!! 
To call it MS, you must.. 
- Find objective CNS abnormalities, eg. big scotoma 

- These abnormalities are due to white matter tract destruction, eg. corticospinal 

tracts, dorsal column tracts, cerebellar pathways, medial longitudinal fasciculus or 

optic nerve problems 

- Must have at least two sites where this is occurring (four if you involve MRI) 

- Symptoms must last at least 1 day, and occur at least 1 month apart 

- OR: 6 months of progressive decline with increased CSF IgG 

- That IgG has to be OLIGOCLONAL with 2 or more bands  

- The patient must be between 15 and 60 years old 

- After all that, 

 ITS MULIPLE SCLEROSIS IF YOU CANT FIND A BETTER EXPLANATION 

 
Disease Definition            

Multiple sclerosis (MS) is an idiopathic inflammatory demyelinating disease of the CNS.  

MS is characterized by  

(1) a relapsing-remitting or progressive course and  

(2) a pathologic triad of CNS inflammation, demyelination, and gliosis (scarring).  

Lesions of MS are classically said to be disseminated in time and space.  

 

Management             
ACUTE: 
Hit them with steroids right away if you suspect an acute lesion in progress: 

DRUG ‘O’ CHOICE: IV infusion  Methylprednisolone  3-5days  
Mechanisms of action same as for Cortisol (but more potent (5x anti-inflammatory) 

and does not stimulate Na retention. Decreases inflammation by suppressing 

migration of polymorphonuclear leukocytes and reversing increased capillary 

permeability. 

NO LONG TERM BENEFIT but duration of attack is reduced 

LONG TERM: 
Aim is to slow progression and delay onset of SUSTAINED PROGRESSION 
DRUGS which do this include: 
- INTERFERON BETA 1a  
- INTERVERON BETA 1b 

IFNs have nasty side effects such as  

- Injection site reactions;  

- Flu-like symptoms;  

- CNS disturbances incl. depression and suicidal ideation;  

- Leucopenia; 

- Menstrual disturbances  

- Elevated hepatic enzymes;  

- Hypersensitivity reactions; 
- COPAXONE (glatiramer acetate) 

is practically the same except side-effects are nicer,  
eg. no menstrual disorders or depression.  
The mechanism is unknown, but it seems to decrease the frequency of relapses 

- MARIJUANA : although patients report improvements in ataxia and spasticity, no objective 
improvement has been demonstrated by the narrow open trials, and the whole thing remains a 
medicolegal minefield.  

 
 
 
 
 



 

Prognosis             
• 20-35% of Remitting-Relapsing patients 

 = complete or nearly complete recovery of acute exacerbation within 8 weeks,  

• Optic Neuritis: 90% = complete recovery of visual acuity within 8-12 weeks.  

• BUT: residual impairment of color vision and abnormal depth perception  

• Recurrence in either eye can be expected in 20-35% of ON patients 

 

In general, patients who experience minimal neurologic impairment 5 years after the first symptoms are least likely 
to be severely disabled 10 to 15 years later. By comparison, patients with persistent truncal ataxia, severe action tremor, 
or a disease course that is progressive from the onset are more likely to experience progression of disability. 

 
MS patients usually die from pyelonephritis and subsequent septicaemia (uncontrolled 
dysautonomia) 
 
Survival is typically 30years; most patients will need help with walking after the first 15 years 
 

Epidemiology + Risk Factors          
- Twice as many females as males 
- Born further north = more risk 

- highest known prevalence (250 per 100,000) occurs in the Orkney islands, 

located north of the mainland of Scotland 

incidence rises steadily from 
adolescence to age 35 and declines 
gradually thereafter (mean 20- 50) 

Genetics              
Racial:  

- prevalence of MS is higher in Caucasians 
 

Familial Aggregation 
- First-, second-, and third-degree relatives of patients with MS are at increased risk for the disease.  
- Siblings of affected individuals have a lifetime risk of ~5%, 
- familial aggregation is primarily determined by shared genetic, and not environmental, factors. 

Twin Studies 
Concordance ~30% in monozygotic twins  

5% in dizygotic twins (similar to the risk in nontwin siblings). 
 
Susceptibility is determined by multiple independent genetic loci (polygenic inheritance) 
 each with a relatively small contribution to the overall risk.  
 

The class II (HLA-D) region of the MHC is most strongly associated with MS, and susceptibility appears to result from the 

presence of the DR2 allele and its corresponding haplotype, defined by molecular criteria as DRB1*1501, DQA1*0102, 

DQB1*0602. Other genetic regions implicated in MS susceptibility include loci on chromosomes 3, 5, 16, and 19. 

 
 
 
 
 
 
 
 
 
 



Visual Field Testing   possibly examinable, but hopefully forgettable 
Near and far point 

Move an object along a ruler towards the eye until you can no longer se it in sharp 
focus. (this is the near point) Repeat, moving the object away.(far point) 
Range of accommodation = 1/dn - 1/df  [distance in metres; power in dioptres] 
d(n) is the near point distance; d(f) is the far point distance 
Myopia: short sightedness (far point is too near) 
Emmetropia: normal sightedness (far point vanishes in infinity, near point is quite near) 
Hyperopia: long sightedness (near point too far) 

Presbyopia: a result of reduced flexibility of the lens with increasing age 
Astigmatism 

A simple test for astigmatism consists of radiating black lines that should appear equal in intensity 
and size to an emmetrope. If any of the lines are fuzzy or not sharp, astigmatism may be present 

Acuity 
The Snellen chart:  

Each symbol is of a size that can be read by a subject with normal acuity at some set distance from 
the eyes. Thus the “5 metre” line is read comfortably by a normal subject at 5 metres, and the “24 
metre” line at 24 metres. These distances for each line are recorded on the chart. 

 

Visual acuity = 
testing distance (6m)

distance at which smallest letter discriminated subtends 5’ (read from chart)
 

 
Aperture effect 

Small aperture is used  to increase the quality of the image and to increase depth of focus. 
BUT: brightness and contrast are lost. 
THUS myopes may use a pinhole to see more clearly at a distance 

Colour vision tests: Ishihara and HRR 
A monochromat (very rare indeed) will see no colour. Such a subject may be a: 

 rod monochromat - lacking all cones (see O. Sacks (1996) The Island of the Colour-Blind, Picador, Sydney). He 
or she is severely handicapped in bright lights (ie during the day time). 

 red cone monochromat - lacking all blue and green cones (cannot distinguish any differences in hue); 

 green cone monochromat - lacking red and blue cones (cannot distinguish any differences in hue); 

 blue cone monochromat – lacking red and green cones. 

A dichromat has only two of the three cone types. Such subjects confuse colours that others distinguish with ease. The 
possibilities are that a subject may be a:  

 protanope - lacking red cones (1% of males, sexlinked);  

 deuteranope - lacking green cones (2% of males; sexlinked);  

 tritanope - lacking blue cones (rare; not sexlinked; 1/10 000 of population). 

A trichromat - the normal situation has 3 cone types.  

In an anomalous trichromat, however, one of the cone types contains an abnormal pigment:  

 protanomalous - abnormal red pigment shifted towards green (2% of males; sexlinked);  

 deuteranomalous - abnormal green pigment shifted towards red (4% of males; sexlinked); 

  (tritanomalous has not been described). 

The HRR colour vision test: numerous plates of varying grades 

Dotty symbols on dotty grey background; symbol only differs from background in colour. 

 (The dots help to break up the outline of the symbols, reducing non-colour cues to the subject.)  

this test is very accurate and can describe the exact defect: 

 In succeeding plates, the saturation is reduced. As the differences between symbol and 
background are reduced it becomes progressively more difficult to recognise the symbols and 
anomalous trichromats fail to distinguish the symbols. Thus the HRR test not only differentiates 
between protanopes, deuteranopes and tritanopes but can be used to measure the degree of 
anomalous trichromacy present. 

Ishahara test: 
On a typical plate there is a number, formed of small dots, on a background of dots of a contrasting 
colour. The colours are chosen to be those commonly confused by dichromats. There is often a 
second number made out of dots of lesser contrast ignored by trichromats. A dichromat, lacking the 
greater colour contrast, selects the second number. (Many trichromats, especially if given time, can 
easily detect the background figure.) On other plates the subject is asked to trace a pathway. 

 



 

Estimating the size of the fovea 
Shut one eye and fixate with the open eye on the central character (A). Note the furthest letters that can be 
seen distinctly. Don’t move your eye! 

e 
d 
c 
b 

e  d  c  b  A  b  c  d  e 
b 
c 
d 
e 
 

Mapping the blind spot and the visual field 
Everyone has one scotoma in each visual field. Its in the temporal region and can be found with a red hat pin. 
The Bjerrum Screen method is the most accurate, particularly for outlining scotomata. In the original version, the subject sits a fixed 

distance from a black screen, the observer positions a small white spot (usually on a long black staff) within the visual field.  The subject indicates 
when they can see the spot. This method is used in class to demonstrate and measure the size of the blind spot. Nowadays, this method is often 
adapted by using a screen that contains an array of small bright lights that can be switched on and off within the field. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CORNEA: 
Transparent, avascular, richly innervated by trigeminal nerve (ophthalmic branch) 
5 layers: 
-epithelium (ant): allows nutrient exchange between the tear film and cornea. (the only nutrient supply) 
-stroma: collagen fibrils have a uniform diameter and arranged very regularly in sheets inside a proteoglycan ground 
substance, allowing light to pass through. 

ONLY IF DEHYDRATED is the transparency maintained. 
endothelium (post): ionic pumps maintain corneal stromal dehydration 
. Endothelial dysfunction therefore causes corneal oedema and opacity. 

 
Conjunctiva 

Thin mucus membrane overlying the sclera 
reflected onto inner surface of eyelids (tarsal conjunctiva). 
produces the mucin layer of the tear film, which allows tears to spread over the eye surface. 

 
Sclera 

the white of the eye 
opens posteriorly for the optic nerve to exit (lamina cribrosa)= sieve-like membrane to let axons through 
the bricks and mortar of the eye; scleral strength makes it relatively un-gougeable 

 
Limbus 

Junction between the cornea and the sclera  
about 1.5mm wide.  
Contains stem cells for corneal epithelium,  
Contains the channels for aqueous humour circulation 

 
Angle of anterior chamber  
  Junction of iris and cornea. Viewed with a gonioscope. 

 the internal scleral sulcus, contains the trabecular meshwork and Schlemms canal. 
Function: trabecular meshwork controls the outflow of aqueous, thus regulating the intraocular pressure.  
Raised intraocular pressure may be due to increased resistance to outflow. 

 

 
 
Produced by the ciliary processes of the ciliary body,  
aqueous flows into the posterior chamber 
 → passes in front of the lens 
 → through into the anterior chamber via the pupil 
 → exits at the angle of anterior chamber via the 
trabecular meshwork  
→ Schlemms canal  
→ collector channels 
 → aqueous veins  
→ cavernous sinus. 

•Function: Supplies cornea and lens with 
nutrients and metabolites. 
 

���� Path of aqueous humour flow ���� 



 
 
Iris 

- Thin contractile structure with a central aperture-pupil. 
- Divides space between cornea and lens into anterior and posterior chambers. 
- Anterior surface-colour varies according to amount of pigment produced by melanocytes. 
- Divided by a circular ridge (collarette) into a central pupillary zone and a peripheral ciliary zone. 
- Posterior surface-black in colour and contains radial contraction folds.  
- Structure: i) stroma (ant) ii) anterior epithelial layer iii) posterior epithelial layer (pigmented). 
- Pupillary zone contains iris sphincter muscle - smooth muscle surrounding pupil  
- Pupil constriction caused by sphincter contraction.  
- Innervated by parasympathetic postganglionic fibres from CNIII which reach iris via the short ciliary nerves. 
- Pupil dilation occurs when dilator pupillae muscle contracts- radiate from iris periphery to sphincter muscle.  
- Innervated by sympathetic postganglionic fibres in long ciliary nerves. 

- Function: controls amount of light entering eye, thereby protecting the retina. Pupil also constricts in 

accommodation to reduce optical aberrations. 

Ciliary Body 
Lies between the iris and choroid-approximately 6mm wide and triangular in cross section. 
Ciliary processes (about 70 in number) arise from the posterior surface and produce aqueous humour. Tight junctions 
between the epithelial cells of the processes form the blood-aqueous-barrier. 
Anterior surface has origin of fibres of suspensory ligament (zonules) which attaches the lens to the ciliary body. 
Important role in accommodation (near vision). Disruption of the zonules causes lens dislocation. 
Microanatomy: i) ciliary epithelium  ii) stroma  iii) smooth muscle, arranged in bundles. 

Function: Production of aqueous and accommodation. During accommodation the 
ciliary muscle contracts, the zonules relax and the lens becomes more spherical 

 

Choroid 
Thin brown layer beneath the sclera, extending from optic nerve posteriorly to the ciliary body. 
Very vascular. Supplied by both the anterior and posterior ciliary arteries. Drained by vorticose veins. 
Inner surface attached to the retinal pigment epithelium. 
Microanatomy: 3 layers-vessel layer (outer), capillary layer, Bruchs membrane (inner). 

Function: Supplies nutrients to the outer layers of the retina. 
 

Lens 
Transparent, avascular structure suspended by elastic zonular plexus of fibres.  
Grows throughout life.  
Becomes opaque with age (cataract). 
Microanatomy: i) anterior and posterior capsule enclosing ii) anterior epithelial cells and  iii) lens fibres. Fibres formed 
after birth form the nucleus, which is surrounded by the cortex which consists of newer fibres. 

Function: Refraction and accommodation. 
Accommodation: When looking at a near object, the ciliary muscle contracts → zonule relaxes → lens becomes more 
convex. With age, lens becomes more dense and less pliable-ability to accommodate decreases with age (presbyopia). 

 

Vitreous 
Transparent hydrogel between lens and retina. Undergoes liquefaction with age. 
Attached to ciliary body and peripheral lens anteriorly and posteriorly is attached to the retina at the ora serrata and 
optic disc. 
The hyaloid canal runs within vitreous between lens and retina-site of embryonic hyaloid artery. 
Microanatomy: gel consisting mainly of water, fine collagen fibrils and occasional cells (hyalocytes). 

Function: Transmits light, and maintains shape of eye and helps keep lens and 
retina in position. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Retina               
Forms the ‘film’ in the camera. About 200 to 300 microns thick.  

PROVIDES FIRST LEVEL OF PROCESSING: Comparison of intensity levels. 
Transparent so that light can reach the photoreceptors located on the outer surface of the retina. 
Outer surface is in contact with the choroid, and the inner surface is in contact with the vitreous. Firmly attached at margins of 
optic disc and anteriorly at the ora serrata. 

Macula-oval area at the centre of 
the posterior retina, site of most 
distinct vision. The fovea is the 
central depression in the middle of 
the macula. 

•The optic disc is located 3mm 
medial to the macula, and is the exit 
site for the optic nerve and retinal 
vessels. On a visual field chart the 
optic disc is represented as the 
blind spot, as it contains no 
photoreceptors. 
Microanatomy:  

•outer layer of vascular pigment 
epithelium  

• inner layers of neurons. The 
RPE cells are joined by tight 
junctions, forming part of the retinal-
blood-barrier.  

•Light is received by the 
photoreceptors (outer layer),  

•passed on to bipolar cells (first 
order neurons),  

•then to ganglion cells (second 
order neurons, inner layer), the 
axons of which form the optic nerve, 

and carry information to the lateral geniculate body. Horizontal, amaracrine, and Muller cells are also present in the retina. 

 The optic nerve is formed by the convergence of retinal ganglion cells at the optic disc. Approximately 90% of its 1.2 to 

1.3 million axons are derived from the fovea and macula (maculopapillary bundle).  
Myelination of the optic nerve commences at the level of termination of the subarachnoid space (around the optic nerve) at the 
posterior limit of the lamina cribrosa.  

Physiology of Vision           
Cones: Short, Medium and Long wavelength; 

- Are depolarised at rest: the “DARK CURRENT” 

- This means Na+, Ca++ is moving in, and K+ is moving out 
(remaining in equilibrium of extra-vs-intercellular charge) 

- A photon strikes the cone; 
- NA+, Ca++ channels close: BUT K+ STILL LEAKS OUT 
- Thus: cone cell is HYPERPOLARISED:  

This triggers Glutamate release at the Bipolar cell terminal 

- There are about 10 bipolar cells servicing each cone 
…and only 1 per every rod. 

- There are ON and OFF sublaminae of bipolar cells;  

 
 
 
 
 
 
 
 
 

ON cells: 

 INVERT the signal 

i.e if the cone is hyperpolarised (i.e very 

negative) the bipolar “ON’ cell will 

DEPOLARISE and propagate its signal 

down the optic nerve 

OFF cells: 

CONSERVE  the signal 

i.e if the cone is hyperpolarised (i.e very 

negative) the bipolar “OFF’ cell will 

REMAIN POLARISED and 

consequently do nothing. 

ROD signals are 

“low bandwidth” 

and get 

piggybacked onto 

the cone circuit 

FROM THE “ON” CELLS, the signal is passed to the GANGLION CELLS 

There is a ganglion cell at every retinal area for every retinal processing function, eg. contrast, edge 
detection, motion and direction. CONTRAST is produced by the inhibition of neighbouring cells; thus an 
excited cell is surrounded by a ring of inhibited “edge” cells.  



SECONDARY VISUAL ASSOCIATION CORTEX: 
SEPARATION INTO COMPUTATIONAL STREAMS:  
Where is it?" stream proceeds from the superior occipital lobe through 
 the middle temporal gyrus to the parietal lobe. This stream places objects 
 in space and detects whether they are moving, relative to their background or to other objects, or whether the background itself is moving. 
= ORIENTATION 
"What is it?" stream proceeds through the inferior occipital to the inferior temporal lobe. RECOGNITION of all the separate objects, faces, 
and people, which or whom we are able to recognize. COLOUR information is extracted nearby in the V4 area (temporo-occipital) 
 

Anatomy & Physiology of the Visual Pathways      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

, their LESIONS   
and the Commonest Causes thereof Physiological functions: 

Tunnel Vision ���� 
Concentric diminution 
Glaucoma, papilloedema and syphilis 

 

Big Blind Spot 
Optic nerve head  
enlargement, eg. via papilloedema 

 

Central Scotoma 
Internal optic nerve 
 destruction, eg. optic neuritis 
Glaucoma, papilloedema and syphilis 

Unilateral Blindness 
Total loss of one field: 
 Tumour, retinal artery infarct, Trauma 
Glaucoma, papilloedema and syphilis 

Bitemporal Hemianopia 
Loss of fields which cross over in 
 the chiasm: Pituitary Tumour, trauma 

Homonymous Hemianopia 
Loss of one side of perception 
 Lesion is post-chiasm and 
could be anywhere, until the lat. geniculate 
eg.  MCA infarct, tumour, Aneurism post-
chiasm  

Superior Quadrantinopia 
 TEMPORAL LOBE LESION 
MCA lacunar infarct in 
 penetrating arteries,  tumour…   

Inferior Quadrantinopia 
PARIETAL  LOBE LESION 
MCA lacunar infarct in 
 penetrating arteries,  tumour…   

Midbrain 

Homonymous Hemianopia 
Loss of one side of perception 
MCA infarct or tumour 

 

Homonymous Hemianopia with Macular Sparing 
Pathognomic of an  
Occipital PCA infarct; 
 
 WHY? The area which process information from the MACULA is 
the largest part of the calcarine (primary visual) cortex has a DUAL 
BLOOD SUPPLY: thus any infarct here will more than likely spare 
the macula and wipe out everything else. 

SYMPTOMS ARE STRANGE: “Blind Sighted” 
These patients are unable to process visual information, but 
still have normal circadian rhythms (the supra-chiasmatic 
hypothalamic connection is spared) and, oddly 
they will avoid incoming projectiles because the superior 
colliculus is still processing and transmitting “threat-
identification” movement and attention-focussing 
information.  

SECONDARY VISUAL ASSOCIATION AREA: 
V2 to V5 
LESIONS HERE = NO LOSS OF VISUAL FIELD: Much Worse! 

Loss of processing: 
V2 OR V3 INFARCT:(posteriormost, next to the calcarine sulcus  

(V1)= LOSS OF ORIENTATION + Mental Rotation 
V4 INFARCT:  = Loss of COLOUR in vision, � monochrome  

V5 INFARCT:  = Loss of MOVEMENT detection, “photographic” 
vision where only still frames are perceived 
 

Retina: first place to process visual data 
EDGE CONTRAST: a ganglion cell will 
suppress its neighbours when it is excited on 
its own; thus there is CONTRAST 
 
Optic Nerve does no processing of its own. 

Axons are myelinated after the optic nerve exits the 

eyeball at the back though the Lamina Cribrosa 
 
Optic Chiasm: The NASAL retinal field 
DECUSSATES and the TEMPORAL does NOT. 
The Optic nerve sends fibres to the HYPOTHALAMUS 
 

Hypothalamus: Suprachiasmatic Nucleus 
Devoted to maintaining the CIRCADIAN RHYTHMS 
 
Optic Tract: delivers all the information from the 
contralateral visual field to the LG.  

Lateral Geniculate 
Nucleus is the FIRST 

PLACE where the is accurate 
topographical representation 
of what the retina sees. 
PLUS L.G. also sorts 
function streams, i.e sorts the 
colour data from edge 
detection data, etc; 
PLUS  L.G sorts data from 
each eye into its separate 
stream. 
!! VERY IMPORTANT!! 
Both eyes’ images must be 
superimposed for 
“REGISTRATION” to 
happen, i.e depth perception- 
the inference of where the 
object is in space. 
 

Superior Colliculus of midbrain 

= receives fibres before the lateral; 
geniculate nucleus; involved in 
MOTOR AVOIDANCE i.e incoming 
missiles, plus SACCHADES (for 
smooth pursuit) and glancing at an 
unexpected touch, i.e attention focus 
 
Pulvinar Nucleus of Thalamus 

is involved in focussing attention and 
prioritising eye movements; it 
projects to the  visual assoc. areas 

Meyer’s Loop=fibres to the calcarine cortex 
curve around the lateral wall of the lateral 
ventricle, forming a broad sheet which sweeps 
across, covering much of the post. and inf. horns 
 

CALCARINE CORTEX: primary visual cortex 
First real ANALYSIS of visual information; the cortex contains 
neurones which respond to various features of the image; 
the neurons respond most strongly to edges of a particular 
orientation. This yields a decomposition of the image according to 
its edges. NOT SOMETHING YER BORN WITH: these features 
develop in infancy; ref. them kittens who were kept in the dark from 
birth and went blind despite having healthy eyes. 
 

INF VIS. FIELD = the fibres furthest � parietal 
SUP VIS FIELD = the fibrest furthest temporally 
MACULA = the broad central area 

 

Band of Gennari 

Optic Radiation 

Meyer’s Loop 

Pulvinar Thalamus 

Sup.Colliculus 

� Optic Tract 
Lat. Geniculate N. 

Calcarine Cortex 

Optic Chiasm 

Suprachiasmatic 

Hypothalamus 



The optic nerve contains about 1.3 million axons of ganglion cells. 
Most of them (over 90%) project to the lateral geniculate nucleus (LGN) in the thalamus, a 
smaller portion projects to other subcortical visual centres.  
 
Partial decussation :  

- axons from the nasal half of each retina cross over at the optic chiasm to innervate the contralateral half 
of the brain,  

- axons from the temporal half of each retina innervate the same (ipsilateral) side of the brain.  

- THUS:  right visual hemifield is represented in the left optic tract, and the left visual field is represented 
in the right optic tract. 

 The lateral geniculate nucleus (LGN)  
- is organised into a number of neural layers. 
- Each layer receives input from one eye.  
- Each layer is retinotopically organised, i.e. neighbouring retinal ganglion cells project to neighbouring cells in 

the LGN.  
- Each LGN thus contains a "map" of the contralateral visual hemifield.  
- There are two divisions of the LGN based on cell size:  

parvocellular and magnocellular.  

- These LGN divisions receive input from different types of retinal ganglion cells, and form parts of two parallel 
pathways. 

 Parvocellular layer = colour and spatial detail of objects in the visual field,  
magnocellular cells = movement and the borders between different objects.  

 
The axons of cells in the LGN form the optic radiation, and project to layer IVc of primary 
visual cortex in the occipital lobe. 
 

 The primary visual cortex (also called striate cortex, area V1 or area 17)  
- located along the calcarine fissure in the occipital lobes  
- receives its main input the dorsal lateral geniculate nucleus (LGNd). 
- The axons of the LGNd cells form the optic radiation. 
- The LGNd axons terminate mainly in layer 4. 
The projections from the parvocellular layers (colour + spatial) 
of the LGNd terminate mainly in sublayers 4a and 4cb  
- projections from the magnocellular (movement and borders) layers teminate mainly in layer 

4ca. 
 
AT THE CORTEX:  
cells here form a number of distinct layers parallel to the pial surface. 
Plus there are bands (stria) of myelinated fibres oriented parallel to the pial surface. This band of 
fibres is called stria of Gennari. 
- The striate cortex, like the LGNd is topographically organized 
- The parts of the retinae with the highest density of cones (fovea centralis) is 

represented at the posterior tip of the occipital lobe. 
- the upper contralateral nasal and the upper ipsilateral temporal retinae (lower contralateral 

visual hemifield) are represented at the medial aspect of the occipital lobe at the upper lip of 
the calcarine sulcus,  

- the lower retinae both the contralateral nasal and the ipsilateral temporal (upper contralateral 
visual hemifield) are represented on the medial aspect of the occipital lobe in the lower lip of 
the calcarine sulcus.  

Most of the cortical neurones (excluding those in layer 4) are binocular: they receive input 
from both the ipsilateral and contralateral eye.  
 
The receptive field properties of cortical cells also different to those of the dLGN cells. Most 
cortical cells are selective for the orientation and direction of movement of objects in the 
visual field. In a way, the image which is projected from the retina is 'analysed' by the cortex so 
that the borders between objects and their distance from the viewer represented by the pattern 
of responses in distinct sets of cortical cells. 
 



VISUAL CORTEX : GROSS ANATOMY         
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The primary visual cortices send "feedforward" projections to several extrastriate visual 
areas such as areas V2, V3 and V5 (called also a middle temporal area or area MT). The exact 
functions of these "association" areas is not completely understood, but they probably act as 
"processing" modules to enable objects to be recognised and acted upon. Imagine an apple 
falling from a tree. The retina and subcortical visual structures pick up the image of the apple 
and allow the eyes to follow its downward path. Cells in primary visual cortex analyse the 
borders of the object (round) and its colour (red, or green if it's a Granny Smith). The association 
visual areas calculate the speed of the apple, and are responsible for our ability to recognise it 
as an apple. Destruction of the striate cortex (or part of it) results in an apparent scotoma 
(blindness) in the part of the visual field represented in that part of the striate cortex which has 
been damaged. By contrast, destruction of association areas leads to higher order deficits, such 
as the inability to recognise faces. Furthermore, presumably due to the fact that some of the 
visual inputs to the extrastriate cortices bypasses the striate cortex, as long as the extrastriate 
cortices are not damaged a person with damaged striate cortices retains some visual functions, 
such as eye and hand movements towards high contrast visual stimuli. These residual visual 
capabilities are usually described by a paradoxical term "Blindsight". 



Behavioural science: Chronic Illness and the Family     
 “I know you're sick. It makes me scream with pain Remembering the way you were and are".(From "Wife's needs" by George 
MacBeth, 1992. MacBeth was dying of motor neurone disease and was being cared for by his wife when he wrote this poem.) 
 

Chronic illness, especially if it causes significant disability, affects not just the patient, but the whole 
family. The experience of developing severe chronic illness has been likened to that of  

finding an elephant in the living room.  

- There may be no obvious reason why the elephant had turned up in this house rather than in the house next door.  
- The presence of the elephant is most inconvenient, explanations must be offered to friends and relatives,  
- the whole household is affected by it.  
- The elephant needs considerable care and attention, 
- The elephant alters the way in which household members act and interact, but nobody has the power to make it go away.  

 
 Anger, guilt, resentment, and other unpleasant emotions may all be experienced,  
occasionally may find an outlet in allegations against the doctor 
eg.  "If only the doctor had made the diagnosis earlier, dad wouldn't be as ill as this now". 

 Alternatively, such feelings may be displaced onto other members of the family.  
This may be one reason why chronic, debilitating illness can lead to significant disharmony of marital and other relationships 
 

A substantial proportion of people with chronic illness and disability become clinically depressed) 

and other members of the family may also develop depressive illness. 
 

 While attention is being focussed on one member of the family, other members may not seek advice 
about significant symptoms of their own. The doctor caring for a family with a chronically sick member 
should always bear in mind the possibility of significant physical andor psychological illness in other 
family members. 

 
BIOPSYCHOSOCIAL treatment of Chronic Neurological Disability  
Patient interview  

• Dealing with uncertainty and the trap of "premature closure"  

uncertain neurological diagnoses make it difficult to plan for the future. 

 The difficulty of dealing with uncertainty prompts doctors toward "premature closure" 

 - ie. trying to develop more certainty than there really is.  

• Emotional responses to young adult patients  

Doctors sometimes adopt evasive and placatory ways of communicating.  

They may offer false or inappropriate reassurances which create mistrust or compromise 

compliance with treatment.  

This may be more likely to happen when a patient is around the same age as the doctor. 

 
The Public Health Impact of Blindness: according to the WHO 
Today, there is an estimated 180 million people worldwide who are visually disabled 

Of these, between 40 and 45 million persons are blind and, by definition, cannot walk about unaided 

9 out of 10 of the world's blind live in DEVELOPING COUNTRIES 

around 60% of them reside in sub-Saharan Africa, China and India.  
Approximately 50% of the world's blind suffer from cataract. The majority of the remaining persons are blind 
from conditions that include, among others, glaucoma, trachoma, onchocerciasis (also known as river blindness) 
and different conditions of childhood blindness 

According to WHO estimates, about 80% of global blindness is avoidable  
VISION 2020 will allow the international community to fight avoidable blindness through:  

- disease prevention and control;  

- training of personnel; 

- strengthening the existing eye care infrastructure; 

- use of appropriate and affordable technology; 

- and mobilization of resources. 

 

 

 

VISION 2020 is based on the concept of a broad 

coalition of all international, nongovernmental and private 
organizations, which collaborate with WHO in the prevention 
of blindness and eye care delivery. They share the objective 
of eliminating avoidable blindness as a public health 
problem by the year 2020, provided adequate resources are 
available. These organizations will also jointly work to 

mitigate the implications of blindness in developmental, 
social, economic and quality-of-life terms.  



Cell biology: the Magical Properties of Myelin      
- The axons of many vertebrate 

neurons are insulated by a 
myelin sheath, which greatly 
increases the rate at which an 
axon can conduct an action 
potential.  

- The importance of myelination 
is dramatically demonstrated by 
the multiple sclerosis, in which 
myelin sheaths in some regions 
of the central nervous system 
are destroyed by an unknown 
mechanism;  

- Where this happens, the 
propagation of nerve impulses 
is greatly slowed, often with 
devastating neurological 
consequences. 

 
 

Myelin is formed by specialized glial cells –  

- Schwann cells in peripheral nerves  

- oligodendrocytes in the central nervous system. 

The sheath is interrupted at regularly spaced nodes of Ranvier,  

where almost all the Na
+
 channels in the axon are concentrated.  

 

Thus an action potential propagates along a 

 myelinated axon by jumping from node to node,  

- a process called saltatory conduction. 
 This type of conduction has two main advantages: 

- action potentials travel faster 

- and metabolic energy is conserved  
(because the active excitation is confined to the small regions of 
 axonal plasma membrane at nodes of Ranvier.) 

 

CNS myelin is a spiral structure 
similar to PNS myelin; it has an 
inner mesaxon and an outer 
mesaxon that ends in a loop, or 
tongue, of glial cytoplasm. 
Unlike the peripheral nerve, where 
the sheath is surrounded by 
Schwann cell cytoplasm, the 
cytoplasmic tongue in the CNS is 
restricted to a small portion of the 
sheath. This glial tongue is 
continuous with the plasma 
membrane of the oligodendroglial 
cell through slender processes. One 
glial cell can myelinate 40 or more 
separate axons  
 
 

 

 

 

 

Because action potential conduction requires passive 
and active flow of current, the rate of action potential 
propagation is determined by both of these 
phenomena. 
 One way of improving passive current flow is to 
increase the diameter of an axon, which effectively 
decreases the internal resistance to passive current 
flow. The consequent increase in action potential 
conduction velocity presumably explains why giant 
axons evolved in invertebrates such as squid, and why 
rapidly conducting axons in all animals tend to be 
larger than slowly conducting ones. 

If nerves were not myelinated and 

equivalent conduction velocities were 

maintained, the human spinal cord 

would need to be as large as a good-

sized tree trunk 
 



 

PROPAGATION OF AN ACTION POTENTIAL:        

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Saltatory action potential conduction 
along a myelinated axon.  

an action potential generated at one node of Ranvier 
elicits current that flows passively within the 
myelinated segment until the next node is reached. 
This local current flow then generates an action 
potential in the neighboring segment, and the cycle is 
repeated along the length of the axon . 
(A) Diagram of a myelinated axon. (B) Local current 
in response to action potential initiation at a particular 
site flows locally. However, the presence of myelin 
prevents the local current from leaking across the 
internodal membrane; it therefore flows farther along 
the axon than it would in the absence of myelin. 
Moreover, voltage-gated Na

+
 channels are present 

only at the nodes of Ranvier. This arrangement 
means that the generation of active, voltage-gated 
currents need only occur at these unmyelinated 
regions. The result is a greatly enhanced velocity of 
action potential conduction. Panel to the left shows 
the changing membrane potential as a function of 
time at the points indicated.  

 



Pathology of Demyelination          
 
Central demyelination  
Oligodendroglia are the myelin-forming cells in the CNS  
The large processes of oligodendroglia wrap themselves around segments of axons, and the compressed layers of these processes are what 
constitute the myelin. One oligodendrocyte can myelinate a large number of segments from different axons.  
 

Primary central demyelination refers to myelin loss from damage to the oligodendrocyte cell 
body or its myelin, in which the axon is initially intact.  
This is the type of demyelination found in multiple sclerosis. 
 
 
AN M.S. PLAQUE = area where myelin is stripped from the axons.  
Both macrophages and T cells have been implicated in inducing the primary oligodendrocyte 
injury, and humoral immunity is also implicated.  
The axons within these plaques initially remain intact, though loss of axons occurs eventually 
since previously-myelinated axons seem to rely on myelin for longterm survival. Inflammatory 
cells, especially lymphocytes and plasma cells, are seen in these plaques early on, and 
macrophages can be seen removing the myelin debris. Later on, astrocytes lay down processes 
in the plaque, causing the plaque to become firm (hence the "sclerosis" of multiple sclerosis). 
 
Other types of primary central demyelination are due to toxins, viruses that attack 
oligodendrocytes, and osmotic imbalances caused by changes in serum sodium. 
 
After central demyelination, oligodendrocytes can remyelinate central axons, 
 though in multiple sclerosis this remyelination is usually partial only.  
 
Identifying the appropriate cellular environment for remyelination, as well as inhibiting factors 
that seem to frustrate adequate remyelination, are major research areas in multiple sclerosis. 
 
Peripheral demyelination            
Schwann cells are the myelin-forming cells in the peripheral nervous system. One schwann cell 
myelinates only one internode on a peripheral axon. The myelin around central and 
peripheral axons looks morphologically similar, but different myelin proteins are found in 
each. This is thought to underlie the selective loss of myelin in the central and peripheral 
nervous systems. For example, in multiple sclerosis peripheral myelin is unaffected. The 
commonest cause of primary demyelination in the peripheral nervous system is the Guillain-Barr 
syndrome, which presents usually as an ascending paralysis. Inflammatory cells strip the myelin 
off the peripheral axons, presumably on an auto-immune basis. 
  
Remyelination by schwann cells is very efficient in the peripheral nervous system.  
 
Secondary demyelination  
Secondary demyelination refers to the loss of myelin that occurs after an axon has been 
damaged. This is frequently seen in the central nervous system after injuries such as infarction, 
and in the peripheral nervous system after axons die back in some peripheral neuropathies. 
Macrophages andmicroglia are responsible for removing this myelin. 

 
 
 
 
 
 
 



In multiple sclerosis (MS), myelin basic protein (MBP) and the quantitatively 
minor CNS protein, myelin oligodendrocyte glycoprotein (MOG), are likely T 
cell and B cell antigens, respectively. The location of MOG at the outermost 
lamella of the CNS myelin membrane may facilitate its targeting by 
autoantibodies. In the PNS, autoantibodies against myelin gangliosides are 
implicated in a variety of disorders, including GQ1b in the Fisher variant of 
Guillain-Barré syndrome, GM1 in multifocal motor neuropathy, and sulfatide 
constituents of myelin-associated glycoprotein (MAG) in peripheral 
neuropathies associated with monoclonal gammopathies.  
BELOW:  
A model for experimental allergic encephalomyelitis (EAE). Crucial steps for 
disease initiation and progression include peripheral activation of preexisting 
autoreactive T cells; homing to the CNS and extravasation across the blood-
brain barrier; reactivation of T cells by exposed autoantigens; secretion of 
cytokines; activation of microglia and astrocytes and recruitment of a 
secondary inflammatory wave; and immune-mediated myelin destruction. 
ICAM, intercellular adhesion molecule; LFA-1, leukocyte function-associated 
antigen-1; VCAM, vascular cell adhesion molecule; IFN, interferon; IL, 
interleukin; TNF, tumor necrosis factor. 

Immunology of Autoimmune Demyelinating Disease     
- These include Guillain-Barré Syndrome (GBS),  

- chronic inflammatory demyelinating polyneuropathy (CIDP),  

- multifocal motor neuropathy (MMN)  

- neuropathy associated with IgM gammopathy 

 
The nervous system is an immunologically privileged organ,  

(evidence: tissue grafts implanted in the brain were not rejected efficiently).  

immune privilege of the CNS may be 

maintained by a variety of mechanisms 

including:  

- the lack of an efficient surveillance function 
by T cells; 

- the absence of a traditional lymphoid system;  
- limited expression of major histocompatibility 

complex (MHC) molecules required for T cell 
recognition of antigen;  

- and also from expression of fas ligand that can 
induce apoptosis of fas-expressing immune 
cells that enter the brain.  

The blood-brain barrier (BBB) partially 

isolates the brain from the peripheral 

environment and contributes to immune 

privilege. 

 

Although primary (sensitizing) immune 

responses are not easily generated in the 

CNS for the reasons outlined above, this is 

not the case for secondary immune responses.  
When sensitization to nervous system antigens 
occurs outside the nervous system (e.g., in a regional 
lymph node), activated autoreactive T lymphocytes 
are easily generated, and these cells readily cross 
the BBB and induce immune mediated injury. The 
paradigm for this mechanism of T cell-mediated CNS 
disease is experimental allergic encephalomyelitis 
(EAE), a laboratory model for the human autoimmune 
demyelinating disorders multiple sclerosis (MS) and 
acute disseminated encephalomyelitis. 

 
Under normal circumstances the BBB is 
impermeable to antibodies. For autoantibodies to 
reach the CNS, the BBB must first be disrupted. In 
inflammatory conditions it is thought that this 
disruption most often occurs via actions of 
proinflammatory cytokines elaborated within the brain 
consequent to interactions between pathogenic T 
cells and antigen-presenting cells (APCs).  
 
In contrast to the BBB, in the PNS the blood-nerve 
barrier is incomplete. Endothelial tight junctions are 
lacking, and the capacity of charged molecules, 
including antibodies, to cross the barrier appears to 
be greatest in two regions of the PNS: proximally in 
the spinal roots and distally at neuromuscular 
junctions.  
This anatomic feature is likely to contribute to the 
propensity of antibody-mediated autoimmune 
disorders of the PNS to target proximal nerves 
(Guillain-Barré syndrome)…  
…or the neuromuscular junction (myasthenia 
gravis, Eaton-Lambert syndrome). 

 

 

 



Pathophysiology: a POSSIBLE MECHANISM for M.S.        
 
 
 

Unfolded Protein Response: 
Normally proteins are supposed to 
fold properly; accumulation of 
misfolded proteins in the ER � 
Accumulation of unfolded proteins 
in the endoplasmic reticulum 

Virus- Induced Upregulation  
Of FAS apoptosis-inducing 
receptor and p53 protein 
 

Hypoxic Injury   
� thus, failure of ATP-powered pumps  
� Thus, collapse of ionic gradients 
� Thus, influx of Ca++ into cells 
� thus lysis of mitochondria and release 
of Cytochrome C, an apoptosis-inducing 
component of the electron transport 
chain which is never normally meant to 
enter the cytoplasm- and thus is used a 
s an indicator of everything being fucked 
inside the cell 

UNKNOWN 
REASONS: 
FACTOR X??   
Or perhaps 
UNKNOWN 
MEMBRANE 
ANTIGEN 

Macrophage-derived 
CYTOKINES 
Known to selectively 
damage 
oligodendrocytes in 
culture 
 

 
OLIGODENDROCYTE 

APOPTOSIS 

Normal mechanism of removing 
apoptotic lipid bi-layer membranes: 
When a cell dies its outer membrane 
flips phosphatydilserine to face 
outwards (normally internally-facing)  

MICROGLIA  become ACTIVATED  
(they assume an Amoeboid Form) 
= first microscopic change! 

Phosphatidylserine induces 
macrophage pinocytosis of the cell 
membrane: a normal response to a 
dead abandoned cell that needs to be 
bulldozed down  

SO MUCH MYELIN!! 
Each apoptotic 
oligodendrocytes 
myelinates up to 40 axons- 
this is an overwhelming 
volume of lipid to 
pinocytose for the poor 
scattered microglia 

 

CYTOKINES produced 
by the panicking 
overwhelmed microglia  
 

ACTIVE DESTRUCTION of myelin 
sheaths by microglia 

SLOWED CONDUCTION 
 

CYTOKINES attract 
circulating monocytes 
and T-lymphocytes (?) 
� DIAPEDESIS and 
PENETRATION into 
the brain parenchyma  
 

Diapedesis is mediated by 
proteases, elastases, etc 
therefore much of the blood-
brain barrier is destroyed by 
macrophages eagerly tearing 
their way towards the helpless 
microglia and their myelin burden 

 

CYTOKINES activate 
astrocytes and thus 
induce production of 
glial proteins, 
 ���� GLIOSIS  

GREY, FIRM 
GLIOTIC PLAQUES 
discovered on 
autopsy  

NEURO SYMPTOMS:  
Weakness, sensory 
loss, paraesthesia etc 

 

Axons slowly 
upregulate Na+ 
channels to 
improve 
conduction 
 

CYTOKINES activate (?) 
oligodendrocyte precursors  

T-Lymphocytes are triggred by 
MOG or MAG  myelin proteins 
= T-helper cell mediated 
activation of B-cells; 
� production of IgG 

 

REMISSION in relapsing-
remitting disease; 
FAILURE of this mechanism 
in progressive MS 

That’s WHY acute lesions 
appear stained by gadolinium 
contrast in MRI scans 

 

INTERFERON 
BETA: 
Reduces 
- T-cell 

proliferation 
- TNF production 
- Antigen 

presentation 
- Adhesin 

expression 
Thus inflammatory 
causes are 
addressed by  
IFN-b therapy 
 

RAISED  
CSF IgG  
 Antibodies Induce Complement-

mediated Lysis of Myelin 

 

Perivascular 
Cuffing  
Brain capillaries 
surrounded by extra-
vasated leucocytes 

 
EVOKED 
POTENTIALS reveal 
reduced transmission 

 

?? CHICKEN OR THE EGG ?? 
Until recently, this was thought to be the 
primary cause of MS (i.e the destruction of 
myelin by autoimmune antibodies)- BUT: 
Autopsies of acutely ill MS patients have 
revealed that the immune component is 
activated AFTER the oligodendrocytes are 
already dead (!!)  



ParkinsonParkinsonParkinsonParkinson     Disease Disease Disease Disease                                                       
  

History of Presenting Illness         
- Will typically be ONE –SIDED 
- Will eventually spread to other limbs and trunk 

 

ASK ABOUT: 

• Stiffness and slowed movements: Cogwheel rigidity 

• Tremor or shaking at rest ( ! PILL-ROLLING TREMOR ! ) 

• Difficulty getting out of a chair or rolling over in bed 

• Frequent falls or tripping 

• Difficulty walking 

• Memory loss 

• Posture shifts forward into stoop 

• Speech changes (eg, whispering, rapid speech) 

• Smaller handwriting 

• Slowness in performing ADLs 

• Drooling (“sialorrhoea”) 

• Ask: when did they stop driving? 
(a good indicator of progression) 

 

Findings on Examination          
1. Look at the GAIT:  

- Shuffling,  
- festinating (staggering forward) 
- No arm movement 
- Difficulty stopping 

- Posture is stooped forward 

2. Kinesia Paradoxica:  
- fast movements are OK 

- slow movements are absent 
3. Tremor:  

- characteristic pill-rolling 5 hertz movement, usually assymmetrical 
- disappears with voluntary movement (i.e a resting tremor) 

4. Tone 

- Cogwheel Rigidity: especially when distracted 

- Reflexes are NORMAL !! 
5. Face 

- Mask-like face  
- Absence of blinking, the glassy “parkinsonian stare” 
- Seborrhoea (feel the oily forehead) 
- Weakness of upward gaze is CHARACTERISTIC of Parky’s 

6. Speech 
- Monotonous, Rapid and whispering,  
- “Palilalia” (repetition of last syllable) 

7. Autonomic features: 
- Orthostatic Hypotension will be present. 
- Slowed enteric motility and constipation  

- Urinary retention and incontinence  
8. Dysphagia 

 
 
 
 

 CLASSIC TRIAD:  

- TREMOR 

- RIGIDITY 

- BRADYKINESIA 

 FIRST FEATURE 
 Is usually the 
 LOSS OF ARM SWING  
 WHEN WALKING 

 

 A Barely Useful Clinical Sign  
…which we should nonetheless be able to 

perform is the GLABELLA TAP: tapping 

on the patients forehead will result in 

repeated blinking for as long as the 

tapping continues. A normal person will 

quickly stop blinking. 

 

MUST ASK ABOUT 

!!! DEPRESSION !!! 

the patient is cognitively quite 

intact inside that decrepit shell; 

its not a happy place 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Differential Diagnoses          
Progressive supranuclear palsy 

Multisystem atrophy 

Shy-Drager syndrome 

Olivopontocerebellar atrophy 

Wilson disease 

Drug-induced Parkinsonism (neuroleptics, 

metoclopramide, reserpine) 

Toxin-induced Parkinsonism (methyl-phenyl-

tetrahydropyridine [MPTP], manganese, carbon 

monoxide, carbon disulfide, cyanide) 

Metabolic causes (anoxic, hypothyroidism, 

hypoparathyroidism) 

Multiple strokes 

Subdural hematoma 

Basal ganglia tumour 

Normal pressure hydrocephalus 

Postencephalitic PD 

Posttraumatic brain injury PD 

Vascular PD (lesions of the caudate, putamen, 

globus pallidus, or brain stem) 

Creutzfeldt-Jakob disease 

Structural PD (brain tumor compromising or 

invading the basal ganglia) 

 

Tests and Investigations           
Diagnosis of PD is based almost entirely on results of the HISTORY and PHYSICAL EXAM.  
!!! SHOULD BE ABLE TO DIAGNOSE IT FROM THE WAITING ROOM !!! 

In atypical cases, lab investigations may be performed to exclude other causes of Parkinsonism.  

- Plasma ceruloplasmin and copper to exclude Wilson disease 
- Thyroid-stimulating hormone (TSH) levels if hypothyroidism is suggested 
- Toxin screening if clinically indicated by a history of possible exposure 

MRI may suggest the following: 

• Normal pressure hydrocephalus (large ventricles) 

• Subdural hematoma 

• Tumor 

• Multiple infarcts 

• Multisystem atrophy (eg, decreased T2 signal in the striatum) 

• Progressive supranuclear palsy (eg, midbrain atrophy) 
 

Disease Definition            
Parkinson's disease is a chronic, progressive  extrapyramidal disorder, which results from the 

destruction of neurones in the striata nigra pars compacta.  

 

Management: 
SOFT, FLUFFY MANAGEMENT:          

Physiotherapy 
- includes measures to decrease rigidity and increase range of motion (eg. stretching) 

- to improve postural control, endurance, mobility, and gait, eg. marching to the beat of a metronome 
- ambulation aids (eg, walkers, canes)  
- how to fall safely and get up from the floor  

Occupational Therapy: 
- exercises to improve upper extremity fine motor skills and dexterity 
- , functional training in self-care and ADL,  

- dressing aids (eg, reachers, sock aid), railings, grab bars, etc. 
Speech Therapy:  
- to improve the quality of voice in patients with hypokinetic dysarthria.  
- better breath and rate control, as well as improved articulation and better volume. 

- Beneficial effects of the therapy do not seem to persist after it has been discontinued.  
Dysphagia tends to occur later in the disease process and can lead to drooling, aspiration, 

malnutrition, and inability to ingest medications. Speech therapy interventions can include  
- positioning the neck in flexion, 
- teaching a double swallow technique, 
- using smaller amounts of food,  
- modifying the patient's diet and incorporating thickened liquids. 
 

 

if the patient does NOT 

respond to L-dopa, then 

its NOT PARKINSONS 



SURGICAL INTERVENTION:          
Destructive therapy  

• Ventral intermediate nucleus thalamotomy  
- Only for drug-resistant PD; and usually only fixes the tremor 

• Pallidotomy 
- used for advanced PD;  especially those who have L-dopa therapy complications 
- idea is to kill the globus pallidus to disinhibit the motor thalamus and cortical motor areas  

• Chronic deep brain stimulation  
- In the ventral lateral thalamic nuclei (performed to decrease tremor with a good response in 

80-85% of patients),  
- In the globus pallidus (for bradykinesia, gait, speech, drug-induced dyskinesias),  
- in the subthalamic nucleus (for bradykinesia, rigidity, tremor, gait/posture).  
Downside: a 12 hour operation in a stereotactic frame. 

 

PHARMACOLOGICAL INTERVENTION:      
NEUROTRANSMITTER REPLACEMENT THERAPY  

GOAL:  to enhance dopaminergic neurotransmission as nigrostriatal fibres degenerate. 

BUT:  more dope in the Nigrostriatal pathway means MORE DOPE EVERYWHERE ELSE

 thus overexcitation of other brain areas; THUS � characteristic side effects;  

   (eg. the mesocortical and tuberinfundibular dopaminergic systems) 

i. Levodopa             
=  the metabolic precursor of dopamine  

DOPA decarboxylase converts L-DOPA into dopamine  

Oral L- DOPA can cross the blood brain barrier via aromatic amino acid transporters  

BUT: ORAL ADMIN = ONLY 1% penetrates into the brain !! PISS POOR !! 
WHY? DOPA decarboxylase @ periphery metabolises all of it USELESSLY into peripheral dopamine. 

THUS: give together with a DECARBOXYLASE INHIBITOR (which doesn’t cross the BBB) 
This way there is no L-dopa metabolism outside the CNS, and in the CNS the dearboxylation is uninhibited. 

Examples are  benserazide or carbidopa.  

 

effectiveness and duration of action of l-DOPA diminishes in parallel with neurodegeneration. 

 

ii. Inhibitors of dopamine breakdown            
Monoamine oxidases convert dopamine into inactive metabolites. 
 MAOB is the predominant form of MAO in the brain And it is concentrated in the vicinity of dopaminergic nerves.  

Selegiline (deprenyl) inhibits MAOB and improves the therapeutic efficacy of L-DOPA.  
Although controversial and unproven, it has been hypothesised that selegiline might slow the progression 
of dopaminergic degeneration in Parkinson's disease possibly due to inhibition of formation of toxic 
metabolites by MAOB.  
Catechol-O-methyl transferase (COMT) is also involved in breakdown of extrasynaptic dopamine.  
COMT inhibitors are currently being investigated in clinical trials for use in Parkinson's disease. 

 

iii. Direct dopamine receptor agonists         

THESE DRUGS MIMIC DOPAMINE ACTION  AT POSTSYNAPTIC RECEPTORS!  

= can be of benefit in combination with L-DOPA.  

These include Bromocriptine, Pergolide and Apomorphine  

 
iv. Amantadine          . …?? 

Although the mechanism underlying the therapeutic benefits of this antiviral drug in 

Parkinson's disease is not clearly established, it seems likely that it enhances release of 

dopamine from nerve terminals.  

 

v. Dopaminergic neuron replacement.  

Dopaminergic neurones from human fetal brain have been transplanted into patients with 

some success. � DOES NOT ALWAYS WORK! New neurones sure are dopaminergic,  

…but THEY ARENT UNDER ANYBODY’S CONTROL 



Prognosis:  Disease Is PROGRESSIVE       
L-DOPA does NOT halt the degenerative process; in fact it may accelerate it 

  Generally, progression is slowest if the dominant symptom is unilateral tremor 

  Progression is FASTEST if the presenting symptom is gait or posture disturbance 

  ALSO the disease progresses more quickly in older patients. 

Epidemiology             
Signs of an extrapyramidal disorder found in 15% of people 65-75, and 50% of over-85s 

Incidence of Parkinson Disease = 10-20 cases per 100,000 population per year.  

Prevalence = 100-200 cases per 100,000 population.  

- MEAN AGE OF ONSET = 61 years 

- 1 in 10 over-85s has PD 

Mortality/Morbidity: Prior to introduction of levodopa,  
- PD caused severe disability or death in 25% of patients within 5 years of onset, 
-  in 65% in the next 5 years,  
- in 89% of those who survived 15 years 
- With introduction of levodopa, mortality rate has dropped approximately 50%, and longevity has been 

extended by several years 
Race: including South African and Nigerian blacks have lower incidence 
…However, blacks living in Mississippi seem to be affected to the same degree as the white population. Lower 
incidence also has been reported in Asian populations, but not in Asian Americans  
Sex: The male-to-female ratio in PD is 3:2.  
Prevalence of PD increases with age.  

 Genetics              
!! increased incidence in the monozygotic twins of PD sufferers 

- First-degree relatives of patients are twice as likely to develop the disease as 
controls.  

- Approximately 5% of parkinsonian patients have a familial form of the disorder. 
Three genes for the parkinsonian phenotype have recently been identified: 
- Two types of Alpha-synuclein mutation : 

 normally a vesicle-forming protein that releases dopamine  
- Deletions of the parkin = autosomal recessive parkinsonism;  

(parkin is a protein expressed in the substantia nigra.) 

- missense mutation of the ubiquitin carboxy-terminal hydrolase L1 gene  

Drug-Induced Movement Disorders: Michael J. Fox Syndromes          
drug-induced movement disorders (DIMD) are most commonly associated with antipsychotic drugs, 

 but can also be caused by antidepressant drugs, stimulants, alcohol and mood stabilising drugs.  

In neurology, dopamine agonists and anticonvulsants are commonly implicated.  

Calcium channel antagonists and oral contraceptives are other drugs that may induce movement disorders. 

Tricyclic antidepressants are often a cause of hand tremor and myoclonic jerks.  

Occasional anecdotes of dyskinesia and dystonia have been reported with these drugs.  

serotonin-specific reuptake inhibitors (SSRI),���� mild parkinsonian symptoms, dystonia, dyskinesia and akathisia. 

 Lithium is most commonly associated with a peripheral tremor, which is usually a mild action tremor,  

but becomes coarse when toxic levels are reached. 

Lithium produces myoclonus less often, and is also known to exacerbate the parkinsonian side 

effects of neuroleptics.  

Stimulants are associated with stereotypies, dyskinesia, tremor, dystonia and myoclonus.  

Anticonvulsants (e.g. phenytoin, carbamazepine, etc.) are associated with dyskinesia, tremor and tics,  

in toxic doses will produce nystagmus, ataxia and dysarthria.  

Anticholinergic drugs can exacerbate dyskinesias.  

Dopamine agonists (L-dopa, bromocriptine, pergolide) are commonly associated with chorea, dystonia and  

myoclonus, especially in the late stages of Parkinson's disease.  

Calcium channel antagonists also cause mild extrapyramidal effects.  

Oral contraceptives, usually containing an oestrogen and a progestin, have been associated with chorea.  

The movement disorders caused by neuroleptic drugs can broadly be classified into  
acute effects  
- dystonia,  
- drug-induced parkinsonism (with rigidity, resting 

tremor, bradykinesia, micrographia, gait abnormality 
and dysarthria),  

- akathisia (literally, an inability to sit)  
- and the rare neuroleptic malignant syndrome 

(NMS) (fever, muscle rigidity, altered sensorium and 
autonomic instability, associated with raised creatine 
kinase level and leucocytosis). NMS, if not detected 
early, may be fatal in some patients. 

delayed-onset (or tardive) effects. 
=  potentially irreversible.  
= usually choreo-athetoid tardive dyskinesia (TD),  
The newer and atypical neuroleptics have a much lower 
propensity to produce movement disorders.  
These movement disorders have been reported with other 
dopamine antagonists used in medicine, e.g. 
metoclopramide. For TD prevention is the best strategy 
(treatment is ineffective) 

Cigarette smoking appears to be a protective factor 
against Parkinson Disease! 



- INDIRECT PATHWAY:  >>> INHIBITORY <<<

Adds a loop via the subthalamic nucleus
- Which excites an inhibitory neurone in the globus

pallidus

Motor control, planning and execution                                                 6.07
NEEDS CONTINUED FEEDBACK FROM SENSES to make INFLIGHT CORRECTIONS; i.e a “sensorimotor” system
WHY? :Most minor movements change the centre of gravity, thus whole body must respond.
- Eg. posture, walking, gross movement
BUT: many movements are too rapid to rely on feedback regulation, eg. returning a tennis serve.
THUS: regulation of “Ballistic” movements needs FEED-FORWARD regulation, improved by  motor learning
- Eg. speech, musical performance, riding a bike

THERE ARE HIERARCHICAL LEVELS OF CONTROL:

Lowermost:                   SPINAL AND BRAINSTEM MOTOR NEURONS

- mediate movement execution ,
- ALSO at this level are the interneuronal pools which mediate simple and complex reflexes,

-  e.g., withdrawal, locomotion, lateral and vertical gaze.
- THESE REFLEX ARC INTERNEURONS ARE UNDER CONTROL FROM ABOVE

Intermediate level :      BRAINSTEM  CORTEX AND CEREBELLUM
- (primary motor cortex, red nucleus, cells of reticulospinal and vestibulospinal pathways)
- TWO FUNCTIONS:

- movement tactics, the trajectory of your limbs and the sequence of muscle contractions
- motor learning , critical for the feed-forward regulation of ballistic movements that occur

too rapidly to be regulated by feedback.

Highest level:                PREMOTOR, PREFRONTAL, Post. PARIETAL and BASAL GANGLIA
- These forebrain regions organise the goals of the voluntary movement, and the movement strategy to

achieve best those goals, in the context of a "mental image" of the body and its relationship to its
environment.

"emotional motor system" = major impact on sensorimotor functions at each of the levels described above.

UPPER and LOWER MOTOR DISTINCTION                                                                     
Two other brain regions involved in the control of movement are the cerebellum and the basal ganglia.

"lower" motor neurons are at the spinal cord: form synaptic contacts directly with the skeletal muscle.

- in the brain stem they form two distinct columns of nuclei,

- general somatic efferent (GSE)
- special visceral efferent (SVE)

- in the spinal cord organized as longitudinal columns @ ventral horn
- medial columns innervate axial musculature and proximal muscles of the limbs,
- lateral columns innervate distal limb muscles

"upper" motor neurons are at cerebral cortex/brain stem . control the lower motor neurons by:

- Descending cortical pathways(corticospinal and corticobulbar tracts)
- Descending brainstem pathways(rubrospinal tract, tectospinal tract, and reticulospinal tracts)
- VENTROMEDIAL: control balance and posture (antigravity, extensor tone).
- LATERAL: control distal limb muscles.

HIGHER ORDER MOTOR CONTROL:                                                                                             
- Primary Motor,
- Premotor,
- Supplementary Motor.

- ALL project CONTRALATERALLY except Supplementary M.A.  which projects BILATERALLY

Basal ganglia : consists of                                                                                                                                    

- DIRECT PATHWAY:                       !!! EXCITATORY !!!

- neostriatum (putamen and caudate nucleus),

- receives input from wide areas of cortex
- projects back to globus pallidus and substantia

nigra
- globus pallidus,

- receives input from neostriatum
- projects to cortex via thalamus

- Substantia Nigra (pars COMPACTA) balances the two pathways
- This is done via DOPAMINE which can act as an exzcitatory and an

inhibitory neurotransmitter, depending on which receptor it binds
- (D1= excitatory, D2= inhibitory)

The CEREBELLUM:
- Vestibulocerebellum (archicerebellum; flocculonodular lobe) receives direct vestibular input and influences the

spinal cord and brain stem via vestibular nuclei.
- Spinocerebellum (paleocerebellum; anterior lobe and paravermal areas) receives proprioceptive input from the

spinal cord and the brain stem. It influences motor cortical areas and brain stem "upper" motor neurons.
- Neocerebellum, (lateral lobes of the cerebellar cortex) receives input from the cerebral cortex via pontine

nuclei. It influences motor cortical areas via the thalamus. An important role of the neocerebellum may be the
learning and automation of complex movements.

-  



NEUROTRANSMISSION                                                                                            6.07
Drugs that specifically modify the actions of different neurotransmitters can do so by changing the availability of
neurotransmitters within synapses at any of the steps mentioned below, or by directly acting on neurotransmitter receptors.

SYNTHESIS                                                                                                                           
ENZYMES at the nerve terminal either
- SYNTHESISE small molecule transmitters
OR
- CLEAVE neuropeptides from large precursor proteins; eg. dopamine synthesis below.

THESE PATHWAYS CAN BE
INFLUENCED:
To INCREASE the levels of the
transmitter, one must
supplement the substrate
BEYOND THE RATE LIMITING
STEP;
To DECREASE it one must
inhibit the rate limiting step
enzyme

STORAGE                                                                                                                             
STORED IN HIGH CONCENTRATION IN VESCICLES AT THE NERVE TERMINAL

- Disrupt storage by mimicking the storage process, Thus: inactive chemical released from vescicles
e.g. guanethidine is stored and released from noradrenergic nerves but does not activate adrenoceptors

- Or block transport into vesicles, Thus: empty vesicles release nothing;
e.g. tetrabenazine depletes catecholamines)

RELEASE + DIFFUSION                                                                                                      
calcium dependent exocytosis of vesicular stores.

- Depolarisation wave travels to synapse
- Calcium concentration rises (via

voltage-gated Ca++ channels)
- Increase in calcium triggers

 neurotransmitter release
- Neurotransmitter is detected by

 presynaptic autoreceptors

- The autoreceptors give NEGATIVE
 FEEDBACK: inhibit release of
neurotransmiter after the synaptic
concentration has reached the point of
saturation.

ACTION ON RECEPTORS                                                                                                   
���� two major kinds of receptor;
- ligand gated ion channels : FAST TRANSMISSION(milliseconds)

- why so fast? Well; the receptor is also the channel, so the response is immediate.

second messenger coupled receptors: SLOW TRANSMISSION  (100 milliseconds to many seconds)

- MODULATES the responsiveness of postsynaptic membranes and presynaptic terminals.
- Both small, e.g. dopamine and glutamate, and large neuropeptides mediate slow neurotransmission.
- WHY SO SLOW? Receptor is generally G-protein coupled; the G-protein then kicks off a cascade of enzyme events that

result ultimately in some sort of metabolic change
 Each neurotransmmitter acts on a variety of specific receptors which are differentially expressed in different tissues and different locations in
the synapse, e.g. there are five distinct genes encoding dopamine receptors. Some receptors (e.g. D2 and D4) can also form multiple mRNA
alternate splice variants. D1-like receptors (D1, D5) are coupled to generally excitatory second messengers and D2-like receptors (D2, D3, D4)
are generally inhibitory, e.g. inhibiton of excocytosis from dopaminergic nerve terminals. Drugs can act as agonists (mimic neurotransmitter) or
antagonists (block) with distinct selectivities for receptor types.

TERMINATION OF ACTION                                                                                                 
EVENTUALLY the neurotransmitter will diffuse away; BUT NOT FAST ENOUGH- this would limit the bit-rate of the CNS.
THUS:  Small molecule transmitters are inactivated by enzymes
(e.g. catechol-O-methyl transferase [COMT] and monoamine oxidase [MAO] inactivate dopamine),
and/or "re-uptake" transporters which effectively pump the transmitter back into the terminal.
Re- uptake is the principal mechanism for inactivation of the actions of dopamine in the synapse.
Drugs that inhibit these enzymes (e.g. selegiline for MAOB see LT 7.5)
or re-uptake (e.g. doxepin and cocaine block dopamine re-uptake) increase the concentration or dwell time of transmitters in
the synapse.



 ANATOMY OF THE  FOREBRAIN STRUCTURES     
- Thalamus is the SCENIC GATEWAY to the CORTEX :  
- gets inputs from everywhere;  sends outputs to cortex 

 

HORISONTAL SECTION OF INTERNAL CAPSULE: ���� 

= is a TWO-WAY HIGHWAY: here is the direction of fibres 

Anterior limb: 

- From cortex to pons 
- From cortex to all brainstem cranial nerve nuclei 
Genu: 
- From cortex to Cranial nerve nuclei of Medulla 

Posterior Limb: 
- Corticospinal tracts 

 
THALAMUS projects throughout the capsule  

Hipocampus: 
CA = cornu ammonis 
D = dentate nucleus 
MD = mediodorsal  

thalamus 



  
 
 
 
 
 
 
 

Slice A is slightly inferior to slice B 



BASAL GANGLIA : STRUCTURE AND FUNCTION     
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Dungeons of the Brain: 

caudate: 
- serpent-like shape 
- follows  the contours of the lateral ventricle. 
- inputs from frontal cortex; 

- outputs to globus pallidus. 

putamen:  
- forms lateral 2/3 of lentiform nucleus  
- (other 1/3 formed by globus pallidus). 
- the caudate and putamen are continuous.  
- separated from globus pallidus by thin lateral medullary 

lamina.  
- Connections of putamen are similar to caudate:  

inputs from frontal cortex; 
outputs to globus pallidus. 

globus pallidus:  
- forms medial 1/3 of the lentiform nucleus  
- (lies immediately medial to putamen). 
- Has many GABAergic cells: all the better to inhibit you with, 

my dear subthalamus. 
- Has 2 segments: 

- GPi (internal)  
- GPe (external). 

- GP connects to thalamus via the 
ansa lenticularis,  
a.k.a. the pallido-thalamic pathway.  

- inputs are from caudate/putamen/subthalamus; 
- outputs are to thalamus via ansa lenticularis 

substantia nigra:  
- lies in the midbrain: 
- just above the white matter of the cerebral peduncle  
- just below the red nucleus.  
- It has two major divisions:  

(i) Pars compacta (SNc):  
- dorsal black zone, the inner core 
- Cells are rich in dopamine and melanin (hence black).  
- Has many projections to the caudate and putamen.  
(ii) Pars reticulata (SNr):  
- ventral reticular zone, outer rim  
- adjacent to cerebral peduncle.  
- Cells lack pigment but are  

rich in iron;  
- no dopamine here. 

- = is considered extension of globus pallidus, since its 
cells and connections are same. 

subthalamus:  
- @ medial border of internal capsule  
- ventral to thalamus (best seen in coronal sections). 

Subthalamus has many glutamatergic cells. 
- rich connections with the globus pallidus. 
- Very highly excitatory 

 
 

Basal Ganglia: Coronal Section



STILL MORE BASAL GANGLIA: summary of projections   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gross Anatomy of the hated GANGLIA:
     Corpus callosum 

Septum pellucidum 

Lateral ventricle 

Body of caudate 

Choroid plexus of lat. ventricle 

Stria Terminalis 

Superior thalamostriate vein 

Body of fornix 

Internal cerebral vein 

Tela choroidea of 3
rd

 ventricle 

Choroid plexus of 3
rd

 ventricle 

Thalamus 

Putamen 

Globus pallidus 

Internal capsule 

3
rd

 vent. and interthalamic adhesion 

hypothalamus 

tail of caudate 

optic tract 

choroid plexus of lat ventricle 

temporal horn of lat. ventricle 

fimbria of hippocampus 

hippocampus 

dentate gyrus 

parahippocampal gyrus 



Anatomy of the CEREBELLUM         
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

COORDINATION and TIMING of motor activity: 

(and lots of other activity, eg. autonomic, higher function etc) 
AS A RULE:    
- the cerebellar cortex RECEIVES 
- the deep nuclei SEND 

 

Dentate  
nucleus 

Globus  
+emboliform 

fastigial 

CORTEX:    
- 3 layers, same thickness and 

density throughout 
- major input is from Mossy cells 

(500 signals per second) 
(THIS is 99.9% of all input) 

- other input is from the  
CLIMBING FIBRES  
(responsible for complex learning of motor tasks) 

- OUTPUT is via Purkinje Cells 

Cortical Localisation @ CEREBELLUM:   
 
 
 
 
 
 
 
DEEP NUCLEI:       
- Sit in the white matter, deep inside the cerebellum 
- Produce the major output of the cerebellum 

DENTATE: looks just like the inferior olive; nucleus of Cerebrocerebellum 
BIG TRACT � sends motor corrections to VL thalamus 
(dentatothalamic tract) 

GLOBUS& EMBOLIFORM: middle nuclei of Spinocerebellum 
���� send fibres to RED NUCLEUS 

FASTIGIAL: in midline, the roof of 4
th
 ventricle; nucleus of Vestibulocerebellum  

���� balance and vestibular; sends fibres to vestibular nuclei 

PEDUNCLES:       
Superior: strictly OUTPUT; to MIDBRAIN 
      Mainly motor adjustments, coordination etc � THALAMUS + RED NUCLEUS 

Middle:    Strictly INPUT;  from PONS 
      Conduit from pontine nuclei to the POST. CEREBELLAR CORTEX 

Inferior: some input and output; from MEDULLA 
     Spinocerebellar tract (posture, balance, etc) � ANT. CEREBELLAR CORTEX 
     Inferior Olive � all over the cerebella r cortex; complex learning of motor tasks 

     Fastigial nucleus OUTPUT to the vestibular nuclei 

CEREBROCEREBELLUM 

SPINOCEREBELLUM 

VESTIBULOCEREBELLUM 

Cerebellum makes ups 10% of brain volume, 

but 50% of the total cell number!!  

 

 

 

CEREBRO 
Plans movement, 
smoothes fine motor 
activity, tones 
muscles.  
LESION: intention 
tremor, hypotonia, 
explosive dysarthria, 
Overshooting of limbs 
Poor distance judgm. 

SPINO 
Smoothness of GAIT: 
LESION = drunken 
ataxia, no timing to 
movements. 
Think ETHER 

RULES OF THUMB: 
You will stagger to the  
 side of the lesion 
 Each cerebellum  
 portion has its own  
 nucleus 
if you are able to fix gaze 
despite nystagmus, its 
NOT a cerebellar lesion 
(i.e its in the brainstem) 

VESTIBULO 
Maintains balance 
and equilibrium, 
coordinates eye 
movements with head 
movements.  
LESION: ataxic wide-
base stance and 
nystagmus  
(see opposite  � 



Neuronal degenerations = progressive disorders of the nervous system that affect related systems of neurons. 

.A neuron is not an independent entity, but depends on the neurons synapsing with it both 
upstream and downstream for its continued survival. 

Therefore if one neuron dies, the directly synapsing neurons often suffer as well. 
Hence "chains" of neurons can die in neuronal degenerations. 

Cell biology of the CEREBELLUM        

 
 
 
 
 
NEURODEGENERATION         
 
 

 
For example, a motor degeneration can affect the linked upper and lower motor neurons, but leave closely adjacent neurons intact. 

 Common examples of nervous system degenerations are  

- Alzheimer's disease,  

- Parkinson's disease,  

- Huntington's disease,  

- and motor neuron disease. 

 
The abnormal gene or genes for some degenerations, for example Huntington's disease and familial motor neuron 

disease, have been found, and the list of known abnormal genes grows every year.  

Many researchers think an "abnormal gene + environmental toxin" combination causes some of the more common 

disorders, and that oxygen free radicals play a part in the destruction of cells. Increased synthesis and release of excitatory 

neurotransmitters is also thought to play a part in some neurodegenerations. (EXCITOTOXICITY) 
 

 

 

Neurodegenerations resulting in movement disorders are common, the most common being Parkinson's disease.  
This affects the neurons of the nigro-striatal pathways, with the lack of their neurotransmitters (in particular dopamine) causing 
abnormal body movements. Loss of pigmented neurons in the midbrain and a particular intraneuronal inclusion, the Lewy 
body, are the pathological hallmarks of Parkinson's disease.  
Iron-induced oxidative stress has been implicated in the pathogenesis of Parkinson's disease, since the nuclei 
affected contain large amounts of iron, and iron in tissues can promote free radical formation. 

 
 

CELL TYPES: 

STELLATE, BASKET, GOLGI: GABA-ergic cells 
� predominantly interneurons 

MOSSY CELLS:     
Major input cell; 99% of input is in this form 
Simple signalling; always firing- 500 hits/second 
Hand signal over to granular cells:  
 
GRANULE CELLS     
= are tiny GLUTAMATE cells; very easily excited 
= send a bifurcated axon up to molecular layer:  
thus, connect lots of purkinje cells together 
thus one mossy cell can activate up to 500 purkinjes 

 
PURKINJE cells      
���� form a monolayer; 
� these are really extremely large. 
�mostly GABA-ergic. 
LINED UP: one dendrite sent up to yhe molecular layer 
to receive signals from granule cells ;  
the AXON extends DOWN THROUGH THE CORTEX 
into the DEEP NUCLEI and thus 

 out of the cerebellum 
 
CLIMBING CELLS:     
Weird specialised ANTISOCIAL cells:  
ONLY COME FROM INF.OLIVE OF MEDULLA! 
ONLY TALK TO ONE PURKINJE CELL AT A TIME! 
…Monogamous! 
Fire only twice a second; but when they do- 
-the purkinjes go BERSERK (this happens ONLY 
while you’re learning a new motor activity: once its 
learnt, the mossy cells take over  and the climbing fibres 
fall silent. 

 



POSSIBLE MECHANISM of PATHOGENESIS:      
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MITOCHONDRIAL  

DAMAGE 
 Awful for the energy-intensive basal ganglia! 

Faulty complex 1 

of the electron transport chain 

Point mutation in 
mitochondrial DNA 

MPTP 

 

 

 

MPP+ 
= Inhibits complex-1 

MAO-B 

ENERGY LOSS 
(no more ATP!) 

INCREASED [FREE RADICALS] 

Naturally occurring 
striatonigral IRON 
= creates free radicals 
(OH-) 

Faulty Alpha-Synuclein 
(normally a vescicle-
forming protein involved in 
the release of dopamine) 

Free Dopamine: without 
alpha-synuclein to make 
vesciles, it  makes reactive 
O2 species 

Red for pathogenic factors 
Blue for findings 

Faulty a-synuclein 
gets coated in 
UBIQUITIN 

 Lewy bodies 

 MASSIVE    
 NTRACELLULAR  
 RELEASE  
OF CALCIUM! 

Calbindin 
protein  
(a calcium binding 
protein) protects 
some dopaminergic 
neurons from 
destruction in PD   

LIPID PEROXIDATION 
+ DNA damage,  
+ more free radicals are 
generated 

Cytochrome C 
Is released 
from dying 
mitochondria 

 APOPTOSIS  
Of the Striata Nigra 

pars Compacta 
at least 80% must be lost  

OVERACTIVE SUBTHALAMUS 
Normally kept on a leash by  SN 
dopaminergic neurons; but no longer! 

 

Glutamate 
excitotoxicity 
(NMDA channels 
allow too much 
Ca++ into cells 

Faulty  
Glutathione  
Peroxidase 
fails to degrade 
industrial toxins, 
pesticides, etc. 

Excitation of INHIBITORY GABA-neurons 
in the Globus Pallidus 

 

OVERINHIBITION of G.P. THALAMUS: 
THUS: UNOPPOSED STIMULATION BY 
CEREBELLUM 

Normally inputs from cerebellum and globus 
pallidus are balanced; NOW THERE IS A 
GROSS IMBALANCE: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

���� TREMOR! 
 

Abnormal movement  

 
Proprioceptive feedback  
to the cerebellum 

Cerebellum excited; 
initiates a corrective 
movement 

Corrective movement is 
not opposed by g.p. 
inhibition: thus, you 
move abnormally 

OVERINHIBITION of Pedunculo-pontine area: 
THUS: No glutamate sent to the Ventral Horn of S.C. 
THUS: SELDOM IS A MOVEMENT INITIATED 

����BRADYKINESIA 
 

No ventral control over stretch receptors; 
thus spinal reflex arcs go wild! 

���� COGWHEEL RIGIDITY 



RELATED CONDITIONS: Parkinsonism AND…       
Wilson's disease: 

- LOTS of abnormal movements besides tremor 
- There is family history,  
- age of onset is VERY EARLY 
- you get associated Kayser-Fleischer rings,  
- serum copper is LOW 

- test for ceruloplasmin  
 
Huntington's disease  

- strong family history  
-  accompanied by dementia  

- confirmed by genetic studies.  
 
Shy-Drager syndrome  

- impaired autonomic function, eg.  
- postural hypotension 
- abnormal thermoregulatory sweating 
- disturbances of bladder and bowel control 
- impotence 
- gastroparesis  

- widespread neurologic involvement  
(pyramidal, cerebellar, or lower motor neuron signs). 

 
Striatonigral degeneration  

- bradykinesia and rigidity, but not tremor 

- Antiparkinsonian drugs are generally ineffective.  
 
Progressive supranuclear palsy 

-  abnormalities of vertical gaze 
- dementia,  
- pseudobulbar palsy,  
- axial dystonia  

- no response to antiparkinsonian drugs.  
 
Cortical-basal ganglionic degeneration  

- intellectual decline 
- aphasia 

- apraxia 
- sensory neglect 
 

diffuse Lewy body disease,  
- parkinsonism + conspicuous dementia  

- evidence of more widespread neurologic involvement.  
 
Creutzfeldt-Jakob disease,  
- parkinsonian features are overshadowed by the rapidly progressive 

dementia;  
- myoclonus 
- ataxia 
- visual disturbances 

- electroencephalographic findings are often characteristic 
 
Alzheimer's disease 
- Parkinsonian features much less obvious than raging dementia 

 
 
 
 
 
 
 
 

~ 

PARKINSONS DRUGS 

WILL 

 NOT  

BE EFFECTIVE IN 

THESE CONDITIONS!! 

~ 



Motor activity during 
simple syncope is 
common and may 
cause convulsive 

movements. 

Hydrocephalus, Spina Bifida and EpilepsyHydrocephalus, Spina Bifida and EpilepsyHydrocephalus, Spina Bifida and EpilepsyHydrocephalus, Spina Bifida and Epilepsy                
EPILEPSY 

Presenting History           
Two major ways in which a person can recognise themselves as having epilepsy: 
- Blackouts or “absences” which are reported by eyewitnesses 

- Episodes of abnormal uncontrollable movement of which the patient is aware 
ACCESSORY SYMPTOMS may include sleepiness and confusion after the seizure 
 
Ask the patient and a witness to the event to describe the patients behavior from beginning to end of the event.  
 

Was the episode preceded by localized sensory or motor phenomena, nausea, or lightheadedness?  
Any type of warning or aura =  a focal-onset seizure 
In contrast, generalized seizures have simultaneous onset in both hemispheres and are not associated 

with a warning. Nausea or lightheadedness is common before syncope 
 
Did the patient lose consciousness?  

NO? then it was a partial seizure or absence type generalized seizure. 

 
If not, was consciousness altered?  

simple partial seizures = normal consciousness,  
complex partial seizures =  altered consciousness. 

 
If consciousness was altered but not lost, did the episode include staring and unresponsiveness?  
 
Lip smacking? Picking at the clothes? Hand wringing? Motor manifestations?  

complex partial seizure =  30 to 90 seconds of unresponsive mindless automatism  

 

Did the symptoms progress from unresponsiveness to unconsciousness?  
=  complex partial seizure, followed by secondary generalization. 

 
Did the patient have generalized stiffness (tonic contraction)  
or rhythmic muscle movements (clonic contractions)?  

A typical generalized tonic-clonic seizure is 
- loss of consciousness  

- a tonic phase, which consists of generalized stiffening of the body  
- then gradually merges with the clonic phase,  

( progresses from high-frequency to low-frequency, rhythmic clonic jerks) 
- UNILATERAL INVOLVEMENT OF BODY = secondary generalized seizure.  
 

Did the patient have a complete loss of muscle tone, followed by a fall to the ground?  
= Atonic seizures begin with an abrupt loss of body tone 
THUS: drooping of head and/or collapse to the ground 

!! BUT !! atonic seizures are a childhood problem, and are associated with idiocy 

IN ADULTS such atonic collapse is probably a SYNCOPE 
 
Was a transient neurological deficit (e.g., hemiparesis or aphasia) present after the spell ended?  

Transient weakness after motor seizure = Could be a partial seizure (Todds paresis) 
!! BUT !! a stroke, transient ischemic attack, or complicated (hemiplegic) migraine can also do this 
 

How long did each component of the episode last?  
- absence seizures usually last <15 seconds,  
- partial and generalized seizures usually last ~30 seconds to 3 minutes,  
- pseudoseizures often last >10 minutes. 

 
How quickly did the patient return to normal after the spell ended?  
Simple partial seizures and absence seizures = NOT CONFUSED AFTERWARDS 
Complex partial seizures = postictal confusion and sleepiness (may be brief and not recalled) 
GRAND MAL = stupor, confusion, and sleepiness that lasts minutes to hours. 
 

Determine whether the patient had more than one spell, and if so, what was the frequency and/or 
interval between spells.  
A patient who does not awaken between episodes may be experiencing status epilepticus 
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the majority of people presenting 
with seizures will have  

normal neuroimaging scans. 

IDIOPATHIC vs. SYMPTOMATIC: 
- Idiopathic means without 

underlying pathology  
- Symptomatic means there’s 

something obviously wrong and 
the seizures are the result of this 
pathology, eg. tumour or stroke 

 

Ask about possible risk factors and predisposing events       
THESE ARE:  

- history of febrile seizures, 
- possible earlier auras or brief seizures not recognized as seizures, 
- a family history of seizures.  
Possible predisposing events include  
- prior head trauma,  
- stroke,  
- tumor,  
- vascular malformation 
- sleep deprivation 
- electrolyte or metabolic abnormalities 
- acute infection 
- alcohol  
- use of either legal or illegal drugs . 

 

Differential Diagnoses           
- SYNCOPE immediate precipitating factors (e.g., emotional distress), presyncopal nausea, 

pallor, posture (usually erect), and lightheadedness,  plus no altered mental state afterwards) 
- STROKE (should have some focal neuro deficit and findings on CT or MRI) 
- TRANSIENT ISCHAEMIC ATTACK (no positive symptoms) 
- HEMIPLEGIC MIGRAINE 
- TUMOUR causing seizures (CT, MRI) 
- INTOXICATION or WITHDRAWAL (history findings and blood test)  
- ANEURYSM (will see on CT or MRI, and a focal deficit will usually accompany seizure; 

PLUS the aneurysm will be aggravated by exercise and increased blood pressure) 
- PSEUDOSEIZURE (psychogenic, screaming or talking during the episode etc., and 

unlikely to damage self –more like a tantrum or anxiety attack; of course EEG will be normal.) 

 
Findings on Examination          
Look for  
signs of head and other trauma,  
alcohol or illicit drug use,  
chronic liver or renal disease.  
Cerebrovascular disease signs eg. blood pressure, heart sounds, carotid arteries, peripheral vessels (SCOPE THAT 
FUNDUS!) 
 may identify disorders that are associated with cerebrovascular 
disease.  
Signs of neoplasm that loves CNS metastasis (e.g., melanoma, 
and lung and breast cancers)  
 
adolescents and young adults: examine the skin lesions 
suggestive of neurocutaneous syndromes.  
Café-au-lait spots or neurofibromas indicate neurofibromatosis;  
depigmented areas, shagreen patches, or adenoma sebaceum indicate 
tuberous sclerosis;  
 facial port-wine stain indicate Sturge-Weber syndrome. 
 
Perform a thorough neurological examination focused on finding deficits suggesting a cerebral lesion.  
THIS MEANS cranial nerve exam, higher cortical  and motor function  

 

Tests and Investigations          
SKULL CT (if stroke is suspected ) or MRI (modality of choice for any other sort of lesion) 

 to rule out stroke, tumour and vascular abnormality;  
NOT A WASTE OF TAXPAYER MONEY: would hate to 
miss a space-occupying lesion in this situation 

abnormalities with MRI in partial epilepsy = 20-70% 
(depending on the populations studied)  
MRI typically normal in the idiopathic generalised epilepsies  
MRI typically normal or nonspecific in most patients with symptomatic generalised epilepsy. 

Carotid Angiography if aneurysm is suspected- do not step lightly into this 19
th

 century measure; 
Blood Biochemistry if drug withdrawal or intoxication 
 

 



EEG (electroencephalogram)              !! 
…is the diagnostic gold standard and WILL DIAGNOSE THE SUBTYPE OF EPILEPSY 

 
- electrodes are positioned at specific sites   
(international 10-20 system of scalp electrode 
placements) 
the EEG traces, or channels, are arranged in groups of 4 
in an anterior to posterior fashion, odd numbers for the left 
side of the head, even for the right. Thus, the first 4 
channels record from the left frontotemporal electrodes 
and then next 4 from the right frontotemporal electrodes. 
The last two traces represent midline electrodes. 

2 things to look for: 
- Interictal spikes of epileptiform 

 activity (interictal meaning those that  

have no effect on the patient’s state) 
- A recording of an actual seizure is the  

most accurate diagnostic finding   
 
 

How is this diagnosis made ?       
…by EEG and by elimination of every other possible cause of the symptoms 

 
Disease Definition (from the glorious mouthpiece of medicine, Harrisons ) 

EPILEPSY = repeated paroxysmal events due to abnormal, excessive, hypersynchronous 
discharges from an aggregate of central nervous system (CNS) neurons;  
= a result of a shift in the normal balance of excitation and inhibition within the CNS.  

CLASSIFICATION: International League Against Epilepsy flow chart of diagnostic criteria   
… although we can recognise a number of 
well described clinical epilepsy syndromes, 
 we do not know the actual cause of the 
epilepsy in about 60-70% of patients.  
TYPES OF SEIZURE: 
  
Generalized tonic-clonic seizures,  
- AKA grand mal,  
- First a few seconds of sudden tonic 

 sustained-extension posturing 
involving 

 all muscles (including respiratory 
 muscles - possibly contributing to an 
 expiratory scream).  

- followed by brief repetitive clonic  
muscular jerks that gradually slow down  
and usually stop after 1 to 3 minutes. 

- Postictally, patients are initially  
unresponsive until they gradually 

awaken 
and return to normal mental functioning 
 in minutes to hours. 

Tonic seizures and clonic seizures  
- contain only one phase or the other of a 

 generalized tonic-clonic seizure.  
- may or may not be associated with 

 interictal epileptiform EEG discharges, 
 but ictal EEGs always demonstrate  
generalized changes.  

Myoclonic seizures  
- consist of a single lightning-like jerk,  
- typically of the upper extremities,  
- Ictal EEGs often show generalized  

epileptiform discharges correlating with  
the myoclonic jerk. 

Atonic seizures, or drop attacks,  
- involve complete momentary loss of all body tone, resulting in unprotected falling to the ground. 
 
 
 



Absence seizures, previously termed petit mal,  
- staring unresponsiveness with few other manifestations,  
- automatisms can occur when seizures are prolonged.  
- These seizures typically occur many times per day. 
During absence seizures an EEG demonstrates characteristic generalized spike and slow wave discharges recurring at 
a rate of 3 per second. 
-  
Atypical absence seizures  
- may be associated with muscle relaxation and 

slower spike wave discharges on the EEG.  
- These seizures occur more often in mentally 

retarded patients. 

Infantile spasms, also termed salaam attacks 
because patients appear to be bowing,  
- unique to the infantile period  
- consist of sudden brief flexor or extensor spasms 

of the trunk 
- associated with a characteristic interictal EEG 

pattern of hypsarrhythmia.
 

SYNDROMES:            
most common adolescent-onset epilepsy syndrome is juvenile myoclonic epilepsy;  
the most common adulthood-onset epilepsy syndrome is temporal lobe epilepsy. 
Childhood absence epilepsy, juvenile absence epilepsy, and juvenile myoclonic epilepsy 
- typical absence seizures,  classic examples of idiopathic generalized epilepsies.  
- a strong genetic (autosomal dominant) component, 

- Interictal EEGs in childhood and juvenile absence epilepsy show typical generalized 3 cycles per second (cps) spike and wave 
discharges, with or without clinical absence seizures, whereas in JME generalized 4.5 cps multiple spike and wave bursts are 
more likely. 

Childhood absence epilepsy  
- is characterized by onset of typical absence seizures 

in school-aged children  
- Absence seizures occur many times per day.  
- Rarely, it is also associated with generalized tonic-clonic 

seizures.  
- Response to ethosuximide or valproate is excellent,  

- the seizures abate by age 14 years in 70% of patients  
 
Juvenile absence epilepsy  
- is similar to the childhood type, but it starts in 

adolescence.  
- generalized tonic-clonic seizures are more common,  

- seizures more often persists into adulthood. 

 
Juvenile myoclonic epilepsy (JME)  
- is characterized by myoclonic seizures, 
- especially in the early morning,  
- beginning in adolescence. 
- Most patients also have occasional generalized tonic-

clonic seizures,  
- many patients have typical absence seizures.  
- There is a family history of epilepsy in ~40% of patients.  
- may be transmitted as an autosomal dominant trait, but 

with incomplete penetrance.  

- The routine EEG often shows distinctive generalized 
multiple spike and wave discharges, especially after 
sleep deprivation 

Autosomal dominant nocturnal frontal lobe epilepsy        
- uncommon but significant, because it represents the first inherited partial epilepsy in which the gene was located and the 

gene product identified  
- Seizures often arise at night and may consist of bizarre behavior and bilateral dystonic posturing. 
- EEG findings are normal, even during the seizure, as is typical of frontal lobe seizures.  

- The symptoms are often initially misdiagnosed as a sleep disorder. 

Temporal lobe epilepsy is the most common identifiable specific epilepsy syndrome in adults.  
- often a history of febrile seizures in childhood,  
- Routine EEGs may show spikes in the temporal regions [ 
- MRI may show abnormalities in a temporal lobe.  
- The most common cause is mesial temporal sclerosis (neuronal loss and gliosis of the hippocampus and adjacent structures) 

that has a characteristic appearance of hippocampal atrophy and increased T2 signal on MRI  
- Benign tumors and developmental malformations are less common causes of temporal lobe epilepsy. 

- In 30% of cases, temporal lobe epilepsy is refractory to AEDs; these refractory patients are often excellent candidates for 
epilepsy surgery. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



Management: WITH DRUGS         
An epileptic focus may arise in the brain from  

- an excess of neuronal excitation,  
- a deficiency of neuronal inhibition  
- or both.  

Thus antiepileptic therapy is directed at  
- limiting the firing frequency of neurones  
- decreasing neuronal excitation or  
- increasing neuronal inhibition. 

 
antiepileptic therapy is often directed at 
GLUTAMATE and GABA. 

 
The major targets of pharmacological intervention 
in neuronal transmission include 

1. the conduction of nerve impulses,  
2. transmitter synthesis and storage,  
3. transmitter release,  
4. transmitter action,  
5. transmitter uptake and  
6. transmitter metabolism.  

 
THUS: you can 

LIMIT FIRING RATE OF NEURON  
  Phenytoin limits the frequency of nerve impulse conduction;  

 Binds preferentially to to inactive (closed) Na channels, thus LOCKING THEM; 
the poor Na channels cannot return to resting (also closed) state which they must enter in 
 order to open again. 

No drug is known that can decrease the synthesis or storage of glutamate in a therapeutically useful manner.  

REDUCE RELEASE OF EXCITATORY NEUROTRANSMITTER 
Phenobarbitone and barbiturates reduce the neuronal release of glutamate, as does 
carbamazepine via its action on presynaptic adenosine receptors; 

ENHANCE INHIBITORY RECEPTOR ACTIVITY  
  Diazepam enhances the activation of some GABAA receptors by GABA; 
  barbiturates enhance the activation of most GABAA receptors by GABA and  
  in addition have a direct agonist action on these receptors 

       REDUCE EXCITATORY RECEPTOR ACTIVITY 
NMDA glutamate receptor antagonists act as anticonvulsants;. 

      REDUCE RE-UPTAKE OF INHIBITORY TRANSMITTER thus increasing its synaptic dwell-time  
 A range of inhibitors of GABA uptake related to nipecotic acid are in clinical trials as anticonvulsants; and  
 Sodium valproate and vigabatrin inhibit the metabolism of GABA  
 … thus increasing the levels of GABA in the brain. ; 

Doses need to be individualised in many cases and may need to be changed over time. 

Antiepileptic therapy should be kept as simple as possible,  ideally using only one drug at a time. 
!! EFFECTIVE DOSE IS VERY CLOSE TO DANGEROUS DOSE !! 
 THUS: routinely monitor drug concentration; 
Therapeutic drug monitoring (TDM) is not used for all antiepileptic drugs, but is mainly of help with phenytoin, 
carbamazepine and sodium valproate.  
(especially phenytoin, because it saturates liver enzymes and ends up not being metabolised) 
 
The value of drug level measurement depends upon  
- when the sample was collected in relation to the dosing interval;  
- whether the patient is "steady-state" after any recent dose adjustment;  
- whether the dosing history from the patient is correctly documented.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

the metabolism of phenytoin 
and carbamazepine 
 increases 3-fold during 
pregnancy, so dose has to 
increase during pregnancy. 



Prognosis 
- IDIOPATHIC epilepsy is something you have for the duration of your LONG NORMAL LIFE 
- SYMPTOMATIC epilepsy prognosis is related to the pathology which causes it 

 
Epidemiology            
approximately 5 to 10% of the population will have at least one seizure during their 

lifetime,  the highest incidence occurs in early childhood and late adulthood.  
Using the definition of epilepsy as two or more unprovoked seizures, 

 the incidence of epilepsy is approximately 0.3 to 0.5% in different populations throughout the world, and the 

prevalence of epilepsy has been estimated at 5 to 10 persons per 1000. 

 
Basic Sciences: Action Potential Propagation     
A C      A cell:   

lots of POTASSIUM INSIDE 
lots of SODIUM OUTSIDE 
(thanks to Na+/K+ ATPase) 
- Plus chlorine and calcium are also kept outside 

 
 
 
 
 
 
 
 
NORMAL AP: 
- The neuron cruises normally at rest, with about –70 millivolts difference (inside to outside) 
- Something (whatever) activates some kind of Na+ channels. (ligand-gated or mechanical) 
- Na+ surges into the cell along its concentration gradient 
- Thus, the inside becomes more POSITIVE, closer to the threshold, i.e. DEPOLARISES 
- The reaching of threshold activates VOLTAGE-GATED Na+ CHANNELS further down the axon 
- Thus, they also depolarise that bit of axon 
- AND SO ON 
- The Na+ channels will not be available until the cell gets back to –70mV (repolarises) 
- THEN, and only then will they be able to open again;  
- THIS IS THE REFRACTORY PERIOD 
- Repolarisation is achieved by actively pumping K+ BACK OUT of the cell. 
 
In some human neurons, the refractory period lasts only 0.001-0.002 seconds. This means that the neuron can 
transmit 500-1000 impulses per second. 
 
HYPERPOLARISATION: making the cell more negative; 
opening of the Cl- or K+ channels increases the membrane potential by  

• letting negatively-charged chloride ions (Cl
-
) IN and  

• positively-charged potassium ions (K
+
) OUT 

binding to GABAA receptors opens chloride channels in the neuron.  
binding to GABAB receptors opens potassium channels. 

 
@ myelinated neurons, the nodes of Ranvier are the only sites with Na+ channels; thus the AP leaps between 
Schwann cells 

      

Epileptogenesis           
The normal brain is capable of having a seizure under the appropriate circumstances, and there are differences 
between individuals in the susceptibility or threshold for seizures.  

BUT: 
There are a variety of conditions that have an extremely high likelihood of resulting in a 
chronic seizure disorder.  Eg. penetrating trauma = 50%risk 

Partial seizure activity can begin in a very discrete region of cortex and then spread to neighboring regions, i.e., there is 
a seizure initiation phase and a seizure propagation phase 

 
 
 



INITIATION PHASE:  
initiation phase is characterized by two concurrent events in an aggregate of neurons:  
high-frequency bursts and hypersynchronisation 
(1) high-frequency bursts of action potentials 

- Starts with DEPOLARISATION: 
- Influx of extracellular Ca++ ions 
- �long-lasting depolarisation 
- voltage gated ion (Na+ ) channels open and admit MUCH Na+  
- MASSIVE INFLUX of Na+ 
- Followed by a similarly massive HYPERPOLARISATION via 

- K+ EFFLUX along concentration gradient 
- GABA-mediated ion channel Cl- INFLUX along concentration gradient 

 The above results in a charactertistic EEG spike - 
- IF MANY NEURONS DEPOLARISE SIMULTANEOUSLY 

! THE SPREAD OF SUCH A BURST IS USUALLY LIMTED BY GROUPS OF INHIBITORY NEURONS ! 
But: if the excitation is sufficient, surrounding neurons become recruited by increasing [K+] in the ECF. 
And: inhibitory interneurons are limited by their stores of GABA which eventually become depleted 
(these interneurons don’t have inexhaustable supplies) 
 

 
- With repetitive depolarisations, the extracellular K+ concentration rises; 
- This happens during the refractory period, when the cell is letting K+ out of itself to repolarise 
- THUS the concentration gradient becomes less and less steep until there’s nothing to drive repolarisation, 

and the cell gets stuck in a permanently depolarised state  
- PLUS extra K+ in the extracellular fluid will cause other surrounding neurons to depolarise 
- PLUS so much Ca++ overfills the cell that the Neurotransmitter vesicles are always releasing more 

neurotransmitters, which in turn causes further Ca++ to enter the cell, and so on and so forth. 
- DEAD AXONS which pass near dendrites of nearby cells often  get refilled by a new axonal growth- 

- which may not attach the same way: MAY ATTACH TO THE DENDRITE INSTEAD thus exciting something 
that shouldn’t be getting excited; 
THIS sort of crosstalk can lead to excitation of whole groups of neurons 

���� HYPERSYNCHRONISATION  

 
THESE TWO EVENTS RESULT IN A FOCUS OF SEIZURE ACTIVITY WHICH IS MEASURED ON EEG 
 

The PROPAGATION phase is mediated in part by the above events, in part by abnormalities in channels, and in part 
by aberrant neural networks (which may exclude normally present interneurons out of the loop) 
 
The recruitment of a sufficient number of neurons leads to a loss of the surrounding inhibition and propagation of 
seizure activity into contiguous areas via local cortical connections, and to more distant areas via long commissural 
pathways such as the corpus callosum.  
 

POSSIBLE MECHANISM           
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISINHIBITION OF NEURONAL ACTIVITY 

High frequency bursts of activity 
=lots of depolarisation happening 

Reduced ATP 
in neurones 

Increased K+ 
concentration 
in the ECF Increased 

intracellular Ca++ 
due to increased 
neurotransmitter 
binding and thus 
increased Ca++ 
influx;  
 

Increased 
neurotransmitter 
release due to 
increasing Ca++ 

Spontaneous 
depolarisation of 
neighbouring cells 
due to rising K+ 
concentration 

K+ channel dysfunction: 
cells cant repolarise 
because concentration 
gradients have collapsed 
and theres no ATP to  
re-establish them 



Biochemistry and Cell biology:   NEUROTRANSMITTERS 
2types: fast and slow 
FAST: ion channels:milliseconds 

- GLUTAMATE 
- GABA 
- Glycine 
- Serotonin 
- Acetylcholine 

 
 

SLOW: METABOTROPIC, i.e G-protein 
coupled; eg. smell, taste receptors 

- GABA 
- Glutamate 
- Serotonin 
- Dopamine 
- NorAdrenaline 
- Acetylcholine 
- 30 or so Neuropeptides

 
Inhibitory: allow influx of Cl- ions, thus HYPERPOLARISE 
Excitatory: allow influx of Na+ ions, thus DEPOLARISE 
 
Action Potential:  
- Reaches the cell: INFLUX of Ca+ 

- Ca+ triggers release of neurotransmitter from vesicles  

 
Glutamate: 
1. Binds to AMPA receptor 
2. AMPA receptor allows SOME K+ to escape and LOTS of Na+ to enter 
3. Na+ triggers a TRANSIENT DEPOLARISATION 
4. This sudden shift of polarity UNCORKS THE NMDA RECEPTOR  

(the “cork” is a manganese (Mg++) ion) 
The NMDA receptor NEEDS TO BE PRIMED with Glycine which is always bound to the receptor, ready and waiting 

ONCE OPEN the NMDA receptor acts as an ion channel, allowing MUCH Na+ and Ca++ to enter the cell, 
therefore causing DEPOLARISATION PROPER  
Ischaemia: causes Na+/K+ gradients to collapse (no ATP, so who’s powering the Na+/K+ATPase?) 
No gradients means no glutamate resorption pump 

Too Much Glutamate leads to EXCITOTOXICITY: so much Ca++ is bad for the neurone and may 
lead to APOPTOSIS 
After its release, the glutamate is slowly mopped up by the neurone and the surrounding glia. 
Power for transport of glutamate back into the cell is derived from 3 Na+ molecules being shuttled back in. 
DRUGS:  
- KETAMINE (NMDA-r. blocker) 
- Glycine levels can be manipulated, (less glycine means less excitation) 
 

GABA: predominantly metabotropic; 
G-protein is usually attached to a K+ or Cl- channel,  (GABA-A = Cl-; GABA-B = K+) 
…plus it triggers Adenylate Cyclase which in turn kicks of numerous cellular events; 
EFFECT DEPENDS ON THESE SECONDARY PATHWAYS. 



Behavioural science: Stigma of Epilepsy      
Epilepsy is the classic example of a condition where patients feel concern about being labelled and stigmatised. 
Up to a point the term stigma and discrimination could be used interchangably, at least in the mind of the person with 
epilepsy. There are 3 subsets of this problem: 

• Legal discrimination: where people with epilepsy are not allowed to be airline pilots, drive buses, etc. These 
are common sense matters.  

• Real stigma: where a person with epilepsy is, for example, refused a job in a bank just because they have 
epilepsy.  

• Perceived stigma: where the person with epilepsy perceive that they are "different", thus others will see them 
as such and will treat them differently. MC exemplifies this very well. Whilst perceived stigma may seem quite 
illogical to the outside observer, it is very real to and painful for the sufferer.  

 
For most people with epilepsy it is "the having of seizures" which is the problem, rather than the "having of epilepsy". 

This means that the "labelling" is not that important, but being seen to have a seizure 
may be a very real issue. In turn this is because whilst having a seizure, the person is 
"out of control", as if mad - hence the incorrect association with mental illness. Although 
this association is incorrect, what people do during seizures is not what most of us do; 
hence it is abnormal at that particular time. This may be seen as unreliable or 
unpredictable as a result. 
Real stigma is in fact quite uncommon. Perceived stigma is much more common and 
is associated with non-disclosure of the epilepsy. This leads to hiding the epilepsy, which 
in turn means avoidance of social contacts, reclusiveness and enhanced perceived 
stigma. This is a very destructive process and perceived stigma is much more damaging 
than real stigma. It is something which should be looked for in a clinical setting and 
should be "treated", just as much as the seizures. Disclosure which means having 
accepted one's epilepsy is the only path to a healthy psychosocial outcome. Some 
people with epilepsy will achieve this and others, unfortunately, will not. Doctors should 
participate actively in this process. 

 
 
Genetics of Epilepsy straight out of Harrissons      
- all of the mutations identified to date cause rare forms of epilepsy 
- many of the inherited, idiopathic epilepsies are due to mutations affecting ion channel function.  
- These syndromes are therefore part of the larger group of "channelopathies" causing paroxysmal disorders 

such as cardiac arrhythmias, episodic ataxia, periodic weakness, and familial hemiplegic migraine  

In contrast, gene mutations observed in symptomatic epilepsies (i.e., disorders in which other neurologic 
abnormalities, such as cognitive impairment, coexist with seizures) are proving to be associated with pathways 
influencing CNS development or neuronal homeostasis.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Spina bifida and hydrocephalus          
 
 

Spina bifida :  
a midline bony defect of the vertebrae, usually the lumbosacral vertebrae.  

Spina bifida cystica  
also involves nerve tissue defects  

- myelomeningocele is the most common form of spina bifida cystica  

- exists over several lumbosacral vertebrae  
- Has cystic structure containing  

- meninges,  
- nerve roots  
- dysplastic spinal cord tissue.  

- There may be a defect in the skin so that the neural tissue is exposed. 

- meningocele is a less serious defect  

- = a herniation of the meninges through the bony defect to produce a cystic lesion.  

- cystic cavity does not contain nerve roots or spinal cord tissue but the underlying spinal cord may 

be abnormal, dysplastic.  

Spina bifida occulta  

= bony defect is present without herniation of the meninges 
Usually some clue to its presence in the form of a dimple, pigmented skin lesion (naevus), dermal sinus, palpable 
lipoma or tuft of hair.  
The underlying spinal cord may be malformed.  
 

less common spinal cord malformations with spina bifida: 
- myelocystocele or syringomyelocele  

- expansion of central spinal canal into a cyst 
- myelocele  

- sack-like outpouching of the spinal cord through a defective vertebral column 
- lipomyelomeningocele  

- Growth of fatty tissue that tethers the spinal cord usually at is distal (towards the tailbone) end. 
Tethering of the cord leads to compromise spinal cord blood supply and possibly lead to progressive 
neurologic deficit  

- anencephaly  
- no brain, instead “area cerebrovasculosa” of disorganised tissue 

- encephalocele 
- brain herneating through gaping skull (occipitally)  

- Chiari malformations frequently occur in association with spina bifida. 
- a benign structural problem affecting the cerebellum 
- extra cerebellum crowding the outlet of the brainstem/spinal cord from the skull on its way to the spinal canal. 

This crowding will commonly lead to headaches, neck pain, funny feelings in the arms and/or legs, stiffness, 
and less often will cause difficulties with swallowing or gagging.  

 

Mechanism :            

The critical disturbance = @ 4th week of gestation  
failure of closure of the posterior neuropore 
� subsequent failure of development the overlying skeletomuscular and epithelial elements.  
The extent of the defect relates to the timing of the disruption: myelomeningoceles are produced by earlier defects 
than meningoceles, the latter occurring after the posterior neuropore has closed and the spinal cord has formed.  
 

Clinical manifestations of spina bifida        

= cystic lesion in the lumbosacral region.  
(may be leaking CSF through a torn membrane)  

Over 90% of spina bifida cystica are myelomeningoceles  
and are associated with a variety of neurological deficits depending upon the exact level of the defect with 

respect to the spinal cord and corda equina.  
bladder and bowel involvement is almost always present. 

The clinical neurological examination is used to reveal the extent of motor and sensory deficits in the 

lower limbs and bladder and bowel dysfunction.  
Important secondary orthopaedic deformities, renal abnormalities may develop in infancy and childhood. 
 Myelomeningoceles are frequently associated with a disturbance of the anatomy of the cerebellum and posterior fossa 
in the form of the Chiari II malformation.  
� is frequently associated with the development of obstructive HYDROCEPHALUS 
Brainstem dysfunction may occur with bulbar paresis and vocal cord paralysis. 

 
 
 



ANATOMY OF THE CEREBRAL VENTRICLES     
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CSF IS:  
a clear colourless ultrafiltrate of plasma  
the same osmolarity (295 mosm/l) but  

- slightly higher magnesium  
- (2.3 mmol/l compared with 1.7 mmol/l)  
- slightly higher chloride  
- (119 mmol/l compared with 102 mmol/l)  
- slightly lower glucose (75% plasma),  
- slightly lower calcium (2.1 mmol/l compared with 4.8 mmol/l).  
- The protein content is only 0.5% that of serum  
- the maximal number of white cells is 5/microlitre.  

 

 

Anatomy of the ventricular system: General Flow of CSF:  
LATERAL VENTRICLES � FORAMEN OF MONROE � THIRD VENTRICLE � CEREBRAL AQUEDUCT � FOURTH 

 VENTRICLE DEVELOPMENT 
LINED with EPENDYMAL CELLS 
(4rth variety of glial cell) 
origin from the cavity of the cephalic neural tube 
  
At its rostral end the neural tube cavity evolves 
into two laterally placed telencephalic vesicles 
that give origin to the left and right cerebral 
hemisphere and within these, the left and right 
lateral ventricle . The cavity contained within the 
diencephalon evolves into the future third 
ventricle . The communication between each 
laterally placed lateral ventricle and the midline 
third ventricle becomes the interventricular 
foramen . The cavity of the rhombencephalon is 
the primordial fourth ventricle . The cavity within 
the mesencephalon does not enlarge in size to the 
extent of the other cavities but continues to act as 
a conduit for CSF from the third ventricle to the 
fourth ventricle as the midbrain (cerebral) 
aqueduct. 

3rd Month: 
1

st
 the median aperture (Magendie) 

 then the two lateral apertures (of 
Luschka) allowing the primordial fourth 
ventricle to communicate with the primordial 
subarachnoid space 

Pros-
encephalon 

Di-
encephalon 

Rhomb-
encephalon 

- lateral ventricles (25mls), 
- third and fourth ventricles (5mls), 
- cranial subarachnoid space (25mls)  
- spinal subarachnoid space (75mls)  
normal total volume of 130mls. 



PATHWAY OF CSF CIRCULATION       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Subarachnoid space             

= freely communicating space containing CSF  
= communicates with fourth ventricle via  

two lateral (Luschka) apertures 
one midline (Magendie)aperture. 

 

Boundaries: Pia and Arachnoid membranes 
 
The arachnoid membrane is loosely anchored to the pia  
by numerous weblike arachnoid extensions  
- cisterns are large spaces between the arachnoid and pia.  
Apart from CSF these cisterns at the base of the brain contain the Circle of Willis.  

 

 
 
 
 
 
 
 
 
 
 

THUS: 
Youre a CSF droplet. You start in the lateral ventricle, go down through the Foramen of Monroe into the 
Third Ventricle, drop down through the Cerebral aqueduct, leave though  
Luschka’s openings into the PONTINE CISTERNS 
Or through Magendie’s opening into the CISTERNA MAGNA 
 

The cranial dura mater is composed 
of an endosteal superficial layer 
(functioning as periosteum) and a 
deeper meningeal layer. These 2 
layers are separated only by the 
dural venous sinuses over the 
brain.  
 



Specialised organs of CSF production   
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

80% of CSF produced by CHOROID PLEXUS: made of MODIFIED EPENDYMAL CELLS 

DIFFERENT TO NORMAL Blood-Brain Barrier ARRANGEMENTS:  
Capillaries are FENESTRATED 

Choroid Ependyma bound to each other by tight junctions (normally they are not) 
-CONTAIN CARBONIC ANHYDRASE: produces WATER from protons and carbonate ions 
(can be blocked by carbonic anhydrase blocking drug acetazolamide) 

The choroid plexus is found in each of the cerebral ventricles  

BUT not in the aqueducts 
(it extends through the lateral apertures of the fourth ventricle into the subarachnoid 
space). 

20% of production comes from the non-choroidal capillaries of the CNS (both brain and spine).  

 
The formation rate of all sources of CSF is 20mls/hr .  

This rate is constant over normal cerebral blood pressure. 

Increased production sponsored by:  

sympathetic denervation 
cholinergic stimulation 
cholera toxin application(increased cAMP) 

Decreased production sponsored by: 

sympathetic stimulation 
ventriculitis (an infection of the ventricles) 
acetazolamide.  

 
 
 
 

Interaction of the subarachnoid space with the cerebral venous drainage     
REABSORPTION OF CSF = THROUGH UNIDIRECTIONAL VALVES  
between veinous sinuses and subarachnoid space.  
hese valves are called arachnoid villi  

= organised into visible clumps called arachnoid granulations.  
= aneurysmal outpouchings of the subarachnoid space into the lumen of the large venous sinuses.  
AT THEIR APEX:  
a layer of endothelium with tight junctions  
continuous with the inner surface of the venous sinus.  
THUS: unidirectional flow of CSF from the SAS to venous sinus  
when the hydrostatic gradient between the two reaches 20-50 mm of water.  
Transport = passive PINOCYTOSIS 
(requiring no other mechanism other than that of the hydrostatic pressure gradient) 
 
secondary sites of CSF absorption are located in the cranial and spinal nerve root sleeves into lymphatics. 
This system is relatively unimportant but may become so at higher pressure. 

The choroid plexus and the arachnoid 
membrane act together at the barriers 
between the blood and CSF 
On the external surface of the brain the 
ependymal cells fold over onto themselves to 
form a double layered structure, which lies 
between the dura and pia, this is called the 
arachnoid membrane. Within the double layer is 
the subarachnoid space, which participates in 
CSF drainage. Passage of substances from the 
blood through the arachnoid membrane is 
prevented by tight junctions. 

The cells of the choroidal epithelium are 
modified and have epithelial characteristics. 
These ependymal cells have microvilli on 
the CSF side, basolateral interdigitations, 
and abundant mitochondria  
While the capillaries of the choroid plexus 
are fenestrated, non-continuous and have 
gaps between the capillary endothelial cells 
allowing the free-movement of small 
molecules, the adjacent choroidal epithelial 
cells form tight junctions preventing most 
macromolecules from effectively passing 
into the CSF from the blood  
  
 

 



PATHOGENESIS  OF  NEURAL TUBE DEFECTS    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lack of  FOLATE 
 

Competition for 
FOLATE TRANSPORTER 

By Valproate and Carbamazepine 
(risk = 1-2%, danger outweighed 
by danger from maternal epilepsy) 
 

NEURAL TUBE  DEFECT 
 

24 days: ANACEPHALY 
 

26 days: SPINA BIFIDA 
 

!! COMMONEST CNS MALFORMATION !! 
1 in 1000 births 
= Absence of Calvarium,   
Meninges and Brain. 
Absurd tissue on top of head is “Area 
Cerebrovasculosa” = totally disorganised 
MAY STILL BE ABLE TO BREATHE and 
maintain circulation… but not much else 
 
 

Myelomeningocele: 90% 
Sack of meninges with spinal cord sticking out; 
 

Foetal protein in the amniotic fluid:  
!! WHATS IT DOING THERE ?? 
means the FOETUS IS LEAKY 

Lack of  Cholesterol 
Or TRISOMY 13 
�depressed Sonic Hedgehog 
� HOLOPROSENCEPHALY 
(failure to develop bilateral 
symmetry) 
 

SPINA BIFIDA OCCULTA: 
Weeks 5-12 
The vertebral arches never 
joined up, but spinal cord is 
intact and covered by tissue 
MENINGOCELE:  
weeks 5 to 12  
Sack-like outpouching of 
meninges, but spinal cord 
still intact 
 

Chiari Cerebellar malformation: 
Type 1 = cerebellar tonsils sticking through the 
Foramen magnum 
Type 2 =(Arnold-Chiari) =extension of 
cerebellar vermis through the foramen magnum. 
 

Natural Maturation: 
The vertebral column elongates but the 
spinal cord does not; 
IF the spinal cord is AFFIXED eg. by 
surgical repair of myelomeningocele, the 
cord pulls the brainstem down into the 
vertebral canal and THUS PLUGS THE 
HOLE through whichthe CSF would 
normally travel 
 

Obstruction of CSF flow causes 
HYDROCEPHALUS 
Communicating: 
Ventricles can communicate, but no CSF can 
travel though to the subarachnoid space 

Non-communicating: 
The blockage is between the ventricles, i.e the 
ventricles cant communicate 
 



Abnormal Uterine BleedingAbnormal Uterine BleedingAbnormal Uterine BleedingAbnormal Uterine Bleeding                8.078.078.078.07    
After an embarrassing incident last week while visiting a friend, Mrs Mary Freeman, aged 44, consults her family doctor 

complaining that her periods are very heavy, with bad pelvic discomfort. She feels 'lousy' during them; and has passed large clots 

on several occasions. She was particularly concerned six weeks ago to notice two episodes of bleeding between her usual periods. 

History of Presenting Illness          
  Increased volume of blood 

Increased frequency of bleeding 
Irregular timing of periods 
Bleeding between periods 

 Unusually painful menstruation 
 Passing of clots 

 

Differential Diagnoses            
Abortion  
Adnexal Tumors  
Adrenal Adenoma  
Adrenal Carcinoma  
Cervicitis  
Endometrial Carcinoma  
Endometritis  
Hyperprolactinemia  
Hyperthyroidism  
Hypothyroidism   
Pelvic Inflammatory Disease  
Pituitary Microadenomas  
Uterine Cancer  
Vaginitis  

 

         Findings on History       
    Is this the first time its happened? 

Was it accompanied by pain? 
How much blood was there?���� 

SEXUAL HISTORY: ask about STDs, 
  Ask about sexual abuse 
Screen for HEMO + ENDOCRINOPATHY:  
 Has there been galactorrhoea, hirsuitism, cold intolerance, easy bruising? 
Contraceptive History: recent cessation of the oral contraceptive pill?  
 -  Intrauterine devices ever installed? 

 AGE- DIRECTED SUSPICION: 
Menarche ���� late teens: 
most commonly have anovulatory bleeding  

due to the immaturity of their hypothalamic-pituitary axis. If bleeding does not respond to 

usual therapy in this age group, a bleeding disorder must be considered.  

(Undiagnosed von Willebrands Factor Deficiency is the most likely culprit ) 

IRREGULAR MENSES SINCE MENARCHE? Or… OBESE? � consider anovulation 
30 ����50 yr olds: 
Organic or structural abnormalities. 

 Fibroids or polyps are frequent anatomical findings.  

Organic causes can be anything from thyroid dysfunction to renal failure. 
postmenopausal: 

   any uterine bleeding should receive an immediate workup for endometrial cancer.  

Endometrial hyperplasia must be considered in women who are  

obese, aged 70 or older, nulliparous, or have diabetes. 

NORMAL UTERINE BLEEDING: 
 YOU ONLY WANT TO MENSTRUATE...  
- Every 24 to 35 days (mean 27-28) 
- For 2 to 9 days at a time (mean 4-5) 
- With only 1 or 2 heavy days 
- Totalling less than 60 ml of blood 

 
What bleeding is abnormal? 

 intermenstrual bleeding  
bleeding in between normal periods 

 menorrhagia  
excessively heavy episodes (over 80 ml) 
prolonged periods (over 7 days)  

 metrorrhagia  
 irregular, frequent and variable periods  

 postmenopausal bleeding (PMB)  
 postcoital bleeding 

 (often associated with intermenstrual bleeding)    
 precocious menstruation  

(usually a component of precocious puberty)  

 breakthrough bleeding  
[BTB; unscheduled bleeding with use of 
hormonal contraception or hormone 
replacement therapy (HRT)]  

 

MUST EXCLUDE 

PREGNANCY !! 
BEFORE YOU DO ANYTHING ELSE 

 
Coagulation disorders 
Endometrial polyps 
Genitourinary infection 
Intrauterine device 
Liver disease/failure 
Medications (chemo?…) 
Renal disease/failure 
Steroid hormones 
Uterine fibroids 

Estimates of VOLUME: 
 average tampon holds 5 mL  
 average pad holds 5-15 mL of blood 
 Passing clots? ���� There must be over 80ml 

 

 Relationship to the THYROID GLAND: 

- HYPO = MENORRHAGIA 

- HYPER = AMENORRHOEA 
 

 Are there any  SYMPTOMS OF ANAEMIA? 

 

Are they on any 
HORMONE 
REPLACEMENT 
THERAPY? 

 

put together by Alex Yartsev: Sorry if i used your images
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Findings on Examination          
IMPORTANT STUFF TO LOOK FOR: 

Signs of severe volume depletion: ANAEMIC PALLOR?  

Obesity: = independent risk factor for |endometrial cancer |  
Signs of androgen excess (eg, hirsutism, acne, virilisation): 

This usually points to polycystic ovarian syndrome (PCOS) 
Ecchymosis+  Purpura: This also is a sign of trauma or a possible bleeding disorder. 
Visual field exam (looking for pituitary bitemporal hemianopia) 
Thyroid gland exam (looking for hypothyroid features) 
Breast exam (galactorrhoea, or absence of secondary sexual characteristics) 
Hepato or splenomegaly (clotting factor undersynthesis or aplastic thrombocytopeniuc anaemia) 

  

The PELVIC EXAM: 
Look for external genital lesions  
Look for infectious discharge  
Confirm the site of the bleeding  

 

The UTERINE EXAM: 

Uterine size, shape, and contour:          
enlarged irregularly shaped uterus = fibroids if you’re in the 30-50 age group  
enlarged uterus (regular or not) in the elderly = CANCER until proven otherwise 

Cervical motion tenderness           
= symptom of pelvic inflammatory disease (PID); gonorrhea or chlamydia.  

Adnexal tenderness or masses          
VERY SCARY if presents in the over-50s:  
Ovarian cancer may present with intermenstrual bleeding as its only symptom.  

 
Tests and Investigations           

Human Chorionic Gonadotropin Blood or Urine Test 
    Exclude Pregnancy 

Full blood count  
  Exclude ANAEMIA and THROMBOCYTOPENIA 

Iron studies 
Exclude IRON DEFICIENCY 

Imaging of the genital tract:  
transvaginal and abdominal ultrasound  
sonohysterography  
hysteroscopy  
endometrial sampling (biopsy or curettage)  

Cervical PAP smear  
Histology of the cervix may uncover horrible problems  

� but only 40% of the time 
Other tests only if indicated by physical + history findings: 

Liver function to investigate coagulopathy 
coagulation screen to investigate coagulopathy 
thyroid function to investigate hypothyroidism 
pituitary hormone assay to investigate endocrinopathy 

(particularly interested in PROLACTIN) 
plus LH, FSH if it looks like polycystic ovaries  

CT / MRI of abdomen for staging of malignancy 
Urine protein, BUN and Creatinine – rule out nephrotic syndrome 

Adipose tissue is a locale for 
estrogen conversion. 
Therefore, the larger the 
patient, the more increased 
the risk (and the higher the 
unopposed estrogen level on 
the endometrium). 

FOUND SOME SORT OF MASS? 

���� immediate ultrasound! 

HALLMARK of Dysfunctional Uterine Bleeding 
(DUB)  is a completely NEGATIVE PELVIC EXAM  
 (i.e no pathology ���� diagnosis by exclusion) 

BIOPSY:always the gold standard 



SOFT AND FLUFFY MANAGEMENT        

Prostaglandin synthetase inhibitors 
inhibit the synthesis of prostaglandin 
interfere with the myometrial binding of prostaglandin E2 (particularly the fenamates) 

 = 20-40% reduction in menstrual blood loss  
= decrease in the number of days of bleeding.  

Antifibrinolytic drugs 
- act by inhibiting plasminogen activator, 
THUS =  reduce the accelerated endometrial fibrinolytic activity found in menorrhagic women.  

Tranexamic acid reduces menstrual blood loss by about 50% in cases of DUB 
Cyclical progestogen therapy  
  - most effective in cases of anovulatory dysfunctional uterine bleeding  

- has less effect in cases of ovulatory menorrhagia.  
Agents used include medroxyprogesterone acetate, norethisterone or dydrogesterone  
- should be used for at least 2 weeks of each treatment cycle  
- total  treatment duration of about 6 months.  

Combined oestrogen-progestogen formulations  
= oral contraceptive pill incorporating the synthetic oestrogen ethinyloestradiol  
= give a significant decrease in menstrual blood loss of between 40 and 50%.  
!! The first cycle may show little change and patients must be encouraged to persist.  
= safe in older women up to the age of the menopause providing that they do not have a 
history of hypertension, cigarette smoking or venous thromboembolic disorders.  

Danazol, (a derivative of 17 alpha ethinyl testosterone) 
= ?  inhibits endometrial proliferation  
=  thus � causes endometrial atrophy 
=  ALSO reduces pituitary gonadotrophin secretion  
=  ALSO inhibits enzymes involved in ovarian steriodogenesis. (? Aromatase? ) 
= BUT :ANDROGENIC SIDE EFFECTS  

GnRH agonists  
= Eg. goserelin and nafarelin  
= initially increases GnRH, but then “exhausts” the pituitary 
= hypogonadotrophic hypogonadism resulting in amenorrhoea or oligoamenorrhoea.  
= Longterm use is complicated by decreasing bone mass and should be limited to 6 months.  

Progestogen releasing intrauterine system  
= decrease in menstrual loss of 80-90% after 12 months  
= not yet licensed in Australia! 

HARD AND SCALY MANAGEMENT        
Endometrial ablation 

 =  destruction of the endometrium under hysteroscopic visualisation  
 =  an electro-cautery, laser or a microwave technique. 
 =  procedure is performed under general anaesthetic using glycine or similar non-conducting  
     media to distend the endometrial cavity. MUST DESTROY THE BASALIS LAYER  
=  a short stay in hospital and only short term morbidity postoperatively.  
=  long term amenorrhoea is achieved in 50% of patients  
=  significant reduction of blood loss in another 40% of patients. 
= this is not for people with painful menorrhagia (DYSMENORRHOEA) 

Myomectomy  
= may be performed as an open procedure or laparoscopically to resect 
submucous myomas from within the endometrial cavity, as a separate procedure 
or as part of endometrial ablation.  

Hysterectomy:  major operation with all the risks thereof       
= provides definitive cure for menorrhagia.  
= The mortality rate ranges from 0.1-1.1 cases per 1000 procedures.  
= The morbidity rate usually is 40%.  

 

 

DANAZOL IS A SQUATTER: 

displaces oesterogen  

from its own receptors!  

Most often performed operation! 

 



Disease Aetiology            
Intermenstrual bleeding:  

Usually the result of benign or malignant lesions of the inner surfaces of the 
genital tract (especially cervix and endometrium)  

Menorrhagia:  
pelvic pathology  
[eg myomata (fibroids); adenomyosis; polyps; 
endometriosis, endometrial carcinoma;  
generalised medical diseases  

- RARE (coagulation disorders; SLE; 
hypothyroidism; etc)  
dysfunctional uterine bleeding:  
(definition of DUB: excessive uterine bleeding 
which is not due to complications of pregnancy or 
to pelvic pathology or generalised medical 
diseases)  
- anovulatory or ovulatory  

Metrorrhagia:  
hypothalamic - pituitary effects on 
ovarian function  
surface lesions of the genital tract  
polycystic ovarian disease  

Postmenopausal:  
- BTB with HRT  
- atrophic vaginitis  
- endometrial adenocarcinoma 

 

 

Epidemiology             
Frequency:  

• menorrhagia = leading reason for gynecologic office visits 

• BUT  only 10-20% of all menstruating women experience blood loss severe enough  

• DUB is a common diagnosis, making up 5-10% of cases in the outpatient clinic setting. 
 

Mortality/Morbidity:  

Loss of more than 80 mL of blood = serious medical sequelae.  
�  iron-deficiency anemia 
� patients may experience shortness of breath, fatigue, palpitations 

  
Age: Any woman of reproductive age who is menstruating may develop menorrhagia.  

Most patients with menorrhagia are older than 30 years.  
This is because the most common cause of heavy menses in the younger population is  
anovulatory cycles, in which bleeding does not occur at regular intervals.  

ADOLESCENTS may present with a disorder of haemostasis masquerading as  
menorrhagia (in up to 20% of cases) 

 
DIRE PREDICTIONS:  
About 1-2% of women with improperly managed anovulatory bleeding eventually might  

develop endometrial cancer. 
Women who use estrogen HRT for 5 years or longer have approximately a 3.5-fold increase in 
risk compared with that of women who have never used such therapy 
  
 
 
 
 
 
 

Menorrhagia is the most common cause of  
anaemia in premenopausal women 



Uterine bleeding in menstruation: the ENDOMETRIAL CYCLE   
first day of bleeding is described as day 1 of the menstrual cycle. 
Pre ovulation = proliferative phase (thickening endometrium) 
Post Ovulation: Secretory phase : glands dilate, become tortuous; 

���� begin secreting glycogen rich mucus) 
Stroma cells become oedematous 

No fertilised ovum to care for? That means… 

The thick blood-rich nutrient-crammed endometrium is USELESS 
Thus;  

• The endometrium shrinks in height.  

• The spiral arterioles supplying the endometrium go into spasm causing ischaemia and stasis.  

• There is an influx of inflammatory white blood cells initiating release of  
prostaglandins of the F series and E series.  

• Finally the tissue collapses leading to bleeding and shedding of the spongiosum layer of the 
endometrium. 

The average volume of menstrual blood loss during menstruation is 30mL with a range of 10 to 80mL.  
 
Normal menstrual blood does not clot because of the presence of fibrinolytic substances.  
HEMNOSTASIS IS ACHIEVED BY:   

• the partial occlusion of spiral arterioles with platelet and fibrin plugs;  

• the predominance of F series prostaglandins (vasoconstrictors) 
 over E series prostaglandins (vasodilators) during menstruation;  

• normal ovarian follicle growth supplying oestrogen to regenerate the endometrium. 
 

 
Uterine action of sex hormones         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SO: THE ENDOCRINE BASIS OF ORAL CONTRACEPTION: you give progesterone EARLY in 
the proliferative phase to STOP THE OESTROGEN-INDUCED THICKNENING 
…a thin under-developed endometrium wont bleed as much, or harbour a foetus. 

 

Sex Steroids in General: 
oestrogen receptor =    activated by oestradiol, (E2) 

by various synthetic oestrogens 
to a lesser extent, by oestriol 

progesterone receptor=      activated by progesterone, 
by various synthetic progestogens 

androgen receptor = activated by dihydrotestosterone  
to a small extent the progestogens  
(of the 19-nortestosterone type). 

In the glands of the endometrium, 

progesterone is 
antagonistic to oestrogen. 

Oestrogen @ endometrium: 
- Increases mitosis 
- UPREGULATES  ITS OWN RECEPTORS 

AND PROGESTERONE RECEPTORS 
- Thus oestrogen is needed to prime the uterus 

for the secretory phase (else it wont respond to 
the progesterone from the corpus luteum) 

-  
 

Progesterone @ endometrium: 
- INHIBITS mitosis 
- DOWNREGULATES ITS OWN RECEPTORS 
- Downregulates oesterogen receptors 
- Stimulates cell differentiation 
- ���� leads to a well-ordered sequence of 

cessation of mitosis, subnuclear vacuolation, 
supranuclear vacuolation and glandular secretion, 
stromal edema and stromal cell decidualisation 

 
WITHDRAWAL OF PROGESTERONE @ ENDOMETRIUM 

���� activates LYSOSOMES���� the endothelium dies and is shed 
 

TOO MUCH OF PROGESTERONE @ ENDOMETRIUM: 
���� the endothelium STILL DIES!  It inhibits its own receptors, so after a while 

 the endothelium wont detect it AS IF IT HAD BEEN WITHDRAWN 



Acute oestrogen withdrawal? 
- hot flushes,  

- night sweats, 

- insomnia, 

- difficulty in concentration,  

- loss of short term memory, 

- lethargy,  

- depression, 

- anxiety,  

- loss of libido,  

- skin itchiness, 

- dry vagina  

- superficial dyspareunia? 

Then you need HRT! 
* Loss of libido may also require testosterone 

Risk factors for uterine cancer         

Causal risk factors  

• Late menopause  

• Nulliparity  

• Prolonged  

• Unopposed  

• Estrogen exposure  

• Obesity  

• Other cancers  

• Familial Cancer Syndromes  

• Polycystic ovarian disease  

 

Casual risk factors  

• Hypertension  

• Diabetes  

• Mellitus  

Factors associated with decreased disk  

• Oral Contraceptive Pill  

• Alcohol  

• Progestogens  

 

 

 

 

Hormone Replacement Therapy: Why would anyone ever do that to a patient?  

 If you’re a HYPOGONADAL MAN 
If you’re MENOPAUSAL WOMAN 
If you’ve HAD BOTH YOUR OVARIES REMOVED 
 
HRT:   Oestrogen orally or transdermally 
 + Progesterone cyclically 

(cant just give oestrogen, or the  
endometrium will not know 
 when to stop growing!) 
…of course, if you have no uterus 
its OK to give oesterogen alone. 

Supplemental vaginal oestrogen (tablets or creams) can be 

given to women with symptoms of vaginal atrophy. 

 
 

 

 

WHAT ELSE DOES IT DO:            

prevents loss of calcium salts from bone (with reduction in risk of osteoporotic fractures), 

slows development of artherosclerosis (with reduction in risk of myocardial infarction),  

reduces changes in large bowel mucosa (with reduction in risk of colon cancer), 

reduces changes in brain function (with reduction in risk of Alzheimer's dementia)  

prevents a number of adverse changes… 

 in the pelvic floor, bladder and vagina, joints (osteoarthritis), skin, teeth, hair and eyes. 

 

  

 

 

 

 

 

 

the only way to sensibly stop HRT is to 
gradually reduce the dose over 4-6 months 
(or symptoms recur - often dramatically) 

!! WARNING !! � causes slight increase in breast cancer risk;  
   � causes small increase in the risk of (non-fatal) venous thrombo-embolism and of  

some arterial thrombosis in the first year of use of HRT 
 Many other reproductive and lifestyle factors have a much greater influence on breast cancer risk than HRT. 



PATHOGENESIS of Leiomyoma        8.07  
 

OBESITY: hence 
many adipocytes 

High levels of 
peripheral aromatase 

Androstenedione 

 
HIGH OESTRADIOL (E2) 
 

Hormone 
Replacement 
Therapy 

 

Phytoestrogens (from 
green leafy vegies) 

 

Early menarche 

(thus many cycles) 
 

Genetics (eg. being African= 
 higher levels of oestradiol naturally 

Normal menstrual 
oestradiol (from follicle) 
 

UPREGULATES Oestrogen and 
progesterone receptors of the 
MYOMETRIUM 

(both types of receptor exert a 

TROPHIC EFFECT) 

THUS: myometrium is both 

HYPER-RESPONSIVE 

And 

OVERSTIMULATED each cycle 

Normal menstrual 
PROGESTERONE 
(from corpus luteum) 
 

WITHDRAWAL OF PROGESTERONE:  

���� MENSTRUATION:  

Prostaglandin F closes up the arterioles 

 

HYPERTROPHY OF 

MYOMETRIUM OCCURS: 

The cells are too far  from the 

capillaries to be properly 

perfused, and thus… 

ISCHAEMIC INJURY occurs: 
Myometrium responds like any self-
respecting smooth muscle would:  
by secreting GROWTH FACTORS: 
- TFG-beta  (tissue growth factor) 
- BFGF (basic fibroblast growth factor) 
- VEGF (vascular endothelial growth factor) 
- PDGF (platelet-derived growth factor) 

A FIBROID LUMP FORMS 

- the growth factors attract enough fibroblasts to 
lay down some extracellular matrix; hence 
“fibroid” 

- angiogenesis takes place, with new vessels 
(being extremely thin walled and fragile) breaking 
every once in a while 

- more endometrium is required to cover the new 
protuberance, and thus there is more sloughing off 
each ovulatory cycle 



\ÇyxÜà|Ä|àç   \ÇyxÜà|Ä|àç   \ÇyxÜà|Ä|àç   \ÇyxÜà|Ä|àç                                           
A young married couple, the Agostini's, Bruno (28) and Maria (26) , whom you are seeing for the first time, present with difficulty falling 

pregnant, despite having had regular intercourse for 2 years without contraception. 

HPI:           
Presenting complaint is LACK OF INFANT combined  
with an extended history of unprotected sex 

Pertinent Findings on History     
MAKE SURE OF 2 THINGS: 
- that it has been 1 year since they have started trying 
- that there is NO CHANCE of any contraception being used (History of Medications) 

HISTORY SHOULD BE TAKEN WITH BOTH PARTNERS PRESENT 
 
ASK ABOUT 

- Prior Pregnancy   
- Age 
- Timing of intercourse  
- (in menstrual cycle) 
- Frequency of intercourse 
- Spermatotoxic lubricant  
- Impotence 
- Dyspareunia (pain on penetration) 

- Technique 
 

Differential Diagnoses and Possible Aetiologies     

  
Pelvic Factors (Structural etiology)  
Infection  
- Pelvic Inflammatory Disease  
- Sexually Transmitted Disease  
- Septic Abortion  
- Endometritis  
- Pelvic Tuberculosis  

Surgical History  
- Dilatation and Curettage  
- Ruptured Appendicitis  
- Endometriosis  
- Adnexal surgery  
- Leiomyoma  

Contraception and Pregnancy History  
- Prior Intrauterine Device use  
- DES Exposure in-utero  
- Ectopic Pregnancy  
- Habitual abortion  

Menstrual Cycle abnormalities  
- Secondary Dysmenorrhea  
- Cyclic abdominal or Pelvic Pain  

 
Ovulatory Factors (Hormonal etiology)  
- Secondary Amenorrhea  
- Abnormal Uterine Bleeding  
- Luteal Phase defect  
- Premenstrual molimina (Premenstrual tension)  
- Premature Ovarian Failure  
 

 
 
 

Definition of infertility: 

1 year 
of unprotected intercourse 

 AND STILL NO BABY 

 
 
- Varicocele (42% of cases)  
- Idiopathic (22% of cases)  
- Obstructive azoospermia (14% of cases)  
- Cryptorchidism (3%)  
- Testicular surgeries or injury  
- Genitourinary infection or Sexually Transmitted 

Disease  
- Post-pubertal mumps  
- Hypogonadism  
- Genital radiation or Chemotherapy  
- Hypospadias  
- Testicular Cancer (<0.1% of cases)  
- Retrograde ejaculation or other dysfunction  

 
Development abnormalities  
- Vas deferens absence (related to Cystic Fibrosis)  
- Impaired testicular function (chromosome 

abnormality)  

 
Exposures  
- Excessive Heat Exposure (hot tubs, saunas)  
- Toxic chemicals  
- Pesticides  
- Gonadotoxin  
 

HUMANS ARE BAD AT PROCREATING: 
a 20 yr old woman has a 20% chance of being impregnated each time; 

���� this number is her FECUNDABILITY   
- 50% within 3 months, 
- 72% within 6 months, 

- 85% within 12 months. 

whereas a female rabbit’s fecundability approaches 100% every time 
  

most common cause of  female infertility is an ovulation disorder 

 FEMALE Causes  MALE Causes 

put together by Alex Yartsev: Sorry if i used your images
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Findings on Examination          
 

 
 
 
 
 
 
 
 
 
Tests and Investigations          
FEMALE:  
FIRST look for Evidence of ovulation  
can be obtained by measurement of the circulating concentration of progesterone on Day 21. 
 Other methods which can be used to demonstrate ovulation include  

serial ultrasound assessment and serial urinary LH estimation 
(to detect the midcycle LH surge which triggers ovulation). 

Other (unreliable) techniques  
mucus examination,  
daily temperature checking 
endometrial biopsy (no new information is contributed) 

If regular ovulation is demonstrated, further endocrine investigation is un-necessary.  

…no ovulation? 
Then take the Progesterone Challenge!!       

oral progestogen is given for five days:  

A positive gestogen test  
(i.e. vaginal bleeding within a few days of stopping progestogens) 

 indicates a well-oestrogenised endometrium and points to chronic anovulation  

A negative gestogen test 
 (absence of vaginal bleeding) 

 indicates either a hypothalamo-pituitary cause for amenorrhoea 

 (such as hyperprolactinaemia)  
Or, if the circulating concentration of follicle-stimulating hormone (FSH) is elevated 

(>20IU/L), it must be irreversible ovarian failure. 
 

Suspect pelvic anatomy is to blame?        

Diagnostic laparoscopy; just to have a look  

Less invasive techniques include X-ray or ultrasound hysterosalpingography  
(where either radio-opaque dye or sonographic contrast medium is introduced through the cervix). 
Hysterosalpingography is useful for diagnosing tubal patency but gives only limited information 
about other aspects of pelvic pathology such as the presence of adhesions or  

endometriosis. 

Even if there is no indication, TEST FOR STDs:       

- ELISA and PCR of endocervical swab, particularly 
Chlamydia 

Uncertain associated findings          

Endometriosis ... 
if present in large amounts, undoubtedly contributes to infertility by distorting 
pelvic anatomy but the significance of mild endometriosis is limited.  

Cervical mucus function may be investigated by either  
a post-coital test (counting the number of motile sperm present in the cervical 
mucus after intercourse) 
or an in  vitro sperm-mucus interaction test.  

 Fibroids (benign leiomyomata) 
 may be evident on pelvic ultrasound or at time of laparoscopy …but….  
in most cases they are not significant in preventing conception. 

MALE examination    
Signs of Endocrinopathy  

(Hypogonadotropic Hypogonadism)  
- Thyromegaly  
- Dermatologic changes in hair or fat  
- THYROID DISEASE 

Genital exam  

- Hypospadias  
(Congenital defect of urethral meatus development) 

- Assess testicular size  
- Normal >20 cm or >4 cm in diameter  
- Assess vas deferens and epididymis  

- Varicocele  

Rectal exam  
- Assess prostate gland for Nodules or swelling  

  

FEMALE examination   
Signs of Endocrinopathy  

- Hirsuitism 
- Stigma of Cushings disease 
- Hypopituitaristic hypogonadism 
- THYROID DISEASE 

Genital exam  

- Sexually transmitted pathogens eg. Chlamydia 
- Anatomical defects 
- Assess cervical os for patency 

 

Rectal exam  
Assess for pelvic inflammatory disease 

  
 

OLIGOMENORRHOEA? 
Could be polycystic ovaries 
- Test LH  
- Test Androgens 
- Test Prolactin 
- Look on Ultrasound 



MALE:          fertility tests 
 
 
 
 
 
 
 
 
So, Semen analysis: 2 samples 2 weeks apart 

If normal, it may be the lady’s fault.  
Otherwise, discontinue the gonadotoxins and stop using lubricant 
If abnormal,  it may be either a VARICOCELE or low semen volume 
? LEUCOSPERMIA ? ���� over 1 million WBCs per 1 ml semen: = PROSTATITIS 
? Azoospermia ? ���� evaluate hormone levels; biopsy the testicle 

- Semen volume: should be ~3 ml (~ 300 million sperm cells) 
If normal, it may be a LOW SPERM COUNT (test for sperm) 
If abnormal, it may be RETROGRADE EJACULATION 
� go do the post-ejact. urinalysis  

- Post-ejaculatory urine analysis 
Look for excess of sperm in urine; follow with TRANS-RECTAL ULTRASOUND 

- Sperm concentration: should be over 20 million / ml 
- NORMAL = 120 million 

- FSH assay which would be elevated if there is a Sertoli cell dysfunction  
(i.e under-production of the inhibin B which negatively influences FSH production) 
� this would point in the direction of an autoimmune destruction of germinal cells, or a     
    adult onset mumps-like testiculitis 

 

MANAGEMENT OF INFERTILITY       
Compared with other animal species, the human is relatively infertile, requiring repeated monthly exposure to achieve success.  

'do nothing' or fatalistic approach: no children, ever: not really a solution. 
Childlessness can be promoted as an attractive life-style, but there is evidence of 
an increased risk of endometrial, ovarian and breast cancer in this group. 

Adoption is a social solution to the medical problem,. There are long waiting lists and Government processes to be encountered on  

the way. Its expensive and complicated, and requires absolute commitment. 

Surrogacy  is an option – but requires a third party who is not likely to make medicolegal waves 
In-Vitro Fertilisation requiring micro-injection of a single sperm (intracytoplasmic sperm injection,  

ICSI) into mature oocytes obtained after hyper stimulation is required for 
success. These procedures are expensive, but are currently subsidised 
by Medicare, such that they are affordable by this couple for at least 6 
attempts. Concern about congenital anomalies, multiple pregnancy rates 
and treatment complications have to be recognised 

psychological and counselling support , whatever happens 
 

MANAGEMENT OF POLYCYSTIC OVARYDepends: what threatens you the most? 

Obesity? ���� weight loss programs, etc 

Hirsuitism? � referral to beautician 
ANOVULATION = give oestrogen antagonist such as clomiphene citrate which increases FSH secretion. 

IF THAT FAILS, � give exogenous gonadotrophins, or ELECTROCAUTERISE THE OVARY(!!) 

HYPERINSULINAEMIA ���� give METFORMIN, which even increases the chances of ovulating normally 
Irregular Bleeding: oral contraceptive to give progestogen when irregular bleeding is caused by unopposed estrogen 

Specific androgen antagonists such as cyproterone acetate have a limited effectiveness. 

5-alpha reductase inhibitors are more effective but teratogenic (thus not licensed in Australia) 

Analysis of Semen : initial clinical assessment of male infertility  
You can not call an individual infertile on the basis of a sperm analysis. 
MANY FACTORS ARE AT PLAY…  semen characteristics are influenced by: 

- sexual abstinence 
- illness 
- age 
- season 
- exposure to reproductive toxins 

- delay in delivering the semen to the lab 

THERE IS NO STRICT “FERTILE-INFERTILE”  CUT-OFF 
Rather, a range of probabilities.  
 

WHAT ARE YOU ASSESSING? 
- NUMBER 
- VOLUME 
- QUALITY 



Influence of Androgens on Insulin and Glucose Metabolism 8.06 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Epidemiology     Infertility affects in some way 1 in 6 couples. 

- 14% rate of infertility in the United States in married women aged 15 to 44.  
- The infertility rate has remained relatively stable over the past 30 years. 

Aetiology of infertility: THE WOMEN ARE TO BLAME (58% of the time) 

Hypothalamic control of female sex hormones 



The sequence of events in female sexual intercourse 
Erection of clitoris = spinal reflex, 
 triggered by stimulation of clitoris and surrounding structures 
� parasympathetic vasodilation of vulval + vaginal arterioles 
VASOCONGESTION = EXUDATE IS FORMED � mixes with vestibular gland secretions to form a lubricant 
during the plateau PELVIS TILTS UPWARDS: lifts the cervix, enlarges the vagina, thus more space for semen 

PLUS : PELVIC SKELETAL MUSCLES CONTRACT RHYTHMICALLY DURING ORGASM 

Phases of excitement: 
- Excitement 

erection and vasocongestion of penis or clitoris, 
 mucus secretion, 
 heightened sexual awareness, 
 skin flushing due to vasodilation  

- Plateau  
intensification of these responses,  
increased heart rate, 
increased blood pressure,  
increasedrespiratory rate 
increased muscle tension  

- Orgasmic 
ejaculation in the male  
rhythmic pelvic muscle contraction in the female  

- Resolution 
Relaxation, deflation of genitalia 

 

Conception and fecundability         
20 yr old couple = 20% chance per month 
30 yr old couple = 10% chance 

If you satisfy the infertility definition, your fecundability is less than 5% 

WHY INFERTILE? 
Problems with ovulation (the release of the egg from the ovary). There will be complete infertility if periods are absent 
("amenorrhoea"), although very many such patients will be treatable with hormones or drugs.  
 
Problems with sperm production (often not directly treatable). There will be complete infertility if there are no sperm in the 
ejaculate ("azoospermia").  
 
A blockage: between the vagina and the ovary, preventing fertilization the commonest site of blockage is the fallopian tubes  
 
Endometriosis: a common condition in which tissue like the mucosa of the uterus (the endometrium) grows outside the uterus, 
poisoning a number of events important to conception and to normal implantation of the embryo; infertility is usually relative 
rather than complete.  
 

Female age: Physiological sterility in women precedes the menopause by up to 10 years.  

The aged eggs are no longer capable of producing a viable embryo, apparently due more to cytoplasmic factors rather than 
primarily an abnormality of the chromosomes of ovulated eggs.  

Tests will be done as follows: 
 a progesterone level in the second half of the menstrual cycle to establish ovulation;  

a sperm count (or a post-coital test looking for sperm in the mucus of the cervix); 

 an x-ray of the uterus and fallopian tubes (a hysterosalpingogram)  

or a laparoscopy to look at, and test the openness of, the fallopian tubes and also to look for 

endometriosis.  
 

These tests may show:  

• complete infertility ("sterility"): i.e.  
(a) ovarian failure, with no chance of inducing ovulation; 
(b) complete absence of sperm ("azoospermia");  
(c) complete obstruction of the fallopian tubes.  

• relative infertility ("subfertility"): i.e. one or more of  

(a) infrequent ovulation or absent ovulation resolved partly by treatment;  
(b) a decrease in the sperm count;  
(c) partial blockages of the tubes or the presence of scar tissue around the tube or ovary;  
(d) endometriosis of any degree;  
(e) an abnormality of the cervix such as a previous cone biopsy or inflammation ("cervicitis");  
(g) an immune reaction against sperm cells ("anti-sperm antibodies") in male or female.  

GOAL OF MANAGEMENT: to return the chance of getting pregnant to a more normal level:  

time will still be needed for chance to have its way.  
  

PHYSIOLOGY OF INTERCOURSE 

ERECTION: parasympathetic 
the arterioles dilate; � sinuses fill with blood 
Venous outflow is reduced by compression of 
Mucus is secreted from the urethral and bulbourethral glands 

EJACULATION: sympathetic;  [2 phases] 
Emission:  
sympathetic contraction of the smooth muscle in the prostate, 
reproductive ducts and seminal vesicles results in the emission of 
sperm and secretions (semen) into the urethra 

Expulsion: 
Rhythmic contractions @ the base of penis � propel sperm 
 

 
 
 
 
 
 



 

NORMAL TESTICULAR FUNCTION: Steroidogenesis and spermatogenesis  

LEYDIG CELLS: produce testosterone At 3 different points in life: EMBRYONIC , NEONATAL, PUBERTAL 
   TESTOSTERONE SECRETION CONTROLLED BY LUTEINISING HORMONE 
  
 
 

 
 
 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HYPOTHALAMUS 

Ant.pituitary gonadotroph cells 

GnRH 

LH 

Leydig Cell 
 
 
 
 
 
= testosterone cell 

G-protein 

GnRH secretion, 
- and thus LH secretion,  
occurs in  

a pulsatile manner 

Negative fedback via 
TESTOSTERONE 

Testosterone circulates: 
98% bound to proteins:  

tightly bound to  

Sex-Hormone-
Binding-Globulin 

(65%) 
or loosely bound to  

Albumin (~33%)  
 

only ~2% of free 
hormone readily 
diffusible into tissues. 

Intracellular sex 
hormone receptor: 
Converts 
testosterone to a 

“hinged 
dimeric 
form” Stabilising “chaperone” molecules 

are shed, releasing the receptor 

Activated hormone + receptor  
complex binds to DNA acting  
as a transcription factor 

        Sertoli Cell 
 
 
 

 
= spermatogenesis cell: 
inhibits FSH production via 
Inhibin B 
 
 

FSH 

…but FSH secretion  

is TONIC 

G-protein 

Inhibin B 

SERTOLI CELLS: 
The astrocytes of the testis 
- support, nourish and co-ordinate 

the germ cells embedded in Sertoli 
processes;  

 
- secrete & absorb fluid, ions, 

metabolites and proteins; 
 
- form the blood-testis barrier  
 
- elaborate a distinctive adluminal 

compartmental fluid milieu. 
 

 Meiosis � through blood/testis barrier �  
� 2 stages of meiosis 
� rounded haploid spermatids 
� differentiate into spermatozoa @ lumen surface 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The SEMINIFEROUS TUBULE   8.06 
 

Sertoli cells 

Leydig 
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Sertoli cells 

Leydig 
 cells 

Sertoli cells 

Leydig cells 



Endocrine Pathophysiology of Male Infertility       

Normal male fertility requires: 
normal hypothalamus 
 
 
 
 
 
normal pituitary 
 
 
 
 
 
Normal testes  
 
 
 
 
 
 
Plus, to be fertile you would also need  

- patent epididymi  
- patent vas deferens 
- normal sexual function  

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Failure of GnRH ���� LH and FSH not stimulated ���� Testicle Failure 
Eg. Kallmans Syndrome (failure of migration of neurones from olfactory 
placode to the hypothalamus in foetal life, from a mutation in KAL gene. 
This also causes anosmia as the olfactory nerve is involved. ALSO: 
- Severe weight loss or fever causing hypothalamic dysfunction  
- Drugs such as anabolic steroids or opiates which suppress GnRH  
-  Tumours destroying GnRH neurones  
 

Pituitary lesion eg.  tumour or  iron deposition in heredetary hemochromatosis 
� destruction of gonadotrophs  
�Lack of LH and FSH  
� lack of testosterone and sperm production 
� loss of male secondary sexual characteristics 
[e.g. male pattern body hair, musculature], 
� loss of libido and infertility. 

Spermatogenesis is MUCH MORE VULNERABLE than steroidogenesis 
(stem cells = fragile; Leydig cells = near indestructible)Thus:  
SPERM DEFICIENCY MAY PRECEDE ANDROGEN DEFICIENCY WITHOUT SYMPTOMS 

Eg. adult mumps  
� testiculitis  
� death of germinal epithelium 
� Sertoli cells no longer support sperm � NO SPERM 

� Sertoli cells no longer produce inhibin B ���� MASSIVELY ELEVATED FSH 



Pathogenesis of polycystic ovaries      8.06 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Presenting feature  

Rate (%) Total  

Hirsutism 34 64 

Acne 9 27 

Infertility 41 42 

Amenorrhoea 23 28 

Oligomenorrhoea 38 52 

Dysfunctional bleeding 6 14 

 
 
 
 

 
 
 

~Boring statistics~ 

 5% to 10% women of reproductive age 
     = most common endocrine disorder in this group 

 ELEVATED GnRH 
Altered pulse of 
secretion = Alters 
the number of 
recruited follicles?.. 

ELEVATED 
INSULIN 

Cohort of follicles recruited 

Rise of FSH level 

Dominant follicle selected 

Dominant follicle  grows quickly: 
under FSH the  granulosa 
proliferates PLUS aromatase is 
upregulated, THUS � able to 
convert   androgens into cyclic  
estrogens required for ovulation 
 

Stimulates ANDROGEN 
PRODUCTION by THECAL 
CELLS: probably it binds the 
Insulin-Like Growth Factor 
Receptor, thus enhancing 
P450c17alpha enzyme activity… 

 

Higher than average number of follicles recruited 

Suppresses Sex-Binding Globulin 
synthesis at the liver: THUS =  

lots more free androgens 

Inhibits normal follicle 
development by 
changing the 
response to LH 

Obesity 
 

Insulin resistance 

High local 
androgens = 
Inhibition of 
follicle maturation 

Follicles 
develop without 
ever maturing 

Increased number of adipocytes = more 
effective aromatisation of circulating 
androstenedione into  

ACYCLIC ESTERONE 

 

High ESTERONE  
= inhibits pituitary FSH production 
� THUS reduced rate of aromatisation 
� thus follicles can never mature 

HIGH LH ���� stimulation of  
androgen-producing THECA 
LOW FSH � inhibition of 
follicle maturation 

Symptoms of 
ANDROGEN 
EXCESS 

• Hirsuitism 

• Virilisation 

• Acne 
 

High levels of circulating  
androgens resultin increased  
esterone and thus negative feedback  
to the hypothalamus, which in turn regulates the 
levels of FSH and LH ; so the problem perpetuates itself 

ANOVULATION 
AMENORRHOEA 

INFERTILITY 

 Only 3 major androgens: 
 
 androstenedione  

(90% of this comes straight from the 
ovaries) 

 

 DHEA-S 
(mainly produced in the adrenal 
glands) 

 
 TESTOSTERONE 

Produced in equal proportion by 
both ovaries and adrenals) 

� is the most responsible   
 for the symptoms of this  disease 

Andro
gen 
xcess 

Normally converted to cyclic estradiol (the good estrogen) 
by the FSH-dependant aromatase in the granulosa layer:  
THUS ANDROSTENEDIONE IS THE MOST 
 RESPONSIBLE FOR THE VICIOUS CYCLE 

Too much of   
 that stuff and 
you’ll develop 
ENDOMETRIAL 
CARCINOMA 
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Moral of the story: THECA produces ANDROGENS 
GRANULOSA produces ESTROGEN 
CORPUS LUTEUM produces PROGESTERONE 
Drop in  progesterone causes menstrual bleeding 
Drop in estrogen + progesterone causes rise in FSH which causes the next follicle to be recruited 
 



Collateral events : what goes on in the ENDOMETRIUM    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Uterine bleeding in menstruation: the ENDOMETRIAL CYCLE from PBL 8.07 
first day of bleeding is described as day 1 of the menstrual cycle. 

Pre ovulation = proliferative phase (thickening endometrium) 
Post Ovulation: Secretory phase : glands dilate, become tortuous; 

���� begin secreting glycogen rich mucus) 
Stroma cells become oedematous 

No fertilised ovum to care for? That means… 
The thick blood-rich nutrient-crammed endometrium is USELESS! 
Thus;  

• The endometrium shrinks in height.  

• The spiral arterioles supplying the endometrium go into spasm causing ischaemia and stasis.  

• There is an influx of inflammatory white blood cells initiating release of  
prostaglandins of the F series and E series.  

• Finally the tissue collapses leading to bleeding and shedding of the spongiosum layer of the endometrium. 
The average volume of menstrual blood loss during menstruation is 30mL with a range of 10 to 80mL.  
 
Normal menstrual blood does not clot because of the presence of fibrinolytic substances.  
HEMNOSTASIS IS ACHIEVED BY:   

• the partial occlusion of spiral arterioles with platelet and fibrin plugs;  

• the predominance of F series prostaglandins (vasoconstrictors) 
 over E series prostaglandins (vasodilators) during menstruation;  

normal ovarian follicle growth supplying oestrogen to regenerate the endometrium. 

The endometrial sequence of 
events is so carefully staged and 
directed that it is possible to 
determine exactly how many days 
have passed since ovulation by 
taking a biopsy of the endometrium 
and assessing its morphology 



@ PUBERTY: rising levels of FSH trigger 

~ MEIOSIS 1 ~ 

 

 

 

 

    

  

= now haploid  

~ MEIOSIS 2 :  

 

 

 

 

 

= haploid   

 

Meiosis 2 will not be completed until fertilisation.  

  i.e it’s the SECONDARY OOCYTE that gets ovulated 

 

MITOSIS of oogonium 

before birth: ~2 million 

 

 

 

 

 

 

 

= still diploid 

ENDOCRINE PHYSIOLOGY of Oogenesis, Ovulation and Menstruation   8.06 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oogonium 

Tetrad of chromosomes 

 

 Primary Oocyte  

 Primary Oocyte  

Non-functional  

“ Polar Body”  

Another  
polar body  

Meiosis 1 and 2 
occur inside the 
PRIMORDIAL    
 OVARIAN 
FOLLICLES 
= Consist of primary 
oocyte and its 
follicular cells Secondary 

Oocyte:  
ovulated in 
metaphase of 
Meiosis 2 

!! - THIS STAGE DOES NOT TAKE PLACE  UNTIL 8 TO 10 DAYS  INTO THE 

MENSTRUAL CYCLE WHEN THE LH RISES (i.e just b4 ovulation) 

The Corpus Luteum has died 
The Estrogen has stopped 
Therefore, FSH is stimulated  

@ cortex of ovary: 
“ EGG NESTS” 
The follicles grow 

for 2 CYCLES 

Under FSH stimulation, the follicular cells of the primordial follicle begin to grow, thicken and 
differentiate into GRANULOSA . FSH induces the granulosa to express the AROMATASE � 
granulosa AROMATASE makes  ESTROGEN from ANDROGENS that are secreted by the THECA 

A DOMINANT follicle is then 
selected  by an unknown 
process (? FSH ?)              
 

The Granulosa cells develop 
MICROVILLI which extend into and 
mingle with the oocyte,thus increasing 
surface area for nutrient transfer 

The surrounding stromal cells develop into the THECA: a sheath of conective tissue 
The Theca produces ANDROGENS in response to Luteinising Hormone (LH)  

A glycoprotein coat is secreted 
onto the microvilli: 

The ZONA PELLUCIDA 

8 to 10 days:  
LH begins to rise! 
MEIOSIS 1 is  
COMPLETED 
 

DNA replication: preparation for MEIOSIS 

They only go as far as Prophase  

 

 

 

 

    =still diploid 

 

 

Three to Seven Months of Foetal Life 

SECONDARY FOLLICLE: 
Granulosa cells begin to secrete 
fluid (“liquor folliculi”) into a 
cavity  called the ANTRUM (this 
feature characterises the 
secondary follicle) 

TERTIARY, “GRAAFIAN” FOLLICLE 
Is mature, ready to ovulate. The  granulosa cells 
immediately surrounding the ovum are called the 
CORONA RADIATA. They form a stalk which 
projects the ovum into the antrum cavity 

Corona Radiata 

Antrum 

On the 14th day: 
MASSIVE LH + FSH SURGE 
TRIGGERS OVULATION 
 

Blood flow to this area stops, 
weakening the wall of the follicle 

Pressure inside increases 

OVULATION TAKES PLACE: 
Mature egg is released into the 
pelvic cavity, where the fimbriae 
sweep it up into the uterine tube. 
� Oestrogen release from the 
granulosa causes the cervical mucus 
to be dilute and  watery 

The remaining  
GRANULOSA cells 
Under the influence of LH begin 
to organise into the  

CORPUS LUTEUM 
Which produces progesterone, 
preparintg the uterus for 
pregnancy. PROGESTERONE 
INDUCES THE SECRETORY   
 PHASE of the menstrual cycle 
   � and thickens cer vical  
                        mucus 
 

Fibroblasts come 
to clean up the 
corpus luteum 
 

The remnant is a 
CORPUS ALBICANS: 
 A white fibrotic blob   
  of scar tissue 
 

10-12 days  
after ovulation  
the corpus decays 

The endometrium was counting on that 
estrogen and progesterone to live! Hence, 
death of corpus luteum = apoptosis of 
endometrium = MENSTRUAL BLEEDING 

Up to tis point thes growth is 
independent of FSH  



 

Uterine action of sex hormones         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SO: THE ENDOCRINE BASIS OF ORAL CONTRACEPTION: you give progesterone EARLY in the proliferative 
phase to STOP THE OESTROGEN-INDUCED THICKNENING 
…a thin under-developed endometrium wont bleed as much, or harbour a foetus. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sex Steroids in General: 
oestrogen receptor =    activated by oestradiol, (E2) 

by various synthetic oestrogens 
to a lesser extent, by oestriol 

progesterone receptor=      activated by progesterone, 
by various synthetic progestogens 

androgen receptor = activated by dihydrotestosterone  
to a small extent the progestogens  

(of the 19-nortestosterone type). 

In the glands of the endometrium, 

progesterone is 
antagonistic to oestrogen. 

Oestrogen @ endometrium: 
- Increases mitosis 
- UPREGULATES  ITS OWN RECEPTORS 

AND PROGESTERONE RECEPTORS 
- Thus oestrogen is needed to prime the uterus for the secretory 

phase (else it wont respond to the progesterone from the 
corpus luteum) 

-  
 

Progesterone @ endometrium: 
- INHIBITS mitosis 
- DOWNREGULATES ITS OWN RECEPTORS 
- Downregulates oesterogen receptors 
- Stimulates cell differentiation 
- ���� leads to a well-ordered sequence of cessation of mitosis, 

subnuclear vacuolation, supranuclear vacuolation and glandular 
secretion, stromal edema and stromal cell decidualisation 

 
 

WITHDRAWAL OF PROGESTERONE @ ENDOMETRIUM 
���� activates LYSOSOMES���� the endothelium dies and is shed 

 

TOO MUCH OF PROGESTERONE @ ENDOMETRIUM: 
���� the endothelium STILL DIES!  It inhibits its own receptors, so after a while 

 the endothelium wont detect it AS IF IT HAD BEEN WITHDRAWN 

 HOW TO OVULATE IN 23 SIMPLE STEPS         
1. FSH stimulates granulosa + increases AROMATASE ACTIVITY 
2. INCREASED AROMATASE = MORE OESTRADIOL 

3. MORE OESTRADIOL = increases its own receptors and those for FSH and progesterone 
4. Therefore granulosa cells much more stimulated (more receptors) 
5. Thus = granulosa hypertrophies, oestradiol production boosted yet more 
6. So much FSH and Oestradiol = LH secretion gets upregulated! FSH downregulated 
7. LH stimulates THECAL CELLS and production of androgens 
8. LH also stimulates production of progesterone by the granulosa 
9. Progesterone diffuses into the thecal cells,which make androgens from it 
10. Androgens are then passed BACK TO GRANULOSA 
11. GRANULOSA manufactures oestradiol from the androgens with aromatase (!!) 
12. Granulosa cells produce inhibin and oestradiol; this suppresses further FSH 
13. This is negative feedback - BUT!!  
14. When oestradiol gets TOO HIGH (over  200pg/ml) for longer than 2 days���� 
15. The  feedback becomes POSITIVE: LH + FSH SURGE   
16. This triggers OVULATION and completion of the follicular phase 
17. This high LH also LUTEINISES THE CORPUS LUTEUM   

18.  The corpus luteum starts pumping out progesterone estradiol and inhibin 
19.  the above hormones suppress LH and FSH         
20.  the decline of LH causes LH to degenerate (so it really kills itself off) 
21.  THUS� loss of corpus luteum hormones (progesterone particularly) � 
22.  the endometrium loses its growth factors and apoptoses in a calm orderly manner. 
23. THIS IS MENSTRUATION. 
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Moved along 
by cilia and 
smooth 
muscle 
contraction 

First cleavage of the 
cell occurs about 30hrs 
after fertilisation. 

Below: 
fertilization sequence showing:  
- sperm reaching corona radiata; 

release of acrosomes;  
- sperm penetrating zona pellucida; 

fusing of sperm and egg membrane 
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RECEPTIVITY OF UTERUS: 
Pre-receptive phase:      
epithelium has long apical microvilli, 

thick glycocalyx, 
negative charge   

Receptive phase:     
EPITHELIUM CHANGES: 
- LOSES NEGATIVE CHARGE 
- MICROVILLI SHORTEN 
- GLYCOCALYX THINS 
- APICAL PROTRUSIONS Absorb 

much of the uterine mucous 
thus uterus lumen shrinks  
(surfaces in close apposition)  

Refractory phase:     
EPITHELIUM resists attachment 

Below: schema of this interaction 

Impairs  
attachment 
 

Increases 
the 
chances 
of  
attachment 
 

t rophoblast

endomet rium

st roma

basement

membrane

t ight  junct ions

glycocalyx

zona

Zona pellucida 
 

Zona lysed by enzymes 

 

THUS: Human Chorionic Gonadotropin is 
responsible for the survival of the corpus luteum 



Pregnancy in the 1st Trimester         8.06 



Hormones during Pregnancy         
  
 
 



Spinal Cord InjurySpinal Cord InjurySpinal Cord InjurySpinal Cord Injury                                            
History of Presenting Illness         
SEVERE PAIN 

SWELLING + BRUISING AT BACK OR NECK 

DIFFICULTY MOVING LEGS AND/OR ARMS  

 
Differential Diagnoses           
The limbs you are attempting to move may simply be  FRACTURED. 
THE SWELLING and BRUISING may be the result of traumatic soft tissue injury 
Your SEVERE PAIN is consistent with your history of violent impact and could be related to  
the OTHER INJURIES 

OTHERWISE ALWAYS ASSUME SPINAL CORD INJURY IN ANY MVA 

 
Pertinent Findings on History (Hx)       

• WHAT HAPPENED is a fair question when addressing an MVA victim who cant move  

•  Drug + Alcohol history is essential  

(not just medicolegally, as the pt. may get unpleasant withdrawal symptoms) 

• Eyewitness accounts of the impact: exactly how they fell / hit 

• Allergies, medications; 

 
Findings on Examination (Ex) 

- Glasgow Coma Scale    �  

- Temperature, Blood Pressure; Pulse Rate: 

Hypothermia (but skin = warm and dry) 

hypotension without compensatory tachycardia? 

Urine output preserved? = Spinal Shock! 

Induced BY INJURY ABOVE T6 

 

Pulse Oximetry to make sure the coma your patient is  

about to slip into is not due to anoxia  

- Is Trachea mid-line?  

- Percuss to check for pneumothorax 

Abdominal examination: Looking for palpable, enlarged bladder 

 (paralysis of detrusor muscle) 

 

Neurological Examination        
TONE + REFLEXES: 

Flaccid = Lower Motor Neuron Lesion 

Rigid = Upper Motor Neuron Lesion  

 

MOVEMENT: any at all?… 

Check for flickers of movement: better prognosis if present 

 

SENSATION:  

Map out area of loss to determine the level of injury 

Follow dermatome map, its surer than the myotome tests 

 
 

Eye Opening E 

spontaneous 4 

to speech 3 

to pain 2 

no response 1 

Best Motor Response M 

To Verbal Command:  

obeys 6 

To Painful Stimulus:  

localizes pain 5 

flexion-withdrawal 4 

flexion-abnormal 3 

extension 2 

no response 1 

Best Verbal Response V 

oriented and converses 5 

disoriented and converses 4 

inappropriate words 3 

incomprehensible sounds 2 

no response 1 

E + M + V = 3 to 15 

• 90% less than or equal to 8 
are in coma  

• Greater than or equal to 9 not 
in coma  

• 8 is the critical score  

• Less than or equal to 8 at 6 
hours - 50% die  

• 9-11 = moderate severity  

• Greater than or equal to 12 = 
minor injury  

Coma is defined as:  
(1) not opening eyes, 
(2) not obeying commands, and  
(3) not uttering understandable words. 
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Radiography can 

~miss~ 

facet fractures! 
It’s a shit modality anyway, 

don’t rely on it for diagnosis 

Tests and Investigations  : TRAUMA SERIES :      
Chest X-ray: Cervical and Thoracic  

- To see the fracture site; important for 
Anteroposterior, lateral, and    

      special(odontoid and neuroforaminal)  
- The facture will look like a collapsed or 

shortened vertebral body  
 

- The fracture site will be surrounded by an 
area of opaque-ish  
(blood-filled) haemorrhage 

patient does not have to move much; just 
wheel them into the X-ray room (there’s 
usually one in every Emergency Room)  

Ypou are also looking for Pneumothorax, 
haemothorax,  
pericardial effusions, rib fractures etc. 

 

 

 
 

 

 

 

CROSS-SECTIONAL STUDIES:    
Much more information than the plain radiograph 

 CT:       
needed to detemine extent of injury:  

-  spinal canal compression by 
pieces of fractured vertebra,  

- oedema- 
 opposite is a CT scan of a T4 fracture and 

slight spinal canal narrowing 

 
MRI: even better,     
but rarely available; 
 thus more useful for checking progress of 
recovery, eg.  

- is a syrinx developing? 
- Is there appropriate bone healing?  

Soft tissue definition is also good    
 enough to look for causes of 
 NON-TRAUMATIC SC INJURY, eg. spinal 

infarct, vascular malformation, etc  
  

ECG: !! impotant; after acute SC injury you often get “Autonomic Dysreflexia” 
=  hypotension, bradycardia, and, rarely, cardiac arrest 

THUS: 

- evaluate bradycardia  

- look for arrhythmias  

- (eg, most commonly supraventricular tachyarrhythmias)   

- look for ST-T wave abnormalities indicative of ischemia 

ABOVE: Thoracic X-ray of a  
T4 fracture surrounded by 
haematoma (arrows) 
:BUT the fracture itself is hard 
to see 

ABOVE: Lateral Thoracic X-
ray of a  T4 fracture (arrow): 
see the collapsed T3 
impacted into the T4 vertebra  



SPIROMETRY  is needed to assess respiratory function, which may be impaired following a  
C-spine fracture (C3, 4, 5 keep the diaphragm alive … via the phrenic nerve) 

URINE ANALYSIS  
first, visually: is the patient’s urine full of frank blood?  

They may be bleeding in the pelvis somewhere 
FULL BLOOD COUNT:  
  Mainly interested in Haemoglobin;  i.e. how much blood has been lost 
BLOOD ALCOHOL 

Mainly medicolegal reasons; the police may needto know if alcohol was involved as a 

causative factor in the MVA.   

Plus if the patient is an alcoholic it will be harder to deal with them during their 

long recovery, as they begin to withdraw from their addiction and become agitated and 

uncooperative 

 
How is this diagnosis made ?   ...Immediately!   

With any major trauma, especially to the head or neck and with whiplash injury,  

spinal injury should be immediately suspected.  

 
Management        
 

1) First Aid Management must include immobilisation of the unstable spine  
whilst paying attention to the airway, breathing and any associated injuries that may 
not be evident due to loss of pain sensation below the spinal cord injury level. 

 
2) Admission (immediate) Management 

1. Replace fluids and blood ���� !!! ONLY !!!  IF THE PATIENT REQUIRES IT 
2. Artificial ventilation if the pt cannot breathe 
3.  Nasogastric intubation to aspirate stomach contents (!! Paralytic ileus results  

from loss of sympathetic innervation, and foul things creep up the GIT into the 
stomach; thus � need to aspirate) 

 4.  Urethral catheter to drain the bladder (normally it will distend painlessly until  
150% full, and then empty spontaneously intil 25% full) 

5.  Give histamine (H 2 ) receptor antagonists  
to reduce stress ulceration in the stomach 

 6.  Give subcutaneous heparin 
 7.  Use TED stockings 
 8.  Regular turning (3-hrly ) and sheep skin bed cover to prevent pressure sores
 9.  Position the paralysed limbs to prevent muscle shortening and contractures 

3) Short Term Management 
1. empty bowel with enemas and manual evacuation 
2. feed through nasogastric tube (nil by mouth) 
3. SURGICAL MANAGEMENT ( ���� FIXATION  )  

of spinal fracture and spinal canal narrowing 
 4. post-operative analgesia (Patient-Controlled Analgesia, PCA) 

4) Long Term Management 
1. Socail worker to discuss legal assistance and counselling needs  
2. Physiotherapy to prevent contractures  
3. Occupational therapy to discuss job and accommodation 
4. Clinical psychologist / psychiatrist to counsel for grief, etc. 
5. Baclofen to manage muscle spasms and spasticity 
6. Wheel chair or calliper training + devices to assist driving 

5) Follow-up 
REGULAR URINALYSIS � watch for hydronephrosis / pyelonephritis (from bladder paralysis) 
REGULAR PHYSIOTHERAPY  � watch for contracture + spasticity 

Aims of early management:   
- minimise secondary damage to the spinal cord 
- prevent complications from SC dysfunction 

 Trauma, paralysis and bed rest are risk factors for  
thromboembolism (10% of SCIs develop PE in hospital) 



Prognisis is BETTER if: 

- You have some flickers of movement in 

 the lower limbs after the accident 

 

- You are younger than 50 (91% of you will regain ambulation, instead of only 41% of the oldies) 

 

Hypothermia (but skin = warm and dry) 

hypotension without compensatory 

tachycardia? 

Urine output preserved?  
= Spinal Shock! 

Induced BY INJURY ABOVE T6 

REGULAR PHONE FOLLOW-UP � monitor emotional well-being ( high suicide risk ) 

PROGNOSIS            
   Usually lifespan is greatly reduced 

 
 
 

 

 

 

GENERALLY: most people regain one level of motor function within 6 months. 

 Improvement after that is rare but not unheard of 

 

MORTALITY: 

SCI patients die of 

- Pneumonia 

- Pulmonary emboli 

- Septicaemia 

- Renal Failure 

(in order of frequency) 

 

Epidemiology            

Yearly incidence in Australia = 14.5 cases per million 

60% are in cervical region; 60% are INCOMPLETE (not fully severed cord) 

50% are from MVAs, 20% from contact sports 

Basic Sciences: PHYSIOLOGY OF SPINAL SHOCK  
a state in which there is loss of sensory and motor function below the level of spinal cord injury  
marked by absence of somatic and autonomic 
reflexes (flaccidity) below the level of cord injury. 
 
damage to the spinal cord results in disruption of tonic 
descending excitatory influences from the brain.  
Removal of this excitatory input is then believed to 
produce an overall depression of reflex activity.  
However, this explanation does not account for the 
observations that the net effect of descending spinal 
pathways is inhibitory and that experimental spinal cord 
transection leads to an increase in reflex activity. 
 
Changes associated with loss of reflex activity: 
Loss of somatic reflexes leads to loss of deep tendon reflexes and a flaccid paralysis of the affected limbs (lower 
limbs in paraplegics and upper and lower limbs in tetraplegics).  
Loss of reflex activity in viscera so that the bladder and bowel lose their tone and become flaccid.  
This may result in complete absence of bowel activity (paralytic ileus) and bladder tone (bladder distension). 
Loss of autonomic reflexes leads to major disturbance within the cardiovascular system. 
 If the spinal cord injury is above the T6 level there is a substantial loss of sympathetic vascular tone.  

 
loss of sympathetic tone � decrease in vascular resistance , thus pooling of blood in the extremities. This 

leads to a dramatic fall in blood pressure (80-100 systolic/50-60 diastolic mm Hg) even though there has been 
no change in the circulating blood volume. Despite the dramatic fall in blood pressure the loss of reflex activity 
means that there is no compensatory increase in heart rate which may be still around 60 beats/minute. The skin 
also remains warm and dry. These effects are in contrast with circulatory shock as a result of blood loss 
(hypovolaemic shock).  

THUS: !! DO NOT TREAT SPINAL SHOCK WITH FLUID REPLACEMENT !! 
MAKE SURE ITS SPINAL, NOT HYPOVOLEMIC 

the fall in blood pressure is due to spinal shock it can often be left untreated.  
If severe, treat with inotropic agents such as dopamine,  
thus increase the pumping action of the heart  
spinal shock can last from several hours to around 6 weeks 
THEN: reflexes below the level of spinal cord injury become hyperresponsive.  
This can lead to increased tone and hyperreflexia of the limbs and bladder if they are below the lesion.  

MOST IMPORTANT PREDICTOR OF 

CLINICAL OUTCOME: 

RETENTION OF SACRAL SENSATION 

~Especially pinprick~ 
for 72 hours to 1 week after injury 

= BEST PROGNOSIS EVER !! 

 

!! DEPRESSION KILLS SPINAL CORD INJURY VICTIMS !! 

The suicide rate among individuals with SCI is nearly  

5 times higher than in the general population  

(lower for men than for women) 

BUT!! You must AVOID TRICYCLIC ANTIDEPRESSANTS 
Because their anticholinergic effects will exacerbate bladder problems 



Damage to spinal cord:  primary mechanisms 

 

 

 

 

 

Secondary Mechanisms: removal of damaged cord fragment in animals improves function!! 
 

Interruption of reflex arcs and  muscle tone control 
(either efferent or afferent axon is severed) Loss of sympathetic control  

FLACCID PARALYSIS (no reflexes or tone) 
 

LACK of noradrenaline @ 

vascular beds = DISTENTION 

of arterioles and thus a 

LOSS OF VASCULAR 

RESISTANCE  

BLOOD PRESSURE DROPS  

NORMALLY the heart 

compensates for this by increasing 

heart rate and force of contraction 

BUT: sympathetic nerves 

interrupted, therefore 

NO SUCH INCREASE; 

VAGUS NERVE is unopposed in its control of the heart: 

Is INHIBITORY (negative inotropy) 

BRADYCARDIA  

Blood pools in the 

extermities : 

!! STASIS !! 

a’la Virchow  

IMMOBILITY = 
Loss of veinous 
muscle pump 

 

THROMBOEMBOLISM  

Impact + persisting compression 

 
HyperFLEXION of neck 

 
HyperEXTENSION of neck 

 
- Crush fracture of anterior vertebral body 
-  vertebral body below may be driven   
   backwards into the spinal canal 
 

- dislocation of processes behind 
vertebral bodies; � dislocation traps 
spinal cord between bodies of upper 
and processes of lower vertebrae  

VASCULAR DAMAGE: 

HYPOTENSION  from spinal shock  

VASCULAR DAMAGE: 

HEMORRHAGES from capillary injury  

Spinal cord ischaemia  
 

Clot formation and 
resolution  

OEDEMA  

 

CELL DEATH 

Thus release of 

POTASSIUM 

And 

GLUTAMATE 

Conduction block due to 
extracellular potassium 

Glutamate excitotoxicity; too 
much Ca++ is allowed into the 
cell by the over-excited NMDA 
channel, thus � apoptosis 
due to mitochondial lysis 

CYTOTOXIC oedema 
VASOGENIC oedema 

���� Massive cord swelling 

happens within minutes 
 

Swollen cord obstructs its 
own blood supply  

Excito-toxicity also occurs in 
OLIGODENDROCYTES  via the 
AMPA-1 glutamate receptor : 
affects the oligodendrocytes 
up to 4 segments from the 
trauma site days and weeks 
after the initial trauma. 

Oligodendrocytes apoptose and swell;  
resolving clot causes fibrosis of the SC.  
Thus fluid (CSF, ECF) is trapped in the central canal and expands, 

causing SYRINGOMYELIA 
But this is mainly speculation – nobody knows how it really happens 

 

If the injury is above T6, a condition called autonomic dysreflexia can occur in which nociceptive input below the 
injury (eg a distended bladder) will produce dramatic and dangerous rises in blood pressure. 

Mechanism of Spinal Shock and some Complications of SC injury  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Relevant anatomy: segmental organisation of the spinal cord   

 
The spinal cord is:  

- 45 cm in length 

- from C1 to bottom of L1 
 
- 31 segments: 
- 8 cervical, 
- 12 thoracic 
- 5 lumbar 
- 5 sacral 
- 1 coccygeal. 
sacral spinal segments 
lie opposite lower thoracic vertebrae 

 
- surrounded by meninges 

pia, arachnoid, dura.  
The pia mater closely invests 
 the spinal cord and its nerve roots 
subarachoid space contains  
cerebrospinal fluid 

 
@ INF END: conus medullaris 

  cauda equina 
 
A fibrous band of pia mater,  
the filum terminale, anchors 
 the spinal cord to the sacrum  
and coccyx below. 
  

DORSAL HORN: 
Visceral + somatic 

  afferent (sensory) neurons 
INTERMEDIATE MATTER: 
 Autonomic NS neurons 
 (pre-ganglionic) 
VENTRAL HORN: 
 Alpha (large) 

and Gamma (small) 
motor neurons 

 

 

 

 

 

 

Laminae I-V are found in the dorsal horn,  
laminae VIII and IX in the ventral horn,  
laminae VI,VII and X in the intermediate grey.  
Neurons within specific laminae are targets of both primary afferents and descending 
supraspinal inputs, and contain the cells of origin of distinct ascending pathways 

 



 

 

 



 

The PATHWAYS of the SPINAL CORD                                                        
           6.01

 SPINAL CORD �NOCICEPTORS
= spinothalamic

Dorsal Root
Ganglion

THALAMUS

Brainstem Reticular
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SOMATOSENSORY CORTEX

MOTOR CORTEX

CINGULATE CORTEX

Corona
Radiata

Somatic
Muscle

SOMATOSENSORY CORTEX

Tactile or
Proprioceptors
above T 5 = DCT

CEREBELLUM
= unconscious control of
proprioception

PROPRIOCEPTORS
= spinocerebellar

Tactile or
Proprioceptors
below T 5 = DCT

Cuneate
Nucleus

Gracile
Nucleus

RED
NUCLEUS

Vestibular
 Nucleus

Corticospinal tract

Internal
capsule

The LONG WHITE MATTER TRACTS in the S.C.     6.01 



 

 

 

 

 

 

 

 



Mitrofanatomy of the Spinal Cord       

  

 

 

 

 

 

 

 

Conus Medullaris 

 Major blood supply: Adamkiewitz ( “radicular”) artery 

“horses tail”, @ L1-L2 

Conus 

Medullaris 

Cauda 

Equina 

Cervical vertebrae 

 

 



Spinal cord structure and function longitudinal organisation  6.01 
 
Somatic Motor Organization:  

Somatic motoneurons are located in Rexed lamina IX.  

individual muscle = a separate portion of lamina IX,  

usually two adjacent spinal segments.  

Recall that the motor segmental supply of a muscle is called a myotome.  

 
2 columns of motorneurons: 

MEDIAL      and     LATERAL 
  The medial motor column  
- throughout the length of the SC  
- contains motoneurons innervating  

the axial muscles of the body. 
 

 

 

Cells of origin of motor pathway = UPPER MOTOR NEURONS 

Cells in the ventral horn = LOWER MOTOR NEURONS 

 

 

Damage to ventral horn 

somatic motor neurons results in 

- paralysis (absence of movement), 
- wasting of denervated muscles,  
- absence of muscle tone (flaccidity)  
- an absence of reflexes (areflexia).  
 

 

Damage to descending motor pathways results  

also in paralysis or paresis (weakness of 

movement),  

 

however without muscle wasting,  

with normal or increased muscle tone 

(spasticity)  

and intact or enhanced reflexes (hyper-

reflexia). 

 

 

THUS: 
 SPINAL CORD DAMAGE = PARALYSIS. 

GREY MATTER DAMAGE: WASTING + AREFLEXIA 
WHITE MATTER DAMAGE: SPASTICITY + HYPERREFLEXIA  

  

 

Damage to the spinal cord which involves both the grey and white matter produces both "upper" 
motoneuronal (white matter related) and "lower" motoneuronal (grey matter related) symptoms. 
Lower motoneuronal symptoms help to identify the level(s) of segmental damage. 
 
 
 
 
 
 

The lateral motor column  
- only in cervical and lumbar 

enlargements  
- contains motoneurons innervating the  
muscles of the upper and lower limbs 



Somatosensory Organization: PRIMARY AFFERENT INPUT PROCESSING 

The central processing of primary afferent input involves three main channels of communication.  

Reflex channels:            
The high priority monosynaptic reflex arc is a rather recent evolutionary development. More 
common are polysynaptic reflex arcs which may involve coordinated activity across a large 
number of spinal segments, e.g., an unexpected, light touch on the shoulder (C3 dermatome) 
can evoke a dramatic startle response. The integration of activity across numbers of spinal 
segments is achieved by intersegmental axons (propriospinal fibres) of spinal interneurons.  

Cerebellar channels:          Dorsal 

spinocerebellar tract neurons receive primary afferent proprioceptive input (deep tissues: muscles, 

tendons, joints) from the lower limb and "relay" it to the ipsilateral cerebellum.  

A comparable tract sending proprioceptive information from the upper limb to the cerebellum arises from 

neurons in the external cuneate nucleus of the caudal medulla. There is no conscious awareness of the 

proprioceptive information which reaches the cerebellum.  

 

 

 

 

 

 

 

 

Lemniscal channels:          Refer to the 

pathways by which cutaneous and proprioceptive information reaches consciousness. Conscious 

perception of somatosensation (touch, pressure, pain, temperature, position of limbs in space, more 

complex perceptions of size, weight, texture) depends on the ascending sensory information reaching a 

diencephalic target (the thalamus) and then the cerebral cortex. Only two major pathways need to be 

considered at present.  

Dorsal columns (gracile and cuneate tracts):    
 Primary afferent information (primarily large diameter dorsal root fibres) enters the dorsal columns and 

ascends ipsilaterally the length of the spinal cord to terminate on second order neurons in the doral column 

nuclei of the medulla. Somatosensory information carried within the gracile and cuneate tracts provides 

the basis for our ability to perceive limb position and complex tactile sensations (e.g., weight, texture, 

shape).  

Spinothalamic tract (spinal lemniscus):     
 Primary afferent information (small diameter, often unmyelinated fibres) synapse on second order 

neurons, located primarily in laminae I or V. The axons of these 2nd order lamina I and V neurons, then 

both ascend (not more than 1 or 2 segments) and cross to the opposite side to enter the "spinothalamic 

tract" within the ventral (anterior) part of the lateral column.  

The spinothalamic tract is a component of what is sometimes called the anterolateral system. As the tract 

name implies, the axons ascend through the spinal cord and brain stem to terminate in the thalamus. 

Somatosensory information carried within the spinothalamic tract provides the basis, at least in part, for 

our ability to perceive and localise pain and temperature sensation, as well as simple touch.  

 

General principles of lemniscal systems: 

• 1st order neurons - cells bodies are  

• found in periphery (e.g., dorsal root ganglia) 

• there is always at least 1 synapse prior to the thalamus 

• lemniscal systems are highly organised topographically 
– FAITHFUL, not PROMISCUOUS 

 



Behavioural science 
Serious spinal cord injury =  a devastating change to physical and psychological  

- changes in independence,  
- social roles 
- sexual roles 
- vocational roles 
- = disrupt the overall premorbid lifestyle. 

Affects whole family 
More risk of suicide, drug abuse, psychiatric illness 

Data from the U.S.A. show fewer marriages and more divorces  
 
Long term physical complications  
 Loss of extrinsic innervation �  disturbance of bowel motility and co-ordinated propulsion, 
necessitating bowel training and optimisation of stool consistency. 
 
Pain and spasticity also frequently interfere with function and rehabilitation and may require 
physical, pharmacological and psychological interventions.  
 
Rehabilitation  
The aim is  
- to maximise independence,  
- assist psychological adjustment  
- reintegrate the individual into the community and workplace.  
These outcomes require an individualised, goal orientated rehabilitation program  

provided by a specialised inter-disciplinary team.  
Want your patient to be physically stronger, mobile and functioning in society 
 
 Psychosocial intervention focuses on the individual's and family's understanding of grief, anger, 
disbelief and helplessness.  
 
Determinants of outcome after injury  
Despondency, grieving and chronic pain have been found to be associated with poor 
adjustment to spinal injury,  
Loss of normal sexual function, especially in males, can be a source of distress and reduction in 
self esteem, further contributing to psychological morbidity.  
 

a good outcome is associated with: 
- young age, 
- female sex, 
- higher educational level,  
- the ability to relate well,  
- confidence in one's mastery over the environment  
- ability to have indulged in risk-taking behaviour.  

 

PAIN MANAGEMENT          
Chronic  Nociceptive:  

oral analgesics + anti-inflammatories, opiates, epidural or neurosection  

Chronic Neuropathic: 
  Anticonvulsants and antidepressants (rarely responds even to opiates) 

 
 
 



 
 

Nociceptic vs. Neuropathic Pain                                                                   6.01

 TISSUE DAMAGE
Accompanied by
  mechanical,
  chemical or
  temperature change

 Release of K
+

Directly stimulates
nociceptors

Noxious
stimulus
Eg. pressure,
temperature etc

INFLAMMATION:

Release of
- Bradykinin
- Histamine
- Serotonin

SENSITISATION
of nociceptors

NOCICEPTORS
ACTIVATED

Release of
SUBSTANCE  P

A-Delta Fibres:
- FAST
- “FAITHFUL”
- MYELINATED
- Group III Fibres
- ACUTE + SOMATIC PAIN

C-Polymodal Fibres:
- SLOW

- PROMISCUOUS

- UNMYELINATED
- Group IV fibres
DULL + VISCERAL PAIN

Neospinothalamic tract Palaeospinothalamic tract

DORSAL ROOT GANGLION

… plus some pain fibres travel up the DCT

2ndary Neurons at
Lamina I and II  of the

DORSAL HORN

 Spinothalamic
DECUSSATION =

At the level of
 the spinal cord

BRAINSTEM
RETICULAR
FORMATION

THALAMUS

SOMATOSENSORY

CORTEX

NEUROPATHY
Mediated by A-δ fibres
- At RECEPTOR  LEVEL:
Spontaneous nociceptor activity (eg. small
neuroma growing like a cap at the end of the
noci axon.
… or, spontaneous activity of the 2ndary neuron
which loses all stimulus, becomes unstable and
depolarises for no reason other than boredom

- At DRG + FIBRE LEVEL:
 Sympathetic Sprouting where sympathetic
efferents travelling together with severed
nociception fibres sprout abnormal links and
begin to stimulate the alpha-2 adrenoceptors on
the noci fibre, thus causing pain stimulus as an
effect of normal autonomic efferent signalling

- At SYNAPSE LEVEL:
Sensitisation of 2ndary neurons by
upregulation of glutamate NMDA receptors,
which are those most important for pain
transmission

- At DORSAL HORN LEVEL:
Sprouting of new connections into the laminae
1 and 2 (pain) from laminae 3, 4 and 5 (touch) �
THUS light touch and temperature become
misrepresented as pain
-Or: Loss of Local Inhibition through spinal
interneuron “gating” which normally limits the
amount of signals transmitted to higher CNS
Or: Loss of Central Inhibition in the higher
CNS which directs afferent gating of pain stimuli;

These substances may both 
sensitise and activate the 
nociceptors.  Inflammatory 
mediators eg. prostaglandins 
will merely sensitise. 



Physiology: AUTONOMIC CONTROL OF CONTINENCE    
BLADDER: 

The trigone (trangular area at the urethra end of the bladder) and its buddy the internal 
sphincter are at all times contracted; for as long as they are, the pee stays put.  
THE REST of the bladder is the DETRUSOR muscle; it contracts to expel urine. 
THUS: to urinate: 
 the trigone and internal sphincter must relax, and the detrusor must contract 
DETRUSOR = innervated by ANS; Parasympathetic = contract, Sympathetic = relax 
External sphincter = somatomotor voluntary control. Thank Christ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BOWEL: two sphincters,  
internal (smooth muscle)   sacral parasympathetics 
and external (striated)  pudendal nerve somatomotor 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Continence reflex 
Bladder fills = detrusor stretches 
Stretch receptors: via visceral afferents inform the 
Sacral Spinal Cord 
= REFLEX ARC:  
�inhibition of parasympathetic detrusor 

(THUS = no contraction) 
� excitation of external urethral sphincter 

via somatic pudendal nerves  
(THUS turns off the tap) 

…Until painful, when it takes avoluntary non-
reflexive effort 

What happens in NEURO DYSFUNCTION? 
If all nerves to the bladder are severed,  

IT KEEP FILLING until the pressure inside 

 overcomes the outflow resistance and  

then the urine will leak continuously. Eeew. 

BUT slowly after an SC injury the sacral micturition centres recover, and are able to control 

micturition via the sacral detrusor contraction reflex. THIS IS IMPERFECT as the afferent 

for this reflex must be powerful indeed (filled to ~150% capacity ) and the emptying which 

occurs will be incomplete (~25% left) 

Micturition reflex 
Pontine and sacral micturition centres combine their 
power to produce  
� relaxation of external urethral sphincter  

via inhibition of somatic pudendal nerve 
efferents 

� Contraction of the detrusor via 

parasympathetic efferents 

�detrusor contracts, thus 

�shape of bladder changes  

���� thus internal spincter is pulled open  

THUS, urine flows out: AND 

� the urethra feeds back to sacrum; and 

a reflex arc causes detrusor to contract more 

(positive feedback loop) 

 

Continence reflex 
Rectum fills = its wall is stretched; 
THUS: reflex relaxation of internal sphincter,  

(via enteric NS in wall of rectum) 
        Reflex CONTRACTION of external sphincter 
        Reflex CONTRACTION of the wall of the rectum  
 (via visceral afferents running through the  

pelvic splanchnic nerve) 
THIS LASTS A FEW SECONDS;  
then the tension on the rectal wall is released and the 
internal sphincter contracts again. 
The actual maintenance of the external sphincter 
tone is done by voluntary corticospinal  neurons 
 
 

Defaecation reflex 
���� !! Triggered by VOLUNTARY EFFORT !!  
visceral afferents from the rectal wall stretch 
receptors trigger a reflex arc: 
� CONTRACTION of descending and sigmoid  

colon and rectum 
� RELAXATION of the external AND internal  

sphincters 

BUT: THAT ALONE AINT GOIN TO DO IT 

Also requires increase in intra-abdominal pressure 

THUS: one must VOLUNTARILY 
� CONTRACT the abdominal muscles 
� CONTRACT the diaphragm 
so… sympathetic nerves do very little in 
defaecation 

What happens in NEURO DYSFUNCTION? 

DESTRUCTION OF THE SACRAL CORD = ABOLITION OF DEFAECATION REFLEX 

…destruction of the SC anywhere else will mean that the sacral and enteric components will still 

work- BUT not any of the voluntary abdo-pressure-raising components.  

THUS: need to MANUALLY COMPRESS THE ABDOMEN and even open the sphincter 

 

Strangely, the rectal wall is NOT 

controlled by the enteric NS 



CNS TRAUMA: a’la Roger Pamphlett        
Primary injury: focal eg. traumatic impact, or diffuse eg. axonal oedema 
FOCAL BRAIN INJURIES: contusions, haematomas, brainstem injuries 
Commonest sequelae = ANOSMIA (severed olfactory bulbs) 
 Contusion:  

- a “brain bruise” 
- Bleeding from damaged small vessels 
- usually the same areas affected, no matter what impact 
- (usually seen in base of skull, at the inferior frontal and temporal lobes) 
- Coup and contra-coup (at the impact site and opposite to it where the brain bounced) 
- Contusions increase in size over hours 

 Intracerebral haematoma:  
- defined as mass of blood greater than 2 cm, not in contact with surface 
- Usually as result of skull fracture,  
- Follows a short acceleration injury that shears blood vessels deep in the brain 
- Half are unconscious on admission, 20% may be lkucid 
- Bad if its very big: causes mass effect, and thus coma 
- May be delayed for some days after injury 

 Extradural Haematoma 
- = bleeding between the skull and dura 
- arterial, fast bleeds 
- from a skull fracture in 90% adults, 70% kids 
- (kids mid meningeal is much looser, while in adults its almost enveloped in bone) 
- most commonly from a mid meningeal rupture following temporal bone fracture 
- lucid period: “people who talk, walk, then die” 

 Subdural hematoma 
- Due to rupture of bridging veins 
- Angular acceleration of the head, (eg. falls, assaults) 
- In alcoholics and elderly, subdural space is large, thus may not notice until very late 
- Could be due to ”burst lobe syndrome” = blood leaking out of damaged brain 
- (these ones are unusually unconscious after injury) 

 Brainstem injury:  
- Usually contusion;  
- Often from base of skull fractures 
- Sudden deceleration = violent rapid neck hyper-extension 

Diffuse Axonal injury: 
- Long term deceleration/acceleration, eg. MVA 
- Rotation forces are important in this 
- COMMON CAUSE OF POST-TRAUMATIC COMA when you cant find a macro lesion 
- Only macro signs are hemorrhages in corpus callosum and lateral brain stem 
- Axons swell microscopically, from 2 hrs after  injury until ~ 1 months 

Boxer’s Brain Damage 
- 75% of which is from subdural hematomae 
- long-term damage: “punch-drunk syndrome” =  
- = neurofibrillary tangles 
- = diffuse amyloid plaques 
- = looks a lot like dementia 

Pathology of brain injury:  
- primary cell damage : due to glutamate excitotoxicity 
- secondary is due to hypoxia (ruptured vessels), oedema (cytotoxic, vasogenic) 
- tertiary is due to mass effect eg. brainstem herneation .. 
- or secondary Brainstem hemmorrhage  
- (PRIMARY CAUSE OF DEATH IN BRAIN TRAUMA) 

 Outcome of brain injury: 
- subdural: 70% mortality, 10% complete recovery 
- diffuse axonal : 10% mortality, 70% good recovery 
- epilepsy in 5% of brain injuries  

  

 

 

 

 

   

 



Syringomyelia            
 

May extend into brainstem (syringobulbia) 

Has “cape-like distribution” of DISSOCIATED SENSORY LOSS: 
 Loss of pain and temperature with retention of the other senses; DCT symptoms 
  Wasting of the small hand muscles 
 Painless burns 
 Winging of the scapula 

Long Tract signs 
Scoliosis 
 

 
  
 
 

 
 
 
 
 
 
 
 

Signs of the disorder tend to develop slowly, although 

sudden onset may occur with coughing or straining 
 



     erebral Artery Dissectionerebral Artery Dissectionerebral Artery Dissectionerebral Artery Dissection                                                                                                                            
      History of Presenting Illness:         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     PHYSICAL EXAMINATION   
   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A YOUNG PERSON WITH WHAT SEEMS 
LIKE A BUNCH OF STROKE SYMPTOMS! 
Does not compute…  

WHATS ACTUALLY GOING ON? 
There is a hematoma in the middle of the arterial wall, and its expanding- thus 
effectively occluding the lumen, and maybe even causing a mass effect. 

THIS CAN EVOLVE IN SEVERAL WAYS: 

- If its small, its asymptomatic. No cause for dismay. 
- If its Extensive: (those that extend intracranially and 

involve the basilar artery) result in infarctions of the brain 
stem, cerebellum or, rarely, the spinal cord. 

- After a while, the weakened dilated arterial wall can 
form a PSEUDOANEURYSM which is just itching to 
rupture and become one of those 5% of subarachnoid 
haemorrhages which get caused by dissected arteries. 

 

- The whole business of arterial dissection causes a 

LOW FLOW STATE which leads to stasis and will 
eventually begin to form CLOTS which can sail downstream 
and cause a more conventional stroke syndrome. 

 

BARELY RELEVANT ANATOMY: 
 

 

SEGMENT I 
Runs from subclavian 
artery to the transverse 
foramina of C5 or C6 

SEGMENT II  
runs entirely within the transverse 
foramina of C5/C6 to C2. 

SEGMENT III 
begins at the transverse foramen of 
C2, runs posterolaterally to loop 
around the posterior arch of C1, and 
passes subsequently between the 
atlas and the occiput. This segment 
is encased in muscles, nerves, and 
the atlanto-occipital membrane 

SEGMENT IV: 
 intracranial segment: begins as it pierces 
the dura; continues up to pons / medulla 

RIGHT AFTER THE INJURY: 
- young person  
- severe occipital headache 
- posterior neck pain 
- maybe reduced ROM 
- recent minor head or neck injury.  

- trauma is generally from a  
trivial mechanism but is  
associated with some degree of 
cervical distortion.  

~ 3 DAYS AFTER THE INJURY: 
maybe much longer, ? weeks…. 

- Focal Neuro Signs in 85% 

- Usually looks like a LATERAL 
MEDULLARY SYNDROME (!) 

- Facial pain and numbness are 
commonest presenting symptoms 

- Plus, you can get vertigo, 
disequilibrium, nystagmus, Horner’s; 
nausea, dysphagia, dysarthria, etc etc... 

-   

Seg. III is the one where it usually dissects; may continue into Seg. IV  

Be warned, that it may be tempting to attribute the neck 
pain and headache to a musculoskeletal problem. 

FULL NEURO EXAM: 
- Looking for CN palsies 
- Looking for cerebellar dysfunction 
- Looking for lateral medullary  

syndrome signs 
IS THERE POINT TENDRENESS ON THEIR NECK? 

- It may be a C-spine fracture 

Are they FEBRILE? 
- It may be a brain abscess or 

meningitis 
HAVE THEY GOT PAPILLOEDEMA? 
-   Better not miss an intracranial  

hematoma, subdural or epidural 
 
INVESTIGATIONS:   

Need to rule out the distressing possibilities: eg. 

- Subarachnoid haemorrhage 
- Ischaemic Stroke 
- Vasculitis 
- C-spine fracture 
OTHERWISE: you are mainly interested in… 

- Establishing that there is a 
vertebral artery dissection 

- Establishing a baseline 
for anticoagulation. 

-  

CT of head; LP after 12 hrs… xanthochromia?  
CT of head; { 
ESR, CRP;  
Neck X-ray, with odontoid views 
 

But if they are having an event in the posterior fossa, 

CT is next to useless, so just go with the MRI  

MRI 
PTT, aPTT, INR 

MRI angiography will show your dissection, 
the intramural hematoma,  mural thrombi, etc  

They are going on anticoags 
soon, so you need this screen 
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MANAGEMENT:            
-  SO:  if CT shows that there is NO BLEEDING- START ANTICOAGULANTS. 

- Heparinise until therapeutic range INR (2.0-3.0) 
- Taper heparin off while preparing for warfarin 
- Warfarin for 3-6months thereafter 
- Regular monitoring of INR  
- WATCH THEM CAREFULLY for new neuro signs and symptoms, 

as there may be subarachnoid haemorrhage from the burst artery 
   ? is here any need to get neurosurgeons involved? 

- There may be, if there is a pseudoaneurysm and it looks like its about to burst. 

 SUPPORTIVE MANAGEMENT: 
  THEY ARE IN PAIN: attend to analgesia: paracetamol + opiates 

- They are dysarthric: arrange speech therapy consult 
- They have hemiparesis: arrange physio consult, walking aids etc. 
- They are nauseous: METOCLOPRAMIDE Intravenously 
- They are not able to swallow: Nil by mouth initially 

- Arrange formal swallowing assessment 
- Nasogastric feeding until swallowing cleared 
- ASPIRATION PNEUMONIA is the only real 
danger if there is no likelihood of subarachnoid 
haemorrhage or ischaemic stroke. 

 
         

  
 
 
 
 

Major goal of treatment is to prevent THROMBOEMBOLIC COMPLICATIONS. 
 

 METOCLOPRAMIDE (MAXOLLON): 
Antiemetic of choice for this sort of nausea. 
- antagonises the action of dopamine in the 

chemoreceptor trigger zone, which is located in the 
area postrema in the floor of the fourth ventricle. 
This disables the vomit / nausea centre. 

- works peripherally by stimulating 5-HT4  receptors, 
increasing gastric peristalsis and removing the 
stimulus to vomit.  

- In high doses, metoclopramide antagonises 5-HT3 
receptors, thereby having a similar action to drugs 
such as ondansetron.  

 
ONDANSETRON (ZOFRAN): the OTHER antiemetic 
- According to MIMS: Ondansetron is a potent, 

highly selective 5HT3-receptor antagonist. Its 
precise mode of action in the control of nausea and 
vomiting is not known. Chemotherapeutic agents 
and radiotherapy may cause release of 5HT in the 
small intestine, initiating a vomiting reflex by 
activating vagal afferents via 5HT3-receptors. 
Ondansetron blocks the initiation of this reflex. 
Activation of vagal afferents may also cause a 
release of 5HT in the area postrema, located on the 
floor of the fourth ventricle, and this may also 
promote emesis through a central mechanism… 

- DOES NOT SEDATE  
 



SECONDARY VISUAL ASSOCIATION CORTEX: 
SEPARATION INTO COMPUTATIONAL STREAMS:  
Where is it?" stream proceeds from the superior occipital lobe through 
 the middle temporal gyrus to the parietal lobe. This stream places objects 
 in space and detects whether they are moving, relative to their background or to other objects, or whether the background itself is moving. 
= ORIENTATION 
"What is it?" stream proceeds through the inferior occipital to the inferior temporal lobe. RECOGNITION of all the separate objects, faces, 
and people, which or whom we are able to recognize. COLOUR information is extracted nearby in the V4 area (temporo-occipital) 
 

Anatomy & Physiology of the Visual Pathways      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

, their LESIONS   
and the Commonest Causes thereof Physiological functions: 

Tunnel Vision ���� 
Concentric diminution 
Glaucoma, papilloedema and syphilis 

 

Big Blind Spot 
Optic nerve head  
enlargement, eg. via papilloedema 

 

Central Scotoma 
Internal optic nerve 
 destruction, eg. optic neuritis 
Glaucoma, papilloedema and syphilis 

Unilateral Blindness 
Total loss of one field: 
 Tumour, retinal artery infarct, Trauma 
Glaucoma, papilloedema and syphilis 

Bitemporal Hemianopia 
Loss of fields which cross over in 
 the chiasm: Pituitary Tumour, trauma 

Homonymous Hemianopia 
Loss of one side of perception 
 Lesion is post-chiasm and 
could be anywhere, until the lat. geniculate 
eg.  MCA infarct, tumour, Aneurism post-
chiasm  

Superior Quadrantinopia 
 TEMPORAL LOBE LESION 
MCA lacunar infarct in 
 penetrating arteries,  tumour…   

Inferior Quadrantinopia 
PARIETAL  LOBE LESION 
MCA lacunar infarct in 
 penetrating arteries,  tumour…   

Midbrain 

Homonymous Hemianopia 
Loss of one side of perception 
MCA infarct or tumour 

 
Homonymous Hemianopia with Macular Sparing 
Pathognomic of an  
Occipital PCA infarct; 
 
 WHY? The area which process information from the MACULA is 
the largest part of the calcarine (primary visual) cortex has a DUAL 
BLOOD SUPPLY: thus any infarct here will more than likely spare 
the macula and wipe out everything else. 

SYMPTOMS ARE STRANGE: “Blind Sighted” 
These patients are unable to process visual information, but 
still have normal circadian rhythms (the supra-chiasmatic 
hypothalamic connection is spared) and, oddly 
they will avoid incoming projectiles because the superior 
colliculus is still processing and transmitting “threat-
identification” movement and attention-focussing 
information.  

SECONDARY VISUAL ASSOCIATION AREA: 
V2 to V5 
LESIONS HERE = NO LOSS OF VISUAL FIELD: Much Worse! 

Loss of processing: 
V2 OR V3 INFARCT:(posteriormost, next to the calcarine sulcus  

(V1)= LOSS OF ORIENTATION + Mental Rotation 
V4 INFARCT:  = Loss of COLOUR in vision, � monochrome  

V5 INFARCT:  = Loss of MOVEMENT detection, “photographic” 
vision where only still frames are perceived 
 

Retina: first place to process visual data 
EDGE CONTRAST: a ganglion cell will 
suppress its neighbours when it is excited on 
its own; thus there is CONTRAST 
 
Optic Nerve does no processing of its own. 

Axons are myelinated after the optic nerve exits the 

eyeball at the back though the Lamina Cribrosa 
 
Optic Chiasm: The NASAL retinal field 
DECUSSATES and the TEMPORAL does NOT. 
The Optic nerve sends fibres to the HYPOTHALAMUS 
 

Hypothalamus: Suprachiasmatic Nucleus 
Devoted to maintaining the CIRCADIAN RHYTHMS 
 
Optic Tract: delivers all the information from the 
contralateral visual field to the LG.  

Lateral Geniculate 
Nucleus is the FIRST 

PLACE where the is accurate 
topographical representation 
of what the retina sees. 
PLUS L.G. also sorts 
function streams, i.e sorts the 
colour data from edge 
detection data, etc; 
PLUS  L.G sorts data from 
each eye into its separate 
stream. 
!! VERY IMPORTANT!! 
Both eyes’ images must be 
superimposed for 
“REGISTRATION” to 
happen, i.e depth perception- 
the inference of where the 
object is in space. 
 

Superior Colliculus of midbrain 
= receives fibres before the lateral; 
geniculate nucleus; involved in 
MOTOR AVOIDANCE i.e incoming 
missiles, plus SACCHADES (for 
smooth pursuit) and glancing at an 
unexpected touch, i.e attention focus 
 
Pulvinar Nucleus of Thalamus 

is involved in focussing attention and 
prioritising eye movements; it 
projects to the  visual assoc. areas 

Meyer’s Loop=fibres to the calcarine cortex 
curve around the lateral wall of the lateral 
ventricle, forming a broad sheet which sweeps 
across, covering much of the post. and inf. horns 
 

CALCARINE CORTEX: primary visual cortex 
First real ANALYSIS of visual information; the cortex contains 
neurones which respond to various features of the image; 
the neurons respond most strongly to edges of a particular 
orientation. This yields a decomposition of the image according to 
its edges. NOT SOMETHING YER BORN WITH: these features 
develop in infancy; ref. them kittens who were kept in the dark from 
birth and went blind despite having healthy eyes. 
 

INF VIS. FIELD = the fibres furthest � parietal 
SUP VIS FIELD = the fibrest furthest temporally 
MACULA = the broad central area 

 

Band of Gennari 

Optic Radiation 

Meyer’s Loop 

Pulvinar Thalamus 

Sup.Colliculus 

 Optic Tract 
Lat. Geniculate N. 

Calcarine Cortex 

Optic Chiasm 

Suprachiasmatic 

Hypothalamus 
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Breast Carcinoma  Breast Carcinoma  Breast Carcinoma  Breast Carcinoma                                                                                                                                  
 
Detailed History of Presenting Illness (HPI) 
- small, firm, irregular lump in the breast- with/without dimpling or oedema (“orange skin” appearance) 
- nipple retraction/discahrge 

List of Differential Diagnoses (DDx) 
- Cancer (9 out of 10 presenting lumps are not cancerous) 
- Fibrocystic change (Adenosis, an increase in the number of acini within lobules, occurs as part of fibrocystic change) 
- Apocrine metaplasia (may develop in adenosis)  
- Microglandular adenosis (a benign gland-like proliferation but not resembling lobules.) 
- Radial scar (mammographically indistinguishable from carcinoma: frequently calcified and have irregular stellate shapes) 
- Benign Papillary Neoplasms 
- Breast Abscess, lactational (3wks post-partum) or non-lactational (mainly women 18-50y.o.; 90% are smokers) 
- Breast Cyst (common in the 5 years before the menopause) 
- Ductal hyperplasia (not malignant but indicates a risk of malignancy) 

- Fibroadenoma ( a benign neoplasm, which arises from the epithelium and stroma) 
- Trauma i.e. haematoma, or bruise 
 

List Pertinent Findings on History (Hx) 
- Lump has existed for HOW LONG? 
- How large? Enlarging? Cycling (waxes/wanes, regular/intermittent)? 

- Age at menstruation 
- Age at menarche 
- Previous pregnancies 
- Breastfeeding-Y/N 
- Oral contraceptive use 
- Hormone Replacement Therapy (any medications at all?) 
- Last mammogram 
- Frequency of self-examination –SHOULD BE MONTHLY !! 
- Previous malignancy 
- Family history of breast cancer 
 
List pertinent findings on Examination (Ex) 
Nil relevant for body systems 
BREAST LUMP: how to examine: @ DAY 5-7 of MENSTRUAL CYCLE 

Visually inspect 1
st
 : arms at the sides; Advise Pt as you proceed (educating them for self breast examination) 

if notice abnormalities, etc – be discrete and inform Pt later. 
-obvious deformity? attention to  

- size,  
- shape or position,  
- dimpling or puckering of the skin,  
- pushed-in or misshapen nipples,  
- other changes in the nipple 
- redness, swelling, pain / tenderness- CARDINAL SIGNS OF INFLAMMATION? 

Then, repeat this process with the Pt placing hands on the hips, pressing firmly to flex the pectorals. 

Palpate in seated:  begin by sliding hands along top of clavicle (feeling for supraclavicular nodes)  

– Work superficial ⇒ deeper. CHECK FOR NODES IN AXILLA: POST + ANT AXILLARY WALL 

– Use the pads of the fingers, not the tips 
– Check nipple for discharge; push in to check for underlying mass 

– Use following chart of palpating directions 

 
breast exam should then be repeated with Pt lying supine –allows compression of breast tissue against chest wall and 
distributes breast tissue. One arm up over head in sunbaking position. 

Don’t forget to include axillary tail. 

SUSPICION= fixed, hard, irregular painless lump. 

NOT SUSPICIOUS? Come back for follow up; re-examine. 
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How is this diagnosis made ? (most breast cancer is diagnosed by BIOPSY) 
FLOWCHART OF DECISION-MAKING MECHANISM:      …RISK FACTORS PLAY NO PART! 
Definition Of  MASS:  
– in PRE-MENOPAUSAL WOMEN:  lasting through the menstrual cycle 
– in POST-MENOIPAUSAL WOMEN: any detected mass 

 
 
 
 
 
 
 
 
 
  NO    yes 
 
 
 
 
 
 
  
 
MAMMOGRAM 

Screening is (should be) promoted for women over 40:   ~85% will survive if caught early 

-looking for calcification (radiating spicules infiltrating into the surrounding tissues), atypical enlargement, 

density. Optimum effect = having previous mammograms to compare; ALWAYS compare to healthy breast (Rt) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

MASS Suspicious? Not Suspicious? 

MAMMOGRAM 

 
MAMMOGRAM 

ULTRASOUND 

Characteristic stellate solid mass? 

FINE NEEDLE ASPIRATION: Histopathology 

OBSERVATION 

EXCISIONAL BIOPSY: target histopathology for management options 

Benign? Malignant? 



ULTRASOUND 
-used to differentiated fluid cysts from solid masses; 
-a palpable mass that is not visualised on ultrasound must be solid. 
Characteristic Appearance:  

Irregular hypoechoic (dark) mass with posterior shadowing (no ultrasound echoes).  
Can be used to guide FNA biopsy  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FINE NEEDLE ASPIRATION BIOPSY 
Unskilled hands = false negatives (completely miss the tumour);  
+ there is some chance of spreading the cancer if malignant and invasive 
VERY RARELY will all 3 methods give false negs (i.e palpation � mammogram �FNA); chance = 1% 
MUST CHECK ESTROGEN RECEPTORS: v. important, ER +vity qualifies for Tamoxifen tmt 

EXCISIONAL BIOPSY 
– Amounts to treatment for small lesions; results (margins, histology) dictate further management 
– Most accurate and reliable method 
 

Disease Definition 
Multistage genetic transformation of breast ductal or lobule cells into poorly regulated growth resulting in 

proliferation and spread of cancer.  

 

Management 
Best Treatment Ever: Radical Mastectomy (for all pre-metastatic cancers regardless of size) 
Removal of the breast tissue (this alone constitutes a “modified radical mastectomy”) 
Removal of the underlying deep fascia and pectoralis muscle 
Removal of lymph nodes from the region. 

- Combined local + distant recurrence rate = 1 to 2% for 5 yrs 
A patient's age should not be a determining factor in the selection of breast-conserving treatment versus mastectomy.  

 

SUBTYPE-SPECIFIC TREATMENTS FOR EARLY BREAST CANCER  
Ductal Carcinoma In Situ , Medullary Carcinoma -and all non-invasive localised cancers;  
-excellent prognosis ~100% survival in patients with small lesions (</=1cm) after lumpectomy + radiation)  

1) Lumpectomy (breast-conserving surgery) 
- the removal of gross tumour and generous margin of tissue:  

local relapse rate of margins >5mm was 0% after 12yrs 

2)Chemotherapy 

Patients treated with lumpectomy and radiation will also be candidates for chemotherapy-  
BUT ONLY  if they have  
- lymph node metastases (rare with DCIS and most other localised small cancers) 
- high risk tumors (inflammatory carcinoma, tumours 2cm or larger, unfavorable DNA studies, hormone 
receptor negative cancers) even if nodes are negative. 

 

 if the odds of a cure are already very high,  



the benefits from chemotherapy may be quite small 
while small tumours are more susceptible to chemotherapy than larger tumours,  

..they also regrow at a faster rate 
 most therapists give the chemotherapy first and the full course of radiation after 

3) Radiotherapy of:  
– -the breast to 45-50 Gy 
– -the affected lymphatics to 45-50Gy- yes, DCIS can have lymphatic spread, so biopsy those nodes! 
– the immediate tumour bed to an additional 10-16 Gy (reduces local recurrence: most recurrence is in scar) 

– RADIOTHERAPY + SURGERY  is JUST AS GOOD AS RADICAL MASTECTOMY in controlling recurrence 

 

MANAGEMENT OF INVASIVE LOCALISED CANCERS  
Invasive Ductal Carcinoma, Invasive Lobular Carcinoma, Infiltrating Ductal Carcinoma, etc. 

1) Surgery: not much difference between 

                LUMPECTOMY + axillary nodal dissection 

                Vs. MASTECTOMY (modified radical; ) 5yr local recurrence rates were 2.8% and 4.3% respectively 

2) Chemotherapy: 

– adjuvant chemotherapy reduced the relapse rate by 23.5% and the mortality rate by 15.3%.  
       (drug combination CMF(cytoxan, methotreaxate, fluorouracil))  

3) Radiotherapy: 

-Post-Lumpectomy treatment is IDENTICAL to the regime used for non-invasive cancers  

If necessary the irradiation extends to the lymphatics of the axilla and the supraclavicular region 

 increases the survival rate by 5 - 10%.  

PostMastectomy Radiation Therapy: 

 will decrease local relapses by 2/3;  

Most useful for pts with 4+ positive nodes 

 

MANAGEMENT OF ADVANCED STAGE BREAST CANCER 
Treatment for systemic disease is palliative in intent.  

Goals of treatment include improving quality-of-life and prolongation of life. 
Surgery may not be an option if cancer has  spread to bones, liver, etc.  

Palliative Radiation:  

30 Gy in 10#,  20Gy in 5#, 8Gy in 1# - APPLIED TO AFFECTED SITE 
Currently, the rates of survival with bone metastasis and radiation are 73 weeks for a solitary lesion and 34 to 48 weeks with 
multiple lesions. 

TAMOXIFEN is also a means of relief for metastatic ER +ve breast cancer patients with widespread 

systemic disease 

 

Prognosis 
Excellent if treated early and the tumour is small; declines depending on treatment and overall health 

 

Epidemiology 
– PEOPLE WHO PRESENT WITH LUMPS: 

– 30% have no disease 
– 40% have fibrocystic change 
– 13% misc benign 
– 7% fibroadenoma 
– 10% have cancer: 

– IN SITU = 15 - 30%  
– INVASIVE = 85 - 70% 
– Ductal 79%, lobular ~10%, everything else = 11% 

– most commonly upper outer quadrant (50%), slightly more commonly left breast (11:10) 
–  

Aetiology / risk factors: 
– SINGLE BIGGEST RISK FACTOR IS AGE 
– Breast cancer in family 
– Obesity 
– Previous breast cancer or endometrium cancer 
– Age of 1

st
 prenancy more then 30 yrs 

– Long reproductive life 
– Alcohol and Smoking 
 



RISK GROUPS: 
I: At or slightly above average risk   Lifetime risk: Between 1 in 13 and 1 in 8  

– no family history  
– a first or second degree relative diagnosed with breast cancer after the age of 50.  
– comprises about 95% of all women.  
– At most, these women have a risk increased by 50% over the general population.  

II: Moderately increased risk Lifetime risk: Between 1 in 8 and 1 in 4  
– One or more first or second degree relatives on the same side of the family with breast cancer, before the age of 

50 years.  
– comprises less than 4% of all women.  

III: Potentially high risk Lifetime risk: Between 1 in 4 and 1 in 2  

– (or higher if known to have inherited a breast cancer gene mutation. ) 

– have breast or ovarian cancer (including breast cancer in males) diagnosed in three or more first or second degree 
relatives on the same side of the family,  

– members of recognized high-risk cancer syndromes, such as Li-Fraumeni or Hereditary Non-Polyposis Colorectal 
Cancer. comprises less than 1% of all women.  

Pathophysiology / Pathology 
Cell biology: the cell cycle 

WELL BEHAVED CELLS: 
– need specific signals to undergo mitosis 
– quiescent while there is no signal  
– Require Survival factors while quiescent: else, Apoptosis 
– Require Anchorage 

Cell cycle Checkpoints are protected from instability: failed checkpoint = cell cycle arrest and apoptosis 
Positive signals for growth = PROTO-ONCOGENES 
Negative signals for growth = TUMOR SUPPRESSOR GENES 

THEREFORE:  ↓tumour-suppressor genes + ↑proto-oncogenes = cancer  
  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

ITS ALL ABOUT INHIBITING THE BAX PROTEIN: ↑p53 = ↑BAX = Apoptosis 
BAX:  
– goes into mitochondria 

– ↓mitochondria H+ potential 

– thus, ↓ATP production 

– thus, release of Cytochrome C and AIF ( Apoptosis Inducing Factor) 
– thus, caspase cascade – which results in endonuclease being expressed 
– ENDONUCLEASE shreds the DNA; thus, cell is dead. 

  
GROWTH FACTORS: 
Progression though this cycle is driven by cyclin-dependant kinases; G zero phase = loss of cyclin stimulus 

To exit G zero phase, cells need a cell-specific growth factor to trigger cyclin production 

PATHWAY:  
Hormone � membrane G protein � Kinase cascade (MAPKKK, MAPKK, MAPK)�Transcription factor for cyclin 
 
 
 
 
 

MITOSIS 

Are chromosomes 
separated? 
Attempts at repair 
or apoptosis 

G zero phase 
(quiescense) 

 

   G2 Phase 
 
DNA replication 
complete? 
NO= apoptosis 
 
 
Cell growth: 
appropriate size? 
No= apoptosis 

 

G1 phase 

Survival factors? 
None=apoptosis 
 
Growth factors? 
None= cannot 
progress to S phase 
 
Anchorage lost? 
=apoptosis 

S Phase 



ATTACHMENT/ANCHORAGE FACTORS: 
Integrin membrane proteins interact with extracellular matrix, and signal the cell to say that its still anchored via the 
Focal Adhesion Kinase � RAF � DNA POLYMERASE (needed for mitosis) 
BUT: Cells will not reproduce if ALL the surfaces are anchored (i.e. surrounded on all sides by other cells)  
 
SURVIVAL FACTORS 
– block apoptosis by inhibiting BAX 
– activate p13 kinase:  
– P13 regulates MDM2;  
– MDM2 shuttles p53 out of the nucleus: this means “Don’t Panic, all is well”  
 

DNA REPLICATION / DAMAGE FACTORS: @ G2���� M phase  
– Sensor proteins BIND TO DNA 
– In event of error they… 

– Activate kinases ATM and ATR 
– ATM and ATR phosphorylate p53 (this is the “PANIC!” signal) 
– p53 binds to DNA, drives transcription of BAX and AIF 
– p53 also drives transcription of p21 which inhibits CYCLIN; therefore = no command to grow 

 
HORMONAL INFLUENCES ON BREAST CANCER: 
 Factors which influence cell growth: 

– ENDOCRINE: circulate in serum, eg. estrogen 

– PARACRINE: local, secreted by neighbour cells eg. IFNα, fibroblast growth factor 
– AUTOCRINE:  secreted by the cell itself, into itself. 

MALIGNANT CELLS TEND TO LOSE THEIR RELIANCE ON ENDOCRINE GROWTH FACTORS 
(if every other checkpoint broke down, why not this one) 
ESTROGEN IN BREASTS:  

– Stimulates Growth and Development of female genitals and breasts during puberty 
– Promotes ductal cell development 
– Closes long bone growth plates 
– Reduces blood choloesterol 
– Inhibits calcium resorption in bone 

CONTROL OF ESTROGEN PRODUCTION: 
 

 
  GnRH (Gonadotropin Relesing Hormone)-via portal veins 

 
 
                  FSH (Follicle Stimulating Hormone) –into general circulation 
 

   In the ovaries: ESTROGEN is produced in response to FSH; out of Testosterone 

in males, produced by fat cells.     

 
PROPERTIES OF ESTROGEN: 
– Non-Water-Soluble (readily soluble in lipids) 
– In plasma, carried by SEX HORMONE BINDING GLOBULIN (SHBG) 
– Diffuses easily into the cell where it binds to Estrogen Receptor in the cytoplasm  

 
ESTROGEN RECEPTROS: two types: Alpha and Beta (ALPHA MOST IMPORTANT TO BREAST CANCER) 

– Receptors shuttle between cytoplasm and nucleus 
– Estrogen-bound form of receptor penetrates the nucleus via a nuclear pore, “docking protein” and then 

– DIMERISES 
– TRANSLOCATES 
– Searches for an Estrogen Response Element in the DNA with “zinc fingers” 
– Finding it, binds and immobilises 
– Switches on the production of growth factors 

THUS: IF a cancer is tested ER positive (or Progesterone Receptor, PR positive), 
 it will not grow if Tamoxifen binds the receptor 

TAMOXIFEN IS NON-STEROIDAL still allows some estrogen effects in the uterus because it permits some 
growth factor transcription. 

STEROIDAL ER blockers tend to have a TOTAL ANTI ESTROGEN EFFECT over the entire body 
 
 
 
 

HYPOTHALAMUS 

ANTERIOR  PITUITARY 

OVARY (follicles) 

TARGET TISSUE 



 
CANCER PATHOLOGY 
Benign:  
– will remain localised,  
– cannot spread to other sites,  
– composed of well differentiated cells that resemble closely their normal counterparts.  
Dysplasia:  
– disorderly, but non-neoplastic proliferation 
– loss in the uniformity of individual cells,  
– loss in their architectural orientation.  
– Dysplastic cells also exhibit pleomorphism and large hyperchromatic nuclei:  
– mitotic figures are again more abundant than usual.  

– When dysplastic changes are marked and involve the entire thickness of the epithelium, without 

invasion of the basal membrane, the lesion is referred to as carcinoma in situ 
Malignancy: 
– implies that the lesion can invade and destroy adjacent tissue and structures, and spread to distant sites (metastasise) 

Those composed of undifferentiated cells are ‘anaplastic’. 
Anaplastic cells: 
– display marked pleomorphism (large variation in size and shape).  
– Characteristically the nuclei are extremely hyperchromatic and large, and variable in shape  
– Mitoses are often numerous and atypical and anaplastic cells usually fail to develop patterns of orientation to one another. 

Cancers grow by progressive infiltration, invasion, destruction and penetration of the surrounding tissue, and 
do not develop well defined capsules. Next to the development of metastases, local invasiveness is the most 
reliable feature that distinguishes malignant from benign tumours 
METASTASIS: 
1. Seeding: where neoplasms invade a natural body cavity 
2.Lymphatic spread:  this is the favoured pathways of carcinomas 
3.Hematogenous spread: favoured by sarcomas, arteries are generally less penetrated than veins 
PATHOLOGICAL APPEARANCE: 
 MACROSCOPIC:  

– crab-like invasion pattern 
– “Claws” penetrate along connective tissue boundaries 

 (path of least resistence = common theme in cancer spread) 
– Calcified ducts, “pear-like” texture- like a cut fruit 
– Fibrous tissue is abundant 
– Fascial planes limit growth …for a while 

MICROSCOPIC: 
– Areas of great nuclear density of breast tissue- HYPERCHROMATIC 

SUBSPECIES OF BREAST CANCER: Microscopic Appearance and NOT ORIGIN dictates the name 
Below: ASPIRATION OF BREAST CELLS: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



INFILTRATING BREAST CARCINOMA 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
Breast carcinoma which has spread to lymph node 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SUBSPECIES OF BREAST CANCER: HISTOLOGICAL FEATURES 
DUCTAL CARCINOMA: 

– Papillary:  
– nuclei are hyperchromatic 
– cribiform pattern of fused papillae 
– monomorphic cells 
– scant stroma 
– no inflammation around tumour 

– Medullary: 
– Clusters of large polygonal cells 
– Abundant lymphoid infiltrate 

– Mucinous: 
– Small cells 
– Clumps surrounded by mucin 
– Surrounded by thin connective tissue 

– Tubular: 
– Well-differentiated but chaotic tubules 
– Absence of anaplasia 

 
LOBULAR CARCINOMA: 

– Hyperchromatic nuclei 

– Small cells in concentric circles around ducts 
 

Relevant anatomy: the BREAST    -is composed of: 
Lactiferous Sinuses (x 6-10) 
Lactiferous ducts (branches from sinus) 
Segmental Ducts (inside lobe segments) 
Terminal Ducts (inside lobules) 
Acini (sing. Acinus) which are the end of the line 
 
All segments are the whole breast 
All lobules are one segment 
 
Coopers ligaments may become pulled or 
distorted by the cancer: therefore you get 
dimpling, nipple retraction etc 
 
THE LYMPHATIC SYSTEM: 
– Removes excess extracellular fluid, particulate 

matter and proteins from tissue spaces- returns it 
to the blood  
(2/3rds of it from Liver and Intestines) 

– Abundant in exterior contact tissue 
– Limited in muscles, bones, fascia 
– None in CNS, bone marrow, avascular tissue 

Flow with valves but no pump: movement is 
actuated by muscle/body movements, massage 
etc.-  
PRIMARY FORCE = -ve pressure in the Thorax 
Av. Rate = 120 ml/hr 
ANYTHING BELOW UMBILICUS drains into 

INGUINAL NODES; 

ANYTHING ABOVE UMBILICUS drains into 

AXILLARY NODES 

ALL LYMPH eventually drains through the 
thoracic duct into the superior vena cava where 
it will return to the circulation.  
THE BREAST DRAINS…: 

– 75% ant. Axillary nodes  

(axillary tail, behind pectoralis muscle) 

– also supraclavicular, deep cervical 

nodes; contralateral breast, internal 

thoracic or mediastinal nodes and 

abdominal wall. 

 



Behavioural science ############################################### 
Dealing with the Diagnosis: 
Cancer usually comes as a shock.  

Cancer patients do not change dramatically,  
but rather go on coping in the same way that they have previously coped. 

(personality remains the same)  

THEREFORE If they have maladaptive coping patterns in the past, these tend to persevere. 

HOWEVER if they have been operating in the dominant and loving quadrant in the past, (see Tim 

Leary)   they tend to take responsibility for their illness and to find out about the illness. 

 

After diagnosis, many patients feel angry, frightened, and confused  

-blame themselves, stress, or environment for their "catching" cancer.  

Denial is a common reaction. 

Patients are strongly advised to seek psychological counselling or therapy upon diagnosis, as this has 

been shown to increase 5 year survival rates. Diagnosis and treatment are essential for the individuals to 

cope successfully with the disease. Otherwise, there is likely to be increased suicide risk, reckless and 

irrational behavior, and non-compliance with treatment 

* Average survival time for women in the support groups was 36.6 months.  (!!!) 

* Average survival time for women with no psychotherapy was 18.9 months 
(Within four years of the study, ALL of the women with no psychotherapy had died. Ten years after the study, two women who attended therapy 

groups were still alive!) 

– Post-diagnosis many people may have symptoms of anxiety and depression  

that may meet the criteria for Acute Stress Disorder (ASD).  

– Their fear and helplessness may lead to  

– dissociative experiences,  

– recurrent nightmares of first hearing the diagnosis,  

– avoidance of all references to cancer,  

– anxiety-related sleep problems,  

– irritability,  

– poor concentration, and  

– hypervigilance 

A strong support system is thought to bolster the immune system.  

In one study, women with terminal breast cancer who belonged to a support group  

lived twice as long as those who did not. 

Personality type has no impact on 5 year survival length, and neither does stress. 

ATHEISM seems to have a NEGATIVE IMPACT on cancer pt. survival 

 

Middle Adulthood:  
Stage 7 of Erikson’s eight stages (35-65 yrs):  
RESOLVES THE ISSUES OF  
- GENERATIVITY    (guiding the next generation) 

- vs. STAGNATION  (concern with own needs) 
-how this is resolved depends on personal strength to produce for and care for other people  
Erikson and Freud both admit that LOVE AND WORK are the major tasks of adulthood 
 

(McClelland) ���� MOTIVATION TO ACHIEVE: stable characteristic of personality:  

driven by DESIRE FOR POSITIVE AFFECTIONATE RESPONSES 

 

MASLOW THEORY: “Pyramid of Needs”- Ideal of SELF-ACTUALISATION 

Bottom: -  Biological needs (food, shelter) 

- Safety needs (desire to feel secure) 

- Love needs (belongingness, need to affiliate with others) 

- Esteem needs (desire to achieve goals and confidence in one’s own self) 

Top:    -     Self-Actualisation 

 

 

 



Self-actualisation means being 

- Fully Human 

- Capable of making choices 

- Choosing to grow 

- Awareness of who they are, what they are, what they like, what they don't 
like, what is good and bad for them, where they are going,  
and what their mission is  

- Ability to identify their use of psychological defences and have the 
courage to determine which are adaptive and maladaptive  

Mid-life crisis IS NOT a valid or useful way of thinking about how people progress through their life.  

  Crises are spread out throughout life; women in their thirties have more crises then in forties 

 
Relationships in middle adulthood  
Harry Stack Sullivan distinguishes three facets of the love relationship  

- Lust - the desire for sex.  

- Security - the component of a relationship which affirms and confirms the identity of the other person. 

Often when people are developing and seeking identity, they can be greatly helped by other 

individuals whom they respect and who are close to them and who affirms and help them confirm who 

they are.  

- Intimacy - as a deep, caring relationship that can be open, respectful, and supportive   

with an exchange of confidence 
in western societies, people think that all three facets of love can be found in one person, the marriage partner  

Timothy Leary:  circumplex model of interpersonal relationships 

(based on a statistical analysis of all the dictionary terms for interpersonal relationships.) 

Two main axes emerged:  

- dominant-submissive 

- hateful-loving 
in a relationship if there is dominance being expressed by one partner, then the other partner may have to 
be correspondingly submissive, 
…BUT not necessarily in every aspect of the relationship –  
the balance of power may vary in different situations and roles. 
Difficulties can arise when either both are submissive, or both are dominant most of the time.  

hateful-loving:  
people who advance a loving or friendly posture are more likely to elicit and invoke friendly, positive responses 
a hateful, attacking overture in relationships is more likely to arouse a pugnacious response in the other 
individual 
IN DISEASE, a patient may not be able to function in their usual role: eg. abandon their usual independence / 
leadership and become over-dependant 
THUS: identify how a patient is operating interpersonally, and to try to change their predominant interactional 
mode to suit their position better. 

 

Women, middle age and health  
 Personality and stress  

- In Australia, women live longer than men,  
- have higher rates of acute and chronic illness,  
- use health care services more frequently.  
strong evidence that various personality traits mediate stress reactions  
and correspondingly affect immune responses positively or negatively.  

Personal traits that help in stressful situations:  

- hardiness,  

- ability to confide in others,  

- ability to recognise and express feelings,  

- assertiveness,  

- complex multiple roles : 

(so that if one role "fails" another can be a source of satisfaction and self-esteem). 

 

 Women in traditional female areas of employment report more physical health problems  

-not merely poor women  

 



Major stressors reported by women include 

• managing home responsibilities  

• not receiving adequate emotional support or help from their partner  

• not having time to relax  

• anger and depression  

• low paying and unrewarding jobs  
THUS: determine personality traits, stress responses, levels of social support,  
- then assist with coping via cognitive and behaviour therapies 

 

Cognitive factors in adulthood  

 post-formal thought: sophisticated adult reasoning  

• New abilities  

• More concrete and pragmatic cognitive, less idealistic approaches  

• Being able to see relative relationships between classes of objects, not just absolute criteria  

• Being able to accept contradictions  

!!! INTELLECTUAL EFFICIENCY IS POSITIVELY CORRELATED WITH GOOD HEALTH !!! 

 the strongest independent predictor of health 

 

Genetics 
Breast cancer Prevalence Genes: BRCA-1 and BRCA-2; increase chances to 80% 

-about 1% of all breast cancers;  1 in 1000 women. THAT’S WHY WE DON’T SCREEN FOR IT 

 

Pharmacology  
Tamoxifen: 

Tamoxifen (Nolvadex®) is a medication in pill form.  

used as adjuvant, or additional, therapy following primary treatment for early stage breast cancer. 

 In women at high risk, tamoxifen reduces the chance of developing the disease. 

adding tamoxifen significantly reduced the incidence of all invasive and non invasive breast cancers at 

any site by 37%, 

Patients with hormone sensitive tumors who get chemotherapy combined with Tamoxifen should probably 

have the Tamoxifen held until after the chemotherapy is completed 

CHEMO: 
Currently considered standard chemotherapy: 

FAC (fluorouracil, doxorubicin, and cyclophosphamide; Six cycles of duration 18-24 weeks) or 

FEC (fluorouracil, epirubicin, and cyclophosphamide; six cycles of duration 18-24 weeks), or 

CMF (six cycles, duration 18-24 weeks), or 

AC (four cycles, doxorubicin and cyclophosphamide, duration 12 to 16 weeks) 

 
 
 



Cell cycle checkpoints

MITOSIS

Are chromosomes
separated?
Attempts at repair
or apoptosis

G zero phase
(quiescense)

   G2 Phase

DNA replication
complete?
NO= apoptosis

Cell growth:
appropriate size?
No= apoptosis

G1 phase

Survival factors?
None=apoptosis

Growth factors?
None= cannot
progress to S phase

Anchorage lost?
=apoptosis

S Phase
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MANAGEMENT STRATEGIES 
 
CHEMO: cisplatin alone or with fluorouracil 
 

 
 
 
 
 
 
 
 
 
 

Cervical Cancer: 85% are squamous cell, ~15% are adenocarcinoma    
 
 
 
 

 

Typical HPI: 
Middle age female 
Sexually active 
Smoker 
Not a fan of pap smears 
 

Past History 
HPV infection 
Sexually active 
Smoker 

 

- Abnormal vaginal bleeding (eg. after intercourse  
or between periods, or menorrhagia) 

- Abnormal (yellow, odorous) vaginal discharge  
- Low back pain  
- Painful sexual intercourse (dyspareunia)  
- Painful urination (dysuria)  
-  

 

Physical examination 
 
 

Pattern of Spread  
extrapelvic lymph nodes,  liver, lung, and bone 
 

Laboratory investigations Imaging investigations 
 
 

 
 

CHEST X-RAY 
- Staging for mets 

CT of abdomen, thorax and skull 
- Staging for direct extension, nodes and mets 

Bronchoscopy or Thoracoscopy 
- To aid in staging (biopsy sample microscopy) 

Needle Biopsy 
- Like bronchoscopy; small chance of pneumothorax 

Bone Scan 
- For staging  
 

FBC 
- Looking for evidence of anaemia from blood loss 
Liver Function Tests 
- Looking for metastasis to liver 
Kidney Function Tests 
- Looking for renal disease secondary to hydronephrosis 
Serum Electrolytes 
- Only what is to be expected with renal failure 
Colposcopy and Biopsy  
- Definitive diagnostic measure, together with  

visualisation and pap smear 
- Acetic acid wash stains DNA; �  white-staining cervix? 

Means you have CIN!  Can you see its upper limit? 
NO? �  excise the Os of Cervix; “cone biopsy” 
 

Staging            vs. survival 
1a = microscopic disease (CIN)     
1b1 = clinically visible but confined to cervix, <4cm 
1b2 = still in situ but > 4 cm 
2a = spread to 2/3rds of vagina but NOT perimetrium 
2b = speread to perimetrium but not sidewall of pelvis 
3a = all the way down the vagina but not pelvic wall 
3b = spread to pelvic wall and ureter 
4a  = spread to bladder  or rectum 
4b = distant metastasis 

 

Prognosis and follow-up 
Close monitoring of blood while on chemo and radiation; CT scans between every 2 cycles, check tumour burden 
Cytologic screening at three-month intervals for the first two years after treatment and Half-yearly thereafter 

- Constipation 
- blood in the urine (hematuria),  
- ureteral obstruction and thus 
- Back pain 
- Leg oedema 
-  
 

Screening any woman aged 18 to 70  
PAP smear: Most early changes detected, 90-95% accurate 
women after onset of sexual activity, or >age 20, should have a 
smear EVERY 2 YEARS 

 If positive, smears should be repeated every year. 
Women with ASCUS, ASC-H, or low-grade CIN should have 
repeat smears in 3 to 6 months and be tested for HPV.  
Women with high-grade CIN or frankly malignant Pap smears 
should have colposcopic-directed cervical biopsy. 

LOOK FOR  
- Weight loss 
- Anaemic pallor 
- Dehydration 
 
PALPATE FOR  
- Abdo mass 
- Lymphadenopathy 
- Hepatomegaly 
- Bony tenderness 

GYNAECOLOGY  
- Examine for signs of HPV infection 
- Bimanually palpate looking for 

masses, frozen pelvis, etc. 
- Visualise the cervix and focus on the 

transitional zone  
 
 
 
 

- Rectal exam ( for direct extension) 
 
 
 

96.3% 
96.2% 
85.1% 
74.6% 
70.8% 
46.5% 
47.2% 
23.5% 
16.7% 
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Colorectal Cancer                 
Typical HPI  
 

Past History  
 

Examination 
 

 

Laboratory Investigations  
 

Staging 
 

Management Strategies 
 
 
Dukes A 
 
Dukes B 
 
 
Dukes C 
 
 
Dukes D 
 
 
Palliative 
 
 

Follow-Up 
 

Chemotherapy 
 

Radiotherapy 
 

Surgery 
 

Over 40 y. o. 
Male  
Western 

  
 

 

Rectal Bleeding 
Change in bowel habit 
Incomplete emptying 
“pencil” stools 
Weight Loss 

 
 

  
  

Fever 
Abdominal Pain 
Constipation 
Distension + colic 
Bone pain 

Smoking, Alcohol, Dietary excess of animal protein and fat  
Family history of early onset bowel cancer, polyps, other cancers 
Sedentary lifestyle / lack of exercise / fluctuating weight + Obesity 
 
 

LOOK FOR:  
Jaundice 
Pallor 

Cachexia 
Previous surgery 
 

PALPATE FOR  
Mass 
Abdo distension 
Abdo tenderness 

Liver + Spleen 
Lymph nodes 
Hernia orifices 
Bony tenderness 

AUSCULTATE 
Heart sounds 
Lung fields 
Bowel sounds 

PELVIC EXAM- 10% are palpable 
Examine anus, rectum, perineum 
Look for ballooning + anal tone 
Blood on the glove? Haemorrhoids? 

 
 
 
 

NEURO EXAM  
Focal signs 
Increased ICP 
MMSE 

Faecal Occult Blood Test (FOBT) 
Must be performed 3 times 

Carcinoembrionic Antigen (CEA) 
To have a baseline before surgery 
BUT: 1) CEA is  also elevated in hepatic and pancreatic cancer 
         2) Low post-op CEA does not exclude recurrence  

Full Blood Count, Electrolytes, Biochemistry 
Pre-operative assessment,  Anaemia, hypercalcaemia, 
thrombocytopenia 

Liver Function Tests 
Mainly checking for metastasis 

 

? PT + APTT  
reasons for blood in the stool may be haemostasis disorder 

 

Histopathology of biopsy sample 
Histological subtype and degree of differentiation are necessary 
for decision-making in management.  

 

Imaging Investigations 
 Abdomen X-ray 

Looking for distended small bowel loops with gas, or bony disease 
Chest X-ray 

Looking for lung opacities, …for baseline  
Barium Enema 

Looking for site of obstruction, “Apple Core” appearance 
CT Scan of chest, abdomen &  pelvis 

Lymph  node involvement 
extension into adjacent organs 
metastasis to liver, kidneys, lungs, etc 

Proctoscopy, Sigmoidoscopy, Colonoscopy 
Gold standard: visualise lesion, take sample, snip polyps  

  

Trans-rectal Ultrasound 

 

Dukes: 
A- 
B- 
 
C- 
D- 

…Which risk category?… 

Limited to mucosa + submucosa  
 extends into the muscularis (B1),  
into or through the serosa (B2) 
 
Involves nodes  
 Is metastatic  
 

Mainstay of treatment 
Temporary colostomy unless FAP +ve  
( FAP = remove whole bowel) 
 

 
Limited use 
 
 

 
Limited use 
 
 

Remove primary cancer+ whatever 
tissue it adheres to. + temp colostomy 
Pathology � check margins clearance 
 

Should be offered –  
5FU + leukovorin   
 
 

Better rates of local control with 45/25 
(fewer recurrences over 5yr interval) 
esp. locally advanced disease 
 

 
 
 
 

Remove bowel + any involved nodes 
Colostomy or ileostomy   
 
 

Should be encouraged;   
improves survival   
 
 

Better rates of local control 
(fewer recurrences over 5yr interval) 
esp. locally advanced disease 
 

De-bulking surgery if appropriate 
Usually inoperable 
 

Palliate symptoms of metastatic 
spread; occasionally remission  
 

Control of bony met pain  
Alleviate effects of brain mets  
 

Oral pain control with MS contin, oral morphine; battery of analgesics (but don’t superimpose opiates) 
Bony met pain + neuropathy = controlled with tricyclics, Ketamine, anticonvulsants eg. valproate 
Key words: Dignity, comfort, daily activity assistance and counselling of  end-of-life decisions  
 

  

 

Bio 
Psycho 
Social  

Stoma specialist 
Counselling (esp. regarding sexuality, fertility) 
Psychiatrist 
 

Occupational therapist 
Genetic counselling 
Bowel Cancer Support network 
 

Dietitian 
Legal advice re. enduring 
guardianship, will etc 
 

DUKES A to C 
Regular and frequent occult blood or 
colonoscopy of remaining colon for 5 years 
Yearly FOB thereafter 
 

METASTATIC or HIGH-GRADE DISEASE 
CT scans every 2 months while on chemo, 
Regular follow-up until next recurrence 
 is identified  
 

PALLIATIVE 
 Regular monitoring of pain status and QOL, 
 with relevant alterations to management strategy 
 
 

Risk categories  
1 
 
2 
 
3 
 

No Hx, or one 1st or 2nd degree 
relative hand cancer after 55 y.o 
 
One 1st degree rel. before 55 y.o  
 or two 2nd degree rels of any age 
 
 
 

  
  

Identified mutation eg. FAP, HNPCC 
Multiple cancer Hx throughout family 
 

NHMRC doc cp64; eMedicine; Harrissons’; NIH website, “Cancer Medicine” 5th ed  

Pattern of spread  
Lungs, Liver, 
Brain and Bone 

Screening recommended for over 50s 

Digital Rectal exam + FOB  annually  
Double-contrast barium enema every 5 – 10 years  
Flexible sigmoidoscopy every 5 years 
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Lung Cancer: Small and Non-Small cell             
 Typical HPI: 
Between 55 and 65 
Male 
Smoker 
 

Past History 
Smoking 
Drinking 
Occupation 
 

- Cough  
- Sputum 
- Haemoptysis  
- Weight loss 
- Fever 
 

- Dyspnoea 
- Wheeze 
- Chest pain 
- Upper limb neuropathy 
- SVC obstruction 

Family history 
HIV +ve 

Resp. infection 

Screening  
with chest Xray and sputum 
cytology has not been shown to 
improve survival 
 

Physical examination 
 
 
LOOK FOR  
- Clubbing and nicotine nails 
- Respiratory distress 
- Cachexia, muscle wasting 
- Horner’s Syndrome 
- Upper body oedema 
- Stigma of emphysema 
-  

RESPIRATORY EXAM 
- Clubbing 
- Cyanosis 
- Wheeze +/- stridor 
- Reduced breath sounds 
- Pleural effusion 
- Pleuritic rub 
- Enlarged nodes  

GASTROINTESTINAL 
- Tender hepatomegaly 
MUSCULOSKELETAL 
- Bony tenderness 
CNS 
- Focal neuro signs 
- Raised ICP signs 
- Horner’s Syndrome 

Pattern of Spread  
Brain, Bone, Liver, Adrenal Glands 
 
Paraneoplastic Syndromes 

Inappropriate ADH: hyponatremia, 
elevated serum vasopressin 
Ectopic ACTH: weakness, weight loss, 
oedema, hypertension, hypokalemic alkalosis 

Laboratory investigations 
 
 

Imaging investigations 
 
 

 
 

CHEST X-RAY 

- Stereotypical stellate mass with mediastinal lymphadenopathy 

CT of abdomen, thorax and skull 
- To aid in staging (mets- particularly interested in ADRENALS) 

Bronchoscopy or Thoracoscopy 
- To aid in staging (biopsy sample microscopy) 

Needle Biopsy 
- Like bronchoscopy; small chance of pneumothorax 

Bone Scan 
- For staging  
 

FBC 
- Looking for immune suppression and anaemia ( in 20%) 
Liver Function Tests 
- Looking for metastasis to liver 
Kidney Function Tests 
- Looking for metastasis to adrenal glands 
Serum Electrolytes 
- Looking for elevated calcium from abnormal PTH or osteolysis 
- Low sodium of SIADH 
- Low potassium of ectopic ACTH 
Sputum Cytology  
- Simple histopathology diagnosis, but many false negatives 
PTH (parathyroid hormone) 
- may help to distinguish lung ca. from cancer of the pleura or 

other diseases. = paraneoplastic effect 
CEA (carcinogenic antigen)  
- specific for adenocarcinoma; use pre and post-operative levels 

to monitor success of resection or radiotherapy 
CYFRA21-1 (cytokeratin fragment 19)  
- a protein marker of lung cancer 
 

Staging 
TX - Positive malignant cytology results, no lesion seen  
T1 < 3 cm  
T2 > 3 cm  
T3 - Extension to pleura, chest wall, 
 diaphragm, pericardium, within 2 cm  
of carina, or total atelectasis  
T4 - Invasion of mediastinal organs 
Regional lymph node involvement (N) 
N0 - No lymph nodes involved  
N1 - Ipsi bronchopulmonary or hilar nodes   
N2 – Ipsi mediastinal or subcarinal nodes  
N3 – Contra  mediastinal, hilar, any sclav nodes  

Stage groupings 
IA - T1 N0 M0 
IB - T2 N0 M0 
IIA - T1 N1 M0  
IIB - T2 N1 M0 or T3 N0 M0  
IIIA - T1-3 N2 M0 or T3 N1 M0  
IIIB - Any T4 or any N3 M0  

IV - Any M1 

MANAGEMENT STRATEGIES 
 

 
IA, IB 
 
 
IIA 
 
 
IIB 
 
 
IIIA 
 
 
IIIB 
 
 
IV 
 

Surgery 
 
NSCLC Always where possible 
SCLC: very rarely do they present so early- 
 
NSCLC: Always where possible 
SCLC : very rarely do they present so early- 
 
 
NSCLC:  Always where possible 
SCLC: Not a candidate for surgery. 
 
 
NSCLC: Controversial- maybe not if N2 
SCLC: Not a candidate for surgery. 
 
 
NSCLC : Only for T4 N0 M0 
SCLC: : Not a candidate for surgery. 
 
 
NSCLC: Not a candidate for surgery. 
SCLC: Not a candidate for surgery. 
 

Chemotherapy 
 
NSCLC: poor response rate 15%-25% 
SCLC: adj combination chemo 
 
NSCLC: poor response rate 15%-25% 
SCLC: adj combination chemo 
 
 
NSCLC: adjuvant despite low response 
SCLC: adj combination chemo 
 
 
NSCLC: adjuvant despite low response 
SCLC: combination chemo 
 
 
NSCLC: adjuvant 
SCLC: palliative 
 
 
NSCLC: adjuvant 
SCLC: palliative 
 

Radiotherapy 
 
Alone if not resectable or postoperatively 

 
 
Curative intent if not resectable 
Or postoperatively 
 
 
Post-operatively, control micromets and 
nodes 
 
 
Post-operatively, control micromets and 
nodes 
 
 
Post-operatively, control micromets and 
nodes 
 
 
Palliative, to bony mets or for relief of  

SVC obstruction 

! Small cell is the more aggressive, 
more rapidly spreading  

Prognosis and follow-up 
Close monitoring of blood while on chemo and radiation 
CT scans between every 2 cycles, check tumour burden 
 
 

  
 

Non-Small Cell 
5 yr survival: 
Stage IA - 75% 
Stage IB - 55% 
Stage IIA - 50% 
 

Stage IIB - 40% 
Stage IIIA - 10-35% 
Stage IIIB - Less than 5% 
Stage IV - Less than 5% 
 

Small cell 
65-70% of patients with SCLC have 
disseminated disease at presentation 
localised = median survival 2 years 
disseminated = median survival 1 year  
5-year survival rate is less than 20%.  
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                  etastasis from an unknown primary  etastasis from an unknown primary  etastasis from an unknown primary  etastasis from an unknown primary                                                      
   History of Presenting Illness        

- Lump 
- Swelling 
- Abdominal distension 
- Hollow viscus obstruction 
- Weight loss 

- Bony pain 
- ABSENCE OF ACUTE SYMPTOMS  with an overall picture which makes you think “cancer”  

INVESTIGATIONS: you found mets. Now, where’s that primary?     
The goal of all this is to determine what type of  
cancer this is. THUS biopsy is what you want. 
Just an FNA is not going to do it- need more tissue… 

 DON’T OVER-INVESTIGATE. 
Extensive searching does not improve survival 

- FBC (leukaemia? Lymphoma?) 

- LFT (LDH? Lymphoma?)  

- EUC (raised urea? Tumour lysis syndrome?) 

- CHEST X-RAY 
- TUMOUR MARKERS: not too helpful ���� 

IMAGING with CT:     
If the histology turns out to be ADENOCARCINOMA, 

Do a CHEST, ABDO, PELVIS CT 
+ mammogram if pt. is female 

BONE SCAN: only if bones involved!     
Endoscopy if the symptoms warrant it 
Nasendoscopy if SCC histology and neck nodes 

…but then… 

     BIOPSY���� 

          Take a big sample: 
The more tissue the better 
 
 
 
 
 
 
 
 
 
 

 

median survival of 5-6 months.  
The overall 5-year survival rate is less than 10%.  
 

Take a FULL HISTORY with a systems review 
- Any hints at all as to where the mets came from 

COMMON TUMOUR MARKERS: 
All of them except PSA do not have sufficient sensitivity or 
specificity for use in screening 
 

- CA 27.29 Cancer Antigen:            BREAST 
monoclonal antibody to a glycoprotein (MUC1) that is present on 
the apical surface of normal epithelial cells.  

 

- Carcinoembryonic Antigen (CEA)       COLON 

an oncofetal glycoprotein, expressed in normal mucosal cells 
 

- CA 19.9 Cancer Antigen         PANCREAS 
an intracellular adhesion molecule, occurs in patients with  

 

- Alpha-foetoprotein  HEPATOCELLULAR 
the major protein of fetal serum,  

 

- Beta-HCG       GERM CELL TUMOURS  
the beta component of HCG  

 

- CA 125      OVARIAN CANCER 
a glycoprotein normally expressed in coelomic epithelium during 
fetal development. This epithelium lines body cavities and 
envelopes the ovaries.  

 

THE TRICK is to find an 
 easily treatable, curable primary-  
with the MINIMUM of investigations. 

MANAGEMENT: mainly supportive; lets be realistic- all is lost 
PAIN: the usual; just leave it to the Pain Team 
 Palliative Radiotherapy has a role 
NAUSEA: ondansetron, metaclopromide 
Anorexia: steroids improve appetite 
Depression: councelling, SSRIs, tricyclics 
Control the tumour burden with chemo. 
Control the neuroendocrine side-effects  

GUIDELINES FOR SPECIFIC PICTURES 
Women with Peritoneal Carcinomatosis 

Cut out as much as you can, and hit them with  
cisplatin. Its usually an ovary-based cancer 

Women with Axillary node mets 
Modified radical mastectomy +  hormonal therapy 

Men with PSA elevation  
Empirical androgen-blocking therapy 

SCC in the neck 
Surgical dissection of neck;  then –Radiotherapy 

Solitary met 
 Resection and radiotherapy  
Poorly differentiated carcinoma ( ? ) 

Hardcore chemo seems to improve survival, but its  
measured in months anyway. UNLESS: 
if histology identified it a Non-Hodgkins  
Lymphoma���� in which case its treatable  

EPIDEMIOLOGY of undetermined primary metastasis biopsies 
60% well-differentiated and moderately differentiated adenocarcinoma 
30% poorly differentiated adenocarcinoma or undifferentiated carcinoma  
5% squamous cell carcinoma  

5% poorly differentiated malignant neoplasm 

Its all just a 
prelude to the 

biopsy 

EMPIRICAL CHEMOTHERAPY 
Carboplatin + paclitaxol + etoposide 

Yes, Tumour Markers are Dirty and Inaccurate- but 
It is possible to track the progress of the tumour burden and 
assess the effect of the chemotherapy using tumour markers. 
Follow-up can include cancer antigen markers, chest x-rays, CT scans, etc. 
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ultiple Myelomaultiple Myelomaultiple Myelomaultiple Myeloma                                            
    HPI: classics of myeloma 
- Skeletal destruction  ����           BONE PAIN and SPINAL CORD COMPRESSION 
- Renal failure  ����     INCREASED THIRST from increased blood viscosity and high Ca++ 
- Anaemia   ����     LETHARGY,  FATIGUE and INFECTIONS  
- Hypercalcaemia ����           CONSTIPATION and  LOSS OF APPETITE      

  

Also seen with myeloma:          
- Bacterial infections; eg. PNEUMONIA due to depletion of normal immunoglobulins 

- Bleeding for Longer: paraprotein inactivates platelets by coating them 

- Flank + Loin pain from RENAL CALCULI due to hypercalcemia and hyperuricaemia 

- HYPERCALCEMIA SYMPTOMS: when Ca++ rises above 1.3 mmol/l  or so 

- Stones as above 

- Moans of the acute abdomen, eg. constipation, pancreatitis, nausea 

- groans of neuro involvement, eg. confusion, stupour, coma. 

- HYPERVISCOSITY SYMPTOMS: 

- BLEEDING out of everywhere, eg. nose, rectum, gums, menorrhagia 

- NEUROLOGICAL DISTURBANCE (“Bing-Neil Syndrome”) such as… 

- Vertigo 
- Hearing loss 
- Paresthesias 
- Ataxia 
- Headaches 
- Seizures 
- Retinopathy 
- Somnolence progressing to stupor and coma 

Physical Findings:           
APART FROM LOCALISED BONY TENDRENESS,  THERE ARE RARELY ANY FINDINGS. 

Related to anaemia: 
- pallor 
- tachycardia 
- shortness of breath 
- tachypnoea (Late stage) 

Related to immunological effects 
- Frequent infections 
- Easy bruising (petechiae) 

Related to glomerulonephritis 
- Polyuria 
- Polydipsia 
 

INVESTIGATIONS:            
FBC and blood film :  
for plasma cells and anaemia; ( normocytic and normochromic)  
 + “rouleaux formation”, RBCs congregated like stacked plates, a sign of hyperviscosity 

ESR will be raised  

Serum calcium, serum urate will be raised if there is bone lysis 

Urinalysis: look for the Bence-Jones light chain protein, and proteinuria in general. 
Serum Beta-2-microglobulin shouldn’t even be there in a normal pers 

Protein Electrophoresis: look for M component, a monoclonal globulin peak 

Bone Marrow Trephine looking for a plasmacyte infiltrate 
Skeletal Survey looking for a moth-eaten lytic pattern 

 

3 criteria to satisfy:  
1) Plasma cells filling up 10-15% of bone marrow  

2) Lytic lesions found with radiology 
3) monoclonal antibodies in urine and blood 
 

NORMAL BLOOD VISCOSITY = 1.8 
(water being the reference, = 1.0) 

These symptoms surface when it hits 5 
- the differentials of Immunoglobulins being 
40 g/L for IgM, 50 g/L for IgG, and 70 g/L for IgA. 
 

Related to bone lysis 
- Kyphosis from compression fractures 
- Bony tenderness 
- Spinal cord compression 

EXACERBATED BY MOVEMENT 

Beta-2- glob = 
Best marker of 
progression and 
disease activity 

MYELOMA PROTEINS: 
“Paraprotein” = abnormal Monoclonal 

Immunoglobulin; different in every patient. Also 
called The M component, for monoclonal. 
The Bence Johnes protein is purely light 
chains.   Beta 2 microglobulin is normally a 
component of the MHC class I molecule. 
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DIFFERENTIALS:          
(1) connective tissue disorder 
(2) chronic infection +/- osteomyelitis 
(3) skeletal metastases from different cancer 
(4)  osteomalacia or osteoporosis due to metabolic or endocrine dysfunction 
(5) other monoclonal gammopathies: 

Monoclonal Gammopathy of Uncertain Significance (MGUS) 
= “I Cant Believe Its Not Myeloma”  
= low levels of monoclonal Ig and NO PROTEINURIA OR BENCE-JONES PROTEIN  
=  usually no symptoms 
= very common, ~10% of people over 75 y.o.  
= median survival 2 years shorter than normal people without gammopathy 

Benign monoclonal gammopathy 
= “Myeloma Lite”;  
= low levels of monoclonal Ig and slight Bence-Jones proteinuria (< 10mg per day) 
= usually no symptoms 

Waldenström’s macroglobulinaemia 
=  elderly patients, no bone lysis, mainly IgM  

Localised myeloma (solitary plasmacytoma) 
= just like multiple myeloma, but not multiple.  
= Solitary lesion on skeleton somewhere, may be in paranasal sinus or nasopharynx 

POEMS syndrome: 
 P olyneuropathy 

  O rganomegaly 
  E ndocrinopathy 

 M onoglonal gammopathy 
 S kin changes 

= Atypical myeloma, with endocrine weirdness:  
- ORGANOMEGALY and PROGRESSIVE SENSORIMOTOR POLYNEUROPATHY 

- gynacomastia, amenorrhoea (due to hyperprolactinaemia) 
- hypothyroidism and diabetes in a minority of patients 
- plus, skin discolouration / thickening, finger clubbing,  

 

STAGING: depends on myeloma cell mass  
Stage I = ALL of the following =  

- Hemoglobin >10 g/dL  
- Serum calcium <12 mg/dL  
- Plasmacytoma to no lytic lesions on a skeletal survey  
- Low immunoglobulin production  
- ( IgG  <5 g/dL or IgA <3 g/dL) 
- PROGNOSIS = roughly 190 months 

 
 Stage II  
=patients are defined as fitting  
 into neither stage I nor stage III.  

PROGNOSIS = 11 to 54 months 

 

 Stage III  
patients demonstrate one or more of the following:  

- Hemoglobin <8.5 g/dL  
- Serum calcium >12 mg/dL  
- More than one lytic bone lesion on a bone survey  
- High immunoglobulin production  

(IgG >7 g/dL or IgA >5 g/dL) 

 

PROGNOSIS = 5-34 months. 
 
 

Natural Course of Multiple Myeloma 
long pre-clinical phase (years).  

- without treatment: decline to death 
- treatment: median suvival 2-3y 

 

epidemiology 
-2nd leading haemo cancer after NHL 
1% of all cancers (2% all cancer deaths) 
RISK FACTORS 
- age: elderly - median age of onset = 68y (rare <40y) 
- ethnicity: Black Americans, Pacific islanders 
- occupations:   farmers 
   petroleum workers 
   woodworkers  
   leather workers 

- radiation exposure 

WORSE PROGNOSIS IF: 

low Hb (<70g/L) Low platelets 
low serum albumin plasma cell leukemia 
Renal failure  High β2-microglobulin  
 

 myeloma types 
 characterized by Ig type: 

 IgG = 60-70% 
 IgA = 20% 
 

  it may also produce  
  incomplete  globulins,  i.e  
  just the light chains 
  = these are the  

 “Bence Jones” proteins    

 



MANAGEMENT: indicate when Ig rises to over 50 or progressive bone lesions develop  
!! about 10% of multiple myeloma  
patients will have a very slow  
indolent course, so its best to 
wait before resorting to hideous 
cytotoxic drugs 

SOLITARY PLASMACYTOMA? � shoot it with 40 Gy of radiation 
radiotherapy = prolonged disease-free survival 

 
Apart from that… VAST MAJORITY REQUIRE INTERVENTION: 

Systemic Chemotherapy: for stage II or III 
 
Intermittent pulses of 

Melphalan (nitrogen mustard, old-school alkylating agent; it cross-links two  
DNA strands and thus prevents replication. Acts against both resting  
and dividing tumour cell. Normal range of side-effects.) 
…OR 

Cyclophosphamide (not in itself an alkylating agent, this one gets  
metabolised into acrolein and phosphoramide, which are the active  
alkylating forms and which also cross-link DNA like melphalan) 
…OR  

Chlorambucil (ancient alkylating agent from the 1950s; close relative of  
melphalan and with many shared features.) 

 
…AS WELL AS 

 
Every 4 to 6 weeks, taking 4-7 days of simultaneous 
Prednisone (converted into Prednisolone in the liver, it induces apoptosis  

in white blood cells. Little mineralocorticoid effect). 
 
Best practice seems to be: 

9mg/m2  Melphalan (alkylating agent) + 100mg Prednisone on days 1-4 

repeat at 4-6wk intervals for 1 year 
60% have good response = 50% reduction in paraprotein 
3% get complete remission = no paraprotein on immunophoresis, normal marrow 

Supportive Symptomatic Care: 
 

BISPHOSPHONATES 
- relieve bone pain, slow advancement of bone disease, reduce fractures 

GROWTH FACTORS- for normal haematopoiesis 
ANTIBIOTICS 
ORTHOPAEDIC AIDS 
PAIN RELIEF- medications / local radiotherapy 

 
 
 
COULD ALSO TRY AN ALLOGENEIC STEM CELL TRANSPLANT    

- need prior total body irradiation ± chemo 
up to 60% achieve complete remission, 30-50% are disease-free 3-6y after transplant, 20% mortality 

best response when  younger than 60 & responsive to chemo  
(thus, most patients with multiple myeloma are not suitable) 

SIDE FX  - graft vs host disease, infection of chronic immunosuppression 
 
 
 
 
 

Normal Ranges of Immunoglobulins 



GOT RASH? 
Its probably just a  
non-infectious 

DERMATITIS 

…WHAT AM I DISCHARGING? 
Normal: clear + white or transparent 
White curds = Candida fungus 
Purulent = pelvic inflammatory disease 
Malodorous = Gram negs or Protozoa 
Foamy + stinky  = Gardenella 

Foamy + yellow or Grey-green =  

= Trichomonas 

Profuse thin grey-white nonclumping  
=  BACTERIAL VAGINITIS 

 

Vaginal Discharge is 
usually NOT a Sexually 
Transmitted Disease: 
Instead, a natural flora 

imbalance eg. after antibiotics. 

(A.K.A. bacterial vaginosis) 

Cervical Discharge is  
ALMOST ALWAYS A 

SEXUALLY TRANSMITTED 
INFECTION 

CHLAMYDIA: 
Commonest cause of discharge in 

Australian women 

ixÇxÜxtÄ W|áxtáxixÇxÜxtÄ W|áxtáxixÇxÜxtÄ W|áxtáxixÇxÜxtÄ W|áxtáx                                
Angela Milton is a 16-year-old female who presents after having three weeks of increasing vaginal discharge. She mentions she was feeling 

quite nervous about having an internal examination as she had never had one before and friend had told her "how awful it was".  

History of Presenting Illness: NON SPECIFIC (ALL VD CAN LOOK ALIKE ) 
- Painful menstruation (dysmenorrhoea) 
- Great volumes of menstrual blood (menorrhagia) 
- Vaginal Discharge: WHAT TYPE: examine closely ���� 
- Genital Ulceration, itching, desquamation 
- Pain on Intercourse 
- Pain on Urination 
- Warts or growths 
- Some sort of TERRIBLE SMELL (anaerobic nitrosamides) 
- Painful sore joints (SARA arthritis, usually chlamydia) 

- Some kind of INFESTATION (eg. lice) 

Differential Diagnoses         
Candidiasis (Candida albicans)  
* Trichomoniasis (Trichomonas vaginalis)  
* Bacterial vaginosis (Anaerobic organisms)  
* Gonorrhoea (Neisseria gonorrhoeae)  
* Chlamydia (Chlamydia trachomatis, serovars D-K)  
* Genital herpes ( 
Primary syphilis (Treponema pallidum)  
* Donovanosis (Calymmatobacterium)  
* Chancroid (Haemophilus ducreyi)  
* Lymphogranuloma venereum  
(LGV) (Chlamydia trachomatis, serovars L 1-L3)  
* Genital warts (Human papillomavirus  
- commonly types 6 and 11) - (HPV)  
Molluscum contagiosum (Pox virus)  
* Scabies (Sarcoptes scabiei)  
* Pubic lice (Phthirus pubis)  
* Dermatitis (eg: contact) is  
the commonest cause of genital rashes  
* Fungal (mainly Candida albicans )  
* Secondary syphilis (Treponema pallidum)  
Disseminated gonococcal infection (Neisseria gonorrhoeae) 
 * Primary HIV infection (seroconversion illness)  Kaposi's 
sarcoma (AIDS)  
* Reiter's disease (non-gonococcal arthritis or sexually 
acquired reactive arthritis (SARA)) 

*Chlamydia 
trachomatis  

* Gonococcal 
arthritis (Neisseria 
gonorrhoeae)  
* Pelvic 
inflammatory 
Disease (PID) 
(Chlamydia 

trachomatis or 
Neisseria 
gonorrhoeae)  
* Epididymitis 
(Neisseria 
gonorrhoeae, 
Chlamydia 
trachomatis)  

* Jaundice 
(Hepatitis A, B, or C) 

Pertinent Findings on History          
- Sexual history all-important! 

- Contraceptive use :  
- describe HOW and WHAT is used;    

WHAT they did, HOW LONG AGO, etc; ���� PLUS DETAILS OF HYGIENE 
- Date of 1st period 
- Regularity of periods henceforth 
- Previous pregnancies 
- Last PAP smear 
- Past infections of the urinary tract 
- DRUG and ALCOHOL HISTORY  

-  
-  

 
 

ASK FOR A HISTORY OF SEXUAL CONTACTS: 
Public health responsibility = notify + treat them all 
its not the number of partners, but the quality (risk category) of the intercourse 

These are NOT DISEASE-SPECIFIC !! 
NEVER diagnose on discharge alone!! 

Common CERVICAL 
 pathogens: 
- Gonorrhoea 
- Chlamydia 
 

Common VAGINAL 
 pathogens: 
- Candida 
- Bacterial 

vaginosis 
- Trichomonas 

 

Herpes virus is EXTREMELY 

VULNERABLE to simple soap 

ALSO NEED TO KNOW: 

Age of first intercourse 
Sexual preference (? High risk practices?) 
Other partners: did they have multiple partners? 
Had sex outside Australia? (STD risk countries) 
History of sexual assault? 

put together by Alex Yartsev: Sorry if i used your images
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SCREENING THE ASYMPTOMATIC PATIENT: a ROUTINE WORK-UP 
Testing the “At Risk” population:  

Findings on Examination           
- TEMPERATURE (!!) 
- Abdominal tenderness 
- OBSERVE the external genitalia and TAKE A SPECULUM SPECIMEN OF 

ENDOCERVICAL MUCUS and of whatever else that seems interesting 
- the OS OF CERVIX: Discharge? Ulceration? Contact bleeding? 

- Cervical Motion Tenderness + BILATERAL ADNEXIAL TENDERNESS 
- Big question: how far north has it spread? 
-  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tests and Investigations           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Explain embarrassing procedure in detail!! 

Must consider local disease epidemiology 
Target the tests to what is prevalent eg. Chlamydia in Australia  

MALE: 
Gram stain swab of urethral discharge.  
CULTURE THESE MICROBES:  

- Neisseria gonorrhoeae (NG) : 

- Chlamydia trachomatis (CT),  

 

 

Rectal & throat swabs for NG and/or CT as 

indicated by sexual behaviour.  

 

 FEMALE:  endocervical swab 
Gram Stain,  MICROSCOPY + CULTURE these microbes: 

- Neisseria gonorrhoeae  

- Chlamydia trachomatis  

- Trichomonas vaginalis  

- Bacterial vaginosis 

- Candida fungus 

Rectal & throat swabs for NG and CT as 

indicated by sexual behaviour.  

Cervical Pap smear as indicated.  

 
ROUTINE  SEROLOGY  FOR  BOTH  SEXES: 
Syphilis (possible screening tests include RPR, VDRL, ELISA, TRUST, TPHA),  
Hepatitis B (anti Hbc; anti-HBs and HbsAg as indicated, Hepatitis C - anti-HCV - and Hepatitis A - anti HAV, as indicated). 

HIV (anti-HIV).  
The role of accurate serological tests for HSV-1 and HSV-2 in screening for genital herpes infection 

is not yet well defined.  

 

KOH 

whiff test 

+ pH! 



 

Presentations  Causes  Investigations  

Urethral 
discharge / 
dysuria 

NG ; CT; T. vaginalis  
Mycoplasma genitalis  
Ureaplasma urealyticum  

Gram stain swab of urethral discharge.  
Detection of NG and CT by culture of urethral swab, or NAA of 
sample of urine or urethral swab.  

Vaginal 
discharge 

NG  
CT  
T. vaginalis  
C. albicans  
bacterial vaginosis (BV)  

Vaginal pH and "whiff" (KOH) test of vaginal fluid can be useful 
bedside tests to help diagnose candidiasis and BV.  
Vaginal swab for wet mount microscopy & gram stain for diagnosis 
of trichomoniasis, candidiasis and BV and culture / NAA as 
indicated.  
Endocervical swab for gram stain & culture/NAA for NG and CT 
(urine & vaginal samples can be used for NAA).  

Genital  
Ulceration 

Herpes simplex virus  
1 syphilis ( T. pallidum )  
chancroid ( H ducreyi )  
donovanosis ( C. granulamatis ) 
lymphogranuloma venereum ( C 
trachomatis serovars L1-L3)  

Dark ground microscopy & serology for syphilis; culture or 
antigen detection from swab of lesion for HSV; gram stain and 
culture for chancroid; Chlamydia test for LGV and serology; biopsy 
and histopathology for Donovanosis. 

Lower Abdo  
Pain 

Pelvic inflammatory disease:  
NG, CT, others  

tests for gonorrhoea and chlamydia (as above in STD screen)  
pelvic ultrasound, laparoscopy as indicated  
Exclude ectopic pregnancy using a pregnancy test  

Swollen 
testicle 

Epididymitis (NG, CT, urinary 
pathogens eg. E. Coli )  

Tests for urethral NG and CT  
Scrotal ultrasound: Exclude torsion of the testis  

Genital lumps Human papillomavirus (HPV) 
Molluscum contagiosum 

Clinical; biopsy if atypical 

Conjunctivitis NG; CT  Culture / NAA from conjunctival swab 

Genital 
infestations 

Scabies (Sarcoptes scabei)  
Pubic lice (Phthirus pubis)  

Clinical  
microscopy (low power)  

Arthritis Reiter's disease (non-
gonococcal arthritis or 
sexually acquired reactive 
arthritis (SARA) (CT others)  
Gonococcal arthritis (NG)  

Culture / NAA for urethral, throat or rectal NG and CT  
Culture / NAA for NG, CT from joint aspiration as indicated  

Rashes C. albicans; T. rubrum  
2 ° syphilis,  NG; CT; HIV  
Kaposi's sarcoma  
genital dermatoses  

Culture for fungi  
Serology for syphilis and HIV  
Culture / NAA for NG, CT from skin lesion as indicated  
Biopsy as indicated  

 
 
 
 
 
CONTACT TRACING -  “Partner Notification”      
relevant contacts are mainly those people that the index case has had sex with during the infectious period.  

YOU DIAGNOSE IT = YOURE RESPONSIBLE: DUTY TO WARN 

But also confidentiality agreement: THUS rely on patient to agree with you; “yes, those people should be told, Doc” 
� GET THE PATIENT TO DO IT! OR… It can be done by anonymity-preserving phone call from 3rd party 
THUS ���� MAKE A REFERRAL TO AN APPROPRIATE HEALTH SERVICE ���� FOR SCREENING + TREATMENT 

OBJECTIVES OF CONTACT TRACING:          

 

 

TESTS and INVESTIGATIONS:          

IN SHORT:                        !! MAKE SURE ITS NOT PREGNANCY!! 

Any discharge requires       Swab, culture, microscopy and gram stain 
Any ulcers or rashes:    Viral + syphilis antibody serology 
Any abdo pain, swelling anywhere:   Ultrasound + ? Laparoscopy 

a) to interrupt the transmission of infection;  
b) to identify people with an infection who may benefit from treatment;  

 

c) to provide counselling to affect behaviour change; and  
d) more generally, to identify and reach populations at risk. 

 You 
 can 
 use 
 PCR  
 



CONTACT TRACING PRIORITIES: basically, everything high except for herpes and warts 
Condition  Priority  Rationale  

AIDS/HIV 

infection 

Medium 

 for gay men 

Known partners are traced but targeted education and 

screening are more important for this population 

 High 

for all others 

Low prevalences reduce awareness among other populations 

increasing the importance of contact tracing. 

Chlamydial 

infection 

High Most infected contacts are asymptomatic, curable, and at 

risk of serious complications. 

Genital herpes Low While regular partners may benefit from counselling, there 

is limited direct benefit in assessing asymptomatic contacts. 

Genital warts Low As for genital herpes 

Gonorrhoea High Contacts usually asymptomatic, curable, and at risk of 

serious complications. Often a HIV risk marker. 

Hepatitis B High Contacts usually asymptomatic, can be protected by 

vaccination, and are at risk of serious complications. 

Pelvic 

inflammatory 

disease 

High Most male partners have sub-clinical non-gonococcal 

urethritis. Repeat infection for the woman has serious 

consequences. 

Syphilis High As for Gonorrhoea 

 

Management            
CHLAMYDIA      
    use either DOXYCYCLINE 100mg bd for 7-10 days 
    or   AZITHROMYCIN 1g single dose 
    if that fails, attack with ERYTHROMYCIN 500 mg for 14 days 

GONORRHOEA     
!! Neisseria Gonorrhoeae QUICKLY ADAPTS TO ANTIBIOTICS    

    CEFTRIAXONE 250 mg intramuscular single dose,  
        OR CIPROFLOXACIN 500 mg oral single dose 

CANDIDIASIS      
its only fungus- use TOPICAL CLOTRIMAZOLE or ECONAZOLE 
   ORAL  KETOCONAZOLE or FLUCONAZOLE 

BACTERIAL VAGINOSIS   
     its only stinking anaerobes: METRONIDAZOLE 2g orally single dose  

HERPES       
   VALACYCLOVIR 500mg bd for 5-10 days 
   ACYCLOVIR 200mg 5 times a day for 5 – 10 days  

Patients with repeated recurrences will need suppression therapy 

GENITAL WARTS   (HPV) 
Burn, freeze, chop  or electrocauteriuse the wart. Recurrence in 60% 

SYPHILIS      
DOXYCYCLIN or  PENICILLIN intramuscular for 10-14 days  

BIZARRE TROPICAL DISEASE  
Most tropical infections respond to AZITHROMYCIN 

 
 
 
 
 

AZITHROMYCIN IS THE V.D. KING!! 
   = a Macrolide; (interferes with protein synthesis) = sequestered in leucocytes and   
   therefore available at the site of infection in higher concentrations than serum levels. 

 



 THE PREGNANCY TEST: 
Trying to detect the B subunit of the 
HUMAN CHORIONIC GONADOTROPIN 
(placental hormone; v. specific ) 
As blood or protein can interfere with the 
result of the urinary test, the blood test is 
used in the emergency situation; 

 Blood test works 7-10 days after conception 
 Urine test takes 4 weeks to work 
 

Epidemiology + Public Health Issues of Sexual Transmission   
Probability of transmission:  

HPV    >60% 
T. pallidum  20-50% 
N. gonorrhoeae 20-50% 
HIV               <1% 

Efficacy of condoms:       
HIV infection                  > 90% 
Gonorrhoea                  > 90% 
Chlamydial infection        > 90% 
Hepatitis B                  ? > 90% 
Syphilis                  ? 50 - 90% 
Genital herpes               ? 20 - 50% 
Genital warts                  ? 20 - 50% 
Hepatitis A                    0 

 
 
 
 

LOWER ABDO PAIN: is it pregnancy? PREG. TEST IS MANDATORY   
���� Pregnancy related causes of pain include 

miscarriage (threatened, incomplete, complete or septic),  
Rupture or haemorrhage of  the corpus luteum in the ovary  
Ectopic pregnancy, where the conceptus is implanted outside the uterus 
untreated ectopic pregnancy = catastrophic intraperitoneal haemorrhage if  
the placenta invades a blood vessel. 

 

���� Its probably pregnancy if there is 
- amenorrhoea  
- breast tenderness 
- urinary frequency 
- morning sickness 
- History of unprotected sex 
 

 Non pregnancy related causes of pelvic 
pain,   classified by structure: 

1. ovarian - cyst (benign or 
malignant), infection, haemorrhage into cyst, torsion of enlarged ovary. endometriosis 
(endometrial tissue within the ovary), rupture of a cyst as occurs at ovulation (usually pain 
is limited to 1-2 hours  

2. tubal - infection/inflammation  
3. uterine- endometritis, degenerating fibroid, prolapse, period pain (dysmenorrhoea)  
4. vaginal - infection/inflammation eg precipitated by foreign body (retained tampon)  
5. peritoneum - infection/inflammation, endometriosis, carcinomatosis, ?pelvic congestion  
6. bowel - constipation, infection, inflammatory bowel disease, irritable bowel, prolapse  
7. bladder - infection/inflammation, prolapse  
8. referred pain - eg: from thoraco-lumbar spine  

 

 

 

 

 
 
 

STRATEGIES FOR CONTROL: 
- Reduce transmission efficiency 

Eg. barrier devices, pre-exposure prophylaxis 
- Reduce number of new sexual partners 

Eg. Sex education in schools,  
safe sex messages, 
its illegal to sell alcohol in brothels 

- Reduce duration of infectiousness 
Contact tracing, routine screening, education of 
the public in regards to early symptoms  

 

ITS NOT YOUR NUMBER OF PARTNERS: 
ITS THEIR QUALITY eg. where have they BEEN?? 
But most people are MONOGAMOUS anyway 

You are at GREATER RISK if you are 

on the RECEIVING END of intercourse 



YOUNG PEOPLE AND HEALTH BEHAVIOUR: another Susan Hayes pearl  

Health behaviour =  
1) the actions people directly engage in to enhance or protect their health, e.g. vaccinations 
2) the actions people avoid in order not to harm their health e.g. not smoking 

HEALTH BEHAVIOUR IS INFLUENCED BY YOUR HEALTH BELIEFS: 3 theories 
health belief model,  

people will engage in health behaviour when  
a) they believe they are susceptible to an illness,  
b) they believe that the consequences of an illness are severe, 
c) they believe that the benefits outweigh the costs of enacting the behaviour,  
d) they are cued to action e.g. they experience symptoms, they are socially 
influenced to act or health education campaigns prompt them to act,  
e) they are motivated or ready to be concerned about health matters. 

health locus of control construct 
if you believe that you’re in control, you will do something to improve your health. 
If you believe that your health is not under your control, why bother? 

and self-efficacy theory. 
Its just the above two theories plus the belief that you are ABLE TO DO 
SOMETHING ABOUT YOUR HEALTH (optimistic self-belief) 

 

 

 

 

 

 

 

 

 

 

 

CONFIDENTIALITY and age of consent       
When not to respect confidentiality: 

- reporting child abuse or neglect 
- public health safety (eg. ebola or HIV) 
- when the patient consents to it 

WITH ADOLESCENTS: you can dob them in to their parents ONLY IF: 
- Its in the greater interest of the young person (or their parents) – eg. risk of infection 

- OR if the parents will be responsible for health care decisions on their kids behalf  

YOU DO NOT NEED TO TELL THE PARENTS IF: 
- The teenager will UNDERSTAND YOUR ADVICE 
- The teenager cannot be persuaded to tell them him/herself 

- The teenager’s best interests involve the parents not knowing (eg. threat of abuse) 
CONSENT: 4 bodies who can give consent for a minor: 

(a) a parent of the child 
(b) a person to whom the parent has given the right to give consent  
(c) a legally appointed guardian of the child,  
(d) a court with the appropriate jurisdiction to make such a decision 

EXCEPTIONS TO THIS RULE:           

- Emergencies where you cant delay lifesaving treatment 

- Over 14s can consent to non-serious treatment (provided they understand it) 

- Special procedures (eg. tube ligation, addictive non-cancer drugs, )  

= need green light from Supreme Court 

70-90% of young people in Western countries see a health service at least once a year. 

GIRLS MORE OFTEN THAN BOYS 
OLDER MORE OFTEN THAN YOUNGER 
young people will not use services if:  
a) they believe the doctor will not maintain confidentiality  

and in particular may tell their parents about the consultation,  

b) they think the doctor will be judgmental and not respect their wishes,  

c) they are embarrassed about their presenting condition  

(female adolescents express a strong preference for female doctors in sexual health matters). 

 

YOU DO NOT TELL ANYTHING  
TO THEIR FAMILY, EVER !! 



EMBRYOLOGY OF FEMALE GENITALIA: in simple steps    
1. Primordial germ cells ( proto-spermatogonia and oogonia) @ wall of yolk sack 
2. 3rd - 4th week: amoeboid migration into the mesoderm 
3. End up near the developing spinal column 
4. WAIT FOR THE RIGHT GENE: Y-chromosome means Sertoli cells + Leydig cells 

Sertoli cells secrete anti-Mullerian hormone 
Leydig cells make Testosterone 
Anti-Mullerian Hormone + Testosterone ���� 

���� differentiation of genitalia into scrotum + penis 
5. BUT!! No chromosome Y, no Anti-Mullerian Hormone, no testosterone… 

���� the gonads will be female! 
6. The ova will then divide like crazy ( seven million @ mid-gestation) 
7.  SIXTHS WEEK OF GESTATION: paired ducts  

Mesonephric (Wolffian) + paramesonephric (Mullerian) ducts 
 
 
 
@ week 12: boys + girls still looks the same externally 
in presence of maternal estrogens, the folds around the urogenital opening differentiate  

- Clitoris develops from the genital tubercle (by slight elongation)  

- Labia minora develop from the genital folds (by remaining separate)  

- Labia majora develop from the genital swellings (by enlarging greatly)  

- Vestibule develops from the lower most part of the urogenital sinus.  

In the male: 
- the genital tubercle enlarges to form the penis,  
- the urethral folds fuse on the ventral side of the penis to form the penile urethra 

- the genital folds fuse to form the scrotum. 
 

 
 
 
 
 
Pelvic Inflammatory Disease: anything from the uterus up   
IN AUSTRALIA ���� CHLAMYDIA MOST PREVALENT 
= endometritis 
= salpingitis with scarring of the inner and or outer linings,  
= tubo-ovarian abscesses 
= peritonitis  
= adhesions at liver capsule (Fitz-Hugh Curtis Syndrome)  
= peri-appendicitis. 
SEQUELAE: sub-fertility, ectopic pregnancy, chronic pain, 
   

 

 

 

 

DEFINITIVE DIAGNOSTIC CRITERIA: Endometrial Biopsy, Trans-vaginal Ultrasound and Laparoscopy. 
Screening individuals with high risk factors for chlamydia has shown to be beneficial in preventing chlamydial PID. 
This would include young women, and women with new partners or any new symptoms. 
 

GIRL IS THE DEFAULT 

SETTING FOR A BABY 

Wolffian  duct = Everything female except  
the lowest two-thirds of the vagina 

Moral of the story: 
- We are all female by default until the Y chromosome interferes 
- The development of one set of gonads inhibits development of the other 

- WOLFFIAN vs MULLERIAN ducts: week SIX 

- External gonads: WEEK TWELVE 

Two peaks of incidence: 
YOUNG SEXUALLY ACTIVE WOMEN  
- Get cervix infected, then PID in days or weeks 
ANCIENT CRONES 
- Normal anaerobes, not STDs  

� tubo-ovarian abscesses 

CLINICAL DIAGNOSTIC CRITERIA: 
- lower abdominal pain (of less than 3 weeks), 
- lower genital tract infection,  
- cervical motion tenderness  

and at least one of  
1. raised ESR,  
2. raised temperature  
3. palpable mass. 



 



PATHOGENESIS of Chlamydia and Pelvic Inflammatory Disease  
 
INTRODUCED BY INTERCOURSE 

Chlamydia 

Trachomatis 

A, C, ���� endemic trachoma, blindness 

Serotypes: 

D, K ���� typical STD, + conjunctivitis 

L1-3  ���� Lymphogranuloma Venereum 

ELEMENTARY BODY: 
 metabolically inactive form; 
Gram negative (i.e there is an LPS wall but 
NO PEPTIDOGLYCAN); a UNIQUE 

STRUCTURE which prevents phagocytosis  

Attaches to Sialic Acid Receptor � 

ENDOCYTOSIS into 
SQUAMO-COLUMNAR MUCOSA 

- EYES 
- THROAT 
- GENITALS 

   Surface Antigen prevents   

     fusion with lysosome  
GLYCOGEN   
  induces 

“germination” 

GERMINATES into 
“Reticulate Body”  
Then: BINARY FISSION 

 every 2-3 hrs 

 UNTIL about 100 to 1000  

EXOCYTOSIS out of cell 
=return to elementary body form 

HUMOURAL IMMUNITY: 
Antibodies form against a 
57kD Heat Shock Protein  

INFLAMMATION  

@ external os of cervix 
+ conjunctiva or anus 

DISCHARGE 
of exudate 

? cross-reactivity with  
human self antigen ? 
? propulsion up the  
genital tract?  

- SALPINGITIS 
- PERITONITIS 
- ADHESIONS 
OF HEPATIC 
PERITONEUM 
(Fitz Hugh 
Syndrome) 

-   

6-8 hours 
of metabolic 
inactivity 

24 hours 
of germination 

7 to 21 days of 
incubation 

Months until 
complications; 
 
If untreated, 
YEARS OF 
INFECTIOUSNESS 



Congenital Heart DiseaseCongenital Heart DiseaseCongenital Heart DiseaseCongenital Heart Disease                                    
History of Presenting Illness          

- The kid will present with some sort of genetic SYNDROME 
- Poor weight gain, like FAILURE TO THRIVE  
- Slow to feed (duration for a complete feed - approximately 1 hour).  
- Sweaty and breathless 5-10 minutes from commencing 

feeding resulting in "rest" pauses.  

Findings on History            
Will want to know OBSTETRIC HISTORY: 

       What did the mother do?  
SMOKING / ALCOHOL / DRUGS? 

Mother’s AGE (most important risk factor) 
 

 

Differential Diagnoses            
- Neonatal Sepsis  
- Pneumonia  
- Inborn Errors of Metabolism  
- Structural heart disease  
- Myocarditis  

- Dilated Cardiomyopathy  
- Supraventricular Tachycardia  
- Hypoglycemia  
- Neurologic and Hematologic causes  

(much less common)

 
Findings on Examination           
A. Skin Color (cyanosis)  
B. Signs of Respiratory distress  

1. Grunting  
2. Tachypnea  

C. Difficult feeding precedes Congestive Heart 
Failure  

1. Term infant parameters  
a. Prolonged feeding longer than 40 

minutes  
b. Less than 2 ounces per feeding  

2. Distress signs provoked by feeding  
a. Tachypnea  
b. Diaphoresis  
c. Subcostal retraction  

D. Precordial examination  
1. S3 gallup rhythm  
2. Cardiac Murmur  

a. See Pediatric Murmur evaluation  
b. Often the least important of exam  

E. Femoral and Brachial Pulse  
1. Compare both brachial pulses for symmetry  

2. Compare one brachial and one femoral 
pulse  

3. Femoral Pulses diminish with PDA 
closure  

4. Brachial pulses absent in left sided 
obstruction  

F. Hepatomegaly  
G. Concurrent Congenital defects  
H. Oxygen Saturation in upper and lower extremities  

1. Pulmonary cause related cyanosis  
a. Supplemental Oxygen 100% 

increase O2 Sat >95%  
2. Cyanotic Congenital Heart Disease 

causes  
a. Supplemental Oxygen 100% 

increases O2 Sat <85%  
I. Blood Pressure in all 4 extremities  
J. Failure to Thrive  

1. Height and Head Circumference may be 
normal  

2. Weight falls behind 

 

 

 
 

 

 

 

 

 

Downs Syndrome will 

have been diagnosed 

ANTENATALLY 

via amniocentesis 

RISK FACTORS 
- Maternal Diabetes Mellitus  
- Family history of congenital heart disease  
- Maternal history: 5-10% CHD risk  
- Sibling history: 2-3% CHD risk  
- Indomethacin exposure  
- Rubella exposure in first trimester (PDA) 

Residence at high altitude (PDA)  

 

~Down Syndrome: Cardinal features of the Newborn~ 
• hypotonia  

• excessive skin folds at the back of the neck  

• maxillary (malar) underdevelopment (hypoplasia)  

• in curving of the little finger (clinodactyly)  

• hypoplasia of the middle phalanx of the 5th finger - a short 
 middle segment or a single interphalangeal crease.  

• wide gap between the first or second toes  

Bilateral Single transverse palmar crease  “simian crease” 

Features seen in the Down child: 
- Delayed psychomotor development  
- Intellectual disability  
- Prominence of the tongue (due to a small mouth)  
- Persistent epicanthic folds  
- Flattening of the back of the head (brachycephaly)  
- Short stature  
- Brushfield spots (speckling around the rim of the 

iris) except in subjects with brown irides  
- Joint hypermobility  
- Atlanto-occipital instability 

put together by Alex Yartsev: Sorry if i used your images
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Tests and Investigations           
Arterial Blood Gases  

- To figure out if it is CYANOTIC or ACYANOTIC 

Chest X-ray 
- Cardiomegaly (of all or any of the chambers) 

- Increased pulmonary vascular markings  

Chest MRI   
- Exact nature of the defect may be seen 
- The surgical approach is made much clearer with MRI  

ECG: 
- Looking for Rt or Lt Axis Deviation 

Doppler Echocardiogram 
- Enables the imaging of flow directions  in the defect 

AMNIOCENTESIS: 
  A dangerous and invasive procedure which samples the amniotic fluid (20mls) 

! Offered to the over-35s 
���� ultrasound-guided trans-abdominal needle puncture 

  ���� chromosome count reveals if there is any cause for concern. 
  Amniocentesis causes spontaneous miscarriage in 0.5% of instances 
 
ULTRASONOGRAPHY CAN DETECT THE DOWNS “NUCHAL FOLD” IN UTERO !� non-invasive Dx 

 
Management             

Immediately:   Oxygen via nasal cannula or face mask 
Palliatively:   high-yield feeds to reduce necessary feed duration and thus facilitate  

return to normal head circumference and weight parameters 
Surgical:  by closure of the defect. 

 
Prognosis             
Life expectancy for a Down Syndrome sufferer with mild/moderate disability = 55 yrs 

- 75% of concepti with trisomy 21 die in utero 

- 85% of infants survive to 1 year  

- 50% can be expected to live longer than 50 years.  
The presence of congenital heart disease is the most significant factor that determines survival. 

  

Epidemiology             
8 in 1000 live births have some sort of congenital heart defect. 

Approx. 1 in 800 live births has Down syndrome 

The cause of Down syndrome is full trisomy 21 in 94% of cases 

Sex: 15% more common in males  

Race: there is no racial predilection 

 

 
 
 
 
 
 
 

ABNORMALITIES ASSOCIATED WITH 
DOWN SYNDROME: 

Congenital heart disease in 40% 
GIT malformation: 10% 
Vision Disorder in 46% 
Conductive hearing loss 
Hypothyroidism 
Atlanto-axial instability 15% 
(spinal cord compression in 1%) 
undescended testes 50% 
obesity 70% male, 96% female 
poor oral health 
coeliac disease 11% 
psychiatric disorders 22% 
EARLY ALZHEIMERS � 10% by 40y.o. 
 

Advanced maternal age remains the only well-documented risk 

factor for maternal meiotic nondisjunction.  

- With a maternal age of 35 years, risk is 1 in 385. 

- With a maternal age of 40 years, risk is 1 in 106. 

- With a maternal age of 45 years, risk is 1 in 30. 
 



PATHOGENESIS: Downs Syndrome associated Heart Defect 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DEVELOPMENTAL MILESTONES         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



FOETAL CIRCULATION      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BEFORE BIRTH: 
Circulation bypasses liver and lungs 
Placental resistance is low � 40% of the total maternal cardiac 
output passes through it; fetal hemoglobin harvests the O2   
PLACENTA � Umbilical vein � IVC � RA � RV, LA , LV  
� systemic circuit � umbilical artery � PLACENTA 

Why the foetal lungs are shut down: 

Alveoli filled with fluid: much tougher + denser than air! 
THUS – compress pulmonary vasculature,  
THUS the resistance is too great for blood to flow down the 
lung circuit, especially seeing as there is a path of less 
resistance (patent ductus arteriosum) 

CHANGES DUE TO BIRTH: 
Baby becomes hypoxic � medullary centre stimulates respiration: 
Most of the lung fluid expelled with first few high-pressure breaths; 
THUS �THE LUNGS ARE NOW THE PATH OF LEAST RESISTANCE 

And the blood flows down into the newly opened pulmonary circuit 

Patent Ductus closes within 10-15 hrs 
(permanently within 2-3 weeks) 
Foramen Ovale closes immediately (due to sudden filling 
of left atrium with lung blood , plus decreased Rt atrium pressure 
because the placental vein no longer supplies it � THUS pressure 
imbalance forces the foramen ovale shut) 
Ductus Venosus closes after 3-7 days 
Probably due to reduced flow pressure from the umbilical vein 
(nothing to keep it inflated open) 

IN: 40% of 
maternal CO 



Postnatal Course with Abnormal Transition of Blood Flow:   
Diagnosis relies on timing of presentation: 

IMMEDIATELY: 
 Almost always due to parenchymal lung disease 

WITHIN 4 HOURS: 
Inadequate pulmonary blood flow due to Rt Heart Hypoplasia 

AFTER 4 HOURS: 
Likely to be duct-dependant lesion 

Normal transition complicated by premature birth:  
Means that it’s a Patent Ductus Arteriosum problem 

Basic Sciences: ASSORTED HEART DEFECTS in order of prevalence  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ACYANOTIC: LEFT����RIGHT SHUNTS 
VENTRICULAR SEPTAL DEFECT 1.5 in 1000 

Blood from LV  shunted to RV, thus volume overload in the 
RV, pulmonary circuit, LA, and thus LV… This reuslts in 
hypertrophy of all the above chambers plus pulmonary 
congestion � eventually leading to symptoms of heart failure 
!! If pulmonary resistance increases for whatever reason, you 
will get Eisenmenger syndrome: Rt�Lt shunting; CYANOSIS 

       Harsh systolic murmur @ lt sternal edge (small defect = louder) 

 
ATRIAL SEPTAL DEFECT: 1 in 1500 

Blood from LA shunted to RA (thus no cyanosis) 
= this is an uncomplicated ASD ;   
� RA enlargement due to overload results in hypertrophy, 
loss of compliance and subsequently increased pressure, plus 
pulmonary congestion possibly as part of the Eisenmenger 
syndrome � the shunt reverses and becomes Rt�Lt, thus 
CYANOSIS RESULTS (that’s what happens to the 5.06 baby) 
 RV Heave, split S2, pulmonary valve murmur 

PATENT DUCTUS ARTERIOSUS 1 in 2500 
Blood flowing from the Aorta via the patent ductus into the 
pulmonary circulation (which its meant to bypass)� 
Thus � pulmonary congestion, LA + LV hypertrophy 
� LEFT-SIDED HEART FAILURE 
Once again, if pulmonary resistance increases, you will get 
EISENMENGER’s SYNDROME with shunting from pulmonary 
artery to the aorta, and thus CYANOSIS 
Continuous machine-like murmur @ Lt subclavicular region 

CONGENITAL AORTIC STENOSIS  
Forever narrow aortic valve = much resistance to cardiac 
outflow into the aorta, thus concentric hypertrophy of LV and a 
powerful jet of blood ejected into the aorta may dilate the 
aorta past the narrowing; thus � aneurysm.   
Harsh systolic crescendo-decrescendo murmur, radiates to the neck 

PULMONIC STENOSIS 
Obstruction to RV ejection � RV hypertrophy 
RV heave, elevated JVP, crescendo-decrescendo murmur @ P area 

COARCTATION OF AORTA 1 in 6000 
= discrete narrowing of the aortic lumen;  thus LV faces a 
MASSIVE PRESSURE AFTERLOAD � if the coarctation is 
after the brachiocephalic branching, the circulation is 
preserved in the upper body; but the lower body is cyanotic. 
To compensate, the LV becomes hypertrophied. 
HEART FAILURE ENSUES EARLY AFTER BIRTH 
Collateral circulation is established via the internal thoracic 
costal arteries, thus � characteristic notches on the inner 
inferior margin of the ribs. 
  

 

CYANOTIC: RIGHT����LEFT SHUNTS 
TETRALOGY OF FALLOT: 

Results from ONE SINGLE ABNORMALITY 

� an abnormal anterior and superior displacement of the 

ventricular outflow tract area of the septum  

THUS � 4 characteristic abnormalities 

1. Ventricular Septal Defect 
2. Aorta receiving blood from both ventricles  
3. Pulmonic Stenosis below the valve 
4. RV hypertrophy (due to the pulmo0nic stenosis) 

THUS: Increased rsistance of the pulmonary circuit  
� shunting of RV blood via the VSD into the LV,  
�CYANOSIS results   
=”boot-shaped” heart on Chest Xray 
whenever you get systemic vasodilation, an increased Rt�Lt 
shunt result s� children alleviate this symptom by squatting 
and thus “kinking” femoral arteries and thus reversing the shunt 
phys exam:  
chronic hypoxia, thus clubbing, plus RV heave, plus pulmonary murmur  

 
TRANSPOSITION OF GREAT ARTERIES 
(7% of congenital heart defects) 
STUPIDLY, the AORTA ORIGINATES IN THE RIGHT VENTRICLE, 
AND THE PULMONARY ARTERY – IN THE LEFT VENTRICLE. 
���� this SEPARATES the pulmonary and systemic circuits!  
Now, they are in parallel rather than in series!  
THUS oxygeneated blood never makes it to the tissues, and the 
systemic blod never gets oxygenated! ���� LETHAL CONDITION!! 

...UNLESS the foramen ovale and the patent ductus 
remain open, in which case you may live awhile. 

���� rapidly progressive cyanosis makes this condition obvious 
RV heave (RV faces systemic pressure) and loud S2 sound 
 

PATENT FORAMEN OVALE 
Is normally kept closed by the comparatively higher  L.A 
pressure. BUT !! when the RA pressure rises eg. in 
pulmonary hypertension or Tetralogy of Fallot-  
a Rt���� Lt shunt is formed!! 
This causes inexplicable cyanosis and sometimes 
Paradoxical Emboli 
 

EISENMENGER SYNDROME 
= severe pulmonary vascular obstruction 
results from a chronic left-to-right shunt (hypertension in the lungs 
causes the thickening of the vessel walls thereoin, thus increased 
resistance to blood flow� thus higher pressure in the Rt ventricle �  
this causes the reversal of an originally Lt�Rt shunt 
THUS � CYANOSIS 

Typically, huge pulmonary arteries are seen on chest X-rays 



What the hell is CYANOSIS anyway?      5.06 
���� blue colouration of skin due to extra DEOXYHEMOGLOBIN 
� from either less oxygen or more deoxygenation (due to slowed blood flow) 
 

LESS OXYGEN       ���� central cyanosis 
SLOW CIRCULATION ���� peripheral cyanosis 
 

Detectable @  O2 saturation of 67%  
(DANGEROUS! This is below the normal venous O2 saturation!) 

(PaO 2 35 mmHg)- even worse when anaemic! 
 

 
 

DEVELOPMENTAL MILESTONES: quick reference   5.06 

  
. 

 



    onononon----HodgkinsHodgkinsHodgkinsHodgkins    LymphomaLymphomaLymphomaLymphoma                                    
Presentation            

- Swollen Nodes ( longer than 6 weeks = be concerned!) 

- Hard Rubbery Nodes (reactive nodes are softer; solid tumour spread is hard as a rock) 

- Constitutional symptoms: 

- Anorexia + weight loss 

- Malaise 

- Lethargy 

- Fever 

- Nightsweats 

- Nausea 

- Vomiting 

- pruritis 

- Shortness of Breath  
- Bone pain 

- Abdominal Discomfort 
- Chest pain 

- Cough 

- Headache of raised ICP 

- Focal neuro symptoms 

 

History             
- SMOKING 
- Radio- or chemotherapy 
- Previous malignancy 
- EBV in the past 
- HIV status 
- Recent infections 
- Family history of cancer 
- Chronic exposure to… 

- Pesticides 
- Herbicides 
- Radioactives 
- Cytotoxics  
- Solvents  
- Wood preservatives 
- Petroleum products 
- Use of phenytoin  
(causes a pseudolymphoma) 

 
 

CRISIS!!  A malignant emergency:         
Hyperuricaemia:  
- very common with aggressive lymphoma 

- acute gout  
- uremia (eg, nausea, vomiting, lethargy, oliguria). 

- Renal faliure (eg. dehydration, electrolyte imbalance) 
 

Differential Diagnoses           
• CANCER: primary or secondary  

• INFECTION : esp. CMV, EBV, HIV 

• IMMUNE: rheumatoid, sarcoid,  

• ENDOCRINE eg. goitre 

• RANDOM CYST of some kind 
• VASCULAR eg. aneurysm 

 

A symptoms: no symptoms! 
B symptoms: 
- fever 
- drenching night sweats 
- 10% weight loss in under 6 months 
= signs of poor prognosis!! 

E symptoms: extralymphatic 

tissues involved, but not liver or 
bone marrow 
 

RISK FACTORS: 
- Being white 
- Being male 
- Over 50 y.o. 
- Having HIV 
- Occupational 

Symptoms pointing to 
specific sites of involvement 
-  

Ask how much weight was lost and 
how quickly:  Indolent lymphoma will 
not be aggressively wasting 

Examination 
- Temperature (may be up) 
- Pulse rate (may be tachy) 
- Weight (obviously wasted?) 
- Pallor 
- Purpura 
- Petechiae 
- Ecchymoses 
- Palpate the lump(s) – is it actually a node? 
- Palpate for organomegaly in the abdomen 
- Look for bone pain 
- Look for joint pain 
- Look for focal neuro signs 
 
HIGH FEVER , TACHYCARDIA, 
RESPIRATORY DISTRESS? 
 = advanced high grade lymphoma  
 

TRY TO ANTICIPATE AND PREVENT: 
- ALLOPURINOL prophylaxis 
- Hydrate adequately 
- Alkalinise urine with bicarb or acetazolamide  

IT HAPPENED ANYWAY? 
- REHYDRATE unless oliguric 
- FRUSEMIDE if oliguric 
- Not responding to diuretic?  

���� START HEMODIALYSIS. Uremia kills. 

 

Epidemiology 
NHL accounts for 5% of new cancers 
in men and 4% in women.  
The lifetime risk of NHL is 2.08%.  
 The incidence is increasing by 3% 
per year (increased 80% since 1973.)  
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Tests and Investigations : aim is to stage and grade disease   
FBC look for cytopenias and reversed CD4 / CD8 ratio 
ESR best marker of disease progression; use as baseline and monitor treatment response 
Blood film may show unusual lymphocyte morphology  
LFTs elevated ALK. PHOS. and LDH: use to monitor disease load  

 
Step 1 is to obtain a histological confirmation. 

= biopsy the node!  
Fine needle aspiration is not good enough, wont let you  
see the architecture of the lymph node.  
PLUS!! You get a chance to phenotype the lymphocytes, thus arriving at a 
genetic picture of the abnormalities, and thus a definitive classification 

 
Step 2 is to stage the spread: 
CT of chest, abdo, pelvis  
 Mainly looking for lymphadenopathy 
Bone marrow aspirate 

Mainly looking for bone marrow infiltration  

 
Management:   depends on STAGE, not histology    
 
SHORT TERM: early stage doesn’t need anything immediately. 

     Late stage needs relief of symptoms: 
 Radiotherapy to obstructing nodes eg. mediastinal (SVC obstruction) 
 Radiotherapy to bony involvement 
 Diuretics if hyperuricemic  
 Replace missing electrolytes 
 Remove excess electrolytes 

 
LONG TERM: must remove as much of the disease as possible. 
  THUS: 

 Stage 1 = radiation alone can do it, but offer chemo anyway (improves survival) 
  Stage 2 = radiation if possible; + chemo (abbreviated CHOP)  
  Stage 3, 4 = no real chance of cure, so use CHOP  
    (CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone) 

SUPPORT YOUR TROOPS! Give G-CSF  
- to stimulate granulocyte proliferation, and avert neutropenic sepsis. 

 

WATCH FOR COMPLICATIONS OF TREATMENT:    

  Neutropenic sepsis and  
Tumour lysis syndrome 

- 48-72 hours after initiation of cancer treatment.  
- Hyperkalemia often is the earliest laboratory manifestation.  
- hyperphosphatemia is the next; and consequently 
- Hypocalcemia – with deposition of itchy calcium phosphate crystals 
- Hyperuricemia follows;  
- the kidneys are responsible for removing this junk, so naturally they get clogged with uric 

acid and calcium phosphate crystals and acute renal failure ensues. 
THUS: protect the heart, dialyse if necessary, correct acidosis and rehydrate. 

Prognosis 
general prognostic groups: the indolent lymphomas and the aggressive lymphomas 

Indolent lymphomas have a relatively good prognosis,  
- median survival time as long as 10 years,  
- not usually curable in advanced stages.  
- a continuous rate of relapse is usually observed in advanced stages 

Bare minimum of Ann Arbor staging: 
Stage 1:  one site 
Stage 2:  many sites, same side of diaphragm 
Stage 3 : both sides of diaphragm involved 

Stage 4: liver, bone marrow, everything. 

Indolent lymphomas are less curable. 
Aggressive lymphomas are more curable. 

Hodgkins lymphoma is the most curable of all. 

A more aggressive lymphoma requires a more 
aggressive treatment. Indolent lymphoma may 
require no treatment, eg. CLL 
 

Most NHL are Bcell (80%).  
Then there are T cell lymphomas,  
…And then there are Hodgkins 
lymphomas.  

Which are sort of B-cell-ish 



     EGF-r

Cancer Genetics and Oncogenesis                                                   
Definitions and Rules of Thumb:
Anaplasia: characteristic property of tumour cells: undifferentiation

(i.e loss of those specific qualities which would otherwise make it a smooth muscle cell, breast duct cell, etc.)

Hyperplasia: increase in number of cells, eg. asthmatic bronchus
Metaplasia: change in type of cell, eg. smoker’s lung epithelium slowly turning squamous
Dysplasia: hyperplasia of the wrong kind of cell, eg. bowel polyp: is usually PRE-MALIGNANT
The suffix "-blastoma" denotes a neoplasm of embryonic cells.

WHY CANCER?ÆÆ due to cumulative genetic damage (exam keyword)

Its all about PROLIFERATIVE STIMULUS (i.e pedal-to-the-metal accelerating )

   and DEREGULATION OF REPLICATION (i.e taking the brakes off)

INCREASED  PROLIFERATIVE STIMULUS:                                         

Growth factors:                                                             

Growth factor Receptors:                                 

G-Proteins                                                             

Non-receptor Kinases                                       

Nuclear Regulatory Factors                             

c-sis gene (simian sarcoma)
=codes for PDGF (platelet-derived growth factor)
thus,  over-expression Æ autocrine stimulation
(astrocytome, osteosarcoma)
there are other genes also coding for FGF

Cell overexpresses its
own growth factor
ÆÆ hence kinase activated

erb-B (avian erythroblastosis virus)
= normally codes ah EGF receptor, which in turn switches on a
tyrosine kinase and kicks off a cascade of intracellular

changes. BUT: mutant receptor 
ÆÆ

ÆÆ

 Kinase Permanently Switched On!!

Cell hallucinates a growth factor
when there really isn’t one
hence kinase activated

Absent EGF

c-abl philadelphia chromosome of Chronic

Myeloid Leucaemia:  chimeric c-abl is a kinase by

accident: when some genetic material gets cut from
chromosome 9 and pasted onto chromosome 22 a totally new
protein is formed, which has absolutely no physiological
function other than its tyrosine kinase activity.

Just like above: but no receptor required!!
Æ Kinase permanently switched on

“Sorceror’s apprentice” effect:
Mutant accidental protein dumbly and
uncontrollably performs the function
of an activated kinase

ÆÆ

 ITS ALL ABOUT ACTIVATING THE KINASES

ras is the most famous example of a G-protein

ras is linked to a receptor; when the receptor is activated
ras gets switched on, binds GTP thus activating kinases
ÆÆ

then: ras is supposed to hydrolyse the GTP and
thus switch itself off; but mutant ras does not:
THUS 

ÆÆ

 KINASES REMAIN ACTIVE FOR LONGER

Mutant receptor-coupled G-protein too
slow to realise that its receptor is no
longer being stimulated; thus 

ÆÆ

kinases activated for longer

myc, myb, fos, jun
generally responsible for binding to DNA: either stimulate or
repress gene expression; so if you deregulate gene
expression you will have UNCONTROLLABLE GROWTH

Abnormal activation of growth-promoting
genes by mutant gene-expressor
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Tumour Suppressor Genes:            !! REMEMBER THESE !!                             

p53: “guardian of the genome”

Æ arrests the cell in g1 phase if there has been DNA damage
Æ induces apoptosis if the damage is not repaired
mutant p53 cant do any of that; hence Æ neoplastic change,
sometimes the cancer cells have visible staining accumulations of
useless mutant p53.

Retinoblastoma (Rb) gene
Unphosphorylated Rb floats around the nucleus with transcription factors bound to it.
When it gets phosphorylated, the transcription factors are released

(and thus become free to transcript whatever the hell they want )
BUT: mutant Rb  cant even bind the factors, because its receptor region is misshapen
and thus there is an excess of transcription going on in the nucleus, leading to
excessive mitotic activity.)
SOME VIRUSES bind to and inactivate p53 and Rb: eg. human papillomavirus, etc

GAP proteins:
GTPase-activating proteins) = are part of the G-protein complex;
they help the ras protein hydrolyse the GTP (to inactivate itself)

THUS GAP PROTEINS SUPPRESS EXCESSIVE ras ACTIVITY

What kind of mutations result in carcinogenesis?
POINT MUTATION:

eg. in ras G-proteins, loss of one amino acid means much slower to hydrolyse GTP
and thus much slower to deactivate the kinases .]
PLUS point mutations may disable tumour suppressor proteins.

CHROMOSOMAL TRANLOCATION: comes in 2 flavours:
ÆÆLeading to overexpression: like in Burkitt’s Lymphoma, when the myc  gene from

nice quiet suburban chromosome 8 gets translocated to the hectic overactive chromosome 14,
right next to the immunoglobulin heavy chain gene.
THUS every time there’s an infection, the B-cells start pumping out Immunoglobulins and thus
myc proteins (which are growth-promoting transcription factors)

ÆÆLeading to gene alteration: like in Chronic Myeloid Leukaemia, when the abl gene (a
tyrosine kinase) from chromosome 9 gets translocated to the bcr gene on chromosome 22.
The result is a bcr-abl chimaera kinase which is always switched on.

GENE AMPLIFICATION
Æ is the repeated duplication of one gene;
thus a chromosome ends up with fifty copies of it.  The more proto-oncogene
copies there are, the more over-expressed it is.

THE TUMOUR SUPPRESSOR GENES ARE PRESENT ON TWO ALLELES! i.e  both
copies of a chromosome have the same tumour suppressor gene, and even if one
mutates, the other should still be able to cope.
THUS two hits are required to knock out a tumour suppressor gene.

Childhood cancers are usually due to an inherited gene instability;
 adult onset cancers are from a somatic (acquired)  mutation



CHEMOTHERAPY:                                              only whats important
Of all the days of a cancer patient, only 3% are spent in hospital.

CANCER IS AN OUTPATIENT CONDITION
Goals of chemo:

- to cure (eg germ-cell cancers)
- to debulk (i.e shrink tumour and make it more manageable)
- ADJUVANT (mop-up the microscopic remains after a curative treatment)
- Radioenhancing (with radiation, cytotoxic effect is amplified)
- Prolong survival
- Palliate (eg. shrink the massive lung met so it stops choking off the superior vena cava)

RESISTANT TO CHEMO: renal and pancreas cancer
SENSITIVE TO CHEMO: seminoma,  trophoblast (rare placental malignancy), all kinds of blastomas
EVERYTHING ELSE (the majority of them) is IN BETWEEN.

BEST CHEMO EFFECT when you use multiple agents with non-overlapping toxicities
ÆÆ this increases effect and reduces tumour resistance

TUMOUR RESISTANCE: high rate of mitosis + selection pressure = greater opportunity to evolve.
Some tumour cells even evolve protein pumps to pump the chemo drugs out of themselves!

SUPPORTIVE CARE:
Pre councelling, teeth (prevent sepsis), fertility (freeze egg or sperm)

During (antiemetics, antibiotics, antivirals)

Post (antiemetics, laxatives, benzodiazepines, granulocyte colony stimulating factor (G-CSF)

The AGENTS                                                                                            
Alkylating:                        synthetic, oldest, classic cytotoxins- classical side effects

Eg. nitrogen mustards

Antimetabolites               synthetic competitive inhibitors of naturally occurring molecules;

Methotrexate, 5FU, cytosine arabinoside

Cytotoxic antibiotics      doxirubicin = cardiotoxic

Bleomycin = lung toxicity

Vinca alkaloids                plant derived; vincristine, vinblastine, = neurotoxic

Platinum compounds    = best ever!! cisplatin, transplatin,

carboplatin  is the least toxic of the lot

Taxanes                             plant products:  paclitaxel, docetaxel

ÆÆ neuropathy, arthralgia, myalgia – may need steroids

Microarrays: genetic method of predicting if a tumour will respond to chemo; new

development- takes ages (will be prefected by our internship

ALL CHEMO DRUGS CAUSE BALDNESS EXCEPT
CARBOPLATIN, 5FU and MITOXANTRONE

ALL CHEMO DRUGS CAUSE MARROW DAMAGE EXCEPT
BLEOMYCIN, VINCRISTINE, CISPLATIN, 5FU



Palliative Care:                                                                                        
Look at http://www.anes.ucla.edu/pain/CancerPainMgmtGuidelines.pdf

Patients goals are the most important consideration.
Take a history, AGAIN!! Find out QOL: can they sleep, etc

About 80% of cancer patients will experience cancer-related pain.
YOU MUST TELL THE DIFFERENCE BETWEEN CANCER PAIN AND PAIN FROM OTHER SOURCES
(pain from other sources can probably be managed by addressing its cause; terminal cancer pain cannot.)

Nociceptive vs. neuropathic pain: cancer patients most frequently have both.

Mild nociceptive: give NSAIDs, codeine,
Severe Nociceptive: give opiates.

Neuropathic: give antidepressants (SSRIs) and anticonbvulsants (eg. sodium valproate, carbomazepine)

TERMINAL  CARE: sedation, laxatives, antiemetics,  antidepressants, methadone;  maintain dignity and
comfort until the inevitable.
DO NOT ATTEMPT TO DELAY THE REAPER as this only prolongs suffering of both the patient, their
family, and yourself.



Pattern of SPREAD: most common to least common                  
* GI cancers all end up spreading to the LIVER one way or another.

BREAST
Bones ÆÆ brain ÆÆ liver

COLON:
Liver ÆÆ lungs ÆÆ bones ÆÆ brain ÆÆ adrenals ÆÆ kidneys

LUNG :
Brain ÆÆ bone ÆÆ liver ÆÆ adrenals

CERVIX
Liver ÆÆ Lung ÆÆ Bone





Failure To ThriveFailure To ThriveFailure To ThriveFailure To Thrive                                                                        
Problem Summary:  infant not feeding well; failing to thrive.   

Cries during day and wakes at night → FAILURE TO THRIVE 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DEFN OF FAILURE TO THRIVE 
~~ SYMPTOM, NOT A DIAGNOSIS ~~ 

CURRENT GROWTH 
→ weight < 3° percentile (NCHS growth chart) 
→ weight for height <5° percentile 

→ weight ≤ 20% ideal weight for height 
GROWTH OVER TIME 
→ slowing of weight gain 
 <20g/day 0-3m 
 <15g/day 3-6m 
→ fall-off from prev estab growth curve 

 downward corssing ≥ 2 percentiles 
→ documented weight loss 
RELSHIP OF GROWTH PARAMETERS TO 
EACH OTHER 

↓ WEIGHT ↓ WT & HT ↓ WT, HT, 
head 

↓ intake 

↑ loss 
hypermetabolic 

struct dystrophy 
endocrine 
constit 
shortness 

In utero insult 
Genetic abN 

  

HISTORY What is the cause?? 
 CONTEXT 
→onset +/- Rx *** 
→overall health 
MEDICAL 

→pregancy 
→birth (preterm, growth) 
→perinatal 
→current illness/meds/Sx 
→systems:  
    -vomiting / appetite  
    -stool patts  
    -distress/tiring c feeds 

PSYCHOSOCIAL 
→ 1° environment 
→ support systems 
→ finances 
→ domestic sitn 
→ bonding 
→ child’s routine 
 

NUTRITIONAL 
→intake  
(schedule, amt, preparation) 
    breast-fed:  
    - milk control 
    - maternal diet, rest, meds 
    formula-fed: 
    - type 
    mixed: 
    - 3day diet Hx 

→infant hunger/satiety 
cues 
→meal ∆e, feeder, position 
→mech: N suck & swallow? 
→feeding behaviour 
→favourite / hated foods?? 
→weaning Hx 
→family knowledge/ 
    practices/beliefs 

DEVELOPMENT 
→ milestones 
→ behaviour 
 PHYS EXAM 

(1) ORGANIC DISEASE or ∆ (2) SEVERITY OF MALNUTRITION (3) ABUSE 

 

-COMPLETE PHYSICAL 
-ABDO: liver, spleen, distension, pain, guarding →peritonitis, IBD, 
GITI 
-CARDIO: murmurs →congenital defect, cyanotic heart disease, 
failure 
-RESP: →infxn, asthma, bronchiolitis 
-DEVELOPMENT: 
 OBSERVE FEEDING 
→ feeding environment (home) 
→ food: type & amt 
→ feeding: pace & duration 
→ parent-child interaction 

INVESTIGATIONS 
DETERMINED BY FINDINGS 
→ FBC   anaemia, infxn,  
→ serum electrolytes kidney 
    & creatinine  
→ LFT’s 

→ urinalysis (±±±± culture) kidney damage, UTI, 
starving 
 CATHETER FOR SAMPLE 
→ UEC   kidney fn, solute load, 
dehydn 
→ stool analysis  fat, blood, WBCs 
→ hormone assays 
→ bone age 
 

↓↓↓↓ INTAKE 

↓ appetite 
-chronic disease 
-psychosocial 
ingestion probs 
-neuro disorder 
-craniofacial dfx 
-dyspnoea 
-muscle weakness 
food unavailable 
-poor feeding technique 

-↓ volume 
-inapprop food for age 
-abuse 

↓↓↓↓ ABSORPTION 

Sml intestine 
-Coeliac ∆ 
-food intolerance 
-inflamm bowel ∆ 
-enzyme defics 
Colon 

-Hirschsprung ∆ 
Pancreas 
-CF 

Liver 

-chronic cholestatic ∆ 

Drugs 
Infections 

EXCESS LOSS 

Vomiting 
-CNS path (↑ICP) 
-GI obstruction 
-metabolic probs 
-gastroesoph. reflux ∆ 
-drugs/toxins 

Diarrhoea 
-inflamm bowel ∆ 
-infxn 
-immunodeficiency 
-Coeliac∆ / CF (fatty) 

Renal loss 
-diabetes 
-tubular acidosis 

ABNORMAL USE 

Endocrine probs 
-diabetes 
-hypopituitarism 
inborn errors of metab 
-mitochondrial ∆s 
Chromosomal ∆ 

Prenatal insult 
-foetal alcohol ∆ 

↑↑↑↑ NEED 

Congenital heart 
∆ 
Chronic respiratory ∆ 
Neoplasm 
Chronic/recurrent infxn 
Chronic anaemia 
Hyperthyroidism 
 

FAMILY 
-poverty 
-lack of support 
-education / 
experience 
-priorities 
-social isolation 

SOCIETAL 
-poverty / chomage 
-poor health 
services 
-discrimination 

MATERNAL 
↓ bonding because
 →irritability 
 →poor 
feeding 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



 

GOAL OPTIONS comment 
↑ WEIGHT & GROWTH 

-weight gain with ↑ intake 
confirms diagnosis, keep 
monitoring 

(1) ↑ caloric intake (approp diet for catchup) 
(2) supplementation: ↑fats, polyjoule etc. 

(3) hospitalization 
          - high risk abuse / severe neglect 
             - medically unstable (severe malnutrition) 
             - failed trialled outpatient mgt 

Cost 
 

TREAT UNDERLYING 
DISEASE 

  

PARENTAL SUPPORT (1) Antenatal (preventive) 
(2) Education programs (+/-residential) 
        → Tresilian / Karitane 
(3) Early childhood support services 
(4) Social network (mothers’ groups) 
(5) Encourage paternal/family involvement 
 

 

EVALUATE MATERNAL 
DEPRESSION 

(1) Edinburgh Post-natal depression scale 
(2) Anti-depressant meds / Counselling 
 

 

MONITOR GROWTH Weekly visits: GP & Community Nurse 
     Multidisciplinary team - 1° caregiver 
                                         - nutritionist 
                                         - social worker 
                                         - child behaviour 
specialist 
                                         - community social 
services 
Monitor ALL CHILDREN 

 

PROTECT CHILD DOCS  
REFER TO PAEDIATRICIAN   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

MANAGEMENT 



Rotation of the midgut loop 
  
  

DEVELOPMENT OF THE GASTROINTESTINAL TRACT            

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
POVERTY and CHILD HEALTH           7.06 Lecture 2 

The GIT develops as an outpouching of the yolk sack. 
 

 

 WEEK 3:  
the yolk sack is fully formed 
 

Amniotic cavity 

Yolk sack 

A SECTION THOUGH THE HINDGUT. Halfway through week3 

 

 WEEK 3.5:  
The  yolk sack protrudes through into 
the embryo and forms two pockets 
which are the very first bits of the 
foregut and hindgut. 
 The Midgut is still part of 
 the yolk stalk 
 

Foregut 

Hindgut 

Yolk stalk 

Section � 

Hindgut 

coelom 
 

somite 

Neural 
Tube 

The gut here separates into 
3 sections, the Hindgut, 
Foregut, and Midgut (which 
is presently occupied by the 
yolk stalk). These are very 
important; the arterial supply 
of the gut is faithful to these 
original divisons. Eg. the sup 
mesenteric artery supplies 
the structures which grew 
forth from the midgut. 

 WEEK 4:  
The embryo is now roughly a tube; 
the ventral cavity (coelom) 
contains the now-complete fore, 
mid and hind-guts. The yolk sack 
grows smaller. 
 Yolk stalk Primitive 

umbilical 
stalk 

Section �  Section through midgut:  Notochord 

Dorsal mesentery 
 Coelomic cavity 

 Ventral mesentery 
 

 WEEK 5  
A loop of the midgut begins to 
protrude through into the umbilical 
stalk, while the rest distends and 
prepares to separate into the 
stomach, spleen, pancreas and 
liver . The yolk sack has become 
one with the midgut.  

Loop of midgut � 

 The Loop of Midgut  

Anticlockwise rotation of this 
loop around the axis of the 
Superior Mesenteric Artery 
will position the ascending, 
transverse and descending 
colon in its normal adult 
position.  
 

Sup. mesenteric 
Artery 
 

Swelling which will 
eventually become 
the caecum of the 
bowel 

 

 WEEK 6  
The midgut loop elongates rapidly; 
its superior limb becomes the 
jejunum, and the inferior limb 
becomes the colon and appendix. 
The liver grows from the ventral 
mesentry; the spleen and 
pancreas grow from the dorsal 
mesentry 
  

Section through midgut wk.5-6 

Section below 

Loop of mid and hind guts 
 

Liver 
 

spleen 
 stomach 

 

Aorta 
 

Jejunum + 2/3rds of ilium 
 

Caecum, appendix, colon 
 

Vitelline 
 duct 

 Later in WEEK 6: section through midgut 
  
  

Lesser omentum 
 

Falciform ligament 
 

pancreas 
 

stomach 

Lesser sack 
   Greater   

     sack 
 

The organs rotate 90 degrees to the right. 
This process begins in week 5  
 

ABOVE: The pancreas 
fuses with the posterior 
abdominal  wall 
 

Thus the colon assumes its ascending-
transverse-descending position 
 

RELATIONSHIP OF ADULT TO EMBRYO: 
Foregut: supplied by coeliac trunk 
- Oesophagus, stomach, proximal half of duodenum 
Midgut: supplied by superior mesenteric artery 
- Distal duodenum, jejunum, ilium, caecum + appendix,  
ascending colon, 2/3rds of transverse colon until the splenic flexure 
Hindgut: supplied by inferior mesenteric artery 
- Left colic flexure, descending + sigmoid colon, rectum and upper anal canal.  
 

!! the ANUS and the MOUTH 
arise from different structures, 
are innervated separately from 
the gut, and receive a different 
blood supply. 
 



POVERTY AND CHILD HEALTH        
DEFINITIONS: 

ABSOLUTE poverty 
- Income insufficient to maintain basic subsistence; cannot afford food or shelter eg. Dickens  
- 1995: one QUARTER of the total world population fits into this category: less than 1 dollar per day 
- this figure has DOUBLED SINCE 1975 
RELATIVE poverty 
- income insufficient to pay for basic social roles, participate in relationships etc.  
- the exact figure is determined by the experts, eg. the “HENDERSON POVERTY LINE” 
- henceforth “poverty” in this summary will allude to this estimate 

 
How to determine who’s poor and who’s not: 

- “expert” estimate of how much it costs to subsist in Australia, at a given time 
- a conservative estimate: NOBODY WILL ARGUE that those below this line are “very poor” 
- lecturer quoted about $290 as being the poverty line for a single white female living alone 

 

Distribution in Australia 
12% live in poverty: 1.7 million people 

13% of children live in poverty: 440,000 kids 
Specific groups: 
- of single parents 29% are in poverty 
- of couples with 1 child 5% are in poverty;   …of couples with 3 kids- 11% 
 
Why does this matter? 
- There exists a direct relationship between income and life expectancy 
- Chronic illness and hospital admissions are more frequent in unemployed population 
- Chronic illness is more common among children of the unemployed  
- Children of the poor are less likely to be breastfed 
 

How has this changed? 
- Rates of breastfeeding, child mortality (including indigenous population) and birth weight have improved  
- Not much else has 

 
Policies and Programs directed at child health: a timeline for a hypothetical infant 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 



 

MICROSCOPY OF THE GUT:           

OESOPHAGUS 
2x layers of muscularis externa; upper 1/3 = striated muscle 

   lower 1/3 = smooth muscle 
   middle 1/3 = mixed histology 

foamy-looking glands in the submucosa, secreting mucous for lubrication 
submucosa mainly made of connective tissue 
papillae are present to anchor the STRATIFIED SQUAMOUS EPITHELIUM 
PLUS there is a properly visible Muscularis mucosae 

 
 STOMACH 
 3 layers of muscularis: oblique (inner), circular, longitudinal(outer) 
 muscularis also contains the glands at the bottom of the pits 

GLANDS are filled with PARIETAL (acid) and CHIEF CELLS (enzymes), 
plus the neck has MUCOUS CELLS and there are ENTEROENDOCRINE 
CELLS throughout 
MUCOSA is a simple columnar epithelium, “THE SURFACE MUCOUS CELL”  
Cells migrate from the bottom of the pit (where the stem cells are) out to the 
top of the hill where they die and slough off; this is a common path for all the 
columnar cells in the GIT 
 

DUODENUM 
Is dominated by VILLI and the CRYPTS between them; V. absorb, C. secrete 

VILLI are filled with loose connective tissue, strands of smooth muscle, 
lacteals and plasma cells 
2 layers of muscularis, transverse and longitudinal ( for peristalsis) 
!! CHARACTERISTIC FEATURE !! are the Brunner’s Glands, secrete mucus 
there is also a lot of GOBLET CELLS throughout the small intestine  
 

JEJUNUM  
is unremarkable by anything except its lack of features which 
distinguish the DUODENUM and the ILIUM; 
…but this is where most of your absorption happens 
Villi are rather longer and more finger-like in the jejunum than 
in the duodenum  
 

ILIUM 
AYERBACH’s PLEXUS: between the layers of muscularis, there are ganglia 
of the enteric nervous system;  neurons project to the circular muscle, to other 
myenteric ganglia, to submucosal ganglia, or directly to the epithelium, and 
play an important role in regulating and patterning gut motility. 
!! CHARACTERISTIC FEATURE !! PEYER’S PATCHES: pieces of MALT, 
(Mucosa-Associated  Lymphoid Tissue) nodular, contain antigen-presenting 
cells and lymphoocytes. 
 

COLON 

distinguished from the above by presence of longitudinal TENIA COLI muscle, 
and sack-like projections called HAUSTRA (plus there are fatty EPIPLOIC 
APPENDAGES which hang off the colon like christmas ornaments) 
PLUS there is a properly visible Muscularis mucosae,  
Straight tubular glands (crypts of Lieberkuehn) extend through the full 
thickness of the mucosa. 
The appendix is characterised by large numbers of lymph nodules. In many 
adults, the normal structure of the appendix is lost and replaced by fibrous 
scar tissue. 
 

ANO-RECTAL JUNCTION 
Rapidly does the simple columnar epithelium shapeshift 
into stratified columnar,  
Then stratified cuboidal 
Then stratified squamous 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



NO FORMULA WILL EVER APPROACH THE PERFECTION OF MOTHERS’ MILK 
Hard to copy: Human milk varies with the gestational and chronological age of the baby, the timing of sample collection both during the 
feed and during the day, with the diet, nutritional status, menstrual cycle and genetic make-up of the mother, and with the content and time 
elapsed from the mother's last meal. 

bioactive components:  
live cells 
immunoglobulins related to infections the mother has been exposed to,  
large variety of oligosaccharides (about130) 
varying growth modulators which include hormones and enzymes.(eg. insulin, growth factors (IGF1), and lipases) 
PLUS long chain polyunsaturated fatty acids and proteins such as human lactoferrin 
 
Compared with other mammalian milks, human milk is  
- low in protein  
- high in substances necessary for brain maturation, eg.  

- lactose 
- cholesterol 
- long chain polyunsaturated fatty acids 
- readily absorbed iron.  

  
 
With the exception of infants with congenital lactase  
deficiency, an extremely rare disorder inherited as an 
 autosomal recessive condition, virtually all infants are 
 capable of digesting lactose in mammalian milks. 
 In most mammals, lactase activity declines after weaning; in contrast, in man lactase activity persists into adult life in 
approximately 30% of the world's population 

 Human milk contains all the nutrients which 
are required for a healthy term baby of a well 
nourished mother for the first four to six 
months. No supplements are necessary 
other than vitamin K given at birth to prevent 
haemorrhagic disease of the newborn, a 
condition almost exclusively seen in breast-
fed infants. 
BF reduces the risk or severity of pyloric 
stenosis, respiratory illness, gastrointestinal 
tract disease, inflammatory bowel , some 
childhood cancers, otitis media, urinary tract 
infections, Sudden Infant Death Syndrome 
(SIDS) and juvenile onset diabetes mellitus. 
Breastfeeding helps THE MOTHER:  by 
protecting against premenopausal breast 
and ovarian cancer and osteoporosis. It also 
helps the mother to regain her pre-
pregnancy body weight and provides a 
contraceptive effect. 
 

COMPOSITION OF BREASTMILK favours the 
colonisation of the infant colon with the non-
pathogenic lactobacillus bifidus and discourages 
colonisation with pathogenic bacteria. 

DO NOT feed them whole cows milk! 

HAVE TO USE INFANT FORMULA for the 1
st
 year 

…until they can drink from a cup 

then you can start on full cream cows milk. 
 

The major macronutrients in rank order are  
- water 
- lactose 
- fats 
- oligosaccharides. 
 Fat provides nearly 50% of the energy from milk, 

 

:   LACTATION and BREAST MILK BIOCHEMISTRY 

Breast development: starts @ embryo, incomplete until 1st pregnancy 
Embryology: two lines of buds parallel to midline; only one pair normally develops. 

@ 12 weeks of foetus: 20 primitive ducts 
@18 weeks: canalised;  

deep portions = double layer of epithelium, later = alveolar ducts 
+ myoepithelium which will push milk � nipple 

@ PUBERTY: oestrogen, prolactin, insulin, GH and corticosteroids influence the following: 
- Fat deposition 
- Duct division + branching + enlargement 
- Increased vascularity 

@ first pregnancy:  

placental oestrogen + progesterone + human placental 
lactogen + prolactin + maternal insulin + corticosteroid,  
� alveolar cells become secretory by 20th week of gestation 

BUT: progesterone inhibits lactation; so as soon as the 
progesterone-secreting placenta is out of there, the lactation  

BEGINS! 
 
COLOSTRUM: the 1st thing out of the breast; 
for 3-5 days 

- yellow liquid high in protein (particularly 
immunoglobulin)  

- only moderate amounts of sugar and fat.  
- THEN � gradual conversion to milk secretion.  

 
BREAST MILK: 
- proteins (lactalbumin, lactoglobulin) 

lactose, water and fat.  
- Milk is isotonic with plasma with lactose accounting for 

½ the osmotic pressure.  

- Milk contains all vitamins except Vitamin K,  
- has a low salt content,  
- is alkaline,  
- is sterile  
- contains immunoglobulins,  
- contains growth factors important for gut development. 
 
 
 
 
 

.  

 
 
 
 
 
 
 
 
 
 
 
 
 



 
SUCKLING: 
The baby places the whole areolar in the mouth with the nipple next to the back of the tongue. The baby's tongue 
presses against the roof of the mouth, and starting at the anterior (gum) margin rolls back against the palate. This 
action allows the stored milk to be squeezed into the mouth (oropharynx).  
Suckling induces release of prolactin that induces milk secretion,  
and oxytocin causes the let-down response (causing the myoepithelium to contract and eject the milk) 

The baby swallows about 2 ml at a time. 
 
!! BEWARE !! HIV and Hep C are transmissible through milk!! 
 
LACTATION HAS A CONTRACEPIVE EFFECT:  
The high prolactin levels associated with suckling inhibit ovulation 
 
NORMAL NUTRITION IN THE FIRST 6 MONTHS:        
SO, you’re an infant. Your gut and kidneys are immature. You cannot tolerate solids and high 
renal solute loads  THUS you have to suckle, it’s the best thing ever. 
Breastfeeding practices in Australia  
 Not every mother chooses to breastfeed. In 
From the 1940s to 1960s, breastfeeding prevalence rates fell in many westernised countries as breastfeeding became less 
popular in line with the drive to modernity. 
 The 1970s saw a return in popularity of breastfeeding, at first among educated women.  
Breastfeeding initiation rates rose from then around 70% to now 90%, and rates at one year from less than 10% to now 20%.  

The most common reason given for early cessation of 
breastfeeding is an "inadequate supply of breastmilk", 
probably reflecting a lack of support in the early stages. 

Infant formulas  
If Breast milk is unavailable, a standard infant formula should be substituted.  

Cow's milk, sweetened condensed milk, or powdered cow's milk, are inappropriate  
Amount of formula  

A normal growth rate is the best sign of adequate nutritional intake.  
A formula fed infant generally needs 100-120 kcal/kg/day,  

..which is provided by 150-180 ml of formula/kg/day.  
As babies grow older they feed less frequently but have larger volumes at each feed.  
At the age of 6 months, an infant would usually be having 4-5 feeds per day of 180-240 ml per feed.  

Water and other fluids : 
IF BREASTFED : NO NEED FOR FLUID SUPPLEMENT  
If you water down beast milk, the infant will fail to thrive and go jaundiced  

Introduction of solid foods @ 6 months 
From 6-7 months through to 11-12 months =  progress from sucking to chewing and biting.  
MUST TRY EVERYTHING!! learn different tastes and textures, and the mouth-feel of different foods.  
If babies miss out on this experience, they then tend to resist eating lumpy food, which may lead to significant 
feeding difficulties in the second year.  

BUT: NOT TOO SALTY OR TOO SWEET! Dont want your baby habituated to these flavours 
Early introduction to solids = world of harm; 
- undernutrition (decreased nutrient intake through immature gut) 
- increased morbity (diarrhoea, allergies) 
- unnecessary stress on kidneys 
- infant becomes used to high levels of sugar and salt 

Late introduction to solids = not so good either 

- growth-faltering  
- difficulties in introducing new foods into the diet. 
 

 

 
 
 
 
 
 
 
 

NORMAL BIRTH WEIGHT: 3.4kg 
… should be 
!! DOUBLED  AT 5 months !! 
… 

!!! TRIPLED !!! 
at 1st birthday  



HUNGRY BABY = STUPID BABY 
Preterm infants = most at risk 

NUTRITION and DEVELOPING COGNITIVE FACULTIES      
 
HARD TO STUDY:  
usually  poor nutrition goes together with poor everything else  
eg. poor parents, low education level, no intellectual stimulation 
 

Mothers who elect to breast feed in developed countries are of a higher social and education status 
than those who do not.  
But.. Differences observed betwenh breast and bottle feeding may be due to the differences in mother-
child contact and attachment (bonding) rather than human milk constituents. 

BEST RESULTS: good nutrition AND mental stimulus 
Although either one of these alone is still pretty good 
BREAST MILK CONTAINS NERVE GROWTH FACTOR AND IGF-1, + iron, zinc 

etc  
CONTROVERSIAL QUESTIONS: poly-unsaturated fatty acids. Apparently good for brain, but � conflicting results;  

SO nobody is allowed to add these PUFAs to their formula. 
WORLD SCALE: IRON and IODINE = most scarce micro nutrients.  IODINE ESPECIALLY IMPORTANT! 

���� 20 million preventable cretins swarm the globe !! all for lack of Iodine 
  IRON DEFICIENCY = commonest deficiency worldwide, 40-45% of ALL children are anaemic 

 (10% in developed countries! ) 
    = poor attention span, lower intelligence scores and perception. 

Poor performance by iron deficient adolescent girls in developed countries is improved with iron supplementation. 
 
…But… Should making a child smarter be promoted as another reason for breast feeding?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



ENERGY BALANCE              

ENERGY IN = ENERGY OUT. 
  
 

4 components to total energy expenditure over 24 hours: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity  Energy cost (multiple of BMR)  

Rest 1. 

Desk work 1.5 

Driving 1.6 

Standing 2.0 

Walking slowly on level ground 2.5 

Walking quickly 4 

Cycling slowly 4 

Running slowly 6 

Tennis 6-8 

Swimming, light-moderate effort 8 

Elite athlete (maximum aerobic capacity) 24 

Table 2: Estimated average energy requirements of children 1-10 years  

Age (y)  Boys (kJ/kg/d)  Girls (kJ/kg/d)  

1-2 435 450 

2-3 410 427 

5-6 385 368 

9-10 301 260 

1 kcal = 4.184 kJ  
1 kJ = 0.239 kcal 
I joule = the energy used when 1 kilogram is moved 1 metre by 
a force of 1 newton.  
The newton is the unit of force that accelerates 1 kg by 1m/sec 

Basal metabolic 
rate  

= largest single component 

influenced by:  

body composition  
(lean tissue has a higher 
metabolic rate than adipose 
tissue)  

SEX 
 (largely through differences 
in body composition, with 
males generally having more 
lean tissue for a given weight 
than females)  

AGE 
 (decreases with advancing 
age eg ~210-220 kJ/m 

2
 /h at 

age 5 years; 180-190 kJ/m 
2
 

/h at age 15 years; 140-150 
kJ/m 

2
 /h at age 80 years - 

note that BMR is here 
adjusted for surface area 
which is easier to measure 
than lean body mass)  
PHYSOLOGICAL STATE 
 eg increased in pregnancy  
PSYCHOLOGICAL STATE 
eg increased with acute 
anxiety  
MEDICATIONS 
 eg increased with caffeine, 
nicotine; decreased with 
beta-blockers  
DISEASE 
eg increased with fever 
(~13% over basal for every 
degree Celsius), infections, 
malignancy, hyperthyroidism, 
burns (40 - 100% increase) 

Thermogenesis  

 consists of  
cold thermogenesis 
(shivering and non-shivering) 
and  
post-prandial 
thermogenesis.  
One is to  maintain the body 
tenpereature at the 
homeostatic set point; the 
other is a result of energy 
being sued to digest and 
absorb food. 
 
. Over the course of a day, 
it is usually about 6% of 
basal metabolic rate.  
The exact amount depends 
upon a range of factors 
including macronutrient 
intake eg protein digestion 
and metabolism leads to 
increased postprandial 
thermogenesis when 
compared with the digestion 
and metabolism of 
carbohydrates or fats. 

Energy cost of activity  
Physical activity accounts 

for 20-40% of total 

daily energy expenditure 
in most individuals,  
���� more for athletes; 
���� less for sloths 
 
The amount of energy 
expended depends upon the 
intensity and duration of the 
different activities carried out 
in a day  
 
Physical activity 
incorporates both sports-like 
exercise as well as  
non-exercise activity 
thermogenesis (NEAT), 
which includes such things 
as fidgeting and incidental 
movement.  

Energy cost of growth  

…it costs energy to make 
breast milk, and its very 
expensive to grow flesh. 
 

Gain of 1 g lean body 
mass = 
= 5.4 - 7.1 kJ 

Gain of 1 g fat mass = 
= 50 kJ 
 
Overall, each gram of weight 
gain requires ~21 kJ of energy.  
 

Note: 1 metabolic 
equivalent (MET) is 
equivalent to BMR. Thus, 
an activity that is twice the 
energy cost of BMR is 2 
METs. 
 
The composition of weight gain 
is not the same at all times 
during growth.  
For example, during the first 4 
months about 40-45% of weight 
gain is body fat,  
 
whereas by age 2 years it is 
much lower (less than 10%) 
 
 Therefore,  

]the energy cost of 
weight gain is much 
higher in early infancy 
than by age 2 years. 
 This is a major reason why a 
decrease in energy intake in 
very young children can have a 
more significant impact on 

 In adults, energy requirements can be estimated by 
 
1)  first calculating basal metabolic rate using published 
equations (eg Harris-Benedict equation)  
 
2) and then multiplying by a factor to account for the level 
of physical activity eg 1.3 for sedentary activity, 1.5 for 
moderate physical activity and 2 for strenuous activity. 
 

BELOW: 
Estimates of energy costs of selected activities, 
expressed as a multiple of BMR, or metabolic 
equivalents [METs] 



WHO recommended anthropometric indices: 
weight-for-height,  
- . Low weight-for-height , also known as wasting or thinness 

(<~3rd centile of weight for height), indicates in most cases 
a recent and severe process of weight loss, which may be 
associated with severe disease or acute starvation 

height-for-age  
- Low height-for-age, or stunted growth (height <~3rd centile 

of height for age), reflects a process of failure to reach 
linear growth potential as a result of suboptimal health 
and/or nutritional conditions. For children in the age group 
below 2-3 years, low height-for-age probably reflects a 
continuing process of "failing to grow" or "stunting"; for 
older children, it reflects a state of "having failed to grow" or 
"being stunted". 

 weight-for-age 

- . Low weight-for-age , or underweight (weight <~3rd centile 
of weight for age), can reflect both a chronic process (ie 
long-term poor nutrition) as well as an acute process. 

FAILURE TO THRIVE             
=  a description, not a diagnosis.  
= describes a toddler or infant whose growth rate is abnormally low 
= causes include all kinds of illness, malnutrition and lack of love (?) 
= LOOK AT PERCENTILE CHART:  but in first few months of life, the average weekly weight gain is better 
!! Nutritional influence on growth takes place on a background of the baby's genetic potential for growth. 
 
Table 1 shows the minimum average acceptable weight gain 
 (grams/week) between 6 and 12 weeks according to the weight percentile at 6 weeks.  
Wt percentile at 6 wks Boys Girls 
p3 170 145 
p10 160 137 
p75 133 112 
p97 130 103 
 
The lower limits for weight gain for boys and girls together 
for small babies is about 150 g per week, and for bigger 
babies 120 g per week. Overall the lower limit for 
acceptable weight gain is greater for the smaller babies. 

SYMPTOMS AND SIGNS: 
Mild:  

- child is irritable and unhappy,  
- hair is lack lustre, coarse or sparse,  
- the skin is dry.  

Moderate/severe: 
- wasting which is best seen by observing the 

child from side on,  
- = reduction in muscle mass in the buttock  
- loose skin evident on the medial aspects of  

the thighs and buttock. 
-  Generalised muscle wasting can be associated with oedema, reflecting hypoproteinaemia. 

  

chronic undernutrition in children may present as stunting only,  
history, physical examination and longitudinal growth data will show whether the child is thriving or not.  

COMPARE TO PARENTS: not abnormal for little tiny people to have little tiny children 
 
Pre-term children will appear short and wasted if plotted according to actual age; 
THUS: plot their graph according to EXPECTED age (i.,e when they were due) rather than actual age 
Correcting the age to the expected, rather than actual, birthdate should be made for weight until 24 months, and for height until 
40 months. 
 
Age (mo) Weight gain (g/day) Length gain (mm/day) 

0-3 25-30 0.9
3-6 20 0.7
6-9 15 0.5

9-12 10 0.4
12-18 8 0.4
18-24 6 0.3

 

 
 
 
 
 
 
 
 
 
 

A BABY SHOULD GAIN ABOUT 150g per week 



 



 



WHO OWNS THE BREAST? Breastfeeding CDT        
breast feeding = the number one Dietary Guideline for Children in Australia. 
= GOLD STANDARD; keep going as long as you can, at least 6 months 

According to the World Health Organisation: 
- Of 64% of the world’s infants, 35% are breast fed for 4 months. 
- only 32 per cent of Australian babies were being breastfed exclusively at six months. :( 

- Still not good enough; some mothers only breastfeed while in hospital 
- The recommended duration is 6 months ���� THEN INTRODUCE SOLIDS, eg. CEREALS 

(By the age of six months, iron and zinc stores are falling in infants who have been exclusively milk-fed (either breast or formula).   

- At this time also, the development of feeding behaviour has progressed from sucking to biting 
 (and then to chewing by 7 - 9 months).  

- Delayed introduction of solids may result in growth-faltering and difficulties in being able to 
introduce a variety of foods into the diet. 

LIST OF FOODS in order of appropriateness: 
Rice cereal from 6 months; iron fortified (50 mg per 100g, but not heme form) 
Mashed banana from 6 months 
Minced chicken from 6-9 months 
Finely chopped chicken from 12 months, if already chewing 
Cows milk from 12months; approximately 4.0 g fat per 100 g 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FACTOIDS: 
- The energy needs per kg of body weight are greater in infancy than during adolescence. 
- The greatest energy needs (adjusted for body weight) are during the first few months of life  

Mature human milk has slightly more fat content than cow's milk: human milk 4.2 g/100g and 
cow's milk 3.9 g fat/100g. 
 
Breast milk energy content ranges from 271 - 285 kJ per 100g. (same as formula) 
 



ANTERIOR ABDOMINAL WALL           

Below: viewed posteriorly (male) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Superficial Anatomy of the Abdomen: Localisation       

 



VARICELLA ZOSTER: Chickenpox         
Fatal for 2 unfortunates in every 100,000 

AVOID SCRATCHING!...but its itchy…. 
- super-infection can take place when children (with their dirty little 
hands) scratch their varicella rash. Necrotising fasciitis is but one 
disturbing consequence. Nasty pockmark scars are another. 

Dangerous in the immunocompromised 
Incubation 10-21 days 
Prodrome:  

 Mild fever 
 Malaise 
 Anorexia 
 Occasionally scarlatinoform or morphobilliform rash 

Pruritic rash (characteristic) occurs the following day 
 starting on the trunk and spreading to the limbs and faxce 
 begins as red papules and develops rapidly into teardrop vesicles (1-2mm 

diameter) 
 vesicles become cloudy , break, and form crusty scabs 
 crops of lesions occur so that there are several stages of lesion present 
 vesicles often involve mucous membranes  

Diagnosis is clinical (Tzanck prep looking for multinucleated giant cells if Dx unclear) 
 

INFECTIOUS from 
24 hours before 
the rash until 
scabby crusting 
occurs

RE-ACTIVATION: “SHINGLES”; almost never in the under-10s… 
The zoster virus lives on quietly, in the dorsal nerve root ganglia… Until one day it is time to strike! 

Mononuclear cells: 
Tzanck test looks for weird 
monocytes which harbour 
herpesviruses. Cannot 
differentiate between 
simplex and zoster.  

 
 Starts out with pain along a dermatome; usually nothing on the skin as yet. 
 Pain gets worse, fever and malaise develop, and the RASH appears -vesicular, erythematous 
 MANAGE WITH ACYCLOVIR if early;  

after about 3 days of rash, the acyclovir does nothing. 
  THERE MAY BE LASTING NEUROLOGICAL DISABILITY if the face is involved. 
  RASH lasts about 2 weeks; pain may last 1-2months. 
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Peeing Issues             
Urinary Tract Infection: can present as ANY DAMN THING. IGNORE the BAG SPECIMEN  

Its worthless. If there is absolutely NO 
growth, you can rule out a UTI, but if 
there’s ANY GROWTH AT ALL, you need 
to do another sample for culture anyway. 

  -defined as BACTERIURIA, with sample-dependent threshold;  
    - ANY growth on a bladder tap specimen; 
    - 107 per L in a catheter specimen 
    - 108 for a clean catch 
  - Non-specific symptoms in an infant (lethargy, failure to feed, fever) 
   - these prompt a SEPTIC WORK UP. 
  - AFTER 2 years of age: may be able to localize symptoms better;  
   - might even have dysuria, loin pain, abdo pain, frequency, urgency, wetting 
  THROUGHOUT CHILDHOOD, INCIDENCE OF URINARY TRACT INFECTION IS 8% FOR GIRLS AND 2% FOR BOYS 

Investigations? 
- ITS E.Coli. 80% of the time. Send it for CULTURE+MICROSCOPY anyway. 
- DIPSTICK may show nitrates and leucocytes 

Short term management: 
- Empiric antibiotics. 

ORAL cephalexin, cotrimoxazole or augmentin 
INTRAVENOUS gentamicin PLUS cefotaxime or ampicillin.
7 days usually enough. 

CEPHALEXIN = 1st choice 

 Why would I admit this child: 
 Younger than 3 months; 
 Dehydrated 
 Bladder outlet is obstructed 
 Electrolytes abnormal 
 Renal impairment is evident 
 Severely, acutely ill 
 Oral antibiotics failed (by GP) 

 FOLLOW-UP: 
- 40% will have pyelonephritis. 
- 30 % have vesicoureteric reflux. 
- 1% have obstructive uropathy. 
- UTI can cause lasting kidney damage, but it doesn’t seem to lead to renal 

failure, and it does NOT seem to be prevented by prophylactic antibiotics. 
THEREFORE: 
- ULTRASOUND at least is indicated. (! MEQ-level fact) 
- If youre going to do ultrasound, DO IT EARLY. Prefereably as soon as UTI is confirmed. 
- In reality, there doesn’t seem to be any real benefit to such broad screening for tract abnormalities. 
- BUT: if ultrasound shows ureter and pelvic dilatation, you want an MCU and a DMSA. 

 
OTHER INVESTIGATIONS: 
 DMSA scan, a nuke med perfusion study which shows renal scarring 

 Micturating Cysto-Urethrogram, a contrast study where you inject dye into the bladder  
and look for dye reflux ascending into the ureters.  
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Bed-wetting: affects 4-5% of kindergarten kids, at least once a week.   
  MOST LIKELY not pathological. 
  DAYTIME wetting is more likely to be UTI….  
  NIGHT-TIME WETTING is a bizarre childhood psychology problem, dealt with in a thoroughly  

Pavlovian manner, with a moisture-sensitive bed alarm which wakes the child. 60-70% success. 
 

Congential Weirdness: found in ~ 0.5% of fetuses at the 18 week antenatal ultrasound. 
  THE VAST MAJORITY OF THESE will be asymptomatic. 
  Examples or symptomatic ones: Pyelo-ureteric junction obstruction; agenesis of ureter;  

agenesis of urethra; “prune belly syndrome” (no abdominal musculature)  
 
 
 
GLOMERULAR DISEASE IN CHILDHOOD:          
i.e. … why has this child got hematuria and proteinuria? 
There is such a thing as “benign postural proteinuria”… uncertain aetiology; not dangerous, persist for years… 

When is this normal? 
-its ok to be proteinuric after exercise or with a fever. 
Exercise proteinuria goes away in 48hrs. Febrile 
proteinuria goes away with 7 days of resolution of the 
febrile illness. 
 

NEED TO KNOW: which protein is being excreted? 
 Small molecules, microglobulin – it’s a TUBULAR problem, or reflux nephropathy. Seek a syndrome (eg. cystinosis) 
 Small selective molecules, eg. only albumin- its probably minimal change glomerulonephritis 
 Poorly selective proteinuria- any damn thing; could be any of the glomerular diseases. 
URINARY PROTEIN to CREATININE RATIO: the test of choice. Tells you how much protein is excreted 
for every mmol of creatinine. Normal P:C ratio is 20mg/mmol 
  TYPICAL RESULTS: 

- transient post-febrile or post-exercise proteinuria: probably below 100mg/mmol 
- postural benign proteinuria: recumbent urine = below 20mg/mmol; standing = over 50mg/mmol 
- Tubular or reflux nephropathy:  below 100mg/mmol 
- Any glomerulonephritis: nephrotic picture, over 350mg/mmol 

  
POST-STREP GLOMERULONEPHRITIS: 
 History: 10-14 days after a throat infection; 

INVESTIGATE  with a strep serology test… 
 and look for the most threatening complication: 

 ACUTE NEPHRITIC SYNDROME: 
-    High potassium 
- High creatinine and urea (duh, reduced kidney function, with 

glomerular disease…) 
- Hypertensive encephalopathy 
- Complement assay: Low C3, normal C4 
- Usually complement recovers in 3 months  

Heinoch-Schonlein GLOMERULONEPHRITIS: 
 Presents with a characteristic vasculitic purpueral rash, arthritis, abdo pain…. 
 

Random nephritic syndromes: rare; 1 in 100,000 of Australian children, 7-8 per 100,000 of Indian migrants. 
 Usually concerned parents bring the kid in with a swollen oedematous face, and you find they are albumin-depleted. 
 
CHRONIC RENAL FAILURE in children is very rare, but horrible.  
 Dialysis causes growth and developmental delay. Especially bone-related problems. 

A 4-year wait for a kidney donor is different for a 50 year old and a 1 year old. 
10 year graft survival is about 50-60% 



CROUP:          
 History:        Croup and recurrent croup are associated with bronchial asthma. 

The association seems essentially based on the presence of 
hyperreactive airways and less on the presence of atopy, although 
the latter can be considered an aggravating factor. 

- few days of runny nose 
- slow onset of fever 
- sore throat 
- brassy, bark-like cough - the three signs of an upper respiratory obstruction; 

- these define the croup syndrome - hoarse voice 
- stridor 
 

- biphasic stridor usually means fixed narrowing, like subglottic stenosis or  
- ? SWALLOWED ANYTHING WEIRD? Rule out foreign body obstruction. 
- Insect sting? Could this be anaphylaxis? Ask about peanuts and iodine. 
- Drooling and dysphagia?  epiglottitis. 
- Illness started out like croup but developed into something with high fever,  toxicity, and 

worsening respiratory distress?  CONSIDER BACTERIAL TRACHEITIS. 
- The symptoms of airway obstruction disappear over 3–5 days. 
- Croup runs its natural course over 7 days 

PAST HISTORY:            
- previous episodes, hospitalisations, ICU stay 
- history of asthma 
- croup in the family 
- allergies 

PHYSICAL EXAM:            
- ASSESS SEVERITY. Red flags are as follows: 

o Lethargy: means increased respiratory effort is wearing the child down. 
o Stridor at rest, tracheal tug, chest wall retraction: mean obstruction is severe 
o CYANOSIS, LOSS OF CONSCIOUSNESS: intubate right away. 
o Oxygen saturation via SATS finger probe is unreliable. 

- also AUSCULTATE + PERCUSS (pneumonia?) 
- also look at PHARYNX: ?tonsillitis? 

INVESTIGATIONS: do not over-investigate.         
o Chest X-ray to rule out major chest issues, pneumonia, pneumothorax, tumour, retrosternal goitre 

DIFFERENTIALS:            
Bacterial Tracheitis  
Diphtheria  
Epiglottitis  
Inhalation Injury  
Laryngomalacia  
Measles  
Peritonsillar Abscess  
Retropharyngeal Abscess  
Subglottic Stenosis  
 

 

 

 

  

Angioneurotic edema 
Laryngeal fracture 
Laryngeal hemangioma 
Laryngeal stenosis 
Laryngeal tumor 
Spasmodic croup 
Uvulitis 
Vocal cord paralysis 

MANAGEMENT:            
- MILD CROUP, active child : treat the parents.  

 Low-dose single dose oral corticosteroids, maybe, for the child. 
- MODERATE CROUP, unhappy distressed child: oral corticosteroids 

 May use nebulised corticosteroids (these seem better) esp. if pills are not tolerated 
 Observe these ones for progression into severe croup.  
 Watch for ~ 4 hours, discharge when settled with no stridor. 
 Response still incomplete after 12 hours? Repeat the steroids. Consider admission. 

- SEVERE CROUP, agitated or lethargic child:  
An adrenaline neb should produce an 
immediate and dramatic response.  
If it does not, consider another diagnosis. 

PATHOPHYSIOLOGY: 
Hyper-responsive airways mean you get inflammatory oedema 
of the tracheal lining and of the vocal cords, especially when 
challenged with a viral pathogen. The kids also have a floppy 
airway as it is, due to the immaturity of their laryngeal cartilges; 
so increased panicky inspiratory effort can collapse their 
airways, causing stridor.   

 4 litres O2 via mask 
 Nebulised adrenaline  
 Oral, nebulised or IM corticosteroids 
 Admit to hospital. 

- LIFE-THREATENING AIRWAY OBSTRUCTION, cyanosed unconscious child: 
 100% O2 via mask 
 Nebulised adrenaline 
 Nebulised or IV corticosteroids 
 INTUBATE and contact ICU 
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EBM              

• In preschool age children how common is croup?  Not rare… Croup affects about 2% of 
preschool-aged children every year. The incidence of total resp tract infections is highest in the first 
year of life, and the attack rate for croup is highest in the second year of life. Boys 1.4 times more 
likely than girls. Croup occurs predominately in late fall and early winter.Denny FW, Murphy TF, Clyde WA 
Jnr, et al. Croup: an 11-year study in a pediatric practice. Pediatrics 1983; 71: 871-876 cited in Dominic A Fitzgerald and Henry A Kilham 
Croup: assessment and evidence-based management MJA 2003; 179 (7): 372-377 

• In preschool age children how common is asthma? Very common. 1997, 27% of Australian 
children had current wheeze, and this is increasing by 1.4% per year.  (i.e have wheezed in past 12 months; 
children who wheeze are symptomatic about 14% of the time.)         The prevalence of persistent asthma 
(wheezing episodes with abnormal airway function between episodes) in children has increased from 5% to 
9% in the past 20 years. Woolcock AJ, Bastiampillai SA, Marks GB, Keena VA. The burden of asthma in Australia. Med J Aust 2001; 175: 141-
145. In  

In children with croup how useful is a lateral neck xray in determining diagnosis?Not very. Poor quality 
retrospective study of 61 children says: a request for a lateral X-ray of neck in croup is an inefficient use of 
diagnostic facilities. Dawson KP. Steinberg A. Capaldi N. The lateral radiograph of neck in laryngo-tracheo-bronchitis (croup). [Journal Article] 
Journal of Quality in Clinical Practice. 14(1):39-43, 1994 Mar. 

What viruses cause croup? PARANINFLUENZA viruses, manly type 1(60%). The rest is shared between 
respiratory syncytial virus, influenza viruses A and B, and Mycoplasma pneumoniae. Quoting 
eMedicine.com article by Antonio Muniz 

Is positive family history of croup a risk factor? Yes. Recurrent croup was significantly associated with 
a patient history of asthma and wheezy bronchitis and a family history of croup. This study confirms and 
extends observations indicating that recurrent croup involves a persistent and inherited airways hyper-
reactivity that is triggered by viral and other stimuli, including those related to temperature. Cohen B. Dunt D. 
Recurrent and non-recurrent croup: an epidemiological study. [Journal Article] Australian Paediatric Journal. 24(6):339-42, 1988 Dec.

How many kids with croup will go on to develop asthma? About a third. The odds ratio to develop 
asthma was 2.91 (CI 2.19 - 3.86) for children with a history of croup, 2.60 (CI 1.93 - 3.51) for a family history 
for asthma and 8.60 (CI 4.99 - 14.80) for the combination of family history and croup. Asthma was 
diagnosed in 37.3% of children with croup and a positive family history. Nicolai T. Mutius EV. Risk of asthma in 
children with a history of croup. [Journal Article] Acta Paediatrica. 85(11):1295-9, 1996 Nov.

In children with moderately severe croup, how do IM corticosteroids compare to nebulised 
corticosteroids in reducing hospital stay and reducing likelihood of admission?No 
difference, really. Slight advantage for nebs in this one study.  “Nebulized budesonide, oral and 
parenteral dexamethasone have the same effectiveness for treatment of croup and the choice depends on 
conditions of the patient and the physician.” Cetinkaya F. Tufekci BS. Kutluk G. A comparison of nebulized budesonide, and 
intramuscular, and oral dexamethasone for treatment of croup. [Clinical Trial. Journal Article. Randomized Controlled Trial] International 
Journal of Pediatric Otorhinolaryngology. 68(4):453-6, 2004 Apr. ($steroid$ and croup) and nebuli$ and (IM or intramuscular or intra-
muscular).mp.  

Does adrenaline reduce length of admission or rate of intubation in these kids? Compared 
to nebulised saline? Somewhat. [ max benefit is seen in 60 minutes] Reduced length of 
admission because they get better very quickly and you only need to observe them for 2-3 hrs. 
Does reduce rates of admission and intubation, so long as it is used TOGETHER WITH 
STEROIDS. Racemic epinephrine was significantly more effective than saline at 10 (P less than 
.01) and 30 minutes (P less than .05) but not at 120 minutes after the treatment. Westley CR. Cotton 
EK. Brooks JG. Nebulized racemic epinephrine by IPPB for the treatment of croup: a double-blind study. [Clinical Trial. 
Journal Article. Randomized Controlled Trial] American Journal of Diseases of Children. 132(5):484-7, 1978 May. Poor 
study, 20 pts aged 5mth to 5 years. Kristjansson, S., Berg-Kelly, K. and Winso, E., 1994. Inhalation of racemic 
adrenaline in the treatment of mild and moderately severe croup. Clinical symptom score and oxygen saturation 
measurements for evaluation of treatment effects. Acta Paediatrica 83, pp. 1156–1160. larger RCT study. Applauds 
adrenaline. McDonogh AJ. The use of steroids and nebulised adrenaline in the treatment of viral croup over a seven 
year period at a district hospital. [Journal Article] Anaesthesia & Intensive Care. 22(2):175-8, 1994 Apr. Gosford hospital, 
close to home. Large retrospective analysis, sings praises to the timely use of adrenaline and steroids.

 

!! L-epinephrine is at least as effective as racemic epinephrine in the treatment of laryngotracheitis 
and does not carry the risk of additional adverse effects. L-Epinephrine is also more readily 
available worldwide, is less expensive, and can be recommended for this purpose. “Racemic” 
means equal mixture of Dextro and Levo-isomers. 

http://www.sciencedirect.com.ezproxy.library.usyd.edu.au/science?_ob=ArticleURL&_udi=B6WKK-4DPGJBT-K&_coverDate=12%2F31%2F2004&_alid=402178255&_rdoc=1&_fmt=&_orig=search&_qd=1&_cdi=6909&_sort=d&view=c&_acct=C000008818&_version=1&_urlVersion=0&_userid=115085&md5=98d74d912fcedcf3eb782224c2c7e2e6#bbib23


PAEDIATRIC DEVELOPMENTAL AND BEHAVIOURAL PROBLEMS     
MEQ issues: where to refer? 

- Community health centre or Early Childhood Nurse; 
- Speech pathology 
- Occupational therapy 
- Psychologist 
- Social worker 
- Hearing and vision clinic 
- Genetic investigations (eg. syndromic?) and genetic counselling 
- Special education support 
- Developmental disability services 
- Condition specific support networks and services 

PREVALENCE per 1000 
- Language dysfunction   200 
- Learning difficulty    150 
- Language disorder    30 
- Comprehension disorder   10 
- Global intellectual impairment  30 
- ADHD    50 
- Conduct disorder   30 
- Gifted child   10 
- Aspergers    1.2 
- Autism spectrum   1.3 COMMON PRESENTATIONS: 

- not affectionate; poor listening and understanding 
- says nothing, or very little 
- poor imagination 
- keeps doing the same thing (eg. spinning the wheels 

of a toy, sorting blocks, climbing everything) 

RISK FACTORS FOR LANGUAGE DISORDERS: 
- family history (most important) 
- hearing impairment 
- preterm 
- very low birth weight 
- intellectual disability 
- autistic spectrum 
- seizure disorder 
- acquired neuro problem (eg. head injury) 
- genetics: fragile X, Down’s, Duchenne, 

etc…. 

Is it AUTISM? 
- Socially withdrawn 
- Poor eye contact 
- Little language 
- Better at puzzles, mechanics, visuals 
- Poor imaginative play 
- ? could it be a language disorder, a dyspraxia, or global intellectual disability? 

PRIOR TO SCHOOL ENTRY: 
- delay entry until ready 
- language support: phonics, speech therapy etc 
- clear instructions in teaching 
- allow time for motor activity between short education sessions 
- frequent and obvious behavioural support; reinforce the good, discourage the bad. 
- Teach playing skills 

ADHD: 2 major types: IMPULSIVE and INATTENTIVE 
 
 
 
 
 
 
 
 
 

IMPULSIVE:  
- motor weirdness 
- mainly in boys 
- language and speech disorder is common 
- behaviour disorder, aggression etc…. 
- social rejection is a big problem 
- family discord often present 
- treated by behavioural modification and 

medication 

Medication effective in 70 to 90%; low-level side effects. 
Benefit from medication is related to other therapeutic approaches being used. 

INATTENTIVE 
- Memory and planning weirdness 
- Boys affected at about same rate as girls 
- Subtle language and speech problems 
- Social reticience is a big problem 
- Often anxious or depressed 
- Managed with organizational training and 

medication. 
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Which Communication disorder is this?          
Poor communicative intent? Just don’t want to talk? 

- unaware that others are social creatures? = Autism or profound intellectual disability 
- unempathetic, don’t feel that others expect speech? = autism of PID 
- unwilling to talk? = anxiety 

Poor input? Nothing getting in? 
- incomprehension; = intellectual disability, autistic spectrum, hearing impairment, verbal agnosia 

Poor ouput? Nothing useful coming out…. 
- Unintelligible? = stutter, anatomical or neurological defect eg. dysarthria, or is it anatomy of the 

palate? Conductive hearing loss can also impair the way you pronounce your words. 
- Unproductive? Just NOT TALKING? = Selective mutism, autism, anxiety disorder 
- Unexpressive? Monotonous, invariable? = Moebius syndrome (underdevelopment of facial 

nerves; permenant poker face) 
Poor quality? Inappropriate gibberish, or worse, articulate but blasphemously rude? 

 = semantic-pragmatic language disorder (just never quite sure what is appropriate) 
= could it be Tourettes?... 
= thought-disordered PSYCHOSIS? In one so young, oh my….. 
 

 
 
 
 
 
 



Gastroenteritis of Infancy, and Managing Fluids in Childhood    
! 6% of all admissions for the under-15s! Therefore, one day you’re likely to have to deal with this. 
Rotavirus gastro usually presents in autumn or winter, usually in the under-5s. 
PRESENTATION: 
  VOMITING 
  DIARRHOEA 
  FEVER 
  NAUSEA: Reduced Oral Intake 
  DEHYDRATION: Reduced Wet Nappy Production; conversely, numerous “damp” nappies 
  History of contact with another gastro-stricken person 
   
 
 
  
 
 
 
 
 
 
 
 
Rarely followed indications for presenting your kid to hospital: 

- Anyone under 6 months 
- Any child  who is difficult to wake 
- Any of these disturbing symptoms 

 

ROTAVIRUS: 80% of gastro 
Campylobacter Jejuni, Salmonella, Shigella 
Yersinia, Escherichia etc. are. another 15%... Ask: what is the 

baby eating?    If the bub is breastfed, he’s got plenty of protective maternal IgA 
and so he may be vomiting for some other reason; possibly a 
SINISTER reason.  Some sort of atresia or stenosis, perhaps?...

WHAT YOU WANT: 
- low grade fever 
- watery diarrhoea sans blood or mucus 
- non-bilious vomiting 
- not much abdo discomfort 

WHAT YOU DON’T WANT: 
- high fever 
- mucusy or bloody stool 
- great deal of discomfort 
- septic-looking infant 

 
CONSIDER SURGICAL CAUSES OF 
VOMITING AND ABDO PAIN

That makes the case for a bacterial infection ; 
…And its not necessarily focused in the gut…. 
SEPTIC WORK-UP for these kids may turn up a UTI or a lower lobe 
pneumonia, transmitting inflammation through the diaphragm and 
causing ileus 

That would sound like viral gastro; 
Nothing threatening 

 
FIRST: assess dehydration ; management depends on this      

Most commonly, parents either wait 
too long, or panic too early. 
This means treating either a lethargic “sick 
child” or a well-hydrated happy bub with a 
low fever and an occasional spew. 

Best if you have a recent weight for the child; you can measure the current weight and assume that what weight 
is lost is due to fluid depletion. In absence of reliable weight, you have to actually examine the child. 

- Restless 

SHOCKED  
>10% 

MODERATE  
Up to 5-10% 

MILD  
 up to 5% 

- Irritable 
- Thirsty 
- Reduced nappy output (you want at least 4 wet nappies per day!) 
- Dry mucous membranes 
- Visible skin folds (skin turgor >2seconds) 
- Sunken eyes 
- Sunken fontanelle 

CAPILLARY REFILL = 
SINGLE MOST RELIABLE SIGN 

- Drinking poorly 
- Lethargic, sleepy 
- Slow skin turgor 
- Tachycardia 
- HYPOTENSION 

 
 
 
 
 

MANAGEMENT: its all about the fluids. 
MILD dehydration: send them home with gastrolyte 
MODERATE dehydration: keep them in hospital, on oral or nasogastric rehydration 
   If too sick to drink, give IV fluids as below. 
SEVERE dehydration: Give IV bolus fluids, admit, review electrolytes (obsess over sodium) 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



 
BOLUS FLUIDS:             

- 20ml / kg; only NORMAL SALINE or HARTMANNS over 10-20minutes 
- repeat up to 40ml/litre 
- so, a 10kg toddler should get no more than two 200ml boluses 

 
REHYDRATION:              
 (Weight) x (%dehydration) x 10    over 24 hours; 
    ! UP TO 5% DEHYDRATION! Otherwise, give a bolus. 

Clinical signs will not be 
present until the child is 
5% dehydrated. 

 Use HALF SALINE with 2.5% glucose 
    
 
 
ADD CONTINUING LOSSES (estimate and add to maintenance)     

MAINTENANCE: in ml/kg/day 
Only add potassium if 
you got urine output! 

GLUCOSE: 
Make up to 8% 
glucose if 
younger than 6 
months 

POTASSIUM: 
3mmol / kg /day 1st day   60 

2nd day  90 
3rd day  120 
up to 9mth  120 
9-24 mth  90 
24mth-4yrs 70 
4-8yrs  60 
older child  50 
  

THEN WHAT?            THEN WHAT?             
 - No medications! Antimotility agents, antibiotics and anti-emetics are CONTRAINDICATED. 

- commence normal feeding after rehydration is into its 4th - 5th  hour.  
- May still be lactose-intolerant (as the virus has destroyed their brush border) 
- REMEMBER: the only way this child could die is throughYOUR fluid management. 
- THEREFORE the LESS you do, THE BETTER THEY GET. 
 



PAEDIATRIC IMAGING, briefly           
SKULL X-RAY: only in the investigation of 

- skeletal survey, for dysplasia or “syndrome” investigation 
- non-accidental injury 
- child with boggy swelling, without reduced level of consciousness 
- FONTANELLES: Anterior closes at 2 years, posterior and lateral at 9 months. 

HEAD CT: 
- Head injury, looking for intracranial bleed. 
- If the child is younger than 1 year, you can do a head ultrasound instead. 
- ULTRASOUND is effective for looking at CSF spaces, but it wont pick up bleeding. 

NECK CT and Xray:  
spinal injuries are les obvious in the under-8s 

- usually subtle ligamentous injuries 
- your spine becomes mechanically adult by about 8 years of age. 
- Otherwise, same process as for adults. Look at the 4 lines (should be parallel) 
- Soft tissue swelling is most important (check retropharyngeal distances) 
- You can X-ray for epiglottitis and croup, but its not very useful, and dangerous. 

(don’t want to hyper-extend that neck: it will probably obstruct an already fragile airway) 
 
 

 
 

A little ode to HYDROCEPHALUS: its one of the reasons you would order a head CT ina 2 year old. 
- incidence is about 4 in 1000 
- its either OVERPRODUCTION, UNDERABSORPTION, or OBSTRUCTION. 
- Arnold-Chiari malformation is a common cause, associated with spina bifida. Not to be confused with 
Budd-Chiari syndrome, which is thrombosis of the portal veins…. 
NON-communicating hydrocephalus:  what do they mean? What is communicating with what? 
Well; communication in this case means the passage of CSF out of the brain spaces. 
 
Communicating Hydrocephalus means the aqueduct is communicating, i.e.patent. Thus, its extracerebral (eg. 
after meningitis). Obstruction anywhere outside the brain qualifies communicating hydrocephalus. 
 
Non-Communicating Hydrocephalus is an obstruction of the aqueduct, eg. congenital stenosis. Obstruction 
anywhere within the brain counts as non-communicating.  
 
Signs and symptoms: 

- increased head size, increasing circumference 
- tense fontanelle 
- vomiting 
- poor feeding 
- falling level of consciousness 
- seizures and fits 

 
WHERE TO PUT THE SHUNT: 

Ventricle  peritoneum 
Ventricle  pleural cavity 
Ventricle  atrium of heart 
Third Ventriculostomy (drainage hole directly from the ventricle) 

 
COMPLICATIONS OF CSF SHUNTING: 50% rate of complication over 10 years. 
 The child will eventually grow; THE SHUNT WILL NOT. Hence it slowly pulls out of where it drains to. 
 This will result in hydrocephalus returning (the shunt is blocked). 
Alternatively: 
 Proteinaceous debris from the CSF can eventually occlude the narrow shunt tube. 
 Infection in the abdomen, pleural cavity or bloodstream can migrate into the shunt… and block it if youre  

lucky; an empyema can get pushed all the way up the shunt by normal respiratory activity. Eeew. 
 
HYDROCEPHALIC CHILDREN NEED EXPERT FOLLOW-UP: 
- involve speech therapists, physiotherapist, occupational therapist, and psychologist. 
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This document was created by Alex Yartsev (dr.alex.yartsev@gmail.com); if I have used your data or images and forgot to reference you, please email me.    

From the free Google scan of “APLS : the pediatric emergency medicine resource” by Gausche-Hill and Strange, as well as the APLS handbook and www.alsg.org 

Epidemiology of childhood mortality         
Infant mortality rate is defined as the number of deaths of children under one year  
of age in one calendar year per 1000 live births in the same calendar year  

Worldwide infant mortality 
- In 1950: 180  
- In 2000: 67 

 

In Australia: 
- In 1900: 107 
- In 2000: 5 

- Chances of dying as an infant decrease with increasing age: 
o 0 – 28 days: 3.4 infants in every 1000 
o 4-52 weeks: 1.6 infants in every 1000 
o 1-4 years: 0.2 infants in every 1000 

 
Most infant deaths occur on the first day of life. Birthdays is the most dangerous day. 
As in every other statistic, infant males are more likely to die of any cause. 
 

Causes of death in infancy           
Newborns: issues of prematurity (eg respiratory prematurity, hemorrhage, immune etc) 
1 month to 1 year old: SIDS (improving over the last few years) 
After 1 yr of age:  trauma; + infection in developing countries  

 
Epidemiology of cardiac arrest in children        

VERY FREQUENTLY DUE TO HYPOXIA   
 And the hypoxia frequently due to ASPHYXIA – eg. inhalation 

Usually, by the time they have a cardiac arrest, they have been hypoxic for a while 
and they have had enough metabolic acidosis and hypoxia to really screw all their 
other organs. 

 The next most frequent cause: circulatory failure 
 Meaning exsanguination, gastroenteritis dehydration, anaphylaxis, or similar. 

Unlike adults:  VERY RARELY  due to primary cardiac disease 

 
In summary: 

- Respiratory obstruction eg. asthma, foreign body, croup 
- Respiratory depression eg. convulsions, poisoning,  raised ICP 
- Fluid loss eg.blood loss or dehydration from burns or vomiting, 
- Fluid maldistribution eg. sepsis, anaphylaxis or cardiac failure 

 

Outcome of cardiac arrest in children         
Invariably poor. Even worse if you arrive to the hospital apnoeic and pulseless. 
Typically, a period of acidosis and hypoxia has preceded the arrest anyway. 
 

If CPR has been going on for 20 minutes or longer, there is NO chance of intact neurological survival. 
 

 



PAEDIATRIC IMMUNISATION SCHEDULE AND TECHNIQUES (accurate in 2006)   
AT BIRTH:  Hep B 
At 2 months:   Hep B, DTPa, Polio, Pneumococcal 
At 4 months:  Hep B, DTPa, Polio, Pneumococcal 
At 6 months:   Hep B, DTPa, Polio, Pneumococcal 
At 12 months:       MMR, HiB, Menigococcal C 
At 18 months:       Varicella 
At 4 years:  DTPa, MMR, Polio. 
 

OPPORTUNISTIC: if a child has turned up to a doctor, and they haven’t had their shots, GIVE THE SHOTS. 
CONTRA-INDICATIONS:  

- Currently febrile; but minor febrile illnesses are not contraindications 
- Anaphylactic reaction to previous vaccination 
- Recent evolving neurological disease, or convulsions within last 3 weeks 
- Immune compromise 

 
TECHNIQUE FOR INFANTS AND NEONATES: Thigh for 12months and below; deltoid for anything older. 
 Needle: 23 gauge, 25mm long. 
  Smaller for younger, smaller, or pre-terms 

UNDO THE NAPPY! Need to see the whole business to site your landmarks. 
INJECTION SITE for the thigh is 2/3rds up the thigh,   

along the vastus lateralis – needle pointing towards the patella at 60 degree angle. 
Hold the baby’s thigh in your hand with the thumb on one side and index finger on the other side of  
the knee. 

 DELTOID: inject at mid-point between acromion and insertion of deltoid. Point towards the shoulder, 60o

 SUBCUTANEOUS: pinch the skin, 45o angle, DON’T MASSAGE. 
 INTRADERMAL, eg. BCG: get someone else to do it. This requires special training. 
 IF YOURE GOING TO GIVE MULTIPLE VACCINES, separate the sites by at least 25mm; or use different sites 
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Paediatric Neuromuscular Disorders       May present in the first year of life; 
but most likely after the child walks There are several levels where weakness may intrude; 

BRAIN  
SPINAL CORD  

 ANTERIOR HORN CELLS- eg. spinal muscular atrophy 
 PERIPHERAL NERVE – eg. neuropathy of diabetes 
 NEUROMUSCULAR JUNCTION- eg. myasthenia gravis, polymyositis 
 MUSCLE-  eg myopathies, muscular dystrophy 
QUESTIONS: family history? Unkle died young in a wheelchair? 
 
EXAMINATION:  

HYPOTONIA:  
child is floppy; but floppily weak, or floppily strong? 

  Floppy weak = lower motor neuron problem; not moving much at all 
  Floppy strong = Downs syndrome, or other central problem (tone preserved) 

! dysmorphic features suggest that the hypotonia is CENTRAL 
Central features: 

- Impaired cognition, seizures, decreased intellect 
- Poor feeding, poor sucking 
- Micro or macrocephaly (which is a dysmorphic feature) 
- Normal or brisk reflexes 

Peripheral features: 
- Alert baby, but not moving! 
- Weakness 
- Depressed or absent reflexes 

PATTERN OF WEAKNESS: 
  PERIPHERAL suggests NEUROPATHY 
  PROXIMAL suggests MYOPATHY 
GOWERS’ MANOEUVRE: 
  Get the kid to get up off the floor. TIME IT. Normal child will do it in 2-3 sec. 
  An objective sign of proximal muscle weakness is when the kid cant get up  

without pushing off their knee with their hands; that’s a positive Gowers. 
CALF ATROPHY or HYPERTROPHY? 
  ATROPHY: probably neuropathy, peripheral nerve damage 
  HYPERTROPHY: probably a muscle issue; the calf is replaced with fatty scar tissue 

GAIT: 
Waddling,  shifting weight on to each leg as you step- sign of gluteal weakness, eg. Duchenne’s 
Able to heel walk? – a test for Achilles tendon shortening 

 Intellect: 
  Duchennes means the abnormal protein is also found in the brain.  
  Thus: a STATIC (non-progressive) ENCEPHALOPATHY ensues; 

- IQ is on average 10-15 points below peers.  
- THESE ARE DULL CHILDREN. 

 

INVESTIGATIONS:           
- Serum Creatine Kinase  

(200 to 100 = probably myositis) 
(over 1000 = probably dystrophy) 

As always in neurology. 
the idea is to determine 
where the lesion is.  
REFLEXES and 
WEAKNESS are probably 
the best markers. 

ELECTROMYOGRAM: looks for abnormal 
response in the muscle after a normal nerve 
conduction. 
Nerve Conduction Studies: slow nerve 
conduction suggests a neuropathy. 

- MUSCLE BIOPSY IS THE GOLD STANDARD;   
o take biopsy from deltoid or quadriceps. 
o NERVE tissue biopsy can also help: harvest the sural nerve, at the 

tibialis anterior. 
Immunohistochemistry, electrophoresis, Western Blot test, PCRs etc -  its all about identifying the 
dystrophin,   

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



PAEDIATRIC OPHTHALMOLOGY, briefly         
ACUITY: [x] over [y] 
 X = distance from chart 
 Y = number of line read (larger the number, the larger the font) 

 AMBLYOPIA: this is what happens when you don’t use one of your eyes during early life. 
  The visual cortex requires input for the synapses to arrange themselves appropriately. 
  A ptosis (drooping eyelid) can prevent enough light entering that eye, and hence may  

produce AMBLYOPIA. 
 ESOTROPIA: inwards-turning eye 
 EXOTROPIA: outward-turning eye (exo = out) 
 STRABISMUS: a mis-coordination between the eyes; one of the eyes actually points in a  

slightly different direction. This leads to ambyopia, because the brain seems to “learn” to  
ignore the input from one of the eyes.  
!! Strabismus is abnormal after 4 months; after that, normal binocularity should be  
established. 

 How to test visual acuity in the illiterate toddler? 
- Snellen “E” chart (with lots of rotated E’s) 
- Matching pictures on the wall chart with pictures ina book (use the parents to watch over) 

 
In school-age children, visual difficulties can present as 

- squinting 
- rubbing eyes 
- frequent blinking 
- tilting the head 
- losing place in a book constantly 
- difficulty copying from the board 

 
 A PALE RETINA: if you don’t get the normal redness in the back of an eye (the “red eye” in  

photographs), it may be a (gasp!) RETINOBLASTOMA. Therefore: it is absolutely 
vital to check for the red-eye reflex in the newborn. 
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PAEDIATRIC PAIN MANAGEMENT           
SEVERE PAIN in early childhood is bad news. Normally, synaptic reorganization takes place in early childhood 
and you don’t want an excess or a deficit of sensation, because these will cause permanent problems. 
For example, full thickness skin wounds can cause a persistent increased sensitivity in that area, in absence of any persisting injury. 
PLUS: the cognitive, psychological perceptions of and responses to pain will be altered. 
ASSESSMENT OF PAIN: 

- in NEONATES: use physiological markers; furrow of brow, nasolabial fold, O2 sats, tachycardia 
- in INFANTS: use consolability, facial/limb movements, sleep disturbance, eye squeeze, crying amplitude 
- in TODDLERS: use consolability, pain scales involving faces, maybe self-report 
- in OLDER CHILDREN, self reporting becomes more reliable. 

 NEONATES are actually MORE susceptible to pain, as they have more NMDA 
receptors and A-fibres. It’s a common myth that the reverse is true. SHORT-TERM ANALGESIA: 

PROCEDURAL PAIN: 
- for CANNULAE, use nitrous oxide or EMLA cream (lignocaine and prilocaine). Nitrous is best. 
- For MINOR PROCEDURES, nitrous and EMLA is best. 
- For MODERATELY SEVERE procedures, eg. lumbar puncture or bone marrow aspirates, a combination 

of nitrous oxide and a local anaesthetic would be acceptable. 
- For MAJOR procedures, use either nitrous oxide (its still good, even with severe pain) OR use IV 

regional anaesthesia (if you know how to do that)… OR… for something like closed fracture reduction.. 
use KETAMINE +  MIDAZOLAM 

OPIATES: good for rapid-onet analgesia in emergency situations; long term administration is complicated by  
respiratory and gastrointestinal side-effects 

KETAMINE you need to keep a good eye on, in case of unsolicited deep sedation (keep a laryngoscope handy) 
- otherwise, its usually fine; some unpleasant salivation, hallucinations, hypertension…. 

MIDAZOLAM sedates but does not actually relieve pain, so use some accessory analgesia. 
COMBINATION of drugs has more adverse effects. No single combination has any greater risk. 
 
LONG-TERM ANALGESIA:
PARACETAMOL: 
 Safe as houses. Needs a higher dose than the usual antipyretic dose. 
NSAIDS: !! DO NOT USE in the under-6-months age group! 
  (may cause pulmonary hypertension with altered cerebral + renal blood flow) 
 Ibuprofen is safe. Use it. Decreases opiate requirements and acts synergistically with paracetamol. 
 ASPIRIN is NOT GIVEN to children; may cause REYE’s SYNDROME (encephalopathy and liver failure) 
 
OPIATES: the younger you are, the less you need. Longer half-life and reduced clearance rate. 
 MORPHINE PCA is good in children as young as 5 years. You can also have Nurse-controlled analgesia,  

where a nurse walks past and pushes the button for you. 
 
EPIDURAL ANAESTHESIA FOR PROCEDURES 
 Single-shot caudal block, or continuous infusion; either can be as good a systemic opioids. Most serious  

PAEDIATRIC MORPHINE:
0.1 mg per kilogram 

20 micrograms per kg per ml is 
an appropriate PCA dose 

ALWAYS GIVE IV ANALGESIA IN INCREMENTS 
Eg. split the dose into halves or thirds 

complication is accidental venous infusion, with systemic complications. Mainly cardiological. 
 

SMALL-SCALE PAIN PHYSIOLOGY: responses to pain include….        
- increased ACTH, CORTISOL; thus, insulin resistance and fluid retention, reduced immune response 
- increased Adrenaline; thus hypertension, hyperventilation, and impaired insulin release 
- increased Glucagon, thus hyperglycaemia and elevated metabolic rate. 
- Increased ADH, thus increased sodium and water retention, and thus hypertension 
- Increased sympathetic activity, thus hypertension and RENIN release (the whole cascade) 
- All this results in impaired GI function, and elevated cardiovascular function.  
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PRACTICAL MANAGEMENT OF PAEDIATRIC ASTHMA       
Classified by severity and frequency, with a view to make management easier. 
INFREQUENT: 75% of suffererers 

- episodes 6-8 weeks  apart, attacks generally not very severe, and the well child has nothing abnormal on examination 
- RELIEVER AS REQUIRED. No need to be on too many medications. 

FREQUENT EPISODIC: 20% of sufferers 
- episodes every 6 weeks or so; attacks are troubling. Examination probably normal while asymptomatic.  
- PREVENTER: Sodium cromoglycate or nedocrimal sodium 

o Or: minimum effective dose of inhaled steroids, if you tried the cromoglycate and 
discovered that attacks continue at the same rate as before.  

- RELIEVER AS REQUIRED 
PERSISTENT: 5% of sufferers 

- episodes nocturnal, more than once a week. 
- Symptoms present during the day. 
- Severe episodes occasioning hospital admission 
- Abnormalities on examination and in lung function testing. 
- PREVENTER:  minimum effective dose of inhaled steroids. If you think they need oral steroids, 

refer them to a specialist who knows how do manage the dosage of these. Endocrinology referral may 
be needed.  

- RELIEVER AS REQUIRED; long-acting beta agonist medications. 
 
AGE GUIDELINES: METHOD OF ADMINISTRATION 
 Under 4 years old: use a small spacer with mask.  
    Using a spacer: wash, then allow to dry. Don’t scrub dry. 

must prime with a few puffs before administering 
give 1 puff to 6 breaths. 
Give 6 puffs overall. 

 4 to 6 years old: use a spacer (large or small), with a mouthpiece instead of a mask. 
 6 to 8 years old: these can be taught to use an autohaler or turbuhaler. 
 Over 8 years old: these can use a puffer without a spacer, but …spacers are still good, only embarrassing 
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Short List of Developmental Milestones        
Gross Motor Mean age Normal Range 

In prone head up only 1 month 0 to 3 months 

Head steady at shoulder 2 months 1 to 4 months 

In prone head up to chest 2 months 1 to 4 months 

In prone head up to forearms 3 months 2 to 5 months 

In prone head up with extended arms 4 months 3 to 6 months 

Rolling front to back 4 months 3 to 6 months 

Rolling back to front 5 months 4 to 7 months 

Sitting with support 5 months 4 to 7 months 

Sitting independently 6 months 5 to 9 months 

Creeping on tummy 7 months 5 to 10 months 

Crawling hands and knees 8 months 6 to 11 months 

Pulls to a stand 9 months 6 to 12 months 

Cruises 11 months 9 to 14 months 

Walking 12 months 9 to 17 months 

Running 15 months 13 to 20 months 

Jump on two feet 24 months 17 to 34 months 

Kicks Ball 24 months 18 to 30 months 

Climbs stairs with alternating feet 30 months 28 to 36 months 

Peddles tricycle 36 months 30 to 48 months 

Fine Motor/Adaptive Mean Normal Range 

Unfisted 3 months 0 to 4 months 

Bats at objects 3 months 2 to 5 months 

Objects to midline 4 months 3 to 6 months 

Transfers objects 5 months 4 to 7 months 

Raking grasp 7 months 5 to 10 months 

Finger feeds 7 months 5 to 10 months 

Primitive pincer 8 months 6 to 10 months 

Neat pincer 9 months 7 to 10 months 

Voluntary release 12 months 10 to 15 months 

Helps with dressing 12 months 10 to 16 months 

Spoon feeds 15 months 12 to 18 months 

Uses cup open/sippy 15 months 10 to 18 months 

Imitates housework 18 months 14 to 24 months 

Handedness 24 months 18 to 30 months 

Helps with undressing 24 months 22 to 30 months 

Undresses self 36 months 30 to 40 months 

Toilet training   24 to 36 months 

Social/Emotional Mean Normal Range 

Social smile 5-6 weeks 1 to 3 months 

Object permanence 9 months 6 to 12 months 

Stranger anxiety 9 months 6 to 12 months 

Affective sharing 10 months 9 to 18 months 

Uses mother as secure base 12 months 9 to 18 months 

Separation distress 12 months 9 to 24 months 

Independence 18 months 12 to 36 months 

Parallel play 24 months 12 to 30 months 

Associative play 30 months 24 to 48 months 

Cooperative play 36 months 24 to 48 months 

Language Mean Normal Range 

Cooing 3 months 1 to 4 months 

Laugh 4 months 3 to 6 months 

Turns to voice 4 months 3 to 6 months 

Razzing 5 months 4 to 8 months 

Babbling 6 months 5 to 9 months 

Dada/mama non-specifically 8 months 6 to 10 months 

Gesture games 9 months 7 to 12 months 

Understands no, 10 months 9 to 18 months 

Mama/dada specifically 10 months 9 to 14 month 

One step command with a gesture 12 months 10 to 16 months 

Immature jargoning 13 months 10 to 18 months 

One step command w/out a gesture 15 months 12 to 20 months 

Points to body parts 18 months 12 to 24 months 

Mature jargoning 18 months 16 to 24 months 

Puts two words together 24 months 20 to 30 months 

Pronouns inappropriately 24 months 22 to 30 months 

Two step command 24 months 22 to 30 months 

States first name 34 months 30 to 40 months 

Pronouns appropriately 36 months 30 to 42 months 
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Phenylketonuria    Phenylketonuria    Phenylketonuria    Phenylketonuria                                                                                                    
 

HISTORY OF PRESENTING ILLNESS: 
- PKU-affected infant is typically ASYMPTOMATIC 
- PKU diagnosed as result of standard newborn screening (Guthrie test) for phenylalanine  

(normal level <200 µmol/L.) Atypical PKU may produce some early neurological symptoms. 

UNTREATED PKU (later in life) may present with: 
- Failure To Thrive (if unscreened infant is presenting early in childhood) 
- Eczema  
- Significant mental retardation (mean IQ =45) 
- Spasticity 
- Tremors 
- Abnormal gait 
- Seizures 
- Autistic features 
- Lighter complexion (type 1, blue eyes blond hair fair skin) 
- a characteristic "mousy" odor that results from the accumulation of phenylacetic acid (on skin, breath, urine) 

 
MATERNAL PKU affects only the children of mothers whose PKU is untreated or mismanaged.  

Such children may present  with: 
- Poor growth 
- Microcephaly 
- Intellectual developmental delay 
- Abnormal facial appearance 
- Congenital heart disease (patent ductus arteriosus, blood flowing out of the aorta back into the lungs)  

 
DIFFERENTIAL DIAGNOSES for infant presenting with elevated blood [Phe] levels 
- Classical PKU 

- Atypical (malignant) PKU 
- Maternal PKU 
- False positive on Guthrie Test 
 
FINDINGS IN HISTORY: 
Nil relevant (unless one or both parents are homozygous PKU sufferers) 

 
EXAMINATIONS 
PKU cannot be diagnosed clinically in neonates (requires blood test) 
Untreated PKU may be diagnosed clinically as a generalised nerve dysfunction and/or developmental delay (see HPI) 

 
TESTS AND INVESTIGATIONS 
- Guthrie Blood Test: part of standard neonate screening; 
-  50% false positives but NEVER FALSE NEGATIVES 

- Blood is collected by heel-prick onto a piece of blotter-paper (Guthrie card);  

- The blood is then placed on a culture dish which contains a species of bacteria which require phenylalanine for growth 
- In normal children’s blood there isnt enough phenylalanine to support growth. 
- Other blood tests may also detect elevated levels of phenylpyruvate, phenylacetate, phenyllactate, phenylethylamine 

Second Guthrie Test  must be performed to eliminate maternal PKU and false positives 
*NOTE: [Phe] of infant in placenta is 1.5 x maternal plasma [Phe]- higher at birth because of immature liver enzymes 
- Urinalysis is required to determine whether PAH is responsible, or its coenzyme BH4 

(tetrahydrobiopterin) 
- This test measures the presence of: 

- Pterines (neobiopterin , primapterin and biopterin, metabolites of tetrahydrobiopterin generation pathway) 
- HVA (homovanillic acid, a major metabolite of dopamine generation pathway) 
- 5HIAA (5-Hydroxy indole acetic acid; major metabolite of serotonin generation pathway) 
 
DHPR Dihydropteridine (DHPR) reductase activity measured from original Guthrie screen card 

- (it is an enzyme that converts dihidrobiopterin into tetrahydrobiopterin) 
PRENATAL diagnosis can be made via fetal liver biopsy- but this is rarely justified 
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How is the diagnosis made: Diagnostic Decision Tree 
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MANAGEMENT: 
INITIAL MANAGEMENT:  

- referral to metabolic dietician, PKU specialist and social worker (genetic councillor if available) 

- PARENT EDUCATION: emphasis on normality 
- Baby will develop normally so long as the diet as followed 
- information about the biochemical and genetic basis of PKU, and the importance of appropriate dietary treatment 
- the basic principles of dietary management( i.e introduce the Phe Unit; being 15mg of Phe)-  
- …and AVOIDING ASPARTAME (ARTIFICIAL SWEETENER) 

CLASSICAL:  
  first 48 hrs: 

- mother expresses milk for storage. 
- Baby is fed a phenylalanine-free formula from a bottle 
- Phenylalanine levels should FALL (another Guthrie test is performed) 

Breast Feeding Regimen: 
- Baby is fed a set volume of formula (eg. XP Analog ™) and then breast-fed to satiety 

Elevated Plasma 
[Phe] 

(2
nd

 Guthrie Test) 

Urine Test 
For Pterins, HVA, 

5HIAA 

Guthrie Card  
re-examined for  
DHPR activity 

(1st Guthrie Test) 
Elevated Plasma 

[Phe] 
 

Further 
investigations to 

determine subtype 

DX= Maternal PKU 
OR false positive 

Check for MPKU symptoms 

Normal 
activity Reduced 

activity 

Pterines 
normal Pterines 

abnormal 

DX: CLASSICAL PKU HVA and 
5HIAA 
Levels: 

DX: ATYPICAL PKU 
Of varying grades 

of severity 

HVA, 5HIAA 
reduced 

HVA, 5HIAA 
normal 

MILD ATYPICAL PKU 
 

SEVERE ATYPICAL PKU 

Particular pterine (neo, bio or prima) abnormalities 
indicate specific enzyme deficiencies along the 

tetrahydrobiopterin  regeneration  pathway, 
particularly: 

NEO down,   BIO down      =  GTPCH deficiency 
NEO up,        BIO down      =   PTPS deficiency 
NEO normal, BIO up           =   DHPR deficiency 
NEO up, BIO down, PRIMA up = PCD deficiency 

 



 (breast milk is low in Phenylalanine) 
- Bi-weekly blood tests for first 2 weeks are performed to monitor Phe levels;  

- accept 120-360 micromol. per litre 
- Weekly tests  until 6 weeks old 
- Fortnightly until 3 months 
- Introduce solid food at 4-6 months: 

- REST-OF-LIFE DIET: Limit protein in diet; replace all meat/fish/dairy products with 
-  specialised FORMULA; avoid nuts, beans, eggs 
- Reduce intake of protein rich vegetables eg mushroom, broccoli, potato. 

Increase intake of refined fats, starches and carbohydrates. 
- ENSURE ADEQUATE VITAMIN INTAKE for proper growth 

- Fortnightly Blood Tests 
- Monthly Visits to PKU clinic until 1 year old 
- Long term Dietary Management; visit PKU clinic 4 times  year to monitor developmental milestones 

ATYPICAL: must be managed with a view of the specific enzyme deficiencies; products of the malfunctioning enzyme  

pathways (eg L-dopa, serotonin etc.) must be SUPPLEMENTED in the diet. 
Otherwise the diet and management are the same as for classical PKU 

DISEASE DEFINITION: 
• A genetic abnormality of phenylalanine homeostasis can result in pathological elevations of blood phenylalanine, which if 

persistently high could result in permanent neurodevelopmental impairment.  
 

EPIDEMIOLOGY: 
- INCIDENCE 1 per 10,000 births in NSW; occurs in ALL ETHINC GROUPS 
- 98% of PKU is CLASSICAL 
- there is a continuum of severity in effects with no real distinction 
- More common in Turkey (1 in 2500 births) 
- Less common in Scandinavia and Japan (approx 1 in 100,000 to 200,000) 

 

AETIOLOGY / GENETICS 
- PKU is an autosomal recessive mutation on chromosome 12. The classical form of the disease results from a mutation which 

leads to amino acid substitutions. 
- Both parents genes need to be of the PKU type before the disease will manifest itself.  

- The disease does not show itself until the individual has left the womb. Before this, the mothers enzymes will break down the 
Phenylalanine, as soon as the child leaves the womb however it's own enzymes are incapable of taking over the job, and the 
child's levels of Phenylalanine will begin to build up. 

- The build-up of phenylalanine will inhibit the activity of a myelin-protecting enzyme  

- This will result in gradual demyelination, a “digestion” of the myelin sheath with subsequent loss of nerve transmission 
efficiency; this results in tremors and may affect gait. 

- A lack of tyrosine results in a deficiency of neurotransmitters, which in turn leads to decreased mental function, autism, 
spasticity and seizures.  

 
PROGNOSIS: 
- Well managed PKU will never become symptomatic. Otherwise, the demyelination of nerves and 

deficiency in neurotransmitters will lead to mental developmental delays. 
 
BASIC SCIENCES: BIOCHEMISTRY 

Normal Phenylalanine Metabolism  

(happens @ liver) 
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BASIC SCIENCES: GENETICS: PRINCIPLES OF HUMAN INHERITANCE 
 Autosomal disorders are relevant only to the 22 non-sex chromosomes (not X or Y)-eg. Downs syndome 
For recessive disorders, expression is altered only when both alleles of a particular gene are different from the normal gene 

penetrance is the likelihood that a given gene will have any expression at all 
 Monogenic disorders are detrmined by a single mutant gene (aka. Mendelian disorders)- eg. Huntingtons, cystic fibrosis 
 Mendelian disorders can be either autosomal recessive, autosomal dominant or X_linked (an example of x-linked  

disorders is fragile X mental retardation syndrome)  

- a mutation in a gene can result in a defective protein that can lead to a diverse range of phenotypic effects,  

called pleiotropy (eg. in PKU) 

IN PKU, the mutations are usually missense mutations (single amino acid deletions or substitutions) 

and splice site mutations (incorrect sites of RNA primary transcript, i.e the RNA reads starting from the wrong amino 
acid codon). Large gene deletions are not common. 

DEVELOPMENTAL MILESTONES: can be grouped into 4 areas:  
- Gross motor – 

-  rolls over from supine at 4.5months,  
- sits unaided at 8 months crawling at 9months,  
- stands bearing weight at 6months,  
- walks around 1year, jumps at 3 

- Vision and Fine Motor- 
- Grasps cube at 5months, 
- Tower of 2 blocks at 6 months 
- Tower of four blocks at 27 months 
- Follows finger with eyes to 180 degrees at 4 months 
- Can pick up spilled “hundreds and thousands” at 7 months 
- Palmar grasp at 6 months, mature grasp by 1year 
- Scribbles with a crayon at 2 years 
- Thumb-finger grasp at 11 months 

- Language and Hearing 
- Responds to bell at 2 months 
- Turns to bell at 4 months 
- Able to repeat whispered words at 3 years 
- Vocalising at 2 months 
- “mumma” and “dadda” at 10 months 
- knows plural by 3 years 

- Social Skills and understanding 
- Smiles socially at 4-6 weeks 
- Shyness at 10 months 
- Puts on clothing at 3 years 
- Dresses self at 5 years 

L-Phenylalanine 
from diet 

L-Tyrosine 

transaminase NH3 Excreted in urine 

Phenylpyruvate  Phenyllactate  
Reduction  
by NADH 

Oxidation and 
Decarboxylation  

Phenylacetate  

CO2 Exhaled 

Phenylacetate excreted 
in urine (responsible for 

“mousy” odour) 

Conjugation with 
glutamate Phenylacetylglutamate  

Phenylacetylglutamate 
excreted in urine  

phenyllactate  
excreted in urine 



PSYCHOSOCIAL ASPECTS OF PKU: 
Major Factors: 
- Parental resources eg. mental health, self-esteem, ability to understand the cndition 
- Family environment (cohesion, stability, low level of conflict) 
- Shared responsibilities 
- Support network 
- Availability of material resources 
Dealing with the diagnosis:similar to grief response, eg. denial, grief or anger. Adjustment follows from crisis to acceptance. 
Coping styles associated with positive adjustment:-  

- Emotional ( relief and support through talking and expressing feelings) 
- Action-oriented (coping by planning, taking actions, solving problems and seeking information) 
- Thinking-oriented (support and aceptance through understanding the problem) 

Therefore EDUCATION IS CRUCIAL; many will also benefit from social support from social workers and other families with PKU. 
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Prader-Willi Syndrome:        1 in 25,000 
Clinical Manifestations: 

Most obvious in infancy:  
- hypotonic flaccid child, poor feeding which usually needs some sort of weird feeding tecdhniques 
- gradually resolving flaccidity, feeding problems  slowly improving after 12 months of age and 

becoming replaced by UNCONTROLLABLE WEIGHT GAIN before 6 years of age 
- This is in part due to UNCONTROLLABLE FEEDING BEHAVIOUR. The child will forage for 

food around the house, obsessed with eating. Foods are preferentially carbohydrates. 

Later:  
- characteristic facial features develop 
- secondary sexual characteristics fail to develop or are incomplete; eg. amenorrhoea, decreased 

facial and body hair, hypoplastic genitals 
- Global developmental delay in the under-6s, and IQ of 50 to 70 in older children 

Major diagnostic criteria are the above features, confirmed by a positive genetic test: 
- some sort of abnormality in chromosome 15q11-13: Normally, you have a maternal and a paternal 

copy of 15(q11-13). The paternal copy is active while the maternal copy is methylated and inactive. The disorder 
results from either the absence of a paternal part (a deletion),  mutation of the imprinting centre which is responsible 
for the methylation, or a maternal uniparental disomy where you end up with two identical maternal copies of the 
gene. Either way, the paternal copy is missing or useless.  

Minor Features: 
- osteoporosis 
- Thick saliva 
- Dental caries 

- Sleep apnea 

- Short stature 

- Skin picking (resulting in sinister-looking little areas of missing skin) 
- Small hands and feet 
- Characteristic obsessive-compulsive behavior, punctuated with violent outbursts. 
- Occasional stealing and lying 

 
The reasons why these people die: 

- Complications of obesity: They will present with sleep apnea, cor pulmonale, they get inchaemic 
heart disease earlier in life, they are young Type 2 diabetics. 

- occasionally, because of acute gastric dilatation and subsequent necrosis (described in 
series of 6 pts by Whatron et al) 

- choking episodes causing death in 7.9% of 152 patients (Stevenson et.al, 2007) 
- fractures due to underlying osteoprosis 

MANAGEMENT: 
- surgeons may need to take care of the obstructive sleep apnoea and cryptorchidism. 
- Replace calcium in the long term 

- Manage the inevitable diabetes 

- Monitor for scoliosis and cor pulmonale 

- Behavioural issues may need to be managed with SSRIs. Interestingly, well-meaning attempts to 
replace pituitary hormones may aggravate the behavioural issues.  

- Have a low threshold with PWS patients who present to emergency with sudden abdominal 
distension and pain. 
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How pediatric resuscitation differs from adult resuscitation  
o WEIGHT 
o ANATOMICAL SIZE AND SHAPE 
o CARDIOVASCULAR, RESPIRATORY and IMMUNE FUNCTION 
o INTELLECTUAL ABILITY AND EMOTIONLA RESPONSE 

 

Weight               
3.2 kg at birth = 10.3 kg at year 1 
BROSELOW Tape: uses height to estimate weight 
 

Formula:  weight = 2 x (age + 4) 
 

 
Airway               

o In infants, head is large, neck is short. In supine position, the neck will flex and the 
airway will obstruct. 

o The mouth is small 
o The teeth may be loose 
o The tongue is relatively large 
o Floor of the mouth is easily compressible ( when chin lifting) 

 

 Under 6 months,  EVERYONE  is an obligate nose breather 

 So, if the nose is blocked with snot, the airway is obstructed. 

 
After that, in the 3 to 8 yr olds, adenotonsillar hypertrophy becomes a problem 

 
 EPIGLOTTIS IS HORSESHOE-SHAPED 

o It projects posteriorly at 45 degrees.  
o This makes intubation more difficult 

 
LARYNX IS HIGH AND ANTERIOR: level of C2-C3, instead of 5-6 
 

 
The trachea itself is soft and short.  
 
A foreign body is equally likely to go into the right or main bronchus 

  
The cricoid ring is the narrowest part of the trachea, not the larynx 

Here, it Is lined with loose pseudostratified columnar epithelium and this means it is 
susceptible to oedema 
 
Because this is where the cuff of the tube would lie, in order to avoid oedema, 

CUFFLESS TUBES are preferred in prepubertal children 
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Breathing              
o In the infant, the lungs are immature and the total gas exchange area is ~ 3 m2 

o Smaller airways, thus more easily obstructed  

o Greater reliance on diaphragmatic breathing:  and they have fewer of 

the type 1 slow twitch oxidative fibres; so they tire more quickly. The more preterm 
you are, the more quickly you tire. 
 

Circulation              
o At birth the ventricles are about the same mass 
o 2 months after birth the left ventricle is twice the mass of the right ventricle 
o This is reflected in the ECG 
o As time goes on the  

 P wave enlarges 
 QRS complex elrages 
 QRS duration lengthens 
 P-Q interval duration lengthens 

 

 CIRCULATING BLOOD VOLUME = 70-80 ml/kg 
 That’s more than the adult! But the overall volume is less 
 

  
 

Body surface area             
 Surface area to weight ratio is high: it decreases as you age. 
 This means the children are more prone to hypothermia 
 At birth the head accounts for 19% of the surface area 

 

Respiratory physiology            
 Infants have greater metabolic rate and oxygen consumption 

 
 Respiratory rate is increased 

 However: tidal volume remains the same to adulthood: 5-7ml/kg 

 
o At age 1, rate is 30-40 
o At age 2, rate is 25-35 
o 2-5, rate is 25-30 
o 5-12, rate is 20-25 

- In the newborn, the majority of the impedance to expansion of the chest is from the lungs: so,  
surfactant is critical to normal respiration 

- Later on, in the adult the compliance of the chest wall comes to play a greater role 
- Also:  

o  At birth, the oxygen dissociation curve is shifted to the left ( p50, the PO2 at 50% Sats is 
greatly decreased)- because 70% of their Hb is foetal Hb (disappears by 6 months) 

o Prolonged ventilation of an infant  bronchopulmonary dysplasia: and the 
potential for oxygen dependence for a year, or perhaps even more! 
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Cardiovascular physiology           
 

 Infants have a  

 ridiculously SMALL STROKE VOLUME: 1.5ml/kg 

 But: a  HUGE CARDIAC INDEX: 300ml/min/kg 
 Compartively, adoslescents = 100ml/min/kg, and adults = 70-80 

 
o Stroke volume increases as the heart gets bigger; 
o This underlies the changes in heart rate seen in childhood 

 110-160 at yr 1 
 100-150 yrs 1-2 
 95-140 yrs 2-5 
 80-120 yrs 5-12 

After age 12, HR approaches adult values 
 
In infants, stroke volume is small and fixed: this means they can only vary the heart rate to increase 
their cardiac output.  
THIS MEANS:  

response to volume therapy is blunted 
 
Stroke volume cannot increase greatly in response to fluid therapy. 
B age 2, you get a more normal response to fluid challenges, and this phenomenon goes away. 
 
 
 

Blood pressure is low at birth, and rises towards adulthood 
 
This is because systemic vascular resistance is low at birth, and continues to rise. 
From 70-90 systolic at birth, it rises to 80-95 by years 1-2, and 80-100 at years 2-5.  
At 5-12, it is 90-110. 
 

Immune physiology            
 Breastfeeding provides protection against respiratory and gastrointestinal 

pathogens, but otherwise, placental transfer of antibodies stops and the 
baby takes 6 months to ramp up its own production of antibodies 
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Ventilating the child:            
o Once again, someone is going to ask you what equipment you want. 

 

Oxygen source 
Face masks 
Self inflating bag 
T-piece and open ended bag 
Mechanical ventilator 
Chest tubes 
Gastric tubes 
 

 
o FACE MASKS: 

 Circular ones give good seal 
 Worst case scenario, turn a Laerdel mask upside-down 

 
o Self Inflating Bags 

 250, 500, 1200ml varieties 
 Without reservoir bag, its difficult to give more than 50%  

 
o T-piece, open ended bag 

 Only for kids under 20j\kg 
 Entirely useless unless there is a constant pressurized gas supply 

 
o You check that the tube is in position much like you would with an adult. 

 Only for kids under 20j\kg 
 Entirely useless unless there is a constant pressurized gas supply 
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Primary assessment and resuscitation        
o Resuscitation management should be concurrent 

 
First, Response: yell at them and hurt them. Are they responding? 

 

 A and B 
 Look listen and feel for airway obstruction/respiratory arrest 

o Chin lift/jaw thrust, airway accessories 
o Reassess patency 

 Assess the effort of breathing 
o Recession, stridor, expiratory noises, accessory muscle use 

o Count the respiratory rate 
o Auscultate breath sounds 
o Give rescue breaths, or bag/mask 
o Give high flow oxygen 
o Intubate if the occasion calls for it 

 C 
 Take stock of the summation of circulatory fingings: 

o Heart rate 
o Cap refill 
o Pulse volume 
o Blood pressure 
o Urine output 
o Give high flow oxygen  
o Gain venous or intraosseous access, ad give 20ml/kg of 

anything you like (crystalloid or colloid) 
 

 D 
 “A” should have given you a reasonable AVPU score 

 Look at posture 

 Are they fitting? 

 Look at pupils 

 Check the sugar 
 Intubate if scoring P or U 

 Give glucose if indicated 

 Give Lorazepam IV, midazolam PO, diazepam rectally 
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Secondary assessment and emergency treatment      

 Respiratory 
 Oxygen saturation 

 End tidal Co2 

 Peak flow 

 CXR 

 ABGs 

 Some focussed history 
 Stridor of croup?  Nebulized adrenaline (5ml  of 1:1000) 
 Drooling?  = epiglottitis, get a senior anaesthetist to intubate 

 Obvious foreign body inhalation? Try FB manoeuvres, if they fail move 
on to direct laryngoscopy and Magills forceps 

 Anaphylaxis? IM adrenaline 

 Children who wheeze have asthma. They need bronchodilators. 

 Infants who wheeze have bronchiolitis. They just need oxygen 

 Cardiovascular 
 FBCs 

 EUCs 

 ECG 

 Coags 
 The first bolus of fluid has gone in. Give another if the first one has 

failed to yield the desired effect 
 If the second bolus of fluid is not working, conside inotropes and CVP 

monitoring 

 Give antibiotics to shocked children with no obvious source of 
fluid loss: this is probably sepsis 

 Anaphylaxis? IM adrenaline 10mcg/kg 

 ALPROSTADIL is given to neonates whose shock is  due to duct-
dependent congenitla cardiac disease 

 Neurological  
 BSL 

 Urine tox screen 
 Convulsions = follow the status epilepticus protocol 
 Raised ICP? Posturing?   

o Intubate, aim PCO2 40-45 
o 30 degrees head up, head in line 
o Mannitol 0.25 to 0.5g/kg which is 1.25 to 2.5 ml mannitol 20%, 

infused over 15 minutes, up to a serum osmolality of 325 

 Maybe they need cefotaxime or acyclovir 

 Consider giving naloxone 

 Further history 
 Drugs, allergies, etc 
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PAEDIATRIC CARDIAC ARREST ALGORITHM       
So, your patient has arrested and CPR is in progress. The EMS team arrives and 
attaches defibrillator leads. 
1) Whats the rhythm? Shockable or non-shockable? 

2) Shockable rhythm: VF or VT 

a. DC shock, 2J per Kg 
b. 2 mins CPR while intubating/getting acess 
c. Check the monitor 
d. DC shock 4J per Kg 
e. 2 minutes CPR while intubating/getting access 
f. Check monitor 
g. Adrenaline, then DC shock 4J per Kg 
h. 2 minutes CPR 
i. Check monitor 
j. Amiodarone, then DC shock 4J per Kg 
k. 2 minutes CPR 
l. Check monitor 
m. Go back to adrenaline + DC shock, and so it continues 

 

3) Non-shockable rhythm: Asystole or PEA 

a.  High flow oxygen 
b. CPR while intubating/getting acess 
c. Check the monitor every 2 minutes 
d. Adrenaline every 3 minutes 

 
 

NON-SHOCKABLE RHYTHM           
Asystole 
 The most common arrest rhythm 
 This is what happens to the hypoxic child: bradycardia, then asystole 

PEA 
 This is typically a prelude to asystole 
 There may be ain identifiable cause, eg. tension penumothorax 

 

Secondary assessment            
o Detailed examination of the body 
o Identify wounds / bruising / swelling 
o Reexamine ABCs 

 
 
 
 
 
 
 

4 Hs and 4 Ts 
Hypoxia 
Hypovolemia 
Hypo/hyperthermia 
Hypo/hyperkalemia 
Tension pneumothorax 
Tamponade (cardiac) 
Thrombus (cardiac or PE) 
Toxins (random drug) 
 

ADRENALINE: 10mcg/kg 
AMIODARONE 5mg/kg 
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Respiratory failure in children          
 Why are they susceptible? 

 Haven’t yet acquired immunity to the infections adults are immune to 

 Upper and lower airways are more narrow and thus more easily 
obstructed by swelling or secretions 

 Chest wall is more compliant  and this reduces the efficiency of 
breathing if there is increased effort 

 In infants, end-expiratory volume is similar to closing volume 
and so they have small airway closure 

 There are fewer alveoli 

 The respiratory muscles are inefficient: fatigued rapidly 

 Pulmonary vasculature is muscular:  pulmonary hypoxic 
vasoconstriction occurs more readily. This can led to duct reopening 
and RL shunting 

  Foetal hemoglobin is present up to 4th-6ths month of life; 
dissociation curve shifted to the left: less oxygen is delivered to the 
tissues because of fHb’s higher affinity for oxygen 

 

Presentation              
 Frequently, the only sign in infants is decreased feeding  
 Stridor = upper airway obstruction 
 Wheeze = lower airway obstruction 
 Grunt = pneumonia 

 

The child with stridor            
 Most common causes: 

 Croup: viral laryngotracheaitis; barking cough, coryza, fever, 
hoarseness. 

 Croup: spasmodic;  sudden onset, recurrent, with a history of atopy 
 

 Less common causes: 

 Laryngeal foreign body; suddenness of onset 

 Epiglottitis;  drooling, with muffled voice 

 Trauma: neck swelling, bruising 

 Retropharyngeal abscess: drooling, septic appearance 

 Airway burns: soot in the mouth 

 Diphtheria: travel to endemic area while unimmunized 

 

 Gurgling is a bad sign. The child is either too drowsy or 
too tired to clear the secretions with cough. 

 
Loud harsh stridor is usually croup.  
Quiet stridor is usually epiglottitis. 
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Emergency Management of the child with stridor      
 Your airway is compromised, but FUNCTIONING. 

 Don’t destabilize it. 

 Don’t upset the child. 

 Get the parents involved. 
 

Partial obstruction by secretions,  
or decreased level of consciousness      

o Suction 
o Chin lift / jaw thrust 
o Intubate as needed 

 

Croup            
o This is usually viral, 95% 
o Parainfluenza virus is the commonest pathogen 
o Adenovirus is the next most common 
o Peak incidence is in the 2nd year of life 
o Typical features:  

 Hoarse barking cough 
 Harsh stridor 
 Hoarseness 
 Fever 
 Symptoms worse at night 

 
 Some children get SPASMODIC CROUP which is 

associated with ATOPY and ASTHMA 

 This variety may not have fever or coryza 

 The treatment for it is the same 
IMMEDIATE MANAGEMENT 

 Nebulize adrenaline, 5 ml of 1:1000 (high concentration) 

 Neb it in oxygen 

 Expect 30-60 minutes of relief while you get a team together 

 
STEROIDS: improvement within 30 minutes! 

o Dexamethasone IV or oral : 0.15mg/kg 
o Budesonide nebulized 

 
INTUBATE IF YOU NEED TO 

o Median duration of ventilation is 3 days 
o The younger the child, the longer they stay intubated 
o Much smaller tube is required 
o Prednisolone 1mg/kg every 12 hrs reduces the duration of 

intubation 
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Bacterial tracheitis          
o “pseudomembranous croup” 
o Staph aureus, strep, or H.Influenzae 
o Copious secretions, and mucosal necrosis 
o The child ooks septic, with a croupy cough 
o NO DROOLING unlike epiglottitis 
o 80% of these kids will need to be intubated 
o Fluclox and cefotaxime is called for 

Epiglottitis           
o The onset will be acute, over 3-6 hrs 

o Unlike croup, cough is minimal or absent 
o The bug is H Influenzae, uncommon in immunized populations 
o Most common in 1 – 6 yrs of age 
o Typically, the child sits immobile, with their mouth open, chin 

slightly raised, drooling saliva. 
o The child looks pale and septic 
o Too painful to swallow or speak 
o The epiglottis will be “cherry red” 

 DO NOT LAY THEM FLAT or they will die. While conscious, the child 
will sit upright while they are able.  

 You will need a senior anaesthetist to intubate 

 There will be a gas induction 

 You will need a smaller tube than normal 

 Cefotaxime  or ceftriaxone 

 Most will be extubated in 24-36 hrs 

Foreign body           
o Inspiratory and expiratory films will show gas trapping 
o They will have been eating or playing with small objects 

 “choking child” procedures 

 If they fail, direct laryngoscopy and Magills forceps 

 Get a senior anesthetist  and an ENT surgeon 

 Direct bronchoscopic retrieval of the object is called for 

Anaphylaxis           
o Flushing, itching, facial swelling, urticaria 

 Apart from oxygen, INTRAMUSCULAR adrenaline is the key 

 You wont be marked down if you give nebulized adrenaline 

 You also give chlorpheniramine and steroids 
Weird stuff          

o Diptheria 
o Infectious mononucleosis 
o Retropharyngeal abscess 
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Emergency management of the Wheezing Child      
o Its either acute severe asthma or bronchiolitis 

 Before 1 yr of age, its bronchiolitis 
 After 1 yr of age, its acute asthma 

Asthma in the child           
 Your asthma is severe when: 

 It happens over several nights 

 Its symptoms are of a long duration 

 You have been to ICU before 

 You are not responding to treatment 
o Severity must be assesd every 4 hrs 
o Pulse, resp rate, SaO2, use of accessory muscles, agitation 
o Also do 4 hrly peak flows 

 CHARACTERISTICS OF MODERATE ASTHMA 
o Sats over 92 
o Peak flow over 50% 

 CHARACTERISTICS OF SEVERE ASTHMA 
o Too breathless to feed or talk 
o Recession, use of accessory muscles 
o Resp rate > 30 (>50 in under-5s) 
o Pulse rate >120 (> 130 in 2-5s) 
o Peak flow <50% 

 CHARACTERISTICS OF LIFE THREATENING ASTHMA 
o Depressed level of consciousness, or agitated 
o Exhaustion 
o Poor respiratory effort 
o Sats < 92% 
o Peak flow < 30% 
o hypotension 

 
Respiratory rate, degree of wheeze and pulsus paradoxus are 
NOT very good signs of severity. 

 ABCs come first 

 Give oxygen 

 Give salbutamol via MDI and spacer 
o If asthma is life threatening, use nebulized salbutamol 
o If the breathing is crap, give IV salbutamol 

 Give steroids: 3-5 day course; = faster recovery 
o  No proven benefit of IV over oral steroids 

 Give Atrovent as well 
 If the effort of breathing is still high, or they are exhausted, or LOC is  

low , you should consider bag-masking them 
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Treatment-refractory asthma in the child       
Nothing is working? 

 Continuous neb, …or 

 Salbutamol infusion 
o Proven to offer an advantage over nebulizer 

 

 “Summon experienced help” is the key phrase 
 

 IV aminophylline 5mg/kg over 20 min 

 ..then infuse it at 1mg/kg/hr, while monitoring the ECG 
o Seizures, vomiting or fatal arrhythmia follow rapid infusion 

 

 magnesium sulphate, 25-40 mg/kg over 20 minutes 
 

 intubate with ketamine IF: 
o progressive exhaustion 
o progressive deterioration in clinical condition 
o SaO2 dropping 
o PCO2 rising 

 

 There is no evidence to support the use of Heliox or 
leukotriene antagonists 
 
 

Asthma in the child who is beginning to improve: post crisis care   

 Reassurance 

 Stop IV salbutamol if sats are rising or recession is minimal / PEFR 
goes over 50% of predicted 

 Change from continuous nebs to spacer MDI 

 Reduce frequency of nebs 
 
A little more on asthma  

 URTIS are the most common precipitant 

 Virus cause 90% of these 

 Exercise induced symptoms: heat and water loss from the mucosa 
causes irritation and thus bronchoconstriction 
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Bronchiolitis in the infant          
 RSV is the commonest cause - 75% 
 90% are younger than 1 year 
 Wheezing is often present 
 There is a history of clear coryza and dry cough 
 The chest is hyperinflated 
 In one third, the upper lobes are consolidated 
 Breathing is disorganised, with periods of apnea 
 Management is usually supportive 

 

 Initial management: 
o Use sucker to suck out the nose 
o Give high flow oxygen 
o Maintain hydration and nutrition: sucking is too stressful 
o Monitor for hypoventilation in the under-2-month-old 

 Recurrent apnoea? Hypercapnia? Exhaustion?  
INTUBATE THEM (2% will need this) 

 
In bronchiolitis, there is no evidence for bronchodilators, 
steroids or antibiotics. 
 

  Most children will recover in 2 weeks 
  About 50% will have recurrent cough over the next 3-5 years 
  Very few will have bronchiolitis obliterans, and permanent damage 
 
 

RISK FACTORS FOR A MORE SEVERE BRONCHIOLITIS: 
 Younger than 6 weeks 
 Prematurity 
 Chronic lung disease 
 Congenital heart disease 
 Immune compromise 

 
 

How do I tell if this is bronchiolitis or heart failure?   
o There is NO MURMUR in bronchiolitis 
o CXR = hyperinflation 
o Heart looks SMALL in bronchiolitis 
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The Febrile Child with Respiratory Distress       
 Its probably pneumonia, unless its wheezes or drools. 

 
 ABCs, as always 
 Give oxygen, as always 
 Give antibiotics- who cares if its viral 
 Rehydrate 
 Drain any effusion 

 
PNEUMONIA IN CHILDREN: 

 
 
  

 CHARACTERISTICS OF MODERATE ASTHMA 
o Sats over 92 
o Peak flow over 50% 

 CHARACTERISTICS OF SEVERE ASTHMA 
o Too breathless to feed or talk 
o Recession, use of accessory muscles 
o Resp rate > 30 (>50 in under-5s) 
o Pulse rate >120 (> 130 in 2-5s) 
o Peak flow <50% 

 CHARACTERISTICS OF LIFE THREATENING ASTHMA 
o Depressed level of consciousness, or agitated 
o Exhaustion 
o Poor respiratory effort 
o Sats < 92% 
o Peak flow < 30% 
o hypotension 

 
Respiratory rate, degree of wheeze and pulsus paradoxus are 
NOT very good signs of severity. 

 ABCs come first 

 Give oxygen 

 Give salbutamol via MDI and spacer 
o If asthma is life threatening, use nebulized salbutamol 
o If the breathing is crap, give IV salbutamol 

 Give steroids: 3-5 day course; = faster recovery 
o  No proven benefit of IV over oral steroids 

 Give Atrovent as well 
 If the effort of breathing is still high, or they are exhausted, or LOC is  

low , you should consider bag-masking them 
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The Child with Heart Failure and Respiratory Distress     
 In older children, it is usually myocarditis or cardiomyopathy 

 That sort of thing tends to present with a marked tachycardia 
 In infants it is usually due to structural heart disease 

 Falling pulmonary vascular resistance allows increased pulmonary 
blood flow 

 This causes an increasing left-to-right shunt in kids with a VSD, 
persistent PDA or truncus arteriosus 

 Thus, there is increased pulmonary congestion and heart failure 

 These kids tend to present with poor feeding, lethargy, sweating and 
breathlessness 

Duct – dependent heart disease 
 This is a rare thing indeed 

 “duct-dependent” because the duct is the only reason there is any 
flow in the pulmonary or systemic circulation 

 The PULMONARY OBSTRUCTIVE LESIONS are: 
 Pulmonary atresia,  Pulmonary valve stenosis 
 tricuspid atresia or severe tetralogy of Fallot 
 sometimes, transposition of the great vessels 

 THE PROBLEM: 
o There is NO WAY for blood to go from the right ventricle into 

the pulmonary circulation 
o Thus, the lungs depend on flow via the patent ductus, from the 

aorta. 
 Occasionally, there is so much aortic coarctation, that 

the systemic blood flow depends on the patent ductus 

 THE TYPICAL PRESENTATION 
o These babies tend to present in the first week of life with 

cyanosis, and with cardiogenic shock 
o There is usually an enlarged liver 

 If the systemic circulation depends on the patent 
ductus, the child ceases to feed, and collapses.  

 HOW DO YO KNOW ITS NOT BRONCHIOLITIS? 
 

Heart is enlarged, liver is enlarged, there is no cough or coryza. 

 
Emergency management of the child with heart failure 

 ABCs come first 
 Treat the cardiogenic shock 
 Give them oxygen via non rebreather mask 
 IF OXYGEN IMPROVES THEIR SATURATION, it’s a left to right shunt 

 Eg. VSD, ASD, truncus arteriosus 

 Give them diuretics and high flow oxygen 

 IF OXYGEN DOES NOTHING FOR THEM,  its probably duct-dependent. 

 Give alprostadil – it increases the diameter of the duct 

temporarily 
 Alprostadil can cause apnoea, so intubate the child 
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The Child with Anaphylaxis and Respiratory Failure     
ABCs come first 
AIRWAY: 
 If there is a complete obstruction, you intubate or get a surgical airway 
 If the obstruction is partial, give adrenaline nebs, and also give it IV, 

and also give hydrocortisone, and then just keep giving nebs. 
BREATHING: 
 If the chest is silent, give IM adrenaline, and bag the patient 
 If the chest is wheezy, give adrenaline nebs, salbutamol nebs. 

Hydrocortisone, and aminophylline 5mg/kg IV over 15 minutes 
CIRCULATION: 
 There may be no pulse!  you know what to do. 
 SHOCK calls for INTRAMUSCULAR adrenaline. 

o  
There are things which are specifically helpful: 

 

 Chlorpheniramine tds for 48 hrs 

 INTRAMUSCULAR adrenaline 

 NEBULIZED adrenaline 

 
 

The Child with Poisoning  and Respiratory Failure      
 Respiratory rate is increased with: 

 Salicylates 
 Ethylene glycol (antifreeze) 
 Methanol 
 cyanide 
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The Shocked Child:  Which Shock Is That?       
 Definition: 

 Inadequate tissue perfusion, inadequate removal of wastes 

 Classification: 
 CARDIOGENIC 

 Arrhythmia, cardiomyopathy, valve disease, 
myocardial contusion… heart failure, in short 

 HYPOVOLEMIC 
 

 Hemorrhage, gastroenteritis, intussusception 
 

 Also burns, etc 

 DISTRIBUTIVE 
 

 SEPSIS 
 

 Anaphylaxis 
 Spinal cord injury 
 Vasodilating drugs 

 OBSTRUCTIVE 
 Tension pneumothorax 
 Cardiac tamponade 
 Pulmonary embolism 

 DISSOCIATIVE 
 Anaemia 
 Carbon monoxide poisoning 
 Methaemogoblinaemia 

 
 

Stages of shock             
 PHASE 1: reversible and compensated 

 Agitation, confusion, pallor, tachycardia, cool peripheries 
 PHASE 2: reversible and uncompensated 

 Acidosis, poor peripheral perfusion, tachypnea, hypotension 

 Organ systems are failing; urine output is poor 
 PHASE 3: irreversible 

 Retrospective diagnosis: the organ systems have failed 

 
A little about SEPSIS: 

o abnormal distrubution of blood in the microcirculation 
o acidosis depresses cardiac function 
o cells do not use oxygen properly: this is a problem at the mitochondrial level:  

 THUS there is an inappropriately narrow gap between arterial and mixed venous 
oxygen saturation (take that, Rivers study) 

o Early sepsis = wide pulse pressure 
o Late sepsis =  
o You survive sepsis by maintaining a hyperdynamic state 
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Resuscitating a shocked child:          
 AIRWAY 

 Well, you obviously need one of those. 
 BREATHING 

 Everybody who is shocked gets oxygen. Simple as that. 
 CIRCULATION 

 Get lots of lines in 

SHORT and WIDE BORE is the key 
 

20ml/kg bolus of crystalloid 
 

 Don’t use more than 1-2 of these boluses outside of septic shock 
 

CEFOTAXIME: 80mg/kg: 
In kids, SEPSIS is the commonest cause of shock 

 
 

DON’T FORGET THE GLUCOSE 
Hypoglycaemia looks like shock 
    

 

THINGS TO ASK THE PARENTS ABOUT: 

 Vomiting, diarrhoea 

 Bdominal pain 

 Urticaria, angioedema 

 Cyanosis 

 Major trauma 

 Sickle cell disease  haemolysis 

 Polyuria, tachypnea 
 

DISABILITY in shock: meningitis can present with shock 
 Dont LP them, they cone. 

 Maintain normal blood pressure and normocapnea 

 MANNITOL 250mg/kg is the key. 

What fluids do I use? 
 Crystalloid – you will need more of, but it improves mortality. 
 In adults.  
 The less you are going to use, the less the choice matters. 
 Colloid corrects intravascular volume depletion more rapidly 
 The child has 80ml/kg of blood; a 40ml/kg bolus is already half the 

circulating volume. 
 If larger volumes are needed, 4% albumin is preferred 

 
In sepsis, it seems a large bolus early on decreases mortality 
In penetrating trauma, you leave fluid until afterwards 
In large volume transfusions, fluids should be warmed 
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The Child with Fluid Loss 
o Infants more susceptible than older children 

o Diarrhoea may not be obvious: the stool has not been passed yet 
 

o Fluid boluses: 20ml/kg of crystalloid x 2 
 

o The third bolus should be albumin. 
 

o Also: catheter, chest/abdo xrays, CVC, intubation, inotropes. 
 

The Child with Sepsis 
o Its probably menicococcal 
o Group B strep and gram negatives also common 
o PURPUREAL RASH IS BAD. 
o Typically it is preceded by a blanching non-purpureal rash 
o Early administration of antibiotics is vital 

 

 Give antibiotics early 

 The fluid boluses should be albumin 4% 

 Several boluses will be required 

 After the second bolus, consider inotropes 

 Measure CVP: keep it under 12 

 Give bicarb if pH is under 7.2 

 Give glucose at 5ml/kg (10%) if hypoglycemic 
 

The child with duct-dependent congenital heart disease 
o You know its duct dependent because oxygen does not improve the saturation 
o They are going to have that huge liver 
o There may not be a murmur 
o There will be poor pulses, and poor perfusion 

 Oxygen will only make it worse. It causes duct closure. 
 Use only as much as is required to cause an increase in SaO2 

 Give Prostaglandin E2 (alprostenol)  
 This causes apnoea; they will need to be intubated and ventilated 

 

The child with cardiomyopathy 
o If they are an infant, it might still be a duct-dependent defect and they would not be 

HURT by a trial of alprostenol 
o Echo will generally point the way to cardiomyopathy 

 Oxygen and diuretics 
 IV dobutamine: make the remaining myocardium work harder 
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The ridiculously anaemic child 
o We are talking Hb less than 50 
o THINGS WHICH POINT TO ACUTE HAEMOLYSIS: 

 Dark urine 
 Pale almost white feet and soles 
 Signs of heart failure 
 This tends to happen to sickle cell kids who get septic 
 This also happens in malaria 

Management is simple. Put the blood back in. 
 May also need diuretics. Overhydration will make the heart failure worse. 

 
 

The ridiculously anaemic child with a sickle cell crisis 
o VASO-OCCLUSIVE CRISIS: 

 Abnormal red cells clog all the little vessels 
 Tissue ischaemia ensues 

o OTHER CRISES: 
 Acute chest crisis 
 Sequestration crisis (RBCs trapped in the spleen and liver) 
 Aplastic crisis 
 Hyper-haemolytic crisis 

o WHY DO THESE HAPPEN? 
 No one knows 
 Infection, hypoxia, dehydration, acidosis, coldness, stress… 

 

 OXYGEN, rehydration, analgesia, antibiotics. 
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Tachyarrhymias             
 CAUSES 

 Re-entrant pathway (most common) 

 Poisoning 

 Metabolic weirdness 

 After cardiac surgery 

 Long QT 

 cardiomyopathy 

Bradyarrhymias             
 CAUSES 

 Pre-terminal in hypoxia (most common) 

 Raised intracranial pressure 

 Conduction pathway damage after cardiac surgery 

 Congenital heart block 

 INTUBATION: tickling the larynx causes a vagal response 

o Adrenaline 
o Atropine if it was vagal stimulation 

 

Emergency management           
o If there is shock and bradycarida, start CPR 
o If there is shock and VT, give a synchronized DC shock, 1 J per Kg 

 If that doesn’t work, progress to 2J/Kg 
o You may not be able to synchronize effectively 
o An asynchronous shock may cause the rhythm to deteriorate into VF 
o If the synchronous shocks are ineffective, use asynchronous shocks 

The Child with SVT 
o The most common non-arrest arrhythmia 
o Its usually 220-300bpm 
o Once you’re past 200bpm, you cant see any P waves anyway 
o The longer it continues, the more unstable your blood pressure 

o Vagal manoeuvres may be of use 
o Adenosine 100mcg/kg, up to a maximum of 500mcg/kg 

ONLY USE ONE DRUG: 
o Amiodarone 5mg/kg 
o Procainamide 15mg/kg 
o Flecainide 2mg/kg 
o Digoxin…. Maybe 
o Verapimil – NOT in the under 1 year olds.  

 DO NOT combine with amiodarone, beta-blockers, or flecainide. 
o  Propanolol 50mcg/kg – but, it may cause asystole. 

The Child with VT 
o Look for torsade de pointes - you will be wanting magnesium sulphate. 
o If the arrhythmia is due to drugs, its better to correct it with DC shock 
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The unconscious  or semiconscious child         
 CAUSES 

 Most of the time, its metabolic 

 Very rarely, it’s a structural lesion 
 The metabolic causes may produce false localizing signs; there may 

be assymetrical findings.  
 The metabolic cause are 

 Hypoxic injury 

 Epilepsy 

 Meningitis/encephalitis 

 Renal or hepatic failure 

 Reyes syndrome 

 Hypoglycaemia 

 Hypercapnoea 
 

Which coma is that?             
 Is there hypertension? 
 Is the fontanelle full? 
 Is there neck stiffness 
 Is there an acidotic pattern of respiration? 
 What size are the pupils, and are they reactive? 

 
There are only 3 absolute signs of raised ICP: 

 Papilledema 
 Bulging fontanelle 
 Absence of pulsation in retinal vessels 

 
 Is there hypertension? 
 Is the fontanelle full? 
 Is there neck stiffness 
 Is there an acidotic pattern of respiration? 
 What size are the pupils, and are they reactive? 

 
o The first test you is the BSL. 

 
o Everyone gets oxygen 
o Everyone is maintained in normoglycaemia 
o Keep sodium in the normal range, ? give half-normal saline 
o Maintain normothermia 
o Pad the eyes so they don’t dry out 
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Raised intracranial pressure 
 Oculocephalic reflex:  

 When the head is being turned left to right, the normal  response is to 
move your eyes away from the head movement direction 

 Also when the head is flexed, the normal response is to move the 
eyes upwards. 

 If these are absent, the oculocephalic reflex is impaired 
o CENTRAL SYNDROME: coning through the foramen magnum; 

 Neck stiffness and Cushings triad 
o UNCAL SYNDROME 

 Third nerve compression and ipsilateral dilated pupil. 

 Oculomotor palsy is next: eye cannot move laterally 

 Hemiplegia may develop 
 
YOU DO NOT PERFORM LUMBAR PUNCTURE IN THESE CHILDREN. 
   
When would you reconsider lumbar puncture: 

 Prolonged or focal seizures 

 Focal signs 

 Widespread purpuric rash 

 GCS les than 13 

 Dilated pupils 

 Dolls eye reflex impairment 

 Decerebrate or decorticate posturing 

 Thrombocytopenia 

 Cushings reflex 

 Obvious papilledema 

 Hypertension 
 

o Nurse head straight, at 30 degrees 
o Intubate and sedate 
o Keep PCO2 40-45 
o Give mannitol 250-500mg/kg 
o Think about dexamethasone 

 
A few other things: 

 CT head… everyone gets one 
 Is there otitis media? Its associated with meningitis 
 Subacute hours-long onset suggests meningitis 
 Retinal hemorrhage and dodgy story? Maybe contact DOCs 
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The Child with meningitis or encephalitis 
o Except the neonates, the commonest bug is Neisseria meningitides 
o The next commonest is Strep pneumoniae 

 
IN THE UNDER-3s 

o Signs and symptoms will be those of increased intracranial pressure 
o Poor feeding, pyrexia, unexplained crying, cyanosis, purpuric rash 

 
IN THE OVER-3s 

o Classic signs 
 

o Treat the ICP 
o Give cefotaxime 80mg/kg, and acyclovir  
o Give dexamethasone 0.15mg/kg BEFORE the antibiotic to redue the 

complication of persisting hearing loss 
 

 

The Child who drank the delicious green methadone syrup 
o Naloxone is the key 

HOWEVER: 
o BEFORE you give the naloxone, you want to normalize the CO2; because if 

you don’t, the naloxone will cause arrhythmias, APO, or asystole. 
o This is because opioid antagonists and hypercapnia both stimulate the 

sympathetic nervous system 
 

The Child in a metabolic coma 
o Reye syndrome, or “Reye-like conditions” – rapidly progressive 

encephalopathy, vomiting, drowsiness, convulsions and coma 
o There will be hepatomegaly, hypoglycaemia, high ammonia 
o ASK FOR A SERUM AMMONIA LEVEL -  send in a iced tube 
o Reye syndrome is caused by aspirin: that’s why you don’t give it to children. 

 

The Child with malaria 
o Diagnosis rests on thick and thin films 

o Give QUININE loading dose 20mg/kg over 4 hrs in dextrose 5% 
o Monitor ECG – QT will elongate 
o Give IV antibiotics, eg Cefotaxime 
o Transfuse if they hemolysed enough 
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The child with a seizure            
 Tonic clonic status epilepticus: 

 Generalized convulsions lasting over 30 minutes; OR 
 Generalized convulsions occurring so frequently over 30 minutes, 

that the child does not recover consciousness between them 

 
General factoids: 

 The longer the episode, the harder it is to terminate 

 If its longer than 5 minutes, it wont stop by itself, so use 
anticonvulsants 

 
Consequences: 

 Pulmonary oedema 

 Arrhythmias 

 DIC 

 Rhabdomyolysis 

 hyperthermia 
 
Long term consequences: 

 the younger you are, the worse it will be 

 persistent epilepsy, motor deficits, learning or behavioural 
problems: 6% of the over-3s, 29% of the under-3s 

 

So what if you are convulsing. Why is it such a problem? 
 Cerebral metabolic activity rises 3-fold 

 Blood pressure ries initially, and then falls 

 When it falls, cerebral perfusion falls, because mid–seizure you 
lose you ability to autoregulate the cerebral blood flow 

 Because of persisting muscle contraction, there is lactic acidosis 

 Because of decreased cerebral perfusion, there is creberal 
ischaemia, and thus cerebral oedema. 

 

Issues in assessment  
- Grunting may be a sign of seizure, not of airway obstruction 
- Hypertension is more likely the RESULT of the seizure, not the cause 
- Decorticate and decerebrate posturing can be mistaken for the tonic phase 

 
o Everyone gets oxygen 
o Everyone gets a BSL 
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Emergency management of the convulsing child      
o Airway, high flow oxygen, glucose 

o If there is vascular access, give LORAZEPAM 0.1mg/kg 

o If there is no vascular access, give PR DIAZEPAM 0.5mg/kg 

 Or… Buccal MIDAZOLAM 0.5mg/kg 

 
…wait 10 minutes, and give more Lorazepam if there is not benefit 
 

o Then: give PARALDEHYDE 0.4mg/kg PR 
o Then: give PHENYTOIN 018mg/kg  
o Then: perform an RSI with THIOPENTONE 4mg/kg  

 

what the hell is paraldehyde? 
o Cyclic trimer of acetaldehyde molecules 
o CNS depressant, hypnotic sedative antiepileptic  
o Half-life is rougly 8 hrs in neonates 
o Mechanism of action is very similar to the barbiturates: 

increase the duration of the GABA-chloride-channel opening  
o 90% is excreted in the lungs, as it is metabolized into 

acetaldehyde, then acetate, and then CO2 and water. 
o When it is not acting as a sedative, it is an industrial solvent. It 

can dissolve a plastic syringe in about 15 minutes.  
o It is highly flammable 
o It can cause rectal irritation 
o It tastes like burning, and needs to be mixed with milk. 

 
 

The drugs: 
o LORAZEPAM 

 Less respiratory depression than diazepam; half life 12-24 hrs 

 Poor rectal absorption 
o DIAZEPAM 

 Action lasts only 1 hr 

 Fast acting when given PR 
o MIDAZOLAM 

 Short acting 

 BUCCAL ADMINISTRATION: squirt it into the area between the 
lower bottom lip and the gum margin 

 Buccal midaz is twice as effective as rectal diazepam  
o PHENYTOIN 

 Measure the levels 60-90 minutes after the infusion has finished 

 Monitor the ECG 

 Peak action is within 1 hr 
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More drugs: 
o FOSPHENYTOIN 

 Pro-drug of Phenytoin 

 Can be administered more rapidly: Phenytoin uses propylene 
glycol as a solvent, and so needs to be administered very slowly 

 There are fewer cardiac side effects because there is no 
propylene glycol 

 75mg of this is equivalent to 50mg of phenytoin 
o THIOPENTONE 

 4-8mg/Kg 

 NOT an effective long term anticonvulsant 
 
 

General management 
o Normoglycaemia is the key 
o Normo-natremia is also the key 
o Normothermia is a good idea as well 

 
o RESTRICT FLUIDS:  60% of maintenance. 

 
o Aspirate the stomach contents, before it ends up in the lungs 
o If increased intracranial pressure is present, you will want to be 

dealing with it. 
  

The child with a systemic hypertensive crisis       
 Hypertnsion is rare in children: 

o Dysplastic kidneys 

o Obstructive nephropathy 
o Glomerulonephritis 
o Coarctation of the aorta 

MEASURING A CHILDS BLOOD PRESSURE IS A PAIN IN THE ARSE 

 Use the biggest cuff that fits comfortably on the upper arm 

 Systolic is more accurate 

 Diastolic is frequently misleading – you might hear the Korotkoff 
sound all the way down to zero. 

 The measured value needs to be compared against the normal 
age ranges.  

o Aim to reduce the blood pressure to 95% percentile over the next 24-48hrs 
o Aim to accomplish 1/3rd of the reduction over the first 8 hrs 
o If you lower it any faster than that, you risk infarcting the optic nerve heads 
o Drugs of choice: 

 Labetalol infusion – unless they are in heart failure 
 Sodium nitroprusside infusion – and monitor for cyanide poisoning  

Nifedipine: orally; better when you bite the capsule 
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Pediatric trauma             
General features: 

 Tissues are more elastic, less energy is deposited at the site of trauma and 
more energy is dissipated to other body regions 

 As in the adult, there is a sequential approach, and major problems should 
be addressed as soon as they are discovered 

Primary survey 
 AIRWAY with cervical spine control 

 If they are vomiting, tilt the strap board head-down 
 Intubate with in-line manual stabilization 

 BREATHING with ventilatory support 
 

 CIRCULATION with hemorrhage control 
 Blood pressure takes too long, you need to estimate the 

requirements for fluid resuscitation 
Signs suggestive of the need for immediate fluids: 

 

 Massive brady / tachycardia 

 Falling systolic BP 

 Poor capillary refill time 

 Tachypnea unrelated to thoracic trauma 

 Altered LOC unrelated to head injury 
 
2 large cannulas are mandatory 
 
Massive replacement in penetrating trauma is not 
indicated- it will disrupt the forming clot 
 
Use 10ml/kg boluses, rather than 20. 
 
Use saline to begin with. 
After 40ml/kg, start using blood.  
 

 DISABILITY with prevention of secondary brain injury 
Pupil inequality makes you want to do several things: 

 Control CO2 (40-45) 

 Maintain normotension 

 Give mannitol 

 Administer anaesthesia 

 Contact neurosurgery 
 

 EXPOSURE with temperature control 
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Things you need to find and deal with during the primary survey 
o Airway obstruction 
o Tension pneumothorax 
o Open pneumothorax 
o Massive haemothorax 
o Flail chest 
o Cardiac tamponade 
o Decompensating head injury 

 

Other things you might do during the resuscitation phase 
o Urinary catheter: only if they cant pas urine spontaneously or if there is a 

pressing need to measure urine output 
o NG tube placement 
o Analgesia: IV; no entonox if there is base of skull fracture or pneumothorax 

 

Secondary survey             
o “a simple but thorough search for the anatomical features of injury” 
o Surface, orifice, cavity, extremity 
o This is also where you do the log roll 
o LOOK FOR 

 CSF leak 
 Inside and ouside the mouth 
 Loose teeth 
 Otoscopy for haemotympanum 
 Ophthalmoscopy for retinal haemorrhage 
 Palpate the C spine 
 Inspect neck veins 
 Auscultate the chest 
 PR is only performed if it is going to change management 

 
 Get CT scans 
 Get an ECG 

 
Repeat the ABCDE! Especially if there is a deterioration. 
 
 ABG 
 Hemodynamics, hemoglobin, hemostasis 
 Urine output monitoring: 1-2ml/kg/hr 

 
METABOLIC SURVEY: EFGH 

 E lectrolytes 
 F luid balance 
 G astrointestinal 
 H ormones 
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Paediatric  chest injury           
General features: 

 Children have elastic chest walls: they can have massive visceral injuries 
without rib fractures 

 If there ARE rib fractures, it indicates extremely high energies 
 High metabolic rate, small functional residual capacity, thus they desaturate 

quickly 
 Flail chest is poorly tolerated because the ribs are more horizontal 

During the primary survery, you should pick up: 

 Tension pneumothorax 

 Massive hemothorax  

 Open pneumothorax 
 Flail chest – but paradoxical chest movement is less likely to be 

seen in children because severe pain on breathing will cause the 
child to splint their chest wall 

o Flail chest requires 2 weeks before it becomes stable 

 Cardiac tamponade- Becks triad; muffled heart sounds, distended 

neck veins, and shock.  
 

Later on, you may discover: 

 Pulmonary contusion 
 Oedema and interstitial/alveolar haemorrhage 
 Because the chest wall is so elastic, there is force transmitted 

directly to the lung 
 Oxygen and physiotherapy  
 It improves in 36 hrs 

 Tracheal or bronchial rupture 
 The clue is a persisting air leak through your chest drain 
 There may be subcutaneous emphysema 
 You may need more than one chest drain 
 Your pressure support should be limited so as to allow a 

small leak to close on its own 

 Disruption of the greater vessels 
 If they survive to get to hospital, the tear in the aorta has 

tamponaded itself within an intact adventitial layer (outermost layer) 
 The commonest site of rupture is at the ligamentum arteriosum, 

close to the origin of the left subclavian artery 
 They will be shocked and their pulses barely palpable 
 THERE WILL BE A WIDENED MEDIASTINUM 
 Avoid blood pressure fluctuations 

 Diaphragm rupture 
 More common on the left 
 More common with penetrating chest injury 
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Paediatric  abdominal injury          
General features: 

 It was blunt trauma, more than likely 
 The children are more susceptible because: 

 They have thin abdominal walls 

 The liver and spleen lie lower and more anteriorly 

 Elastic ribs offer little protection 

 The bladder is abdominal, not pelvic, and therefore more vulnerable 
when full 

Deceleration injury and blunt impact injury 
 Solid organs suffer most 

 Duodenum may rupture at the duodenojejunal flexure, or it may 
have a huge hematoma 

 Pancreas is at greatest risk from bicycle handlebars 

 Straddle injury with perineal hematoma suggest urethral injury 

Bits of examination which aid in assesment 
 Urethral meatus: is there blood? 

 Gastric drainage and decompression: is there blood? 

 IDC: only after urethral damage has been ruled out 

 Retrograde urethrogram?  
Non-operative management 

 Not everyone needs a laparotomy 

 Maybe you can just sit on the peritoneal hemorrhage, and the solid 
organs will sort themselves out 

 For this to work, you cant be coagulopathic, and there need to be 
frequent re-examinations 

 
Who needs a laparotomy: 

 Penetrating abdominal injury 

 Definite signs of bowel perforation 

 More than 40ml/kg replaced, and still in shock 
 
 

 
A renal pedicle injury probably cant be rescued: warm ischaemia time is only 45-60 min 
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Paediatric  head injury           
General features: 

 Commonest cause of death from trauma (40%) 

 In infancy, the most common cause of head injury is child abuse 
 

Primary brain injury 
 Direct consequence of the impact: 

Secondary brain injury 

 Hypotension 

 Hypoxia 

 Intracranial hypertension, when sutures close at 12-18 months 

 Seizures 
 
Normal cerebral blood flow = 50ml blood per 100g brain tissue per minute 
A fall below 20ml per 100g will cause ischaemia and thus oedema 
A fall below 10 will cause cell wall dysfunction  
 
The most common cause of raised ICP is cerebral oedema 
 

Factors suggesting a serious injury at triage 
 Substantial trauma 

 History of lost consciousness 

 Focal signs or generalized convulsions 

 Penetrating head injury 

 
When do you intubate them (the UK NICE criteria) 

 GCS < 8  
 Loss of protective laryngeal reflexes 

 Hypoxia or hypercapnia 

 Spontaneous HYPERventilation 

 Respiratory irregularity 

 
Glasgow coma scale 

 Is modified for the under-4s (mostly verbal response- cooing vs. 
conversing, crying vs making inappropriate sounds) 

 The “best grimace” response for the pre-verbals 

 
What else to look for 

 Retial hameorrhage = child abuse 

 Limb tone 

 papilloedema 
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Who gets an urgent CT head: 
 GCS less than 13, or 14 at 2 hrs after the injury 

 Open or depressed skull fracture 

 BOSF 

 Focal neuro signs 

 Multiple vomiting 

 Amnesia of over 30 minites of events BEFORE the accident 
 Dangerous mechanism 

 Seizure 

 Coagulopathy 
 

What else should you do 
 Give analgesia, or they will get hypertensive and develop raised 

intracranial pressure 
 

For whom will the neurosurgeon get out of bed 
 Persisting coma GCS <8 after resuscitation 

 Deteriorating LOC, especially changes in motor response 

 Focal neuro deficit 

 Seizures 

 Penetrating injury 

 CSF leak 

 Unexplained confusion for several hours 
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Paediatric trauma of the extremities        
General features: 

 Growth plates are 2-5 times weaker than boes and ligaments 

 Greenstick fractures: one cortex deforms without fracturing 

 There is DECREASED chance of fracture propagation 

 Comminuted fractures are rare 

 Childrens bones absorb more force than adults 

 Pelvic fractures are uncommon (the pelvis flexes, and the pelvic 
organs take a hit) 

 20% of your blood volume  can leak out into the fractured thigh 
 
Evaluation happens in the secondary survey 
 

Crush injuries of the abdomen and pelvis 
 Pelvic disruption =life threatening blood loss 

 Splint the pelvis 

 Put the blood back in 

 Embolization of the bleeding vessels may be needed (radiology) 
 

Traumatic amputation 

 Partial is more threatening than complete: transected vessels go 
into spasm, lacerated ones do not. 

 Tourniquets are out of fashion: they don’t stop bleeding from 
bones. Instead, use an elastic compression bandage, or press 
on the proximal end-artery 

 Dress the stump with a sterile dressing soaked in saline, and 
splint/elevate the limb. 

 Amputated part will remain viable for 8 hours at room 
temperature, or 18 hrs on ice. 

o Clean it 
o Wrap in moist sterile towel 
o Place in sterile sealed plastic bag 
o Put the bag in an ice box 
o The bodypart should not come in contact with the ice 
o It has to travel in the same vehicle as the child 

 Keep it even if you don’t plan to graft it. 
 

Massive open long-bone fractures 
 Open fractures cause twice the blood loss of closed fractures 

 Thus, a open femoral fracture = 40% blood loss 

 
 
 
 



This document was created by Alex Yartsev (dr.alex.yartsev@gmail.com); if I have used your data or images and forgot to reference you, please email me.    

From the free Google scan of “APLS : the pediatric emergency medicine resource” by Gausche-Hill and Strange, as well as the APLS handbook and www.alsg.org 

Things to do during the secondary survey 
 Active movement: don’t passively move their fractured limb 

 The key is to identify THE THREATENED LIMB: 
 

VASCULAR PROBLEM 
o Pulses present? 
o Cap refill present? 
o Decreased sensation 
o Rapidly expanding hematoma 
o A Bruit 

 
COMPARTMENT SYNDROME 
Symptoms start when the compartment pressure rises above capillary pressure. 
Pulse is lost when compartment pressure rises above arterial pressure. 

o Pain on passive stretching of the muscle 
o Decreased sensation 
o Swelling pallor of limb 
o Paralysis 
o Pulselessness- by this time irreversible damage has occurred 
o Usually, it will happen within hours of some sort of crush injury 

 
Emergency treatment 

 Alignment 
 Reduction 

 Immobilization 

 Traction 

 
The child with spinal trauma           

 Traumatic torticollis should be immobilized in their current position 

Factoids 
 Upper 3 vertebrae are the ones involved in the young children 

 In older children, it’s the lower 3 vertebrae 
 

Guidelines for clinically clearing the C-spine 
 No midline tenderness on palpation 

 No focal neuro deficit 
 Normal level of alertness 

 Not intoxicated 

 No painful distracting injuries 
- Pseudosublixation occurs in 9% of 1 to 7 yr olds; usually C2 on C3 or C3 on C4 

 
Atlantoaxial rotary subluxation is the most common injury;  
the child presents with torticollis 
 
if youre going to use steroids, use them within 8 hrs of the injury 
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The hideously burnt child           
General features: 

 Scalds mainly in the under 4s 

 Mainly in boys 

 Poverty and overcrowding is a risk factor 
 

Features determining severity: 
 Temperature 
 Duration of contact 

 
At 44 degrees, contact = 6 hours 
At 54 degrees for 30 seconds 
At 70 degrees within 1 second 

 

Primary survey 
 Airway burns 

 History of exposure to smoke in a confined space 

 High flow oxygen 
 

 BURNS SHOULD NOT CAUSE SHOCK: 

 If they are shocked, they are bleeding from somewhere 
 

 Exposure should be minimal: burnt children lose heat rapidly 
 

 

Secondary survey 
 Estimate the burnt area 

o Rule of 9s cannot be applied to the under-14s 
o Use the palm and fingers: its 1% 

 Estimate the depth 

 Look for circumferential burns of the limbs or the neck 

 Burns of the perineum are more porne to infection 
 

Emergency management 
 Analgesia 

 If over 10% of surface is burnt, give fluids: 
 

 Daily fluid therapy = percentage burn x weight (kg ) x 4 

 First half in the first 8 hrs 
 

 Cover the burns in sterile towel +/- cling wrap 

 Leave the blisters intact.  

 Don’t use cold compresses for longer than 10 minutes; never 
transfer the child with compresses in place. 
 



This document was created by Alex Yartsev (dr.alex.yartsev@gmail.com); if I have used your data or images and forgot to reference you, please email me.    

From the free Google scan of “APLS : the pediatric emergency medicine resource” by Gausche-Hill and Strange, as well as the APLS handbook and www.alsg.org 

Carbon monoxide posioning 
Measure carboxyhemoglobin: 

 2-20% = give oxygen 

 Over 20% = put them in a hyperbaric oxygen chamber 

 
Indications for transfer to a burns unit: 

 10% partial and/or full thicknes sburn 

 5% full thickness burns 

 Burns to “special areas”- hands, feet, face, perineum 

 Circumferential burns 

 Inhalational burn 

 Chemical, radiation, or high voltage burns 
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The electrocuted child            
General features: 

- AC is lethal at lower voltages than DC 

- Effects of an increase in current: 
o 10mA = tetanic contraction, cant let go of electrical source 

o 50mA = respiratory arrest due to diaphragmatic tetany 

o 100mA to 50A = primary cardiac arrest (a defib is 10A) 
o 50A and above = severe burns +  cardiorespiratory arrest 

 
Relative resistance of body tissues, from least to most: 

o Tissue fluid 
o Blood 
o Muscle 
o Nerve 
o Fat 
o Skin 
o Bone 

- Nerves, blood vessels, skin and muscle are injured most 
- Bone can continue to increase in temperature after the current has 

stopped 
- Swelling of damaged structures can cause compartment syndrome 
 

Primary and secondary survey 
 The key is to find the entry and exit point- that way you know 

what organs got in the way of the current 

 There will be burns 

 There may also be fractures from tetanic contraction 

 There will be rhabdomyolysis in the injured muscle: you may 
want to alkalinize the urine, and maintain an output of ~ 2ml/kg/ 

 There will be cardiac arrhythmias, and they will need to be 
monitored. 
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The drowned child            
General features: 

o There is no such thing as “near drowning” anymore 
o Definition is respiratory impairment due to submersion 

 

THE DIVING REFLEX 

o Bradycardia 
o Apnoea 
o Due to apnoea, hypoxia and acidosis 
o Due to hypoxia and acidosis, there with be tachycardia 
o There will also be hypertension 
o Eventually, breakthrough breathing will occur 
o When inhaled water touches the glottis, immediate laryngospasm 

occurs 
o After the laryngospasm subsides, you just inhale all this water 
o Pulmonary oedema ensues 
o Severe hypoxia then causes bradycardia and then asystole 

 
THERE  MAY ALSO BE SPINAL INJURY AND HYPOTHERMIA. 
 

You wont have too much of an electrolyte derangement form swallowing pond water 
 

Primary Survey  
 Risk of aspiration from swallowed water = intubate immediately 

 Decompress the stomach 

 Chest x ray changes will occur later, don’t wait for them 
 

 Patients should be lifted out of the water HORIZONTALLY  and 
not vertically. Vertical recovery may cause cardiovascular 
collapse due to loss of venous-blood-returning pressure from 
the surrounding water. Apparently acts as a huge TED stocking. 
 

 Look for hypothermia: shocks may be ineffective below 30 degrees 

 Rewarm internally if below 30 (externally if above 30) 
 Temperature should rise by 1 degree per hr to reduce chance of 

hemodynamic instability 
 
ACTIVE INTERNAL REWARMING: 

 39 degree IV fluids 

 42 degree ventilator humidifier 

 Gastric, bladder, peritoneal lavage with warm fluids 

 Consider extracorporeal blood rewarming 
 
If the initial rhythm was VF, its better to keep them cool – at 32-34 degrees 
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Emergency treatment 
 Brain ischaemia precedes cardiac ischaemia 

 Organisms that affect them are Pseudomonas and Aspergillus; 
cefotaxime should be started 

 ICP will rise because of hypoxic brain injury 

 Normoglycaemia is important 
 

Prognostic indicators 
 Duration of hypoxic-ischaemic injury 

 Adequacy of initial resuscitation 
 

SIGNS OF GOOD RECOVERY: 
o Time to respiratory effort < 3 minutes 
o Temperature less than 33 on arrival 

 

SIGNS OF DOOM: 
o Immersion time > 8minutes 
o Time to respiratory effort > 40 minutes 
o Persisting coma 
o Persisting acidosis ~ pH 7.0 
o Persisting hypoxia below 60mmHg 

 

 It doesn’t matter, fresh water or salty 
 

Outcomes 
 70% survive with basic life support 
 40% survive without basic life support 
 Of the survivors,  

o 70% will make a complete recovery 

o 25% will have a mild neuro deficit 
o 5% will be in a persisting vegetative state 
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Important Formulae for Paediatric Resuscitation      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

WEIGHT ESTIMATION: 
 

 Weight = (Age + 4 ) x 2 

ENDOTRACHEAL TUBE SIZE:  
   

Tube size  = (          ) + 4 
Age 
   4 

DEFIBRILLATOR ENERGY: 
 

 2 Joules per Kg first; 4 Joules thereafter 

DRUG DOSES: 
 
  ADRENALINE INTRAVENOUSLY 

 

10 mcg per kg;  = 0.1 ml per kg of 1:10,000 solution  

AMIODARONE: 
 

5 mg per kg  

ATROPINE 
 

20 mcg per kg 

ADENOSINE 
 

100 mcg per kg – and then 200… and then 300… 

ADRENALINE  NEBULIZED 
 

5 ml of 1:1000 solution 

FLUIDS 
 

One bolus is 20ml per kg; blood after 2nd bolus 
 

PHENYTOIN 
 

20 mg per kg, over 20 minutes 

DIAZEPAM 
 

0.25 mg per kg;  …….or 0.5 mg per kg when PR 

BLOOD 
 

10 ml per kg 

10% DEXTROSE 
 

5 ml per kg 

DAILY FLUID DEFICIT 
 

First 10 kg:  100ml / kg 
Next 10 kg: 50ml / kg 

Rest:  20 ml / kg 

TOTAL FLUID DEFICIT 
 

(% dehydration) x weight x 10 

BURNS FLUID DEFICIT 
 

(4ml per kg ) for every 1% of surface area burnt 
 
Total deficit is replaced over 24 hours; 
50% of this is replaced over the first 8 hours 
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The structure of pediatric resuscitation      
        

o Things to mention as “stuff I would ask for when waiting for the ambulance to 
bring me my critically ill child in a bat-call situation where retrieval have 
notified me well in advance” 
 Get the kids age 
 Work out the weight 
 Ensure the help is available 
 Get all the likely fluids, drugs and equipment 

 
The sequence of events: 

o RESPONSE: unresponsive child = cardiac arrest algorithm 
o Primary survey 
o Resuscitation 
o Secondary survey 
o Emergency treatment 
o Reassessment (“ system control”) 
o Ongoing stabilization 

 

BASIC LIFE SUPORT            
Main thing to remember: hypoxia is the chief cause of cardiac arrest in children; 
 

thus:  OXYGEN IS THE CRITICAL STEP 
  NOT DEFIBRILLATION 

o SAFE approach: 

 Shout for help 
 Approach 
 Free from danger 
 Evaluate ABCs 

o This is a lame way of going through the “DR” part of “DRABC”. 
o One rescuer does useful resuscitative things, the other one summons the EMS team. 
o If the solitary rescuer has no help after 1 minute of CPR, he’s got to pause and call the 

EMS team himself.  
o Shout for help  is not the same as get the EMS team. The EMS team has the 

defibrillator, and in this situation it is morei important to get some oxygen into the child. 
THUS: first, you just yell. After a cycle of CPR you call for the EMS team. 

 
 
When would it be appropriate to contact the EMS people FIRST, and then do CPR? 
 

 WHEN A HEALTH CHILD HAS A WITNESSED COLLAPSE 

 WHEN A CHILD WITH KNOWN CARDIAC PROBLEMS HAS A 
WITNESSED COLLAPSE WITHOUT A BETTER EXPLANATION 

 Basically, whenever you think a defibrillator is critically important 
 

- ?ARE YOU ALRIGHT? the “R” in DRABC. 
o Weirdly, you ask this question, and THEN you hurt the child.  

Response to pain is what youre after, not words. Wiggling and crying is acceptable. 
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AIRWAY               
o A child will frequently organize themselves into a comfortable posture, where they 

can breathe better (eg in epiglottitis they hold their head at a particular position) 
 

o Attempts to improve a partially protected airway may result in a totally 
compromised airway. Don’t mess with their position. 

 
 HEAD TILT AND CHIN LIFT STILL APPLIES 

The desirable positions are: 
  
  In the infant: NEUTRAL 

In the child: SNIFFING 
  
Patency of the airway is then assessed by  
LOOKING, LISTENING and FEELING for 10 seconds  
 
 In the exam, they expect you to put your ear to the child’s face, looking 

over the chest to see if it rises and falls 
 

As always, jaw thrust is there for any situation that calls for C-spine immobilization. 
 
Nobody does the finger sweep anymore. You can clog the airway even more by forcing 
foreign bodies further into the airway. 
 

BREATHING              
 If making the airway patent does not result in some sort of breathing, 

 

Up to 5 rescue breaths should be given to achieve 2 effective breaths 
 

 In infants, your mouth goes over both nose and mouth. 
 In children, it may be necessary to pinch the nose 

 
o All children are of different weird shapes 
o Slow breaths 
o Lowest pressure ( airway pressure may be high because the airway is narrowed) 
o Chest must be seen to rise 

 
If airway maneuvers do not yield a patent airway, you have to start thinking about 
foreign body obstruction 
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Circulation              
o ASSESSMENT: 

 Definition of “circulatory failure” is no central pulse for 10 seconds 
 Or when the pulse is slow (< 60) and not perfusing 
 Or... by absence of “signs of circulation”, like cough and gag. 
 INFANTS: feel brachial and femoral pulses 
 CHILDREN: carotids, like adults 

 

UNNECESSARY CHEST COMPRESSIONS ARE ALMOST NEVER DAMAGING 
 

 
o Chest compressions should go 1/3rd of the depth 
o Go at the lower half of the sternum 

 INFANTS:  

 use hand-encircling technique: both thumbs (when there are 2 rescuers) 

 use one-handed 2 finger technique when alone 
 CHILDREN 

 Use the heel of one hand, or both hands like adults 

 
 

The rate at all ages is 100 per minute 
The rate of compressions is 30 to 2 breaths for a single rescuer 
The rate of compressions is 15 to 2 breaths for pair of rescuers 
 

 
o INFANTS should be compressed with two fingers, or both thumbs (encircling technique) 
o CHILDREN can have the heel of one hand, or the heels of BOTH hands for big ones 

 
o After 1 minute of CPR, help should have arrived. If not, this is where you pause to call for 

an EMS team, to bring a defib et cetera. 
 

o DO NOT interrupt compression for any other reason. Coronary perfusion pressure 
improves the longer the sequence of compressions 
 
 

Recovery position             
o There is no specific position for children 
o Stable and lateral is the key 

 

Infection risk from mouth-to-mouth         
o There’re aren’t many reports of people catching things from mouth-to-mouth 
o If you are mouthing a child with menigococcaemia, you should take rifampicin or 

ciprofloxacin 
o You seem to be safe from Hep V or HIV- sputum and saliva are low risk fluids 
o In fact you are more likely to give the child YOUR HIV. 
o High risk fluids are blood, semen, vaginal secretions, amniotic fluid and peritoneal fluid 
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The child who has inhaled something and is CHOKING     
o This is usually the disease of preschool. 
o The most inhaled stuffs are foodstuffs. 
o Its usually witnessed, and its usually a sudden onset respiratory distress and stridor 

 
There are methods for clearing and airway obstruction : BUT if the child has epiglottitis or 
croup, that will actually destroy their airway, so:  
 
ONLY ATTEMPT THE FOLLOWING IF: 
 Its obvious that the diagnosis is foreign body obstruction 
 AND there has been loss of consciousness, ineffective cough or apnoea 
 AND the head tilt / chin lift / jaw thrust have failed to open the airway 

 
o Encourage cough first. Spontaneous cough is more effective than any manoeuvre 
o Only move on to manoeuvres if they have satisfied the above criteria, i.e. if they have lost 

consciousness or become apneic. 
 

o CONSCIOUS CHOKING CHILD 
 Give 5 back blows 
 Give 5 chest thrusts 
 Repeat assessment 

 

o UNCONSCIOUS CHOKING CHILD 
 Open airway, give 5 rescue breaths 
 Start CPR: algorithm is the same. 
 Each time reaths are attempted, look for a foreign body in the airway. 

 

o Back Blows and chest thrusts: for INFANTS 
 Put the infant head down on your knee 
 Deliver 5 blows to the back with the free hand 
 If the obstruction is not relieved, turn them over on their back (still head down) 
 Give them 5 chest thrusts: same as cardiac compressions, at a rate of 1 per 

second 
 

o Back Blows and chest thrusts: for CHILDREN 
 Same as above, but you lay them over your lap 

 
o Each time breaths are attempted, look in the airway – can you see a foreign body? 
o Once the child is breathing spontaneously, put them in a recovery position of some sort 
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ADVANCED PEDIATRIC AIRWAY TECHNIQUES      
 At some stage, somebody will ask you what equipment you would like 
 This is the list: 

 

Face masks 
LMAs and Guedel/nasopharyngeal airways 
Self-inflating Laerdel bag 
Endotracheal tube 
Suction device 
Cricothyroidotomy kit 
 

 

Oropharyngeal and nasopharyngeal airways       
o Oropharyngeal: from mouth to angle of mandible 

 May cause vomiting 
o Nasopharyngeal: from nose to tragus of ear 

 May cause hemorrhage 
 Contraindicated in base of skull fractures 

 
Ok, so you have inserted one of these. Is it successful? 
if not, URGENTLY reassess your airway 
 

Laryngoscopy             
- The straight bladed laryngoscope lifts directly, by pushing on the epiglottis 

o This causes vagal stimulation because the epiglottis is innervated by the vagus nerve 
- the curved laryngoscope blade pushes the epiglottis forward 

o  inserted into the vallecula – glossopharyngeal territory, so no vagal stimulation occurs 
 

ET tubes               
- Plain plastic tube before pubrty, cuffed ones afterwards 
- Prepubescent cricoid rings are the narrowest parts 

 

- There should be a leak: otherwise the tube is in too tight and there will be oedema 

 
 
For over 1 yr olds: 

- Tube Size estimation:  Internal diameter = (Age divided by 4) + 4 
Oral tube length = (Age divided by 2) + 12 
Nasal tube length = (Age divided by 2) + 15 

 
NEONATES: tube is 3 – 3.5 mm 
PRETERM: 2.5 mm 

 
Magill’s forceps: to angle the tube, or to remove foreign bodies 
Tracheal suckers:  French gauge twice the mm diameter of tube; a 3mm tube = 6 french sucker 

 



Alcohol, and the Evil it Brings      
So, your patient has been drinking, or is drunk. 

In EMERGENCY: drunks form a fair proportion of patients because 
- They drink too much and get ACUTE ALCOHOL POISONING, which means 

Disinhibition, garrulous loquacity, agitation,  nausea, vomiting, ataxia, slurred speech, sedation, coma, respiratory 
depression, depressed gag reflex and therefore airway compromise, aspiration  and subsequent anaerobic lung abscess and 
horrible septic death. 

- They fall over and get SUBDURAL HAEMATOMAS which tend to go unnoticed 
- They are prone to fits of ACUTE PSYCHOSIS 
- They become DEPRESSED and LONELY and seek comfort from emergency staff 
- They run out of money and suffer WITHDRAWAL, featuring 
 
 
 
 
 
 
 
 

 
ALCOHOL HISTORY: as model for general drug history   
  How much do they drink? 
    MEN: 21 drinks per week is enough 

… up to 50 is only “hazardous” 
    WOMEN: 14 drinks per week is enough 
     …up to 35 is only “hazardous” 
  How often do they drink? 
    Need at least 2 alcohol-free days per week.  
  When did they start? GET DETAILED CHRONOLOGY OF DRINKING PATTERN 

Changed patterns of use? WHY? 
Drink of choice: just for curiosity 
How much is spent per week? 
Do they drink alone? 

  Do they drink in the morning? A sign of dependance    
   CAGE questionnaire fits nicely in here: 
    Tried to Cut down? Been ANNOYED by CRITICISM?  

Felt GUILTY about drinking? Need an EYE-OPENER in the morning? 
  How many drinks does it take to get any effect? 
        May point towards tolerance 
  What events or occasions require for them to be drunk? 
  Eg. do they combat social anxiety by pre-medicating with a few drinks?   

Do they use it as an antidepressant? 
Have there been LEGAL ISSUES?  
RELATIONSHIP PROBLEMS?  
Work or health problems? 
Is the use PERCEIVED AS A PROBLEM? 
EVER SOUGHT HELP FOR IT? 

ALWAYS ASK QUESTIONS RELATING TO COMORBID MENTAL ILLNESS:  
  40% to 90% of substance abuse patients have one  

From 2 hours after cessation, until ~ 48 hours: (but usually after at least 12 hours) 
  TONIC/ CLONIC SEIZURES  

at 6 – 12 hours:  insomnia, tremulousness, mild anxiety, gastrointestinal upset,  
  headache, diaphoresis, palpitations, anorexia 
at 12 – 24 hours: Alcoholic hallucinosis: visual, auditory, or tactile hallucinations 
at 24– 48 hours: Alcoholic hallucinosis: visual, auditory, or tactile hallucinations  
after 48 hours and peaking after 5 days: DELIRIUM TREMENS: hallucinations 
(predominately visual), disorientation, tachycardia, hypertension, low-grade fever, 
agitation, diaphoresis…
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PHYSICAL EXAMINATION:          
General  
-  Jaundice, anaemia,   
-  Mental state  
-  Smell  
-  Ascites  
-  Body hair distrubution, spider naevi  
  
Hand  
-  Clubbing,   
-  osler nodes,   
-  splinter hemorrhages  
-  Xanthomas (fatty deposits);   
-  Dupuytren’s contracture:  
-  Hepatic Flap  
 
Arm  
-  Pulse: AF, Tachycardia  
-  Track marks, bruises  
-  BP  
 
Face  
-  Smell breath!  
-  Anaemia, jaundice  
-  Parotid enlargement  

 Neck  
-  JVP, Carotids, lymph nodes (esp. 
supraclavicular nodes)  
  
Chest  
-  Gynaecomastia  
-  Cardiac palpation + auscultation  

(for AF, LV hypertrophy)  
-  Percuss and auscultate lung fields  
  

Abdo  
-  Caput medusa  
-  Pancreatitis pain 
-  Hepatosplenomegaly  
-  Shifting dullness  

 
Legs  
-  Peripheral oedema  

  
Test cerebellar  
-  Test for nystagmus  
-  Walk heel-toe, on toes, on heels  
-  Finger nose testing 

 
INVESTIGATIONS:           
FBC + blood microscopy: 

looking for macrocytic anaemia of alcoholism 
alpha-fetoprotein: very specific marker of hepatocellular carcinoma; 
LIVER FUNCTION TESTING: 

GGT =induceable acoholism enzyme 
SERUM ALBUMIN  Looking for synthetic liver failure; the albumin level tells you about the  

last 2 months of liver function (as it ha a longer half life than clotting enzymes) 
PROTHROMBIN Time  low due to  reduced rate of cloting factor synthesis in acute  

liver failure 
Thiamine =low mainly due to malnutrition 
RBC Folate (alcohol inhibits the gut tranbsporter of folate)  

Liver Biopsy: only way to objectively diagnose alcoholic liver disease. RARELY NEEDED. 
ALSO…. While youre there… do an EUC- may be HYPOKALEMIC from spewing and   

HYPONATREMIC from excessive diuresis 
  
  
 
 
 
 

FOR THE WITHDRAWAL SCALE: 
- PERSPIRATION 
- TREMOR 
- ANXIETY 
- AGITATION 
- HALLUCINATIONS 
- AXILLA TEMPRATURE 
- ORIENTATION 

BLOOD ACOHOL LEVELS FOR ALL 

Are they nauseous/vomiting, have abdo pain, haven’t been eating recently,  
….have binged in the recent past? Tachycardic, tachypnoeic? Diffuse mild abdo 
tenderness? HYPOTENSION?? This could be 
ALCOHOLIC KETOACIDOSIS: a wide anion gap acidosis 
So: do an ABG to see how severe; …pH may be alkalaemic as well…. 
AND TEST THEIR URIN FOR KETONES to feel better about calling this a keto-acidosis 
Exact criteria are glucose below 3, recent massive alcohol intake with rapid cessation, and a lack of 
a decent explanation for their wide anion-gap metabolic acidosis 

THEY WILL HAVE LOW 
BLOOD PRESSURE IF 
PRESENTLY INTOXICATED.  

Treatment is symptomatic 



MANAGEMENT           
 
 
 
 
 
 
 
 
ACUTE: in the EMERGENCY setting: 
 Intoxication is managed by observation until arrival of sobriety. 
 Youre mainly interested in keeping them stable until the drug and alcohol team takes over. This means: 
 ADDRESS THE PRESENTING PROBLEM: rehab cannot begin until the subdural  

      hematoma is taken care of 
ADDRESS WITHDRAWAL: Diazepam 5-20mg q2h manages the shakes and  

the fears, and keeps them nicely sedated until the 
D&A people get to seeing them. Midazolam if they 
misbehave.  

 ADDRESS VITAMIN DEFICIT: Not strictly speaking an ED issue, but if the patient does not  
move on to rehab at last they have had some intramuscular thiamine. 
So: THIAMINE 300mg STAT 

DETOXIFICATION: requires some motivation, even if it is in the form of a court order. 
 THIAMINE 100 mg po tds 
 VIGABATRIN 2000mg po daily for 3 weeks (anticonvulsant and mood stabilizer) 
 TEMAZEPAM 10-20mg nocte PRN  
 DIAZEPAM 5-20mg q2h – IF THE WITHDRAWAL IS SEVERE, i.e SCALE OVER 5 
 ACAMPROSATE (Campral) 666mg (yes, two 333mg pills) – uncertain activity but it seems to  

reduce alcohol craving, as does NALTREXONE  but via a different mechanism  
MAINTENANCE: requires A LOT of motivation; usually punctuated by episodes of relapse 
 !! MANAGE UNDERLYING MENTAL HEALTH CONDITION !! 
 Teach coping skills through CBT, psychotherapy and group therapy. 
 Consider a regular support group, Jesus-related or otherwise. 

DISULFIRAM (Antabuse) is useless, no better than placebo in reducing relapse rates. 
NALTREXONE appears to be better than placebo at reducing relapse 
MIRTAZAPINE (Avansa) is a sedating antidepressant, evidence equivocal…. 
Support family and relationships with councelling 

 
 
 
 

DSM-IV defines alcohol dependence as:  
“repeated alcohol-related difficulties in at least three of seven areas of functioning 
that cluster together over any 12-month period.”  
These problems include ANY COMBINATION OF:  

- tolerance, 
- withdrawal ,  

- special emphasis on tolerance and withdrawal: 
as "dependence with a physiological component" = severe clinical course 

- taking larger amounts of alcohol over longer periods than intended,  
- an inability to control use, 
- spending a great deal of time associated with alcohol use,  
- giving up important activities to drink,  
- continued use of alcohol despite physical or psychological consequences.  



NEUROPHARMACOLOGY OF ETHANOL        
 
 

 
  
 

Absorbed rapidly from 
DUODENUM by diffusion 

FIRST PASS METABOLISM IN THE LIVER 

Rate of delivery into duodenum Influenced by stomach emptying rate; 
Rate of absorption influenced by CO2 in carbonated beverages 
Rate of absorption lso influenced by food type (high-fat foods can impair the diffusion 
across the gut wall by retaining dissolved alcohol) 

ethanol acetaldehyde

       Alcohol 
dehydrogenase 
Easily saturated, 
maximal capacity about 
7 to 10 grams per hour 

acetate 

       Aldehyde 
dehydrogenase 
not so easily saturated; 
requires a great amount of 
alcohol to saturate- and 
then acetaldehyde 
accumulates, contributing 
to a hangover 

DISULFIRAM targets this 
enzyme: 
Horrible aldehyde poisoning = 
unpleasantess and therefore 
hopefully abstinence… CYP-2E1; induceable enzyme 

The greater the regular consumption, the more 
enzyme activity and thus more adverse effects 

NADH NADPH 

MECHANISM OF INTOXICATION: effects in descending order of appearance 
 

EFFECTS 
 AT LOW DOSE: 

Blood Alcohol 
 0.03 - 0.12 

Delta-A GABA receptors = potentiated 
found primarily in the granule cells of the denate gyrus of the hippocampus and 
the granule cells of the cerebellum.  

  Receptor Affected          Effects Experienced  

It is estimated that the plasma concentration necessary to cause threshold effects in humans is 
5mM (40mg/100mL) while in a review of 808 fatal alcohol poisonings, the mean plasma 
concentration was 72mM To put blood concentrations further in context, the blood-alcohol limit in  
most states in the US is 0.08% wt/vol or 17.4 mM 

Alpha-7 Nicotinic Ach receptors = potentiated 
influence rate of dopamine release in reward centres of the brain

Glycine Receptor  =potentiated 
spinal cord and brain stem inhibitory receptor, may be responsible for late 
respiratory depression 

EFFECTS 
 AT SOCIAL 

DOSE 
0.09 - 0.25 

NMDA glutamate receptor = inhibited 
Major excitatory receptor; involved in formation of memories among many other 
functions 

Mild euphoria, sociability, 
talkitiveness 
Increased self-confidence; 
decreased 
Inhibitions Diminution of 
attention,  
loss of judgment  
Beginning of sensory-motor 
impairment.  
Loss of efficiency in finer 
performance tests 

Voltage Gated Calcium Channels = inhibited 
The opening of voltage-gated calcium channels is responsible for the release of 
neurotransmitters throughout the body; thus inhibition results in decreased 
neurotransmitter release. 

EFFECTS 
   AT HIGH 

DOSE: 
0.25 - 0.40 

Emotional instability; loss of critical  
Judgment, Impairment of perception, 
memory and comprehension 
Decreased sensitory response; 
increased reaction time, Reduced visual 
acuity; peripheral vision, and glare 
recovery. Sensory-motor incoordination; 
impaired balance. Drowsiness. 

GIRK Potassium Channels = inhibited 
G-protein coupled inward rectifying (GIRK) channel is a channel modulated by 
CB1-cannabinoid and Mu-opioid receptors (as well as many others); responsible 
for depressant effects and analgesia at high concentrations.

Disorientation, mental confusion; dizziness 
Exaggerated emotional states.  Disturbances of 
vision and of perception, of color, form, motion and 
dimensions. Increased pain threshold. Increased 
muscular incoordination; staggering gait; slurred 
speechApathy, lethargy. General inertia; approaching 
loss of motor functions. Markedly decreased 
response to stimuli. Marked muscular incoordination; 
inabilityto stand or walk. Vomiting; incontinence 
Impaired consciousness; sleep or stupor. 

AMPA and Kainate inhibition, Serotonin 5HT-3 potentiation: 
At doses in the realm of the ridiculous, these receptor subtypes are affected. The 
significance of this in fatalities related to alcohol is uncertain. 

CO2 
+ 

H2O 
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Alcoholism and Benzodiazepines         Alcoholism and Benzodiazepines         Alcoholism and Benzodiazepines         Alcoholism and Benzodiazepines             
 
DETAILED HISTORY OF PRESENTING ILLNESS (HPI) 
Florid alcohol withdrawal syndrome (AWS) presents with:  

� Fever (often low-grade)  
� Sweating  (especially on the hands and face) 
� Tachycardia  
� Shaking and Tremors 
� Disorientation, hallucinations, and sleep disturbance  
� Agitation and anxiety 
� Depression 
� Insomnia 
� Nausea and/or vomiting 
� Seizures 

 

LIST OF DIFFERENTIAL DIAGNOSES (DDX) 
 
There are a vast number of disorders that can result in confusion and systemic illness that mimics alcohol withdrawal.  
Be aware of the commoner causes of 'ER/ICU psychosis':  
 
The differential diagnosis of alcohol withdrawal syndrome includes: 

� withdrawal from other sedative agents (e.g. barbiturates and benzodiazepines) 
� serotonin syndrome (e.g. SSRI/SSNRI overdose) 
� encephalopathy of toxic or nontoxic origin 
� acute intoxication with stimulant/proconvulsant agents (e.g. cocaine, phencyclidine, ethylene glycol) 
� Sleep withdrawal, sensory deprivation, and an unfamiliar environment (particularly in the elderly);  
� Drugs (a variety, especially if polypharmacy is present. Remember steroids, sedative-hypnotics, narcotics, atropine, cimetidine, digoxin, 

and even such apparently benign drugs as beta blockers and occasionally, beta-lactams);  
� Infection (notably chest, operation site, and urinary tract);  
� Fluid and electrolyte disturbances (hyponatraemia, low phosphate, hypercalcaemia,..);  
� Organic intra-cerebral pathology (subdural, tumour, stroke, seizures);  
� Hypotension (especially in the patient who has pre-existing hypertension, and now appears 'normotensive')  
� Major organ dysfunction (lungs - hypoxia and hypercarbia; heart - infarction/failure, liver - often missed; renal - acute or acute-on-

chronic failure)  
� Endocrine disease (diabetes; also hypo- or hyperthyroidism, even Addison's) 
� Hypoglycemia (non-diabetic, enhanced by alcohol use or diabetic) 
 

The presence of complicating infection, such as meningitis, encephalitis, or pneumonia may make the diagnosis more difficult and significantly 
complicate management.  Concomitant illness such as meningitis, encephalitis, pneumonia, and sepsis are not only part of the differential 
diagnosis but often may precipitate alcohol withdrawal, as the ethanol-dependent person becomes ill and consumes smaller than usual quantities 
of alcohol 
 

LIST PERTINENT FINDINGS ON HISTORY (HX) 
 
Past Medical Hx of 

- depression 

- anxiety 

- self-harm 

- drug or alcohol intoxication 

- family history of alcoholism, depression, etc… 

- social / personal / emotional problems 
 
Family Hx 
 

� Father was a boiler maker and drank heavily - not treated for alcoholism.  
� Father died of a stroke 18 months ago aged 60 yrs.  
� Mother suffered depression: prescribed anti-depressants at one stage.  
� Parents' marriage was happy 

 

LIST PERTINENT FINDINGS ON EXAMINATION (EX) 
� Drowsy, thin man, somewhat flushed in appearance.  
� Red Palms (palmar erythema)  
� Spider naevi.  
� Smells of alcohol.  
� Mouth dry.  
� Gastrointestinal tract (GIT) examination: 2 cm palpable liver.  
� Central nervous system (CNS) examination:  

- pupils dilated  
- cranial nerves normal  
- peripheral nervous system normal.  

� Attention is poor, concentration somewhat impaired, a little distractable.  
� Unable to test short term memory.  

� Sweating and tremulous ( Delirium Tremens) 
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TESTS AND INVESTIGATIONS  
ECG: Normal.  

Chest X-ray: Normal.  

FBC - in normal range.  

Liver Function Tests:  

AST, ALT, GGT: alcohol enzymes 

Drug Urine Screen:  

 

MANAGEMENT 
Immediate Management …: CONTROL SYMPTOMS:  
AGITATION, TREMOR, DEHYDRATION, BENZO WITHDRAWAL 
  THUS : 

� SEDATE THEM. 80 mg of diazepam may do the trick. Reduce according to withdrawal scale 

� IV fluids  
� 100 mg of thiamine given by intramuscular injection (IMI).  

� ORDER A REVIEW by the drug and alcohol team.  

ALCOHOL WITHDRAWAL SYMPTOMS - RATING SCALE  
Item 1. PERSPIRATION  

0. No abnormal sweating. 
1. Moist skin. 
2. Localised beads of sweat e.g. on face. 
3. Whole body wet from perspiration. 

 

4. 

 

Maximal sweating - clothes, linen wet. 
 
Item 2. TREMOR  

0. No tremor. 
1. Slight intentional tremor. 
2. Constant slight tremor of arms. 

 

3. 

 

Constant marked tremor of extremities. 
 
Item 3. ANXIETY  

0. No apprehension or anxiety. 
1. Slight apprehension. 
2. Understandable fear, e.g. of withdrawal. 
3. Anxiety occasionally accentuated to a state of panic 

 

4. 

 

Constant panic-like anxiety. 
 
Item 4. AGITATION  

0. Rests normally. 
1. Cannot sit or lie still, insomnia. 
2. Moves constantly, wants to get out bed but obeys requests to stay in bed. 
3. Constantly restless, gets out of bed for no reason, returns to bed if taken. 

 

4. 

 

Maximally restless. 
 
Item 5. HALLUCINATIONS  

0. No evidence of hallucinations. 
1. Distortions of real obects, aware that these are not real if this is pointed out. 
2. Appearance of totally new object or perceptions, aware that these are not real if this is pointed out. 
3. Believes the hallucinations are real but still orientated in place and person. 

 

4. 

 

Believes him/herself to be in a totally non-existent environment, preoccupied and cannot be diverted 
or reassured. 

 
Item 6. AXILLA TEMPERATURE  

0. Temperature of 37.0 ° C or less.  
1. Temperature of 37.1 - 37.5 ° C.  
2. Temperature of 37.6 - 38.0 ° C.  
3. Temperature of 37.6 - 38.0 ° C.  

 

4. 

 

Temperature above 38.5 ° C.  
 
Item 7. ORIENTATION  

0. The patient is fully oriented in time, place and person. 
1. The patient is fully oriented in person but is not sure of the place or time. 
2. Oriented in person but disoriented in time or place. 
3. Doubtful personal orientation, disoriented in time and place: there may be short periods of 

lucidity. 

 

4. 

 

Disoriented in time, place and person. No meaningful contact can be obtained.  

 

Scores 0-4: Continue observations ;  Scores 5 and above:  

sedative medication may be required,  

hourly observations indicated.  
 

ALSO NEED TO LOOK FOR 

THIAMINE deficiency: 
Ethanol impairs the absorption of 

folate and thiamine by interfering 

with the transporter protein... 

THUS: 

Macrocytic anaemia 

Neuropathy 

Memory loss 

Withdrawal psychosis 



DISEASE DEFINITION 
chronic alcohol abuse, dependence, or addiction; chronic excessive drinking of alcoholic beverages resulting in impairment of health and/or social 
or occupational functioning, and increasing adaptation to the effects of alcohol requiring increasing doses to achieve and sustain a desired effect 
 
Increased generalised neural cellular excitation and/or lowered seizure threshold as a result of alcohol coupled withdrawal with benzodiazepine 
withdrawal 
 
 

DSM-IV defines alcohol dependence as  

“repeated alcohol-related difficulties in at least three of seven areas of functioning  
that cluster together over any 12-month period.”  

These problems include ANY COMBINATION OF:  
- tolerance, 
- withdrawal ,  

- special emphasis on tolerance and withdrawal: 
as "dependence with a physiological component" = severe clinical course 

- taking larger amounts of alcohol over longer periods than intended,  
- an inability to control use, 
-  spending a great deal of time associated with alcohol use,  
- giving up important activities to drink,  
- continued use of alcohol despite physical or psychological consequences.  

The diagnosis of “dependance with physiological component” predicts a course of recurrent problems with the use of alcohol 
and the consequent shortening of the life span by a decade or more. In the absence of alcohol dependence, an individual can 
be given a diagnosis of alcohol abuse if he or she demonstrates repetitive problems with alcohol in any one of four life areas: an 
inability to fulfill major obligations, use in hazardous situations such as driving, legal problems, or use despite social or 
interpersonal difficulties. 
 

HOW IS THIS DIAGNOSIS MADE ? 
 

With the documentation of a pattern of difficulties associated with alcohol use 
 definition is not based on the quantity and frequency of alcohol consumption.  
THUS: important to probe for life problems and then attempt to tie in use of alcohol or another substance.  

- marital or job problems,  
- legal difficulties,  
- histories of accidents,  
- medical problems,  
- evidence of tolerance, etc., 

 

�  approximately 20% of patients have alcoholism.- ANY AREA   

 

Laboratory tests that are likely to be abnormal in the context of regular consumption of 6 to 8 or more drinks per day:  
- high-normal or slightly elevated MCV (mean corpuscular volume) (e.g., 91 fL),  
- gamma-glutamyl transferase (GGT) (30 units), serum uric acid [>416 mol/L (7 mg/dL)],  
- carbohydrate-deficient transferrin (CDT) (20 g/L),  
- triglycerides [2.0 mmol/L (180 mg/dL)].  
- Mild and fluctuating hypertension (e.g., 140/95),  
- repeated infections such as pneumonia,  
- otherwise unexplained cardiac arrhythmias 

 

 Other disorders suggestive of alcoholism include  
- cancer of the head and neck, esophagus, or stomach  
- cirrhosis,  
- unexplained hepatitis,  
- pancreatitis,  
- bilateral parotid gland swelling,  
- and peripheral neuropathy. 

 

EPIDEMIOLOGY 
- Alcohol is among the most commonly abused substances in the world.  
- Approximately half of the population of the United States consumes alcohol regularly,  
- 15-20 million individuals meet the criteria for alcohol abuse and dependence.  
- Alcohol abuse is the third leading cause of preventable death and is associated with 100,000 deaths per year.  
- Chronic alcohol abuse is also common in hospitalized patients. 
- Among all elderly patients admitted to general hospitals in the United States, 20% to 40% will have alcohol-related 

disorders; 
- In general,  more men than women are alcohol dependent or have alcohol problems. 
- Alcohol problems are highest among young adults ages 18-29 and lowest among adults ages 65 and older. 

 
� 6% of males and 4% of females drink at the hazardous or harmful level 
� 7.8% are at high risk of acute harm, with highest proportion in 18-24 group 
� 4000 deaths/year 7% of males and 4% of female, half from short term effect and other from longer term 
� 20% drink hazardously/harmfully 
� 60% use alcohol responsibly 
� 15% abstain 
� Men and women who fulfill criteria for alcohol use disorders decrease their life span by approximately 15 years, with abuse and 

dependence responsible for almost 25% of premature deaths in men and 15% in women, figures that represent a three- to sixfold 
odds ratio of early death even among people with higher levels of education and socioeconomic functioning. 



� The lifetime risk for alcohol dependence in most western countries is about 10 to 15% for men and 5% for women. When alcohol 
abuse is also considered, the rates are even higher.  

� The typical alcoholic is a blue- or white-collar worker or homemaker and thus does not fit the common 
stereotype. 

 
 
 
 
 
 
 
 

AETIOLOGY 
 
GENETIC  

sons of alcohol dependent people who are adopted by other families are  
four times more likely to develop drinking problems than are the adopted sons of non-alcohol abusers 

ENVIRONMENTAL  
one in ten boys who grew up in a household where neither parent misused alcohol subsequently became alcohol 
dependent,  
compared with one in four of those reared by alcohol-misusing fathers  
one in three of those reared by alcohol misusing mothers 

BIOCHEMICAL 
 abnormalities in alcohol dehydrogenase, neurotransmitter substances and brain amino acids, such as GABA –  

there is no conclusive evidence that these or other biochemical factors play a casual role 
PSYCHIATRIC 

depressed patients drink excessivly in the hope of raising their mood 
excess consumption (price, licensing, number of sales outlets, customs of society) 

� Availability and social factors are main concerns 
� Adaptation to alcohol leads to :  

o Increase in number of glutamate (NMDA)  receptors  
o increase in the number of VO CC’s (voltage activated calcium channels) and an which increases  
o decrease in the number/activity of GABAA receptors  
o This leads to overall excitatory action when alcohol is withdrawn  

leaving withdrawal symptoms and dependence 
o Need increased amount to get same effect. Need alcohol to retain equilibrium 

 

 
PATHOPHYSIOLOGY  

� BRAIN: Wernicke – Korsakoff =  
o damage to mamillary bodies (short/long term memory) 
o damage to dorsomedial nuclei of the thalamus and adjacent areas of grey matter  
o due to vitamin B1 deficiency (often reversible with thiamine injection) 

� Alcohol dependence =  
o increase in NMDA receptors and VOCC’s (voltage activated Ca channels),  
o decrease in GABAA receptors (net increase in excitatory activity) 
o – Unopposed excitatory effect when withdrawn 

� LIVER – ethanol can cause fatty change (acetaldehyde forms adducts with tubulin and impairs function of 
microtubules resulting in decreased transport of lipoproteins from liver),  

� acute alcoholic hepatitis(liver cells show cytoplasmic accumulation of fat and hyaline)  
� cirrhosis(hard shrunken liver with formation of micronodules of regenerating hepatocytes surrounded by 

dense bands of collagen- a la chronic inflammation granuloma). 
PROGNOSIS 
30 – 50% are abstinent or drinking less after 2 years following intervention 
What happens if AWS is left untreated? 

- alcohol withdrawal can lead to a more serious set of symptoms called delirium tremens or DTs.  
- symptoms usually appear about 2 to 10 days after the drinking stops. 
- A person with DTs is anxious at first.  
- Later, other symptoms occur that can include: ·  

- confusion ·  
- difficulty sleeping, including nightmares ·  
- disorientation with visual hallucinations ·   
- excessive sweating ·   
- fever ·  
- hallucinations and illusions that arouse fears and restlessness ·   
- severe depression 

 
Cancer association … 

� Possible mechanism involves direct contact of alcohol or acetaldehyde with local tissues 
� Strong evidence for buccal, laryngeal, pharyngeal, oesophageal and rectal cancers 
� Less strong, for stomach, pancreas and liver   
� Weak consistent association for colorectal, breast 

 



 
 

BASIC SCIENCES  
Principles of Pharmacokinetics (drug entry/distribution; Pharmacodynamics = drug action) 

 Drugs in the body are altered to REMOVE or INACTIVATE them 

Routes of Absorption: FAST = Iv, IM, Sublingual, Inhaled, Subcutaneous, Skin patch 

   SLOW = orally 

ORAL ABSORPTION: FIRST PASS METABOLISM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Some TERMS: 
  BIOAVAILABILITY: amount that gets to active site compared to the given dose 

- Lipid-soluble drugs  EASILY PENETRATE THE GUT WALL 
- P-Glycoprotein PUMPS DRUGS BACK OUT 
(THUS: inhibit p-Glycoprotein = INCREASE BIOAVAILABILITY) 

 
INFLUENCES ON DRUG ABSORPTION: 

- Disintegration of tablet 
- Dissolution of product 
- Gastric emptying rate (!! VITAL!!) 
- Drug interactions in gut lumen 
- Passage across gut wall 
- INTESTINAL MTILITY 

RAPID GASTRIC EMPTYING RATE = RAPID ABSORPTION, UNLESS the drug needs to dissolve in gastric acid 
 
IF a tablet is taken with food: 

- DECREASED ACID+TABLET contact 
- DECREASED EMPTYING RATE (stomach must churn for a while first) 
- Thus, food = delayed action 

 
FACTORS WHICH INFLUENCE GASTRIC EMPTYING:  

- Autonomous Diabetic Neuropathy 
- Anticholinergic drugs 
- Some Antidepressants 

 
CHEMICAL INTERACTIONS: eg. 

- Iron sulfate + alkaline “Mylanta”: inhibits stomach acid; thus absorption is decreased 
- BINDING AGENTS eg. charcoal will bind active drug and reduce bioavailability 

 
DRUG DISTRIBUTION: 

- WATER SOLUBLE  will float in blood and extracellular fluid 
- LIPID SOLUBLE drugs will lodge in adipose tissue and the brain. 

Some more terms: 
- APPARENT VOLUME OF DISTRIBUTION: 

= Vd; ..is the volume in which the drug APPEARS to be distributed 
i.e if the concentration is HIGH, the Vd must be low (the same known amount of drug has to be 
distributed in a smaller volume for such a high concentration) 
- If the Concentration is very low, Vd is HUGE (more volume then the pt can fit) 
- IF THE Vd IS ABSURDLY HIGH the drug is lodged in lipids and will be present in negligible 

concentration 
- HALF-LIFE: 

- Determines frequency of doses 
- ..Is the TIME IT TAKES FOR CONCENTRATION TO FALL BY HALF 

 
- STEADY STATE:  when [drug] in = [drug] out 
- CLEARANCE: Volume of blood cleared of the drug per unit time 

- Half-life = Vd over Clearance  
 
MAJORITY OF DRUGS ARE EXCRETED IN THE KIDNEYS 
- Thus, lipid-soluble drugs must first be made water-soluble  

 
 

Gut 

Receives 100% 

Gut 

wall 

Portal 

vein 

LIVER Active site: 

Receives about   

    20% of drug 

NEVER ABSORBED  
And thus 
EXCRETED 

Pumped back out into 
the lumen  
And EXCRETED 

 Metabolised or   
 Inactivated by   
 liver or gut wall 



DOSE-RESPONSE CURVES: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EFFICACY: MAXIMUM ACHIEVABLE RESPONSE 
POTENCY: DOSE REQUIRED TO REACH 50% RESPONSE 
i.e DRUGS A and C are EQUIEFFECTIVE but A is more POTENT (far less of it is needed for 100% response)  

Antagonists shift DOSE-RESPONSE CURVES TO THE RIGHT 

 
Below: pathway of drugs through the liver 
 
 
 
 
 
 
 
 
 
 
 
 
 
BIOTRANSFORMATION REACTIONS: 
 PHASE 1 altering the molecular structure  or reactivity 

- Mainly performed by cytochrome p450 
- CYTOCHROME P450: a mono-oxidase (adds one oxygen atom) 
- Mainly works in hepatocytic smooth endoplasmic reticulum 
- CYP2E1 is the alcohol-specific enzyme 
- Other phase 1 enzymes= ADH, MAOs, Plasma cholinesterases 

 
 PHASE 2 is conjugating the drug to an Endogenous Molecule  

- Mainly performed by TRANSFERASES eg. glucouronidation 
- CONJUGATION: making it more soluble and thus MORE EXCRETABLE 

2 FEATURES OF ELIMINATION SYSTEM: 
 Enzymes are ADAPTIVE (i.e. can be upregulated by changing concentrations) 

- Exposure to stimulus = upregulation of enzyme by 50 to 100 -fold 
 Enzymes have multiple substrates (to cope with DIVERSITY OF DRUGS) 

 

ONE DRUG MIGHT HAVE NUMEROUS METABOLIC PRODUCTS of varying solubility and toxicity 

RATE OF METABOLISM is determined by 

- Blood flow to the liver 

- Intrinsic clearance affinity of liver enzymes for the drug) 

- Protein binding ( drugs that bind to plasma proteins cannot get into liver cells) 
 
 
 
 
 
 
 
 
 
 
 



BIOCHEMISTRY OF ALCOHOL  CH2-CH3-OH 

  Produced by fermentation of glucose by yeast 

 Is AMPHIPHILIC i.e. soluble equally well in lipid and water 
 ABSORPTION: 
  ����MOUTH 
  �STOMACH (some breakdown- ADH present) 
  �DUODENUM (most absorption happens here) 
  RATE OF ABSORPTION DEPENDS ON CARBONATION i.e on gastric emptying rate 
  THUS beer + sparkling wine = much pissed quickly 
  MOST IMPORTANT SITE OF BREAKDOWN IS LIVER HEPATOCYTE (80%) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RISE OF NADH = RISE OF ATP = FALL IN FATTY ACID CATABOLISM 
Therefore: fatty acids build up in the liver (ACUTE RESPONSE! As soon as after 8 schooners) 
PLUS: Excess NADH has to go somwhere;  
 …THUS: NADH is used to convert PYRUVATE ���� LACTATE 
THUS: MILD LACTOACIDOSIS OCCURS  
and perhaps HYPOGLYCAEMIA (drop in pyruvate = drop in gluconeogenesis) 
 
DEFICIENCIES IN ALDH ENZYME = aldehyde toxicity; 40% of Asian persons 
  -Blush 
  -Nausea 
  -Palpitations 
Symptoms are due to CATECHOLAMINE and SEROTONIN release (pro-inflammatory)] 

ANTABUSE™ = blocks ALDH action; not a cure- just a deterrent 
NUTRITIONALLY; 1g of ethanol = 30 kJ; or 7.1kcal. 
 
ACUTE NEUROLOGICAL ACTION OF ALCOHOL: 

 INHIBITION of NMDA receptors 

 INHIBITION of KAINATE receptors 

 EXCITATION of GABA gamma-2-long receptors 

 

CHRONIC NEUROLOGICAL ACTION OF ALCOHOL: 

  INCREASE IN NUMBER of NMDA and KAINATE receptors 

DECREASE in number of GABA receptors  



 

WITHDRAWAL SYMPTOMS: 

- Agitation 

- Paranoia 

- Hallucinations 

- Seizures 

- FORMICATION (ants under skin- characteristic of withdrawal) 

 

CHEMICAL EFFECTS OF ACETALDEHYDE: 

- Interferes with protein function 

- Makes proteins immunogenic 

- Damages organelles and lipid membranes 

- Depletes antioxidants 

 

Neuronal Excitation (ECT) and Inhibition (INH) 
- brain balance – controlled balance between exists between ECT and INH.   

- Too much EXCITATION: anxiety, hyper excitability, epilepsy, convulsions.   
- Too much INHIBITION: sedation, depression, anasthesia, coma. 

- IN EXCITATION: – threshold potential is reached,  
- � Na+ in.  
- in INHIBITION – threshold potential is not reached (Cl channel opens making more negative), 
- � Cl- in. 
 
- Reciprocal INHIBITION – inhibitory interneurone (II) – II’s tell muscle A to relax when muscle B is contracting – 

tetanus posioning disrupts II and get extensive paralysis 
 
- GLUTAMIC ACID (glutamate) – major EXCITATORY transmitter in the brain 
- GABA – major INH transmitter in the brain 
- All neurones in the brain have receptors for GLUTAMATE and GABA  
- GLUTAMATE receptors –  ionotropic (work by ions) – NMDA, AMPA, Kainate  

- – metabotropic (work by metabolism) – mGLUR1-6 
- GABA receptors – ionotropic – GABAa alpha1 to 6, beta1 to 3, gamma1 to 3, delta, epsilon, 

-  GABAc – metabtropic – GABAb 1,2. 
- Ethanol influences many ligand gated ion channels.  It can block some NMDA receptors  

and enhance the activation of some GABAa receptors  

– THUS ethanol can reduce excitation and increase inhibition in the brain.   
MALE GABA receptors are less sensitive than FEMALE. 

- Many sedative drugs act on GABAa receptors 
- Barbituates enhance the action of most GABAa recptors by an occupancy mechanism 
- Benzodiazepines enhance the action of most GABAa recptors by an a rate mechanism 
- As with ethanol females may be more susceptible to sedatives than males 
 

RELEVANT ANATOMY -  
Liver – fatty change, acute alcoholic hepatitis and cirrhosis.  Fatty change is an acute reversible manifestation of ethanol ingestion.  In chronic 
alcoholism, fat accumulation can cause massive enlargement of the liver.  The biochemical mechanisms responsible for fat accululation in 
hepatocytes are the following: 
 

� Catabolism of fat by peripheral tissues is increased, and there is increased delivery of free fatty acids to the liver 
� Metabolism of ethanol in the cytosol and of its derivative acetaldehyde, in the mitochondria coverts the oxidised form of nicotinamide 

adenine dinucleotide (NAD+) to the reduced form (NADH); an excess of NADH over NAD stimulates lipid biosynthesis 
� Oxidation of fatty acids by mitochondria is decreased 
� Acetaldehyde forms adducts with tubulin and impairs function of microtubules, resulting in decreased transport of lipoproteins from the 

liver 
 
Although fatty change is asymptomatic except for liver enlargement, alcoholic hepatitis can produce fever, liver tenderness and jaundice.Alcoholic 
cirrhosis is characterised by a hard, shrunken liver with formation of micronodules of regenerating hepatocytes surrounded by dense bands of 
collagen. 
 
Nervous System – chronic thiamine deficiency contributes to degeneration of nerve cells, reactive gliosis (), and atrophy of the cerebellum and 
peripheral nerves 
 
Cardiovascular System – chronic alcohol abuse can cause cardiomyopathy, a degenerative disease of the heart muscle resulting in dilation of the 
heart.  Paradoxically, moderate consumers show a protective effect via increased levels of HDLs and decreased platelet aggregation. 
 
Gastrointestinal Tract – acute gastritis is a direct toxic effect of ethanol use.  Chronic users are vulnerable to acute and chronic pancreatitis which 
may lead to destruction of pancreatic acini and islets – which leads to impaired intestinal absorption of nutrients and contributes to vitamin 
deficiences. 
 
Skeletal Muscle – direct ethanol toxicity can also injure skeletal muscle, leading to muscle weakness, pain, and breakdown of myoglobin. 
 



Reproductive System – chronic ethanol use can lead to testicular atrophy and decreased fertility in both men and women.  Women who drink 
alcohol also have an increased risk of spontaneous abortion. 
 
 

CELL BIOLOGY repeats itself 
 
Metabolism occurs PRIMARILY AT THE HEPATOCYTE:  
Therefore LIVER IS PRIMARY TARGET of alcohol toxicity. 

• The acetate produced as a result of acetaldehyde oxidation is rapidly and safely metabolized to carbon dioxide and water. Thus: 
Acetaldehyde is MAIN TOXIN 

•  
• The rate limiting factor in the metabolism of ethanol is the dissociation of the NADH-ADH enzyme complex. The ADH-mediated oxidation of 

ethanol results in transfer of hydrogen to the co-factor NAD converting it to its reduced form NADH. The rate of ethanol oxidation is, therefore, 
determined by the capacity of the liver to re-oxidize NADH. 

 
ACUTE CELLULAR EFFECTS: 
1. Redox balance of liver altered; problem is that there is too much NADH to reoxidize.  

a. Glycolysis, TCA cycle and fatty acid oxidation decrease. 
b. Pyruvate converted to lactic acid due to excess NADH   
c. Gluconeogenesis decreases due to lack of pyruvate 

Thus: Alcohol-induced hypoglycemia; An ethanol load in a fasting, healthy individual is likely to produce transient hypoglycemia within 6 to 36 h 
(according to Harrisons) 

d. Ketone body formation  
Lipid metabolism altered – because ethanol is now being used to generate NADH instead of fatty acids. 
Therefore a build-up of fatty acids results.   
Thus: Triglyceride synthesis increases  
Thus: increase in fat accumulation within liver cells and generalised fat deposition. 

ALSO: 
Free radical mechanisms contribute to ethanol-induced liver injury in heavy drinkers: Increased generation of oxygen- and ethanol-derived 
free radicals has been observed at the microsomal level, especially through the intervention of the ethanol-inducible cytochrome P450 isoform 
(CYP2E1). 
Free radicals also generated by these ethanol-enhanced processes: 
cytosolic xanthine and/or aldehyde oxidases  
mitochondrial respiratory chain.  
Such oxidative stress leads to damage of proteins, membranes, cellular and mitochondrial DNA. (Mansouri et al. reported a marked loss of mouse 
hepatic mtDNA (by 50% of total mtDNA) within hours after an acute dose of ethanol, 5 g/kg by gavage. The "mitochondrial theory of aging" 
suggests that accumulation of defective mtDNA would impair cellular energy metabolism, placing a limit on the life span of the cell (and by 
extension the organism).) 
This in turn leads to the mitochondrion’s reduced ability to combat oxidative stress; which may lead to mitochondrial breakdown- which, in turn, 
leads to APOPTOSIS. 
Hepatocyte apoptosis is the proposed major cause of liver cirrhosis (the formation of scar tissue around necrotic cells).  

ALMOST EVERY cellular function is affected by acetaldehyde toxicity: 
 -Most affected are reaction with low molecular weight metabolic intermediates (particularly antioxidants) or free radical generation. 
. Peters, T.J.; Ward, R.J. Role of acetaldehyde in the pathogenesis of alcoholic liver disease. Molecular Aspects of Medicine, 10(2):179-190, 1988. 
(109499)  
Also,  

� acetaldehyde binds to proteins making them immunogenic 
� alters protein function by binding into effector sites 
� depletes antioxidants, contributing to oxidative stress 

destroys cell membranes and organelles 
 
 
 
 
 

Sedative Effects: range from calming anxious people to promoting REM sleep 

Generally most sedative drugs fall into 3 classes 
� Sedative hypnotics (treat insomnia as chief complaint) 
� Tranquillisers (treat anxiety) 
� Anxiolytics (treat anxiety) 

 
Classification 
The main groups of drugs used fall into 4 categories: 

� Benzodiazepines (treat anxiety and insomnia) 
� 5-HT1A –receptor agonists  (anxiolytic activity, no sedative effect) 
� Barbiturates  (anaesthetic effect, also treats epilepsy) 

� β-adrenoceptor antagonists  (decreases tremors and physical symptoms of anxiety) 
 
BENZODIAZEPINES 

� 7 membered ring fused to an aromatic ring and 4 main constituent groups 
� the most important effects of benzodiazepines are on the CNS and consist of   

*decrease in anxiety and aggression 
*sedation and induction of sleep 
*decrease in muscle tone and co-ordination 
*anticonvulsant 

� benzodiazepines interact with specific binding sites in the brain, where it show distinct regional distribution 
� binding is highest in the cerebral cortex, and less in the limbic system and midbrain 



� benzodiazepines selectively potentiate the effects of GABA on GABAA receptors, and there is evidence 
that they bind with high affinity to an accessory site on the GABAA receptor in such a way that the binding of 
GABA is facilitated and its pharmacological activity is enhanced. 

� They are well absorbed when given orally 
� Reach their peak plasma concentration in 1 hour 
� Bind strongly to plasma protein, but their high lipid solubility causes them to accumulate gradually in 

fat, leading to ‘hangover’ effects in the long term 
� Effect of acute overdose is prolonged sleep, without serious depression of respiration or cardiac function. 

However, in the prescence of alcohol, benzodiazepines can cause severe respiratory depression. 
Flumazenil can effectively counteract this. 

� Its main disadvantage is the rapid development of dependence, which leads to marked physical withdrawal 
symptoms 

 
5-HT AGONISTS 

� eg. Buspirone has a high affinity for 5-HT1A receptors, and is an agonist at these sites. 
� Exactly how these drugs work is still unclear, however it is possible that they reduce 5-HT release (similar 

action to GABA) 
� Anxiolytic effects take days or weeks to develop 
� Side effects include nausea, dizziness, restlessness and headaches 
� They do not cause sedation or motor inco-ordination, and do not cause dependency 

 
BARBITUATES 

� Alcohol and barbiturates like Valium act on GABA(A) receptors as agonists (activators), by increasing burst 
time of the channels.  They bind at sites where GABA doesn't normally bind to, and potentiates the action of 
GABA when it binds at it's own site, and thereby bring about a general inhibition of the activity of the CNS, 
especially that part of the brain stem which governs the rhythm of waking and sleeping. 

� By inhibiting activating stimuli, they induce sleep. The only activating stimuli which are not inhibited by 
barbiturates are pain stimuli. 

� are medically prescribed to treat sleeplessness, anxiety, and tension, and to help prevent or mitigate epileptic 
seizures. Certain barbiturates are also used to induce anaesthesia for short surgical procedures or at the 
beginning of longer ones 

� a small dose (e.g. 50 mg or less) may relieve anxiety and tension. A somewhat larger dose (e.g. 100 to 200 
mg) will, in a tranquil setting, usually induce sleep. An equivalent dose in a social setting, however, may 
produce effects similar to those of drunkenness - a "high" feeling, slurred speech, staggering, slowed 
reactions, loss of inhibition, and intense emotions often expressed in an extreme and unpredictable manner. 
High doses characteristically produce slow, shallow, and irregular breathing, and can result in death from 
respiratory arrest. 

� Taking barbiturates with other CNS depressants - e.g. alcohol; tranquillizers; such opioids as heroin, 
morphine, meperidine (Demerol), codeine, or methadone; and antihistamines (found in cold, cough, and 
allergy remedies) - can be extremely dangerous, even lethal. 

� Although the prescribing of barbiturates has declined notably since the safer benzodiazepine tranquillizers 
were introduced, this group of drugs remains a significant contributor to drug- related deaths. They remain 
easily available to abusers through both licit and illicit sources. 

 
BETA ADRENOCEPTOR ANTAGONISTS 

� Beta-Adrenoceptors are members of a large family of hormone and neurotransmitter receptors that initiate 
their biological function by coupling to GTP-binding regulatory proteins. Beta-Adrenoceptors can be 
subdivided into two main subgroups, designated beta1 and beta2.  

� In neuropsychiatry, beta-adrenoceptor antagonists have been used for the treatment of acute stress reactions 
and generalised anxiety, essential tremor and prophylaxis of migraine. In general, they are effective in anxiety 
disorders if the somatic symptoms are not extreme. 

 
 

EMBRYOLOGY 

Fetal-alcohol syndrome – levels of only one drink per day can cause growth and developmental defects, 

including microcephaly, facial dysmorphology, malformations of the brain, cardiovascular system and genitourinary 
system. 
 

GENETICS 
- risk for developing alcoholism does indeed run in families. – TWIN STUDIES 
- The genes a person inherits partially explain this pattern, but lifestyle is also a factor.  
- findings show that children of alcoholics are about four times more likely than the general population to 

develop alcohol problems. 
- Young people who began drinking before age 15 were four times more likely to develop alcohol 

dependence (alcohol addiction, commonly known as alcoholism) than those who began drinking at age 
21, 



- More than 40 percent of respondents who began drinking before age 15 were classified with alcohol 
dependence at some time in their lives 

- Overall, the risk for alcohol dependence decreased by 14 percent with each increasing year of age of 
drinking onset.  

- Overall, the risk for lifetime alcohol abuse decreased by 8 percent with each increasing year of age of 
drinking onset. 

 
All the genetic factors combined appear to explain up to 60% of the risk, with environmental 
influences contributing at least 40%. 
 

HISTOLOGY 

Acute alcoholic hepatitis – liver cells show cytoplasmic accumulation of fat and hyaline.   
Micronodular cirrhosis is a late complication of chronic alcoholism.  
The liver architecture is distirted by regenerating nodules of hepatocytes surrounded by dense 
bands of fibrous tissue that stain blue. 
 

PATHOLOGY 
 

Macrocytosis - the occurrence of unusually large numbers of macrocytes in the circulating blood. 
 

PHARMACOLOGY (DRUG NAMES – HOW THEY ACT AND WHERE THEY ACT) 

 
Naltrexone – opioid antagonist (50mg p/d) reduces the risk of relapse into heavy drinking 
Acamprosate – (1-2g p/d) is a drug that affects several receptors including those for GABA, 
norepinephrine and serotonin. 
Disulfram – reacts with alcohol to cause unpleasant acetaldehde intoxication and histamine release. 
Thiamine (Vitamine B1) 

Action : Essential co-factor in charbohydrate metabolism. Deficiency as Beri-beri and in Chronic 
Alcoholism. 
Dosage : Up to 100 mg 1-2x 
Contraindication : N/A   
Side Effects : Possible ataxia after high dose parenteral use 
NO RISK IN PREGNANCY  

Disulfiram (Antabuse)  
Action : Inhibits CYP2E1 Cytochrome P450 enzyme and Aldehyde dehydrogenase creating mild 
acetaldehyde poisoning on ethanol consumption.   
Dosage : 200 mg daily for 6 wks to 6 months   
Contraindication :  Hypersensitivity to pesticides, rubber; Heart disease; Hepato-renal impairment; 
Pregnancy; Diabetes; Hypothyroidism; Epilepsy; Asthma;   
Side Effects : Drowsiness; Psychosis; Peripheral neuropathy;   
Risk in Pregnancy is possible 

 Acamprosate  
Action : Lowers neuronal exitability by reducing the postsynaptic efficacy of excitatory amino acid 
neurotransmitters and enhancing GABAergic inhibition. Minimises "cravings" and withdrawal symptoms.   
Dosage : 1-2 mg daily  
Contraindication : N/A   
Side Effects : N/A   
NO RISK IN PREGNANCY  

Pyridoxine hydrochloride (Vitamine B6)  
Action : Vit. B6 is a co-factor in the metabolism of many amino acids. Isoniazid, Hydralazine, Penicillamine 
produce Vit. B6 deficiency.  
Dosage : Up to 10 mg daily  
Contraindication : Inadequate protein intake.   
Side Effects : Sensory nerve damage with prolonged intake and high doses.  
NO RISK IN PREGNANCY 

Diazepam (Valium)  
Action : Enhances action of GABAa receptors in brain (GABA agonist).   
Dosage : Variable, response-dependent   
Contraindication : Chronic Alcoholism; Severe Respiratory, Hepatic impairment; Myasthenia gravis; Drug 
dependence; Pregnancy, lactation, children; Old age;   
Side Effects : CNS disturbance: impaired alertness, amnesia; Muscle weakness; Tolerance & Dependence;  
NOT FOR USE DURING PREGNANCY 



 
 
 
 
PHYSIOLOGY 
 
SEIZURES AND STATES OF CONSCIOUSNESS  according to Guyton & Hall’s Textbook of Medical Physiology 

� there is continuous electrical activity in the brain 
� the intensity and patterns of this electrical activity are determined largely by the level of excitation of the brain resulting from, for eg., 

sleep, wakefulness, coma, epilepsy, psychoses 
� the average frequency of the electroencephalogram (EEG) increases with increasing degrees of activity: 
� epilepsy or ‘seizures’ is characterised by uncontrolled, excessive activity of part or all of the CNS once the basal level of 

excitability rises above a certain critical threshold in a predisposed person 
� 3 major types epilepsy: grand mal, petit mal, focal 
� grand mal:  extreme neuronal discharges in all areas of the brain (inc. the cortex, deeper parts of cerebrum, brain stem and thalamus) 

which are transmitted to the spinal cord often resulting in tonic seizures of the entire body followed towards the end of the attack by 
alternating tonic and then spasmodic muscle contractions called ‘tonic-clonic seizures;  patient may have difficulty breathing and develop 
cyanosis;  urination and defecation may occur during the attack;  lasts from a few seconds to 4 minutes;  the patient remains in stupor for 
many minutes following the attack and often reamins severely fatigued and asleep for hours thereafter.  Grand mal attacks generally 
occur recurrently in genetically predisposed individuals following strong emotional stimuli, during alkalosis caused by overbreathing, with 
drugs, during fever or after encountering loud noises or flashing lights.  Grand mal attacks can also be initiated in non-epileptics by the 
administration of neuronal stimulants such as pentylenetetrazol (a toxic gas), by insulin hypoglycaemia, after traumatic lesions in the 
brain, or by the passage of alternating electrical currents directly through the brain 

� petit mal:  3 to 30 seconds of unconsciousness or diminished consciousness during which the person has twitch-like contractions of 
muscles usually in the head region (esp. blinking of the eyes), followed by return of consciousness and resumption of previous activities.  
Petit mal attacks also called ‘absence syndrome’ or ‘absence epilepsy’.  Usually occurs once every few months from late childhood until 
the age of 30 then disappears; a petit mal may precipitate a grand mal attack. 

� Focal epilepsy:  often results from some localised organic lesion or functional abnormality such as scar tissue in the brain that pulls on 
adjacent neuronal tissue, a tumour that compresses an area of the brain, a destroyed area of brain tissue or congenitally deranged local 
circuitry.  These lesions can promote extremely rapid discharges in the local neurones, when their discharge rate exceeds 1000 per 
second, called ‘localised reverberating circuits’, synchronous waves begin to spread over and recruit the adjacent cortical regions into the 
epileptic discharge zone.  When such a wave of excitation spreads over the motor cortex, it causes a progressive ‘march’ of muscle 
contractions throughout the opposite side of the body from the mouth down to the legs or sometimes vice-versa, this is called ‘jacksonian 
epilepsy’.  If the signals from the convulsing cortex are sufficient to excite the mesencephalic portion of the brain activating system 
enough, as is often the case, a grand mal attack will ensue.  Another type of focal epilepsy is ‘psychomotor seizure’ which may cause, 
uncontrollably,: a short period of amnesia, an attack of abnormal rage, sudden anxiety/discomfort/fear, a moment of incoherent speech or 
mumbling and/or a motor act to attack someone or to rub the face with the hand or some other such illogical movement.  An EEG typical 
of a psychomotor attack shows rectangular waves with a frequency of 2-4/second with *(?) superimposed 14-per-second waves (?).  
Surgical excision of the focus often prevents future attacks. 

 
EPILEPSY according to Kumar and Clark’s Clinical Medicine 

� a seizure is a convulsion or transient abnormal event resulting from a paroxysmal (spasmic) discharge of cerebral neurones 
� epilepsy is the continuing tendency to have such seizures, >2% of population (in the UK) has 2+ seizures in their lives and in 0.5% 

epilepsy is an active problem 
� often no clear cause if onset occurs in adult life, occasionally it is caused by a brain tumour or follows a stroke 
� anticonvulsant drugs are mainstay of treatment, neurosurgery may help some 
� mechanism:  spread of electrical activity between cortical neurones is normally restricted.  During a seizure, lrg groups of neurones are 

activated repetitively and there is failure of inhibitory synaptic contact between neurones 
� aetiology and precipitants:  genetic predisposition, developmental (eg neuronal migration abnormalities), trauma and surgery, pyrexia 

(fever), intracranial mass lesions, vascular (eg cerebral infarction), drugs and drug withdrawal, encephalitis and inflammatory 
conditions, metabolic abnormalities (eg hypocalcaemia), neural degenerative disorders, provoked seizures (eg photosensitivity, sleep 
deprivation).  Of these, cerebrovascular disease accounts for 15% seizures, cerebral tumours for 6%, alcohol-related causes for 6%, 
post-traumatic causes for 2%, hippocampal sclerosis, malformations of cortical development, vascular malformations, and other causes 
are rare,  >66% of seizures are of unknown aetiology. 

� Chronic alcohol abuse can lead to seizures either while drinking heavily or during withdrawal periods.  Alcohol-induced 
hypoglycaemia can also provoke attacks 

 
Acute effects : absorption(diffusion), rate absorption α gastric emptying (absorp small intestine + stomach), stabilises excitable membrane, no 
intellect impair, ranges(0.05g/ml(slight), 0.01, 0.15, 0.25, 0.05=death), processing slowing = more injuries/traffic violations/careless mistakes, 
decreased ability to process incoming stimuli. 0.03 = euphoria, disinhibition, 0.05 = impaired attention/judgment, 0.2 = stupor. 
 
Tolerance and physical dependence : tolerance = cellular(organ response) or metabolic(enzyme induction) = diminished responsiveness, 
increases with duration and dose. Cross-tolerance with similar pathways, mechanism = changes in : sensitivity of receptors, intracellular 
processes/response, properties of neurons. Physical dependence = withdrawal after chronic use – accompanies tolerance, similar process - short 
term factor, opposite to desired effects of the drug. Alcohol dependence = increase in NMDA receptors and VOCC’s (voltage opened Ca channels), 
decrease in GABAA receptors (net increase in excitatory activity) – need increased amount to get same effect. Need alcohol to retain equilibrium. 
Unopposed excitatory effect when withdrawn 
 
Neuroadaptation and dependence: 

� Neuroadaptation = tolerance/metabolic adaptation + withdrawal + craving 
� Factors in addiction � environment, personality, genetics, biological actions 
� Mechanisms of tolerance = metabolic, receptor desensitisation, counteradaptation(increased number/different structure of receptors - 

chronic)  
� Acute tolerance = Na

+
 channels which have been inactivated by lack of nicotine 

� Tolerance/withdrawal = acute action of morphine on receptors, phosphate kinase(mediates phosphorylation � controlled by cAMP 
which is reduced in morphine use)  phosphorylates cell side receptor (Desensitisation) and Barr molecule binds to phos. receptor 
and internalises receptors which are either broken down by lysosomal enzymes or recycled. Phos receptors signal to nucleus which 
downregulates receptors which leads to tolerance 

� Opioid counteradaptation, morphine binds to receptor which binds adenylate cyclase which allows K
+
 out of cell, Decreased amount of 

AC means decreased cAMP (since cAMP is made with AC) which decreases excitability.  
� Withdrawal = hyperexcitability � increased AC � increased cAMP � excitability � increase in creb (cAMP response element binding 

protein) in nucleus which feeds back to increase AC.  
� Nicotine excites cell receptor to stimulate Na

+
 § Heroin inhibits firing of cell by allowing K

+
 out § Cocaine prevents reuptake of 

dopamine. All have long term adaptations that enhance activity of cAMP and NMDA receptors.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Metabolic Fates of NADH: 
The metabolic pathways for the disposal of 
excess NADH and the consequent blocking of 
other normal metabolic pathways is shown in 
the graphic on the left. 
1. Pyruvic Acid to Lactic Acid: 
The conversion of pyruvic acid to lactic acid 
requires NADH: 
Pyruvic Acid + NADH + H

+
 ---> Lactic Acid + 

NAD
+
 

This pyruvic acid normally made by 
transamination of amino acids, is intended for 
conversion into glucose by gluconeogenesis. 
This pathway is inhibited by low concentrations 
of pyruvic acid, since it has been converted to 
lactic acid. The final result may be acidosis from 
lactic acid build-up and hypoglycemia from lack 
of glucose synthesis. 
2. Synthesis of Lipids: 
Excess NADH may be used as a reducing 
agent in two pathways--one to synthesize 
glycerol (from a glycolysis intermediate) and the 
other to synthesis fatty acids. As a result, heavy 
drinkers may initially be overweight. 
3. Electron Transport Chain: 
The NADH may be used directly in the electron 
transport chain to synthesize ATP as a source 
of energy. This reaction has the direct effect of 
inhibiting the normal oxidation of fats in the fatty 
acid spiral and citric acid cycle. Fats may 
accumulate or acetyl CoA may accumulate with 
the resulting production of ketone bodies. 
Accumulation of fat in the liver can be 
alleviated by secreting lipids into the blood 
stream. The higher lipid levels in the blood may 
be responsible for heart attacks. 
 



 
BEHAVIOURAL SCIENCE 
 
Psychological – depression, anxiety and phobias, memory disturbances, personality disturbances, delirium tremens, attempted suicide, 
pathological jealousy 
Social – marital and sexual difficulties, family problems, child abuse, employment problems, financial difficulties, accidents at home or on the roads 
or at work, delinquency and crime, homelessness 
 
Theories of substance abuse -  
 

� Moral model: Emphasises personal responsibility, choice and consequences.  
� Personality model: Emphasises the importance of the unconscious, determined developmentally by parental relationships. Evaluates 

ego defence mechanisms. Emphasises environmental over genetic influences.  
� Behavioural model: Disregards unconscious motivations, focussing solely on observed behaviours. Examines reinforcers and implies 

deconditioning as treatment.  
� Biomedical model: Focuses on the observation that particularly alcohol dependence has a demonstrated heritability. Emphasises the 

pharmacological and medical consequences of substance abuse.  
� Social Learning model: Enhances the behavioural model by examining the relevance of role models, social norms and skill deficits. 

Stresses the importance of different styles of cognition and implies their need for remediation.  

� Biopsychosocial model: Attempts to draw the best from each of the other models. Implies that all human 
behaviour has multiple causes. Encourages multimodal treatment response. 

 
Dependent and chronic alcohol use : dependence = cravings, compulsion to continue drinking, salience of alcohol. Genetic susceptibility. 
Chronic = daily or near daily. Harmful = >6 drinks/day  (M)  >4 (F), problem with cohort studies = underestimate of drinking and complexity of 
drinking patterns. Diseases = malnutrition, cirrhosis of liver(exacerbates Hep B and C), cancer (pharynx, larynx, oesophagus, stomach, pancreas, 
liver, colorectal, breast, rectal), cardiovascular disease (hypertension, stroke, cardiomyopathy, arrhythmias, congestive heart failure), cognitive and 
psychiatric problems (Korsakoff, Wernicke’s encephalopathy, cell damage/death, clinical depression, suicide, anxiety, memory, attention, 
judgement), peripheral neuropathy, fetal alcohol syndrome, sexual problems, sleep apnoea, trauma and MVA. Psychosocial = assault, homicide, 
violence, child neglect, reduced social interaction, negative self evaluation. 
 



Amphetamines           
In EMERGENCY:  
  People on speed will not come in to ED unless in serious trouble, eg: 
  ACUTELY UNPLEASANT INTOXICATION: one night it got out of hand… 
     Disorientation and possibly delirium or psychosis 
    Headache due to massively increased blood pressure 

Dyskinesia, twitchyness due to dopaminergic efects  
Agitation due to dopaminergic and cholinergic effects 
Formication ? not sur what this is caused by 
Symptoms of stroke …it might actually BE a hemorrhagic stroke! 
Chest pain you can actually have an MI because of vasoconstriction 
Palpitations due to tachycardia and/or arrhythmia 
Dry mouth  a sympathetic overdrive effect 
Nausea and vomiting sympathetic, or related to intoxication 
Diarrhea due to sympathetically increased gut motility 
Difficult micturition due to sympathetic overdrive 
Diaphoresis as above 
Erythematous painful rashes, needle marks if they inject 
Infected deep ulcerations (ecthyma) from scratching 
HYPERTHERMIA!! 

SALIENT FEATURES OF HISTORY:        
    Related to injecting use:  
     Infections, endocarditis, vein state, transmissible diseases 
    Related to psychological consequences: 
     Symptoms of psychotic illness 
     Symptoms of withdrawal and evidence of tolerance 
     Symptoms resulting from malnutrition and anorexia 
    Related to social consequences: 
     Withdrawal, failure in work, education or relationships 
    Related to forensic history: 
     Extent of legal repercussions, eg. assault, possession etc… 
    
PHYSICAL EXAMINATION:          

Weight loss ? clinical emaciation? 
Hyperactivity, confusion, and agitation (may combine to produce  

severe hyperthermia, which can be worse in physically restrained individuals) 
Diaphoresis 
Dilated pupils 
Elevated blood pressure 
Tachycardia 
Increased alertness, hypervigilance, paranoia 
Euphoria 
Confusion or agitation 
Grinding teeth (“bruxism”) 
Skin flushing 
Infected deep ulcerations (ecthyma) in patients with formication 
Skin track marks, cellulitis, abscesses, phlebitis, or vasculitis with IV use 

More likely scenario: 
The speeding patient 
presenting in ED will 
more likely be in the 
grip of an 
amphetamine 
psychosis. 
This is usually paranoid, 
with delusions of 
persecution, speech 
pressure, auditory 
hallucinations and 
extreme agitation. 

WITHDRAWAL: 
-opposite to intoxication 
= Depression 
= Dysphoria 
= Reduced Concentration 
= Prolonged disturbed sleep 
= extreme hunger 
= anxiety 
= psychosis 
= exhaustion and confusion 
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INVESTIGATIONS:           
  BSL especially if mental state changes are prolonged 

  EUC especially if mental state changes are prolonged 
  LFT especially if using intravenously, or in severely hyperthermic patients  
  ECG if there is a cardiac complaint 

Creatine Kinase to look for rhabdomyolysis 
  Urinalysis to look for heme, a sign of rhabdomyolysis 
  Head CT, if stroky because it would suck to miss a subarachnoid bleed 
MANAGEMENT           
ACUTE: in the EMERGENCY setting: 
  Life and limb not threatened? SEDATE AND OBSERVE. Diazepam 10mg. 
  Acute oral ingestion? Activated Charcoal p.o. … 
  Severe intoxication?  

- Secure airway 
- Urinary catheter (monitor output) 
- Midazolam to control behaviour, agitation, and seizures 
- ECG monitoring: so you can cardiovert in time 
- Regular chest auscultation: looking for pulmonary oedema 
- Frusemide if pulmonary oedema develops 
- Aggressive Cooling of hyperthermic patients 
- IV fluids if dehydrated 

ACUTE PSYCHOSIS?  
- Regular chest auscultation: looking for pulmonary oedema 
- Frusemide if pulmonary oedema develops 
- Aggressive Cooling of hyperthermic patients 
- Lorazepam to control agitation ( Midazolam may be needed instead) 
- Beta Blockers to reduce heart rate and anxiety 
- HALOPERIDOL or CHLORPROMAZINE for psychotic features  
 

DETOXIFICATION:  
  Still psychotic? 

- Olanzapine 2.5 to 5 mg bd for 2-3 weeks 
- OR Risperidone 0.5 to 1 mg bd for 2-3 weeks 

Ugly withdrawal? 
- Mirtazapine30 to 60mg nocte for insomnia (a sedating antidepressant) 
- Alternatively an SSRI .. for a looong time 

MAINTENANCE:  
SSRIs may have to continue as long as necessary 
Ditto antipsychotic agents. 
Relapse is normal. 
 

 
 
 

AMMONIUM CHLORIDE: 
Can increase the rate of 
excretion of amphetamine 



 
NEUROPHARMACOLOGY OF AMPHETAMINE       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AT THE RECEPTOR LEVEL:  
 

IN SUMMARY: amphetamine increases release and reduces reuptake of catecholamines and of 
noradrenaline in particular. This is responsible for 90% of its effects. The oral dose of these stimulants, which produce 
amphetamine-type subjective effects in humans, correlated with the their potency in releasing NE, not DA, and did not decrease plasma prolactin, an effect 
mediated by DA release. 

HOWEVER It is likely that adaptive dopamine channel remodeling is responsible for the negative symptoms of 
amphetamine withdrawal from chronic use. 

ABSORPTION: 
After oral ingestion of amphetamine, 
 Peak effect at 2 hrs 
 Absorption is complete in 4-6 hours 
 Levo-amphetamine metabolised 40%   
 slower than dextro. 
Amphetamine is largely unaffected 
during metabolism. The entire dose is 
probably eliminated in the urine over a 
period of several days. 
Metabolism produces Phenylacetone, 
benzoic acid, and hippuric acid less 
than 25%; 4-hydroxyamphetamine, 4-
hydroxynorephedrine, and 
norephedrine less than 10%. 

Pharmacology: 
Dextro-AMPH has a greater 
affinity for CNS receptors, while 
levo-AMPH seems to mediate the 
cardiovascular effects of speed. 
CVS effects are mediated by 
noradrenaline release, procuding 
vasoconstriction even at low doses. 
Tachycardia follows. Sympathetic 
effects develop in proportion to dose. 

ADMINISTRATION plays an 
important role. Oral AMPH effects are 
divorced from the act of ingestion by 
about 30 to 60 minutes, and the 
dopamine spike in the Nucleus 
Accumbens is lower and blunter. 
With injection, the dopamine rises 
immediately and massively, and so 
the reward system is activated. The 
pleasure of the effect is married to the 
act of injecting or snorting. Hence IV 
use of amphetamine appears to have 
a greater addictive potential.  

EXCRETION: 
!! depends on urine pH !! 
acidic urine will result in greater 
excretion. Difference of 60% excreted 
per 24 hrs with acidic , down to 3% 
with alkaline. 
 
  
 
 



SIGNS OF MALNUTRITION: protein loss… 
…but: if there is a protein-loss enteropathy or some other GOOD reason for being 

emaciated, these signs will also be present. 

 

Anorexia Nervosa                            Anorexia Nervosa                            Anorexia Nervosa                            Anorexia Nervosa                                    
History of Presenting Illness           

(diagnostic criteria from DSM IV ) 
- History of weight loss (or in children, lack of weight gain) 
- Weight loss is Self-induced through avoidance 
- Intrusive dread of fatness 
- Amenorrhea (or in men, loss of sexual interest) 
- Excessive exercise 
- Use of appetite suppressants 
- History of eating disorders in family 
- BUT NOT BINGE/PURGE: 

- NO RECURRENT EPISODES OF OVEREATING 
- NO “CRAVING” i.e. no compulsion to eat and then follow it with compensatory behaviour eg. 

vomiting 

Differential Diagnoses (DDx)        
- Eating disorder (!) 
- Stress-related autophagy 
- Drugs 
- Cancer 
- Pregnancy 
- Intestinal parasite 
  

Findings on History           
- No necessary previous illness, but may have previous GIT disorder 

- History of eating disorder in family 
- Gradual decline of school/work performance, missing days etc. 

Findings on Examination (Ex)         
- Pale, thin, gaunt, sunken face/eyes (BMI below 17.5)  
- Sullen/depressed  
- Dark circles under eyes (~dehydration, hypovolumia) 

- Chapped lips  
- Flaking skin  
- Brittle hair  
- Halitosis (due to ketone bodies in blood stream) 

Tests and Investigations           
Blood Count: looking for metabolic abnormalities consistent with malnutrition  
- Low haemoglobin (N = 1.15-1.6 g/L) due to iron deficiency  
- Low WBC (N = 4 to 11x10

3  
per mm

3
) due to malnutrition 

- Low plasma glucose (N= 4 to 10 mmol/L; below 2.8 = coma) (or 7 - 11 mg/L) 

Postural Hypotension: marked difference between standing and sitting/lying blood pressure;  
normal difference  = 12 

Urinalysis to eliminate pregnancy: Expected Negative 

Stool Sample to eliminate intestinal infection/infestation Expected Negative 

 
-  

 
 
 
 
 
 
 
 
 

OBESITY/THINNESS 
most strongly 
correlated with 
MOTHERS WEIGHT 

- Psychosocial ramifications of puberty 
- Malabsorption disease (eg, coeliac) 
- Hyperthyroidism 

- Depression 
-  

Look for signs of  
- ANAEMIA 
- DEHYDRATION 
- MALNUTRITION 
- KETOACIDOSIS 

ASK: do you think you are thin? 
Anorexics will amaze you with the poverty of their 
insight into their own condition.  

ASK THE FAMILY: how are the other kids? 
Often there are several eating disorders in the same 
family- perhaps stemming from the same risk factor 
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Management             
 

By GP:  
- referral to psychiatrist (specialist in eating disorders)  
- does the pt require resuscitation, rehydration, nutrient replacement therapy? 
By Specialist: DEFINITIVE TREATMENT: 

- Nutritional Rehabilitation: 
- Dietician will work with pt. to devise a feeding regime to gain minimum healthy weight 

- 1
st

 take detailed nutritional history and ask about weight-loss behaviours 
- INFORM about dangers of over/under eating, excess exercise, starvation metabolism  
- Then  when target weight is reached, a maintenance diet is prescribed   

HOSPITALISATION may be needed if pt. is emaciated, or there is low compliance,  
or a family crisis supervenes. 

- Psychotherapy: somatic focus must be combined with cognitive behavioural therapy and 

supportive psychotherapy. Aim is to: 
- understand the personal significance of weight loss;  
- help deal with weight gain;  
- to have her accept and become attuned to her body;  
- to improve her self esteem;  
- to assist her to reintegrate home, school and peer group.  

Treatment must continue for a long period of time even after weight and eating patterns have 
normalised. Compulsory treatment may be necessary 

 

Epidemiology             
Mainly Women ( 10 : 1 ) – TYPE A PERSONALITY is a risk factor 
Prevalent in cultures where food is plentiful  
(worldwide prevalence = 0.5%; in America 2.3% in females) 
Mortality ~ 10% chance every 10 years 
OCDs in >20% of sufferers 
Anxiety disorders in 65% 
Depression in 68% 

 

Prognosis`            
The relapse rate is high (50% in the first year and 90% overall), 
the death rate is 1% per year with 20% dead by 20 years,  
the illness lasts around 5 years on average 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

According to the 2004 review of the 1990 Mental health Act, anorexia 
does not fall into the NSW Mental Health Act definition of a mental 
illness unless the patient suffers a severe disturbance of mood with 



Biochemistry of weight loss         
energy intake of the body is balanced by its energy output ("energy balance equation"): 
thus, increasing output or decreasing input will unbalance the equation and force autophagy  
(where the body uses stores of energy to satisfy its basic metabolic needs) 

Energy intake = food intake in kilojoules or calories 
Energy output = 

- resting metabolic rate (RMR),  
- energy cost of arousal,  
- the energy cost of work and activity,  
- thermogenesis (heat production) 

- shivering,  
- non-shivering  
- diet-induced thermogenesis. On eating, there is a specific stimulation of the sympathetic nervous 

system which leads to thermogenesis.  
carbohydrate and protein eaten in excess may also stimulate thermogenesis. 
Fat does not elicit thermogenesis. 

Biochemistry of starvation: 
 1

st
 order of business: BRAIN NEEDS GLUCOSE; primary source is glycogen in the liver  

OTHER ORGANS THAT CANT DO WITHOUT GLUCOSE: Testes, Kidney Medulla, Erythrocytes 
Blood glucose falls by 2/3rds = COMA eg. in diabetes (all glucose gets bound in cells) 
- STEP 1: GLYCOLYSIS: GLYCOGEN is catabolised to release a small amount of glucose for the brain  
                     LASTS 1 DAY- 
        GLUCONEOGENESIS occurs: production of glucose out of raw materials eg glycerol 
- STEP 2: LIPOLYSIS occurs: free fatty acids released into bloodstream,  

- to be used in β-oxidation: turn into AcetylCoA molecules, then get used in Krebs Cycle  
- KETONE BODIES are produced from AcetylCoA, which the brain can use instead of 

glucose 
- FAT LASTS 2-3 MONTHS: longer in fat people 

- STEP 3: LAST RESORT:  
PROTEOLYSIS In MUSCLES occurs to release amino acids for the Kreb Cycle 
(get deaminated and turned into carbon chain skeletons, then slotted in wherever they fit along the cycle; 
ammonia is released as result) IF BRAIN IS STARVED permanent loss of frontal lobe matter occurs ( !! ) 

Glucose Homeostasis: 
 
 

 
 
 

 Rising blood glucose 
 
 
  

Falling blood glucose 
 
 
 
 

 

 
GLUCAGON  converts ATP into Cyclic AMP; INSULIN re-converts it into AMP (deactivating it) 

Cyclic AMP activates the protein kinases which activate glycogenolysis and deactivate glycogen synthesis    
 
 
 
 
 
Basic Sciences  

HOMEOSTASIS: Normal levels of blood glucose 

BETA cells in 
pancreas 
secrete 
INSULIN 

ALPHA cells in 
pancreas 
secrete 

GLUCAGON 

 ↑ GLUCOSE ABSORPTION into cells 
 ↑ GLUCOSE USE, thus ↑ ATP production 
 ↑ glucose to GLYCOGEN conversion 
↑ Amino acid absorption into cells,  
 thus ↑PROTEIN SYNTHESIS  
↑ TRIGLYCERIDE SYNTHESIS,  
 thus ↑ADIPOSE TISSUE GROWTH 
 

 ↓ GLYCOGEN to GLUCOSE conversion 
 ↓ uptake of glucose by muscles, to spare 
    glucose for the brain 
 ↑ LIPOLYSIS from adipose tissue 
 ↑ SYNTHESIS of NEW GLUCOSE 
   (Gluconeogenesis) 
 

Return 
to normal 

levels 

Return 
to normal 

levels 



BMI = weight divided by height squared 
Healthy rang` `e = 20 to 25; 30+  is obese, less then 18.5 is underweight, less then 16.5 is 
emaciated  
Biochemistry of  
Krebs Cycle:  
Fuel Use 
 in Cells 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GLUCOSE 

GLYCOGEN 

AMINO 
ACIDS 

TRIGLYCERIDES 

Glucose-6-Phosphate 
gluconeogenesis 

glycolysis 

Glyco-
genesis 

Glycogen
-olysis 

glycolysis 

Glyconeo
-genesis 

PYRUVATE ANAEROBIC 
with Lactate 
Dehydrogenase 

Lactic 
acid 

AEROBIC with 
Pyruvate 
Dehydrogenase 

DEAMINATION  into carbon skeletons 

 
 
 

Acetyl 
CoA 
= C2  

FREE FATTY ACIDS 

Lipolysis 

 
Esteri- 
fication 

β-oxidation of 
fatty acids 
into C2 chunks 
 

lipogenesis 

 

KETONE OXIDATION 
KETOGENESIS 

KETONE BODIES 
eg. acetoacetate 
hydroxybutyrate  

Incorporated into Krebs cycle  

Krebs Cycle 
 

USEFUL PRODUCTS: 
Electron and H+ carriers 
eg. NAD, FAD: 
transport H ions and electrons 
into oxidative phosphorylation 
reaction  PRODUCTS: 

Coenzyme A 
(reused)  

H2O 
(reused) 

CO2 
(exhaled) 

Electron Transport Chain: 
A sequence of membrane proteins arranged 
in order of increasing redox potential; 
operated by NADH and FADH. Electrons 
move down the redox gradient and the 
resulting energy is used to pump H+ ions out 
of the inner mitochondrial membrane. 
Purpose is to build a negative charge inside 
membrane and thus attract H+ ions back into 
the mitochondrion. (the membrane is 
impervious to H+ except for proton channels; 
therefore the protons have no choice but to 
operate the ATPase enzyme)  
Oxidative Phosphorylation: 
The conversion of ADP and inorganic 
phosphate into ATP. This is done by Proton-
translocating ATPase. This enzyme is 
activated by the passage of H+ ions into the 
mitochondrion though a proton channel to 
which the ATPase is linked.  
3 H+ ions for 1 ATP molecule  
 

RAW MATERIALS: 
ADP,  
Inorganic Phosphate, 
Oxygen. 



 
 
 

For the Biochemistry Psycho: 
MITOCHONDRIAL METABOLISM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Where the carbon 
skeletons fit in: 



FUNCTIONAL GIT ANATOMY

PBL 1

Secretion, gland: Location, action:     Absorption:

MOUTH

-Mastication by teeth (food becomes

a moistened compact bolus)

-Lubrication by saliva

-Carbohydrates broken down by amylases

-Triglycerides broken down by lingual lipase

Saliva (Amylases)

-From 3 pairs of salivary
glands

Trace quantities of simple lipids

+ carbohydrates through the

capillaries in  the tongue and soft
palate

OROPHARYNX

-Muscular swallowing action

LARYNGOPHARYNX

-Muscular swallowing action

OESOPHAGUS

-Muscular swallowing action

STOMACH

-Bulk storage of swallowed bolus

-Mechanical muscular churning of the bolus (peristalsis)

-HCl (pH 1.5-2.0) denaturates proteins, deactivates

foreign enzymes, breaks down plant cell walls and animal

connective tissue, activates pepsin from pepsinogen

-Pepsin breaks down proteins by attacking peptide bonds

-Intrinsic Factor facilitates absorption of vitamin B12 in

the intestine

-Overall result is acidic viscous soup-like chyme

HCl

Intrinsic factor

-From parietal cells of

gastric gland in the proximal

stomach (the fundus)

Nothing  is specifically

absorbed except some drugs (eg

aspirin) and ethyl alcohol; this

is due to the thick mucous

coating of the stomach walls

Lingual Lipase

-from surface of tongue

Pepsinogen

-From “chief cells” in the

base of gastric glands in

the middle stomach

(the “body”)

DUODENUM

(About 25 cm of small intestine)

-Mixing of chyme, intestinal juice and digestive

secretions of pancreas and liver

-Intestinal Juice coats the walls of the small

intestine and reduce the acidity of the chyme

-Pancreatic alpha-amylase breaks down starches

-Proteases break down large protein complexes

-Peptidases break down proteins into amino acids

 -Nucleases break down nucleic acids

-Bile emulsifies the lipids in the chyme

-Pancreatic lipase breaks down complex lipids into
fatty acids

JEJUNUM

(About 250 cm of small intestine)

Absorption of nutrients

ILEUM

(About 350 cm of small intestine)

some absorption of nutrients

Intestinal Juice to coat the

walls of the small intestine and

reduce the acidity of the chyme

-from submucosal glands all
along the small intestine

Mucous to coat the walls of

the stomach and protect

them from acid/enzyme

damage

-from Goblet cells in the

pylorus (distal stomach)

Pancreatic alpha-amylase

Pancreatic lipase

Proteases

Peptidases

Nucleases

-from the pancreas

Bile

-from the liver; stored in

gall bladder

Absorption occurs

mainly in the JEJUNUM:

-Peptides

-Amino acids

-Fructose

-Glucose

-Lipids

-Water minerals

-Vitamins

PROXIMAL COLON

(About 75 cm of total colon, comprising the

ascending colon and transverse colon)

-Colonic bacteria generate Vitamin K, Vitamin B5

and Biotin

-10% of all GIT absorption occurs in the  proximal

colon

DISTAL COLON

(About 75 cm of total colon, comprising the

descending colon and sigmoid colon)

-Storage of wastes and reabsorption of water

The Proximal colon

absorbs:

-Water
-Vitamin K

-Biotin

-Vitamin B5

-Some bile salts

-Urobilinogen (product of

bacterial metabolism of

bilirubin from bile)

-Toxins (ammonium ions,

indole, scatole, and

hydrogen sulfide

RECTUM

-Peristaltic expulsion of wastes

 
 
 
 
 

Relevant 
anatomy:  
 
 
 
 

 
 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
Absorption of Nutrients in the Gut: Villous cells ABSORB, Crypt cells SECRETE 
 Water: can be transported passively (osmosis, which is solute-driven)  

or actively (by water-carrying proteins) 
-Action of OSMOTIC LAXATIVES eg. mannitol: solute-driven absorption disrupted by insoluble sugar 

- therefore great volumes of water don’t get absorbed  

- therefore diarrhoea results 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
  

Absorption of: 
- Water: 

-  driven by solute; lipid bi-layer readily admits water (20% of total) 
- Most water (80%) gets transported by transport proteins AQUAPORINS (passively) 

- Gases:  

- Completely passive (by diffusion) 
Protein transport is both SATURABLE and INHIBITABLE: 
SATURABLE transport: eg. glucose: when there is an end-point for absorption, and then no more. 
INHIBITABLE transport can be interrupted by specific blockers 
Protein transport usually requires sodium to pump 

 
Behavioural science: 
 Taking a meaningful nutritional history: 
RECORD: time consuming but accurate log of all consumed foods/drinks; depends on compliance. 
Most useful if run over longer periods 
24 hr RECALL: quick, provides a snapshot of intake- how good is the patients memory? 
Diet History: for long-term accustomed food intake, eg. on average, what do you eat in an average day? 
- may be useless if the pt has poor memory or the diet is highly variable 
 Food Frequency Questionnaire- accurate but depends on pt motivation, patience, memory and intelligence. 
WHICH METHOD TO CHOSE? Depends:  

- want accurate measurements or descriptive assessment?  
- Short or long-term? 
- Can the pt be relied on to provide an accurate assessment? 

 

 
Genetics 
Obesity and thinness are most closely related to the normal weight of the biological mother 

 
Pharmacology  
most commonly non-specific antidepressants, either for depressive illness or for obsessive 
compulsive symptoms which may impede recovery 
ALSO perhaps a Sustagen ™ type protein+carbohydrate re-feeding schemata 
 
 



Cannabis            
In EMERGENCY:  
  Pot heads will not attend ED unless something is seriously wrong. Catastrophic problems include 
  Acutely Pleasant Intoxication: often co-existing with motor vehicle accident 

- Tachycardia 
- Euphoria 
- Impairment of coordination and reaction time 
- Postural hypotension 
- Short term memory impairment 

Acutely Unpleasant Intoxication and overdose… 
   RARE: but when it happens it presents with 

- Palpitation, Tachycardia, arrhythmia 
- Confusion, psychomotor slowing, extreme sedation  
- Sedation may progress to respiratory depression with polysubstance abuse 
- Nausea, vomiting, dizzyness 

 
  Cannabinoid Hyperemesis: “Bath, bucket and bong syndrome” 
   Extremely unhappy people, suffering  a Constant need to shower 
         and persistent nausea with vomiting 
     having had ceased cannabis some time ago and only recently resumed. 
     This horror does not continue for very long. Supportive care only.  
  Cannabinoid Psychosis: usually a first-time user…. Presents with florid psychotic symptoms  

           following an episode of intoxication. Thus a pre-morbid schizophrenia is unveiled.  
   
SALIENT FEATURES OF HISTORY:        
    Related to biological consequences: 
     Chronic cough history 
     Previous psychiatric admissions 
     Questions about anxiety, depression, dysthymia 
    Related to social consequences: 
     Withdrawal, failure in work, education or relationships 
    Related to forensic history: 
     Extent of legal repercussions, eg. driving, possession etc… 
Mental State Examination rarely yields surprises, but when it does…..   

AREAS OF INTEREST: 
- Thought form and content (delusional? Derailed?) 
- Perceptual disturbance (hallucinating, are we?) 
- Cognitive impairment (attention + short term term memory) 

   

INVESTIGATIONS:           
   Fire the standard casualty department broadside: 
   FBC 
   EUC 
   LFT 
 
 

PHYSICAL EXAMINATION: 
As all the scars are internal, 
physical exam is usually 
uninformative. Look to signs of 
other drug use, alcoholism, 
and features suggestive of 
chronic bronchitis.  

Whatever the results, they will not be attributable to 
cannabis as such; instead it will be the hyperemesis, or 
the malnutrition, or the concomitant alcoholism. 
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Other considerations in long-term users:        
  Psychosocial impairment (withdrawal, demotivation, dysthymia- esp. adolescent users) 
  Chronic Bronchitis  
  Impairment of immune function (rarely clinically ignificant) 

Infertility in males (reduced sperm count and motility) 
  Low birth weight infants in females 
 
MANAGEMENT           
ACUTE: in the EMERGENCY setting: supportive care 

ACUTE PSYCHOSIS? That may require some sedation (diaz, midaz) 
    Consider schedule II 21-D admission  
    Consider typical antipsychotic agents if severe 

 
DETOXIFICATION:  
  Mild and comfortable, usually; amenable to hand-holding and aromatherapy 
  Still psychotic? –olanzapine or risperidone for 2-6 weeks 

Ugly withdrawal? Cant sleep, cant eat, snapping at everyone? 
- Mirtazapine30 to 60mg nocte (a sedating antidepressant) 
- Alternatively an SSRI ..  
- Mood stabilizers may be needed (eg. gabapentin) 

MAINTENANCE:  
Avansa (mirtazapine) appears to improve rates of relapse. 
Support groups exist. Efficacy is uncertain. 
Significant positive lifestyle changes are most predictive of good outcome 
 

 
 
 
 
 
 
 
 

FEATURES OF WITHDRAWAL: 
- sleep disturbance 
- irritability 
- loss of appetite  
- consequent weight loss 
- nervousness 
- anxiety 
- sweating  
- upset stomach. 
- Sometimes chills, high temperature and tremors 

The withdrawal syndrome usually lasts for less than a 
week, although the sleep disturbances may persist for 
a longer period.         Onset typically occurs between 
Days 1-3, peak effects between Days 2-6, and most 
effects last 4-14 days. INTERESTING: 

Tobacco causes mainly alveolar and 
small-airway disease; cannabis 
smoke damage seems to favour the 
larger bronchi. 

CANNABIS Vs. TOBACCO: pathology 
- Both produce carbon monoxide, but weed burns at a higher temperature and thus produces more. 
- Both contain carcinogenic benzopyrenes and benzoanthracenes but weed has more of them. 
- A joint: produces 5 x the Carboxyhemoglobin level, 3x the tar inhalation, 30% more tar retention than a cigarette 
- Most of this derives from the fact that joints are smoked differently: long drags, deep inhalations, longer retention of smoke, 

and no filter.  



 
NEUROPHARMACOLOGY OF CANNABIS       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Active ingredient: Delta- 9- Tetrahydrocannabinol 

2 cannabinoid receptor types: 
CB1:  
found primarily but not exclusively in the brain.  They 
are most prevalent  in the hippocampus, cerebral 
cortex, basal ganglia, and cerebellum. 

CB2: 
CB2 receptors are also found in the brain but more so 
expressed by cells of the immune system, especially B cells.  
 
The CB receptor is a G protein mediated receptor that affects 
primarily calcium and potassium channel activation.  Functional 
changes are most notable in neuronal excitability and 
neurotransmitter release. 
THERE ARE ENDOGENOUS LIGANDS: 
Anandamide, 2-arachidonylglycerol…. 

INGESTED OR SMOKED 
Smoking delivers 30 per cent or more of the total THC in 
a cannabis cigarette to the blood stream. The proportion 
of THC absorbed after taking cannabis by mouth is 2-3 
times less, because after absorption in the gut the drug 
is largely degraded by metabolism in the liver before it 
reaches the general circulation. 

CYP 
 450 

Distributed to lipids, esp.  
white matter of the brain. 
Pharmacological effects 
persist for more than 4-6 
hours after smoking or 6-8 
after oral ingestion. 

Indirect Mu-Opioid effect: 
Possible explanation for addictiveness; 
Opioids + THC = enhanced analgesic effect; 
naltrexone following THC = some signs of 
opiate withdrawal. 

Indirect dopaminergic effect: 
Possible explanation for addictiveness; 
NA reward system is activated, but is it the 
THC alone or is it operant conditioning from 
rewarding use of THC in social situations? 

Indirect GABA-ergic effect: 
Possible explanation for sedation 

                                      Deadwyler et al. (1995) suggested that the 
inhibitory effect of CB1 receptor activation on adenylate cyclase activity causes 
a decreased phosphorylation of A-type K+ channels by the cAMP-dependent 

enzyme protein kinase A. This, in turn, would activate the A-type K+ channels 
and cause a shortening of the duration of presynaptic action potentials as they 
invade axon terminals. 

CB-1 receptors are  
largely inhibitory; 
they are PRE-SYNAPTIC  and 
don’t appear on dendrites or 
neuronal soma. 
Interestingly, there are no receptors in 
the brainstem: is this why its hard to 
die from a THC overdose?...

MANY OTHERS: 
Melatonin level increase ~200-fold; 
? circadian rhythm disruption? Possible explanation for 
sleep disturbance associated with withdrawal? 
GABA-A-inhibitory effects in hippocampus: 
Interneurons most affected; ? explanation for short term 
memory loss? This GABA effect coincides with an 
NMDA receptor inhibition, so there is less glutamate as 
well as GABA…  
LEPTIN (the hunger-suppressing satiety hormone) 
is also affected (inhibited), hence the munchies?... 

Long Term Effects: 
Small but significant deficits in short term 
memory (eg. in word recall tasks) and in 
acquisition of new skills.  
Potentially, a predisposition to psychosis 
with long-term heavy use. 



Childhood Psychiatric Disorders      
 
Goals of Assessment  
  Nature and context of presentation: 
  … Precipitating stressors? 
  … impact on functioning? 
  … To what do the parents attribute this problem? 
HISTORY TAKING: ….children rarely present themselves; usually it’s the family bringing them in 

- from family as they are the ones who are presenting with the problem; i.e they view it as a problem  
PREGNANCY: maternal health, smoking etc… 
EARLY INFANCY: 

quality of attachment between child and mother 
developmental milestones 
history of childhood illnesses 

EARLY CHILDHOOD: 
 Transition experiences, eg. fro pre-school to primary 
 Cognitive and school performance 
 Peer and family relationships 
 Physical development 
 Temperamental traits 
FAMILY FUNCTIONING: 
 Relationship of parents 
 Quality of sibling relationships 
 Influence of extended family 
History of psychiatric illness in the family 

      
ADDITIONALLY, FOR ADOLESCENTS: 

     Assessment does not differ much from that of an adult. 
     !! arrange to see the adolescent alone first- 
     - then bring the family in. IMPORTANT: do not attempt to relate to them,  

especially in the first interview. Youre old and therefore lame. Their culture 
is different and they are acutely sensitive to insincerity. Still, its unwise to 
be too authoritarian and clinical, so err on the side of lameness. 

ALWAYS USE CORROBORATING SOURCES: 
- from school councilor why build new rapport when someone has already done the hard work? 
- from school records of achievement objective evidence of “not coping” 
- from previous psychiatric assessments sheds light on past mental health state 
- from the child themselves 

 
 
 
 
 
 

The all-important context of environment: 
Children and adolescents exist not solitarily, but in a 
great framework of school, peer, parents, sibling, and 
the influence of society in general. As they mature the 
influence of family dwindles, and those of society grow.

Physical examination does 
nothing to disrupt the building of 
a therapeutic relationship.

APPROACHES: 
Children younger than 8: 
 Interactive play is the best way to engage; 
drawings can be used to gauge their 
feelings. 
- Draw the family 
- Draw a person 
- Draw a dream 
- Draw an imaginary TV show 
The over-8s can be interviewed directly. 
- ask them: why were they brought here? 
- What makes them happy, worried, angry 

or sad? 
- Formal and informal projective 

techniques, eg  
-  asking the kid what they would 

spend their three wishes on 
- asking whom they would take to 

a deserted island 
- asking what animal they would 

prefer to be 

  PHYSICAL EXAMINATION: 
Focus on syndromic features, abuse and neglect. 
- skinny? Skin folds, thin hair, delayed development? 
- Bruises on inside of arms, on face, finger bruises 
- Look for signs of fetal alcohol syndrome, autism, 

Downs, Turners, and any multitude of other “funny-
looking kid” syndromes. 

-  

SPECIAL INVESTIGATIONS: 
To investigate potentially organic problems… 
- CT scan 
- EEG to rule out a seizure (rule in pseudosezure) 
- Bloods  to look for metabolic weirdness 

o Especially if delirious, decreased LOC, or 
you suspect an endocrine abnormality eg. 
Cushings or phenylketonuria. 
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DISORDERS OF EARLY INFANCY: from birth, to the FIFTH year.   
GENERAL RULES OF THUMB: 
 Problems in the first five years of life are usually due to  

- a DISTURBANCE IN THE PARENT-CHILD RELATIONSHIP,  
like a mis-match between parents and childs personality. 

- ORGANIC BRAIN DISEASE eg. some sort of brain dysfunction 
- DEVELOPMENTAL PROBLEMS eg. low intelligence. 

ATTACHMENT TO CAREGIVERS: 
- by 8 weeks the baby responds to any faces with smiles and eye contact. 
- By  6 months this response is specific for attachment figures; this is where 

the child looks for comfort when illness strikes, or in times of stress and worry. 
- Separation can result in over-attachment (clinging) or under-attachment (lack of response 
- TEMPERAMENT: is the baby easy, placid, regular in its habits? Or is it difficult, demanding? 

o VERY IMPORTANT as difficult demanding babies may not have their demands met by 
their parents, especially if the mother is depressed, anxious, or otherwise unwell 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FAILURE TO THRIVE (non-organic, i.e not due to some sort of gut malformation or heart weirdness) 
- Not meting weight, height, head circumference milestones 
- Delayed motor and language development 
- Periods of indiscriminate clinging and withdrawn detachment 

! this is a response to grossly distorted care or neglect! 
 The parents are at fault; treat THEM as a matter of urgency: 
 Counseling, teaching parenting skills, social work stuff. 
THE CHILD: 
 Requires hospitalisation. FEED IT BACK UP TO NORMAL WEIGHT. 

AUTISM: onset of symptoms is before age of 3         
ABNORMAL SOCIAL INTERACTION: 

Inability to appreciate feelings of others 
Lack of empathy 
Inability to engage in imaginative play 

PROBLEMS WITH COMMUNICATION: 
Rudimentary hard-to-understand speech 
Repetition of words and sentences 

NARROWING OF ACTIVITIES AND INTERESTS: 
Rocking backwards and forwards 
Intolerance of change 
Repetitive mannerisms and ritual behaviours 
Fascination with moving objects 
Hand flapping or twisting 

EARLY DIAGNOSIS IS CRUCIAL: it allows multi- 
modal intensive treatment to begin, eg education,  
behavioural training and social skills training,  
plus behaviour management training for the parents. Pharmacotherapy is rarely needed, its mainly 
reserved for psychiatric comorbidities like depression, psychosis, ADHD, tics and epilepsy.  

LACK OF RESPONSIVENESS is the first thing the 
parents notice: its almost as if the kid is deaf!  

- MALES affected 3 times as often as females 
- 1 in 1000 children is affected 
- Aetiology is uncertain 
- Course is lifelong 
- “High-functioning” ones stand a good chance of 
improving those skills they lack. 
- one in 3 achieve partial independence in life 
  (eg. sheltered work, group home living) 

COGNITIVE ABILITIES are low or average(“high-
functioning autism”); HOWEVER some abilities 
(eg.musical, maths, drawing) can be unusually 
overdeveloped. A pair of autistic twins in Oliver Sacks’ 
book play games where the goal is to come up with the 
next  highest eight-digit prime number.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ASPERGER’S DISORDER:” Autism Lite”, or “I cant belive is not Autism”   
THIS IS ALSO MORE COMMON IN MALES 

ABNORMAL SOCIAL INTERACTION: just like autism 
Inability to appreciate feelings of others 
Lack of empathy 
Inability to engage in imaginative play 

NO PROBLEMS WITH VERBAL COMMUNICATION!  
        Its mainly non-verbal stuff; 

-no eye contact in conversation 
-lack of facial expression while talking 
-no understanding of social norms 

NARROWING OF ACTIVITIES AND INTERESTS: 
Rocking backwards and forwards 
Intolerance of change 
Repetitive mannerisms and ritual behaviours 
Infatuation with concrete topics like timetables or maps 
Hand flapping or twisting 

MANAGEMENT is same as for autism but with less emphasis on language skills. 

IQ is NORMAL and so diagnosis is 
usually later in childhood.  
SOMETIMES ASSOCIATED WITH: 

- Tourette’s syndrome 
- Anxiety 
- depression 

AS THE CHILD AGES, 
Characteristics will persist into 
adulthood with some kids developing 
the schizoid personality trait . Often 
these people are successful 
professionally, but not socially. There is 
an increased risk of psychotic episodes.  

MENTAL RETARDATION= IQ below 75        
IQ testing is required for diagnosis; don’t just guess!  
The mildly affected can achieve vocational abilities that 
allow them to fill unkilled positions. They can live alone or 
in supervised accommodation. 
Course of the illness is determined by environmental 
circumstances, like parental resources (can everyone 
afford expensive therapy?), maternal coping resources, 
community supports and community barriers (eg. swine). 
Family members often in need of therapy as much as the child is. Depression, anger, guilt… 
Higher rates of psychiatric disturbance in the mentally retarded; watch out for a second 
diagnosis (about 50% will go on to develop one; like ADHD, depression, conduct problems) 
Higher vulnerability to stress and thus greater potential for involvement in delinquent activities 
AGGRESSION is all too common: about one in four will suffer intense, frequent or prolonged 
episodes of aggressive or self-harming behaviour. This is usually a reaction to an inadequate 
environment. ANTIPSYCHOTICS are sometimes useful in the short term, but actually 
HARMFUL in the long term setting. 
 

MILD: 55 to 75 
MODERATE: 40 to 55 
SEVERE: 25 to 40 
PROFOUND: below 25 

Usually detected earlier 
because development is 
markedly delayed 

One in a hundred are at least mildly retarded. 
No specific aetiology, but numerous things could cause 
it eg. antenatal weirdness, genetic disorders etc. IT 
CAN ALSO BE CAUSED in a previously normal child by 
extreme emotional, social or physical deprivation.   



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ELIMINATION PROBLEMS          
Not everybody “grows out of it” 
Functional Enuresis is WITHOUT A PHYSIOLOGICAL REASON. 
 Daytime or nighttime, doesn’t matter.  

HAS TO BE AT LEAST TWICE WEEKLY FOR ONE MONTH AFTER THE AGE OF 5. 
Mainly in boys. Mainly childhood, though sometimes continues into adulthood. 
PRIMARY ENURESIS: never been dry since early childhood 
SECONDARY ENURESIS: follows 12 month of good urinary control 

Recurrence is often due to family stress; often accompanied by other problems. 
MANAGEMENT: it’s a disorder of autonomic discipline; so treat it in a Pavlovian manner. 
 Eg. behavioural treatment using an incontinence pad sensor and alarm. 

- parents train the child to use the toilet when the alarm rings, reset it after cleaning the bed. 
- Treatment should continue for at least one month after the symptoms have resolved. 
PHARMACOTHERAPY can be equally effective, but has a higher relapse rate. 

…DESMOPRESSIN 
…TRICYCLICS 
 

Functional Encopresis is also divorced from organic functional problems. 
 ..usually NOT INTENTIONAL….  Again, more frequent in boys…. 

THINK: could this bethe result of a sugary, fibreless diet? Could chronic constipation be the 
issue? It can result in overflow incontinence. 
PARENTAL PRE-OCCUPATION with toilet training, and a punitive parent-child  
relationship- this will reduce the child’s desire to cooperate and will increase fear of defecation. 
OFTEN ASSOCIATED WITH: 

- functional enuresis 
- ADHD 
- Family dysfunction 
- Oppositional behaviour. 

Sometimes also associated with 
- Anxiety 
- Poor self-esteem 
- Poor social skills 
- Peer rejection and embarrassment (understandably!) 

MANAGEMENT 
MAINLY BEHAVIOURAL; rewards for sitting on the toilet at the apprproiate time, 
improvement of diet, laxatives, parental training (mainly to address negative 
attitudes) 



MENTAL HEALTH PROBLEMS IN PRIMARY SCHOOL CHILDREN    
… most will tolerate separation from attachment figure by the age of 5; this allows us to endure school. 
LEARNING DISORDERS: eg. Dyslexia 

- developmental delays in acquiring language and motor skills 
- delays in developing reading, writing and number skills 
- diagnosis is via reading, writing, and arithmetic assessments 
- diagnosed when the child performs 2 or more years below their peers 
- Disruptive behavior disorders co-exist 

! MUST DISTINGUISH FROM UNDER-ACHIEVEMENT!  
Underachievers usually have a normal IQ. The problem is something else, eg. truancy, poor 
concentration, depression etc. 

  MANAGEMENT  - initially speech therapy, motor skills training, and modified education 
- Think alternative methods of learning and communicating, eg. keyboard instead of pen 

DISRUPTIVE BEHAVIOUR DISORDERS:  
- Conduct not socially acceptable; failure in recognizing responsibility. 
- Its normal to have such conduct (its one of the ways we learn our boundaries): 

BUT we usually learn that something is wrong when we are chastised or punished. 
DISORDERED INDIVIDUALS DO NOT LEARN. 
This is the marker distinguishing an asshole child from a poor unfortunate with disruptive 
behaviour disorder.  

- delays in developing reading, writing and number skills 
ATTENTION DEFICIT HYPERACTIVITY DISORDER:         
  Cardinal features: 

- Distractibility 
- Cannot attend to instructions 
- Difficulty in establishing routines 
- Fidgety 
- Excessively running about, climbing things (n the very young) 
- Symptoms occur in most settings 
- The younger the child, the less reliable the diagnosis 
- 3 times more likely to be a boy. 
- Prevalence is around 4% 
- Some association with early attachment problems 

Assessment: 
- Behaviour rating scale for parents: helps compare to age peers 
- Hearing, visual, neurological tests (to exclude other reasons for learning disability) 

Management: 
- Counsel the parents regarding behaviour management techniques. 

(these rarely address the core problems, but help the parents cope.) 
- Engage the school: 

o Present schoolwork in 10 minute modules 
o Interrupt lessons with brief periods of exercise 
o Permit non-disruptive movement 
o Clearly articulate expectations of behaviour 

- Pharmacotherapy: 
PSYCHOSTIMULANTS: 90% show marked response      
    Render unto the child the ability to participate meaningfully in cognitive retraining 
- ? Mechanism of action: excitation of sleepy dormant inhibitory pathways? 
-  Well-established safety in the long term 
- Contraindicated if psychotic, or ridden by tics and movement disorders 
- Avoid changing medications at critical transition periods. 

5-fold increase in incidence since 1985 

3 distinct flavours: 
- Combined type 
- Inattentive type (old ADD) 
- Hyperactive-Impulsive type 

CAN CONTINUE INTO ADULTHOOD: 
But symptoms MUST have been 
present since before 7 years of age 



PSYCHOSTIMULANTS IN DETAIL          
DEXTROAMPHETAMINE: the d-isomer of amphetamine 

- centrally acting sympathomimetic drug, causes release of noradrenalin from neuron. 
Also inhibits monoamine oxidase 

METHYLPHENIDATE: a close chemical relative of amphetamine 
- mechanism same as above 

PEMOLINE: a non-amphetamine related mysterious psychostimulant 
- mechanism of action unknown 
- metabolized in the liver: DO LFTs as part of pre-Pemoline workup 
- monitor LFTs: especially ALT: if it doubles, discontinue Pemoline 

ATOMOXETINE: not really considered as a psychostimulant 
- mechanism : presynaptic inhibition of noradrenalin reuptake 
- causes headache, tremor, irritability, sometimes psychosis 
- loss of appetite and insomnia are transient 
- practically no cardiac side-effects 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PROBLEMS with PSYCHOSTIMULANTS: 
§ Loss of appetite, weight loss; initial insomnia…reversible 
§ Tics vs Tourette’s 
§ Moodiness, grumpiness, psychosis (rare) 
§ Supervision at school time (better to go with long acting med) 
§ Compliance, resistance 
§ Abuse, misuse 
§ Monitoring response and side effects 
§ Potential psychological impact on child of long term medication (unknown!) 

ADHD THERAPIES OF QUESTIONABLE EFFICACY 
§ Amitryptyline (ECG first)…tricyclic 
§ Clonidine/ Catapres - helps with sleep 
§ SSRIs 
§ Moclobemide (Aurorix): a reversible monoamine oxidase inhibitor anti-depressant 
§ Risperidone, other antipsychotics (atypicals) 
§ Atomoxetine 

OUTCOME OF ADHD 
Approx. one third outgrow symptoms… ‘developmental delay’ 
Approx. one third continue to have functionally impairing symptoms into adult life… ‘continual display’ 
Approx one third ‘developmental decay’ … continual core of symptoms, plus more serious 
psychopathology such as alcoholism, other substance abuse, antisocial personality disorder (esp. if 
comorbid conduct disorder) 
Many, especially with unrecognised ADHD, go onto adult disorders such as anxiety disorders, mood 
disorders (Wender, 1994)  



OPOSITIONAL DEFIANT DISORDER         
Argumentative, annoying, touchy, frequent intense temper tantrums…?? 
Is this behaviour ABNORMAL AMONG PEERS? Compare the child to others of similar age and intelligence. 

Symptoms must be “Maladaptive and inconsistent with developmental level” 
Cardinal features and influencing factors: 

1. has unusually frequent or severe temper tantrums for his or her developmental level; 
2. often argues with adults; 
3. often actively refuses adults' requests or defies rules; 
4. often, apparently deliberately, does things that annoy other people; 
5. often blames others for his or her own mistakes or misbehaviour; 
6. is often ‘touchy' or easily annoyed by others; more likely to perceive neutral acts by others as hostile, and  
more likely to believe conflicts can be satisfactorily resolved by aggression. 
7. is often angry or resentful; 
8. is often spiteful or vindictive. 
- more likely to have IQ about 10 pts below peer average 
- 4 times more likely in boys 
- 3 times more likely to be from a low socioeconomic background 
- clusters in families, 70% monozygotic twin concordance 
- strongly associated with harsh erratic discipline, hostility directed at the child, lack of warmth, and poor supervision 
- depression of the mother and criminality of the father are most accurate family predictors 
- physical and sexual abuse 
- poorly organized, unfriendly school 

THE KEY IS: this behaviour only occurs n some situations, eg. when the child is frustrated.  
There are periods of normal behaviour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CONDUCT DISORDER:           
“A repetitive and persistent pattern of behavior in which the basic rights of others or major age-appropriate societal norms 
or rules are violated. - Manifested by the presence of three (or more) of the following criteria in the past 12 months, with  
at least one criterion present in the past 6 months:” 
Aggression to people and animals  

(1) often bullies, threatens, or intimidates others   
(2) often initiates physical fights   
(3) has used a weapon that can cause serious physical harm to others (e.g., abat, brick, broken bottle, knife, gun)   
(4) has been physically cruel to people   
(5) has been physically cruel to animals   
(6) has stolen while confronting a victim (e.g., mugging, purse snatching, extortion, armed robbery)   
(7) has forced someone into sexual activity  

Destruction of property  
(8) has deliberately engaged in fire setting with the intention of causing serious damage   
(9) has deliberately destroyed others' property (other than by fire setting) 

Deceitfulness or theft  
(10) has broken into someone else's house, building, or car   
(11) often lies to obtain goods or favors or to avoid obligations (i.e., "cons" others)   
 (12) has stolen items of nontrivial value without confronting a victim (e.g., shoplifting, forgery)  

Serious violations of rules  
(13) often stays out at night despite parental prohibitions, beginning before age 13 years   
(14) has run away from home overnight at least twice while living in parental or parental surrogate home (or once 
without returning for a lengthy period)   
(15) is often truant from school, beginning before age 13 years 

- prevalence increases with social disadvantage 
- 6% adolescent boys, 2% adolescent girls fit the criteria 
- is this just medicalising the condition of being a little asshole? Good question. High correlation of features 
suggests that this is a legitimate syndrome and not an aggregation of various types of deviance. Plus there 
appears to be a genetic component (although crappy parenting, sexual abuse, harsh discipline, inadequate 
supervision and delinquent peers all play a more important role in aetiology) 
EXTREMELY DIFFICULT TO TREAT: short-term improvement wanes quickly. 
Parental training, family therapy, problems-solving therapy…  Established antisocial behaviours are 
resistant to change. 
 
 

 
 

-  
 
 
 
 
 
 
 
 
 
 



Practical Advice on Conduct Disorder from the Oxford Textbook    
Parenting skills 
Parent management training aims to improve parenting skills. There are scores of randomized controlled trials showing that it is 
effective for children up to about 10 years old.  They address the parenting practices identified in research as contributing to conduct 
problems.  
Typically, they include five elements. 

1. Promoting play and a positive relationship 
In order to cut into the cycle of defiant behaviour and recriminations, it is important to instil some positive experiences for 
both sides and begin to mend the relationship. Teaching parents the techniques of how to play in a constructive and non-
hostile way with their children helps them recognize the child's needs and to respond sensitively. The children in turn begin 
to like and respect their parents more, and become more secure in the relationship. 

2. Praise and rewards for sociable behaviour  
Parents are helped to reformulate difficult behaviour in terms of the positive behaviour they wish to see, so that they 
encourage wanted behaviour rather than criticize unwanted behaviour. For example, instead of shouting at the child not to 
run, they would praise him whenever he walks quietly; then he will do it more often. Through hundreds of such prosaic daily 
interactions, child behaviour can be substantially modified. Yet some parents find it hard to praise, and fail to recognize 
positive behaviour when it happens, with the result that it becomes less frequent. 

3. Clear rules and clear commands 
 Rules need to be explicit and constant; commands need to be firm and brief. Thus shouting at a child to stop being naughty  
does not tell him what he should do, whereas telling him to play quietly, for example, gives a clear instruction which makes 
compliance easier. 

4. Consistent and calm consequences for unwanted behaviour  
Disobedience and aggression need to be responded to firmly and calmly by, for example,putting the child in a room for a 
few minutes. This method of ‘time out from positive reinforcement' sounds simple, but requires considerable skill to 
administer  effectively. More minor annoying behaviours such as whining and shouting often respond to being ignored, but 
again parents often find this hard to achieve in practice. 

5. Reorganizing the child's day to prevent trouble 
There are often trouble spots in the day which will respond to fairly simple measures, such as putting siblings  
in different rooms to prevent fights on getting home from school, banning television in the morning until the child is dressed, 
and so on. 
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Epidemiology of childhood mortality         
Infant mortality rate is defined as the number of deaths of children under one year  
of age in one calendar year per 1000 live births in the same calendar year  

Worldwide infant mortality 
- In 1950: 180  
- In 2000: 67 

 

In Australia: 
- In 1900: 107 
- In 2000: 5 

- Chances of dying as an infant decrease with increasing age: 
o 0 – 28 days: 3.4 infants in every 1000 
o 4-52 weeks: 1.6 infants in every 1000 
o 1-4 years: 0.2 infants in every 1000 

 
Most infant deaths occur on the first day of life. Birthdays is the most dangerous day. 
As in every other statistic, infant males are more likely to die of any cause. 
 

Causes of death in infancy           
Newborns: issues of prematurity (eg respiratory prematurity, hemorrhage, immune etc) 
1 month to 1 year old: SIDS (improving over the last few years) 
After 1 yr of age:  trauma; + infection in developing countries  

 
Epidemiology of cardiac arrest in children        

VERY FREQUENTLY DUE TO HYPOXIA   
 And the hypoxia frequently due to ASPHYXIA – eg. inhalation 

Usually, by the time they have a cardiac arrest, they have been hypoxic for a while 
and they have had enough metabolic acidosis and hypoxia to really screw all their 
other organs. 

 The next most frequent cause: circulatory failure 
 Meaning exsanguination, gastroenteritis dehydration, anaphylaxis, or similar. 

Unlike adults:  VERY RARELY  due to primary cardiac disease 

 
In summary: 

- Respiratory obstruction eg. asthma, foreign body, croup 
- Respiratory depression eg. convulsions, poisoning,  raised ICP 
- Fluid loss eg.blood loss or dehydration from burns or vomiting, 
- Fluid maldistribution eg. sepsis, anaphylaxis or cardiac failure 

 

Outcome of cardiac arrest in children         
Invariably poor. Even worse if you arrive to the hospital apnoeic and pulseless. 
Typically, a period of acidosis and hypoxia has preceded the arrest anyway. 
 

If CPR has been going on for 20 minutes or longer, there is NO chance of intact neurological survival. 
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How pediatric resuscitation differs from adult resuscitation  
o WEIGHT 
o ANATOMICAL SIZE AND SHAPE 
o CARDIOVASCULAR, RESPIRATORY and IMMUNE FUNCTION 
o INTELLECTUAL ABILITY AND EMOTIONLA RESPONSE 

 

Weight               
3.2 kg at birth = 10.3 kg at year 1 
BROSELOW Tape: uses height to estimate weight 
 

Formula:  weight = 2 x (age + 4) 
 

 
Airway               

o In infants, head is large, neck is short. In supine position, the neck will flex and the 
airway will obstruct. 

o The mouth is small 
o The teeth may be loose 
o The tongue is relatively large 
o Floor of the mouth is easily compressible ( when chin lifting) 

 

 Under 6 months,  EVERYONE  is an obligate nose breather 

 So, if the nose is blocked with snot, the airway is obstructed. 

 
After that, in the 3 to 8 yr olds, adenotonsillar hypertrophy becomes a problem 

 
 EPIGLOTTIS IS HORSESHOE-SHAPED 

o It projects posteriorly at 45 degrees.  
o This makes intubation more difficult 

 
LARYNX IS HIGH AND ANTERIOR: level of C2-C3, instead of 5-6 
 

 
The trachea itself is soft and short.  
 
A foreign body is equally likely to go into the right or main bronchus 

  
The cricoid ring is the narrowest part of the trachea, not the larynx 

Here, it Is lined with loose pseudostratified columnar epithelium and this means it is 
susceptible to oedema 
 
Because this is where the cuff of the tube would lie, in order to avoid oedema, 

CUFFLESS TUBES are preferred in prepubertal children 
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Breathing              
o In the infant, the lungs are immature and the total gas exchange area is ~ 3 m2 

o Smaller airways, thus more easily obstructed  

o Greater reliance on diaphragmatic breathing:  and they have fewer of 

the type 1 slow twitch oxidative fibres; so they tire more quickly. The more preterm 
you are, the more quickly you tire. 
 

Circulation              
o At birth the ventricles are about the same mass 
o 2 months after birth the left ventricle is twice the mass of the right ventricle 
o This is reflected in the ECG 
o As time goes on the  

 P wave enlarges 
 QRS complex elrages 
 QRS duration lengthens 
 P-Q interval duration lengthens 

 

 CIRCULATING BLOOD VOLUME = 70-80 ml/kg 
 That’s more than the adult! But the overall volume is less 
 

  
 

Body surface area             
 Surface area to weight ratio is high: it decreases as you age. 
 This means the children are more prone to hypothermia 
 At birth the head accounts for 19% of the surface area 

 

Respiratory physiology            
 Infants have greater metabolic rate and oxygen consumption 

 
 Respiratory rate is increased 

 However: tidal volume remains the same to adulthood: 5-7ml/kg 

 
o At age 1, rate is 30-40 
o At age 2, rate is 25-35 
o 2-5, rate is 25-30 
o 5-12, rate is 20-25 

- In the newborn, the majority of the impedance to expansion of the chest is from the lungs: so,  
surfactant is critical to normal respiration 

- Later on, in the adult the compliance of the chest wall comes to play a greater role 
- Also:  

o  At birth, the oxygen dissociation curve is shifted to the left ( p50, the PO2 at 50% Sats is 
greatly decreased)- because 70% of their Hb is foetal Hb (disappears by 6 months) 

o Prolonged ventilation of an infant  bronchopulmonary dysplasia: and the 
potential for oxygen dependence for a year, or perhaps even more! 
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Cardiovascular physiology           
 

 Infants have a  

 ridiculously SMALL STROKE VOLUME: 1.5ml/kg 

 But: a  HUGE CARDIAC INDEX: 300ml/min/kg 
 Compartively, adoslescents = 100ml/min/kg, and adults = 70-80 

 
o Stroke volume increases as the heart gets bigger; 
o This underlies the changes in heart rate seen in childhood 

 110-160 at yr 1 
 100-150 yrs 1-2 
 95-140 yrs 2-5 
 80-120 yrs 5-12 

After age 12, HR approaches adult values 
 
In infants, stroke volume is small and fixed: this means they can only vary the heart rate to increase 
their cardiac output.  
THIS MEANS:  

response to volume therapy is blunted 
 
Stroke volume cannot increase greatly in response to fluid therapy. 
B age 2, you get a more normal response to fluid challenges, and this phenomenon goes away. 
 
 
 

Blood pressure is low at birth, and rises towards adulthood 
 
This is because systemic vascular resistance is low at birth, and continues to rise. 
From 70-90 systolic at birth, it rises to 80-95 by years 1-2, and 80-100 at years 2-5.  
At 5-12, it is 90-110. 
 

Immune physiology            
 Breastfeeding provides protection against respiratory and gastrointestinal 

pathogens, but otherwise, placental transfer of antibodies stops and the 
baby takes 6 months to ramp up its own production of antibodies 
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The structure of pediatric resuscitation      
        

o Things to mention as “stuff I would ask for when waiting for the ambulance to 
bring me my critically ill child in a bat-call situation where retrieval have 
notified me well in advance” 
 Get the kids age 
 Work out the weight 
 Ensure the help is available 
 Get all the likely fluids, drugs and equipment 

 
The sequence of events: 

o RESPONSE: unresponsive child = cardiac arrest algorithm 
o Primary survey 
o Resuscitation 
o Secondary survey 
o Emergency treatment 
o Reassessment (“ system control”) 
o Ongoing stabilization 

 

BASIC LIFE SUPORT            
Main thing to remember: hypoxia is the chief cause of cardiac arrest in children; 
 

thus:  OXYGEN IS THE CRITICAL STEP 
  NOT DEFIBRILLATION 

o SAFE approach: 

 Shout for help 
 Approach 
 Free from danger 
 Evaluate ABCs 

o This is a lame way of going through the “DR” part of “DRABC”. 
o One rescuer does useful resuscitative things, the other one summons the EMS team. 
o If the solitary rescuer has no help after 1 minute of CPR, he’s got to pause and call the 

EMS team himself.  
o Shout for help  is not the same as get the EMS team. The EMS team has the 

defibrillator, and in this situation it is morei important to get some oxygen into the child. 
THUS: first, you just yell. After a cycle of CPR you call for the EMS team. 

 
 
When would it be appropriate to contact the EMS people FIRST, and then do CPR? 
 

 WHEN A HEALTH CHILD HAS A WITNESSED COLLAPSE 

 WHEN A CHILD WITH KNOWN CARDIAC PROBLEMS HAS A 
WITNESSED COLLAPSE WITHOUT A BETTER EXPLANATION 

 Basically, whenever you think a defibrillator is critically important 
 

- ?ARE YOU ALRIGHT? the “R” in DRABC. 
o Weirdly, you ask this question, and THEN you hurt the child.  

Response to pain is what youre after, not words. Wiggling and crying is acceptable. 
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AIRWAY               
o A child will frequently organize themselves into a comfortable posture, where they 

can breathe better (eg in epiglottitis they hold their head at a particular position) 
 

o Attempts to improve a partially protected airway may result in a totally 
compromised airway. Don’t mess with their position. 

 
 HEAD TILT AND CHIN LIFT STILL APPLIES 

The desirable positions are: 
  
  In the infant: NEUTRAL 

In the child: SNIFFING 
  
Patency of the airway is then assessed by  
LOOKING, LISTENING and FEELING for 10 seconds  
 
 In the exam, they expect you to put your ear to the child’s face, looking 

over the chest to see if it rises and falls 
 

As always, jaw thrust is there for any situation that calls for C-spine immobilization. 
 
Nobody does the finger sweep anymore. You can clog the airway even more by forcing 
foreign bodies further into the airway. 
 

BREATHING              
 If making the airway patent does not result in some sort of breathing, 

 

Up to 5 rescue breaths should be given to achieve 2 effective breaths 
 

 In infants, your mouth goes over both nose and mouth. 
 In children, it may be necessary to pinch the nose 

 
o All children are of different weird shapes 
o Slow breaths 
o Lowest pressure ( airway pressure may be high because the airway is narrowed) 
o Chest must be seen to rise 

 
If airway maneuvers do not yield a patent airway, you have to start thinking about 
foreign body obstruction 
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Circulation              
o ASSESSMENT: 

 Definition of “circulatory failure” is no central pulse for 10 seconds 
 Or when the pulse is slow (< 60) and not perfusing 
 Or... by absence of “signs of circulation”, like cough and gag. 
 INFANTS: feel brachial and femoral pulses 
 CHILDREN: carotids, like adults 

 

UNNECESSARY CHEST COMPRESSIONS ARE ALMOST NEVER DAMAGING 
 

 
o Chest compressions should go 1/3rd of the depth 
o Go at the lower half of the sternum 

 INFANTS:  

 use hand-encircling technique: both thumbs (when there are 2 rescuers) 

 use one-handed 2 finger technique when alone 
 CHILDREN 

 Use the heel of one hand, or both hands like adults 

 
 

The rate at all ages is 100 per minute 
The rate of compressions is 30 to 2 breaths for a single rescuer 
The rate of compressions is 15 to 2 breaths for pair of rescuers 
 

 
o INFANTS should be compressed with two fingers, or both thumbs (encircling technique) 
o CHILDREN can have the heel of one hand, or the heels of BOTH hands for big ones 

 
o After 1 minute of CPR, help should have arrived. If not, this is where you pause to call for 

an EMS team, to bring a defib et cetera. 
 

o DO NOT interrupt compression for any other reason. Coronary perfusion pressure 
improves the longer the sequence of compressions 
 
 

Recovery position             
o There is no specific position for children 
o Stable and lateral is the key 

 

Infection risk from mouth-to-mouth         
o There’re aren’t many reports of people catching things from mouth-to-mouth 
o If you are mouthing a child with menigococcaemia, you should take rifampicin or 

ciprofloxacin 
o You seem to be safe from Hep V or HIV- sputum and saliva are low risk fluids 
o In fact you are more likely to give the child YOUR HIV. 
o High risk fluids are blood, semen, vaginal secretions, amniotic fluid and peritoneal fluid 
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The child who has inhaled something and is CHOKING     
o This is usually the disease of preschool. 
o The most inhaled stuffs are foodstuffs. 
o Its usually witnessed, and its usually a sudden onset respiratory distress and stridor 

 
There are methods for clearing and airway obstruction : BUT if the child has epiglottitis or 
croup, that will actually destroy their airway, so:  
 
ONLY ATTEMPT THE FOLLOWING IF: 
 Its obvious that the diagnosis is foreign body obstruction 
 AND there has been loss of consciousness, ineffective cough or apnoea 
 AND the head tilt / chin lift / jaw thrust have failed to open the airway 

 
o Encourage cough first. Spontaneous cough is more effective than any manoeuvre 
o Only move on to manoeuvres if they have satisfied the above criteria, i.e. if they have lost 

consciousness or become apneic. 
 

o CONSCIOUS CHOKING CHILD 
 Give 5 back blows 
 Give 5 chest thrusts 
 Repeat assessment 

 

o UNCONSCIOUS CHOKING CHILD 
 Open airway, give 5 rescue breaths 
 Start CPR: algorithm is the same. 
 Each time reaths are attempted, look for a foreign body in the airway. 

 

o Back Blows and chest thrusts: for INFANTS 
 Put the infant head down on your knee 
 Deliver 5 blows to the back with the free hand 
 If the obstruction is not relieved, turn them over on their back (still head down) 
 Give them 5 chest thrusts: same as cardiac compressions, at a rate of 1 per 

second 
 

o Back Blows and chest thrusts: for CHILDREN 
 Same as above, but you lay them over your lap 

 
o Each time breaths are attempted, look in the airway – can you see a foreign body? 
o Once the child is breathing spontaneously, put them in a recovery position of some sort 
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ADVANCED PEDIATRIC AIRWAY TECHNIQUES      
 At some stage, somebody will ask you what equipment you would like 
 This is the list: 

 

Face masks 
LMAs and Guedel/nasopharyngeal airways 
Self-inflating Laerdel bag 
Endotracheal tube 
Suction device 
Cricothyroidotomy kit 
 

 

Oropharyngeal and nasopharyngeal airways       
o Oropharyngeal: from mouth to angle of mandible 

 May cause vomiting 
o Nasopharyngeal: from nose to tragus of ear 

 May cause hemorrhage 
 Contraindicated in base of skull fractures 

 
Ok, so you have inserted one of these. Is it successful? 
if not, URGENTLY reassess your airway 
 

Laryngoscopy             
- The straight bladed laryngoscope lifts directly, by pushing on the epiglottis 

o This causes vagal stimulation because the epiglottis is innervated by the vagus nerve 
- the curved laryngoscope blade pushes the epiglottis forward 

o  inserted into the vallecula – glossopharyngeal territory, so no vagal stimulation occurs 
 

ET tubes               
- Plain plastic tube before pubrty, cuffed ones afterwards 
- Prepubescent cricoid rings are the narrowest parts 

 

- There should be a leak: otherwise the tube is in too tight and there will be oedema 

 
 
For over 1 yr olds: 

- Tube Size estimation:  Internal diameter = (Age divided by 4) + 4 
Oral tube length = (Age divided by 2) + 12 
Nasal tube length = (Age divided by 2) + 15 

 
NEONATES: tube is 3 – 3.5 mm 
PRETERM: 2.5 mm 

 
Magill’s forceps: to angle the tube, or to remove foreign bodies 
Tracheal suckers:  French gauge twice the mm diameter of tube; a 3mm tube = 6 french sucker 
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Ventilating the child:            
o Once again, someone is going to ask you what equipment you want. 

 

Oxygen source 
Face masks 
Self inflating bag 
T-piece and open ended bag 
Mechanical ventilator 
Chest tubes 
Gastric tubes 
 

 
o FACE MASKS: 

 Circular ones give good seal 
 Worst case scenario, turn a Laerdel mask upside-down 

 
o Self Inflating Bags 

 250, 500, 1200ml varieties 
 Without reservoir bag, its difficult to give more than 50%  

 
o T-piece, open ended bag 

 Only for kids under 20j\kg 
 Entirely useless unless there is a constant pressurized gas supply 

 
o You check that the tube is in position much like you would with an adult. 

 Only for kids under 20j\kg 
 Entirely useless unless there is a constant pressurized gas supply 
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Primary assessment and resuscitation        
o Resuscitation management should be concurrent 

 
First, Response: yell at them and hurt them. Are they responding? 

 

 A and B 
 Look listen and feel for airway obstruction/respiratory arrest 

o Chin lift/jaw thrust, airway accessories 
o Reassess patency 

 Assess the effort of breathing 
o Recession, stridor, expiratory noises, accessory muscle use 

o Count the respiratory rate 
o Auscultate breath sounds 
o Give rescue breaths, or bag/mask 
o Give high flow oxygen 
o Intubate if the occasion calls for it 

 C 
 Take stock of the summation of circulatory fingings: 

o Heart rate 
o Cap refill 
o Pulse volume 
o Blood pressure 
o Urine output 
o Give high flow oxygen  
o Gain venous or intraosseous access, ad give 20ml/kg of 

anything you like (crystalloid or colloid) 
 

 D 
 “A” should have given you a reasonable AVPU score 

 Look at posture 

 Are they fitting? 

 Look at pupils 

 Check the sugar 
 Intubate if scoring P or U 

 Give glucose if indicated 

 Give Lorazepam IV, midazolam PO, diazepam rectally 
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Secondary assessment and emergency treatment      

 Respiratory 
 Oxygen saturation 

 End tidal Co2 

 Peak flow 

 CXR 

 ABGs 

 Some focussed history 
 Stridor of croup?  Nebulized adrenaline (5ml  of 1:1000) 
 Drooling?  = epiglottitis, get a senior anaesthetist to intubate 

 Obvious foreign body inhalation? Try FB manoeuvres, if they fail move 
on to direct laryngoscopy and Magills forceps 

 Anaphylaxis? IM adrenaline 

 Children who wheeze have asthma. They need bronchodilators. 

 Infants who wheeze have bronchiolitis. They just need oxygen 

 Cardiovascular 
 FBCs 

 EUCs 

 ECG 

 Coags 
 The first bolus of fluid has gone in. Give another if the first one has 

failed to yield the desired effect 
 If the second bolus of fluid is not working, conside inotropes and CVP 

monitoring 

 Give antibiotics to shocked children with no obvious source of 
fluid loss: this is probably sepsis 

 Anaphylaxis? IM adrenaline 10mcg/kg 

 ALPROSTADIL is given to neonates whose shock is  due to duct-
dependent congenitla cardiac disease 

 Neurological  
 BSL 

 Urine tox screen 
 Convulsions = follow the status epilepticus protocol 
 Raised ICP? Posturing?   

o Intubate, aim PCO2 40-45 
o 30 degrees head up, head in line 
o Mannitol 0.25 to 0.5g/kg which is 1.25 to 2.5 ml mannitol 20%, 

infused over 15 minutes, up to a serum osmolality of 325 

 Maybe they need cefotaxime or acyclovir 

 Consider giving naloxone 

 Further history 
 Drugs, allergies, etc 
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PAEDIATRIC CARDIAC ARREST ALGORITHM       
So, your patient has arrested and CPR is in progress. The EMS team arrives and 
attaches defibrillator leads. 
1) Whats the rhythm? Shockable or non-shockable? 

2) Shockable rhythm: VF or VT 

a. DC shock, 2J per Kg 
b. 2 mins CPR while intubating/getting acess 
c. Check the monitor 
d. DC shock 4J per Kg 
e. 2 minutes CPR while intubating/getting access 
f. Check monitor 
g. Adrenaline, then DC shock 4J per Kg 
h. 2 minutes CPR 
i. Check monitor 
j. Amiodarone, then DC shock 4J per Kg 
k. 2 minutes CPR 
l. Check monitor 
m. Go back to adrenaline + DC shock, and so it continues 

 

3) Non-shockable rhythm: Asystole or PEA 

a.  High flow oxygen 
b. CPR while intubating/getting acess 
c. Check the monitor every 2 minutes 
d. Adrenaline every 3 minutes 

 
 

NON-SHOCKABLE RHYTHM           
Asystole 
 The most common arrest rhythm 
 This is what happens to the hypoxic child: bradycardia, then asystole 

PEA 
 This is typically a prelude to asystole 
 There may be ain identifiable cause, eg. tension penumothorax 

 

Secondary assessment            
o Detailed examination of the body 
o Identify wounds / bruising / swelling 
o Reexamine ABCs 

 
 
 
 
 
 
 

4 Hs and 4 Ts 
Hypoxia 
Hypovolemia 
Hypo/hyperthermia 
Hypo/hyperkalemia 
Tension pneumothorax 
Tamponade (cardiac) 
Thrombus (cardiac or PE) 
Toxins (random drug) 
 

ADRENALINE: 10mcg/kg 
AMIODARONE 5mg/kg 
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Respiratory failure in children          
 Why are they susceptible? 

 Haven’t yet acquired immunity to the infections adults are immune to 

 Upper and lower airways are more narrow and thus more easily 
obstructed by swelling or secretions 

 Chest wall is more compliant  and this reduces the efficiency of 
breathing if there is increased effort 

 In infants, end-expiratory volume is similar to closing volume 
and so they have small airway closure 

 There are fewer alveoli 

 The respiratory muscles are inefficient: fatigued rapidly 

 Pulmonary vasculature is muscular:  pulmonary hypoxic 
vasoconstriction occurs more readily. This can led to duct reopening 
and RL shunting 

  Foetal hemoglobin is present up to 4th-6ths month of life; 
dissociation curve shifted to the left: less oxygen is delivered to the 
tissues because of fHb’s higher affinity for oxygen 

 

Presentation              
 Frequently, the only sign in infants is decreased feeding  
 Stridor = upper airway obstruction 
 Wheeze = lower airway obstruction 
 Grunt = pneumonia 

 

The child with stridor            
 Most common causes: 

 Croup: viral laryngotracheaitis; barking cough, coryza, fever, 
hoarseness. 

 Croup: spasmodic;  sudden onset, recurrent, with a history of atopy 
 

 Less common causes: 

 Laryngeal foreign body; suddenness of onset 

 Epiglottitis;  drooling, with muffled voice 

 Trauma: neck swelling, bruising 

 Retropharyngeal abscess: drooling, septic appearance 

 Airway burns: soot in the mouth 

 Diphtheria: travel to endemic area while unimmunized 

 

 Gurgling is a bad sign. The child is either too drowsy or 
too tired to clear the secretions with cough. 

 
Loud harsh stridor is usually croup.  
Quiet stridor is usually epiglottitis. 
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Emergency Management of the child with stridor      
 Your airway is compromised, but FUNCTIONING. 

 Don’t destabilize it. 

 Don’t upset the child. 

 Get the parents involved. 
 

Partial obstruction by secretions,  
or decreased level of consciousness      

o Suction 
o Chin lift / jaw thrust 
o Intubate as needed 

 

Croup            
o This is usually viral, 95% 
o Parainfluenza virus is the commonest pathogen 
o Adenovirus is the next most common 
o Peak incidence is in the 2nd year of life 
o Typical features:  

 Hoarse barking cough 
 Harsh stridor 
 Hoarseness 
 Fever 
 Symptoms worse at night 

 
 Some children get SPASMODIC CROUP which is 

associated with ATOPY and ASTHMA 

 This variety may not have fever or coryza 

 The treatment for it is the same 
IMMEDIATE MANAGEMENT 

 Nebulize adrenaline, 5 ml of 1:1000 (high concentration) 

 Neb it in oxygen 

 Expect 30-60 minutes of relief while you get a team together 

 
STEROIDS: improvement within 30 minutes! 

o Dexamethasone IV or oral : 0.15mg/kg 
o Budesonide nebulized 

 
INTUBATE IF YOU NEED TO 

o Median duration of ventilation is 3 days 
o The younger the child, the longer they stay intubated 
o Much smaller tube is required 
o Prednisolone 1mg/kg every 12 hrs reduces the duration of 

intubation 
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Bacterial tracheitis          
o “pseudomembranous croup” 
o Staph aureus, strep, or H.Influenzae 
o Copious secretions, and mucosal necrosis 
o The child ooks septic, with a croupy cough 
o NO DROOLING unlike epiglottitis 
o 80% of these kids will need to be intubated 
o Fluclox and cefotaxime is called for 

Epiglottitis           
o The onset will be acute, over 3-6 hrs 

o Unlike croup, cough is minimal or absent 
o The bug is H Influenzae, uncommon in immunized populations 
o Most common in 1 – 6 yrs of age 
o Typically, the child sits immobile, with their mouth open, chin 

slightly raised, drooling saliva. 
o The child looks pale and septic 
o Too painful to swallow or speak 
o The epiglottis will be “cherry red” 

 DO NOT LAY THEM FLAT or they will die. While conscious, the child 
will sit upright while they are able.  

 You will need a senior anaesthetist to intubate 

 There will be a gas induction 

 You will need a smaller tube than normal 

 Cefotaxime  or ceftriaxone 

 Most will be extubated in 24-36 hrs 

Foreign body           
o Inspiratory and expiratory films will show gas trapping 
o They will have been eating or playing with small objects 

 “choking child” procedures 

 If they fail, direct laryngoscopy and Magills forceps 

 Get a senior anesthetist  and an ENT surgeon 

 Direct bronchoscopic retrieval of the object is called for 

Anaphylaxis           
o Flushing, itching, facial swelling, urticaria 

 Apart from oxygen, INTRAMUSCULAR adrenaline is the key 

 You wont be marked down if you give nebulized adrenaline 

 You also give chlorpheniramine and steroids 
Weird stuff          

o Diptheria 
o Infectious mononucleosis 
o Retropharyngeal abscess 
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Emergency management of the Wheezing Child      
o Its either acute severe asthma or bronchiolitis 

 Before 1 yr of age, its bronchiolitis 
 After 1 yr of age, its acute asthma 

Asthma in the child           
 Your asthma is severe when: 

 It happens over several nights 

 Its symptoms are of a long duration 

 You have been to ICU before 

 You are not responding to treatment 
o Severity must be assesd every 4 hrs 
o Pulse, resp rate, SaO2, use of accessory muscles, agitation 
o Also do 4 hrly peak flows 

 CHARACTERISTICS OF MODERATE ASTHMA 
o Sats over 92 
o Peak flow over 50% 

 CHARACTERISTICS OF SEVERE ASTHMA 
o Too breathless to feed or talk 
o Recession, use of accessory muscles 
o Resp rate > 30 (>50 in under-5s) 
o Pulse rate >120 (> 130 in 2-5s) 
o Peak flow <50% 

 CHARACTERISTICS OF LIFE THREATENING ASTHMA 
o Depressed level of consciousness, or agitated 
o Exhaustion 
o Poor respiratory effort 
o Sats < 92% 
o Peak flow < 30% 
o hypotension 

 
Respiratory rate, degree of wheeze and pulsus paradoxus are 
NOT very good signs of severity. 

 ABCs come first 

 Give oxygen 

 Give salbutamol via MDI and spacer 
o If asthma is life threatening, use nebulized salbutamol 
o If the breathing is crap, give IV salbutamol 

 Give steroids: 3-5 day course; = faster recovery 
o  No proven benefit of IV over oral steroids 

 Give Atrovent as well 
 If the effort of breathing is still high, or they are exhausted, or LOC is  

low , you should consider bag-masking them 
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Treatment-refractory asthma in the child       
Nothing is working? 

 Continuous neb, …or 

 Salbutamol infusion 
o Proven to offer an advantage over nebulizer 

 

 “Summon experienced help” is the key phrase 
 

 IV aminophylline 5mg/kg over 20 min 

 ..then infuse it at 1mg/kg/hr, while monitoring the ECG 
o Seizures, vomiting or fatal arrhythmia follow rapid infusion 

 

 magnesium sulphate, 25-40 mg/kg over 20 minutes 
 

 intubate with ketamine IF: 
o progressive exhaustion 
o progressive deterioration in clinical condition 
o SaO2 dropping 
o PCO2 rising 

 

 There is no evidence to support the use of Heliox or 
leukotriene antagonists 
 
 

Asthma in the child who is beginning to improve: post crisis care   

 Reassurance 

 Stop IV salbutamol if sats are rising or recession is minimal / PEFR 
goes over 50% of predicted 

 Change from continuous nebs to spacer MDI 

 Reduce frequency of nebs 
 
A little more on asthma  

 URTIS are the most common precipitant 

 Virus cause 90% of these 

 Exercise induced symptoms: heat and water loss from the mucosa 
causes irritation and thus bronchoconstriction 
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Bronchiolitis in the infant          
 RSV is the commonest cause - 75% 
 90% are younger than 1 year 
 Wheezing is often present 
 There is a history of clear coryza and dry cough 
 The chest is hyperinflated 
 In one third, the upper lobes are consolidated 
 Breathing is disorganised, with periods of apnea 
 Management is usually supportive 

 

 Initial management: 
o Use sucker to suck out the nose 
o Give high flow oxygen 
o Maintain hydration and nutrition: sucking is too stressful 
o Monitor for hypoventilation in the under-2-month-old 

 Recurrent apnoea? Hypercapnia? Exhaustion?  
INTUBATE THEM (2% will need this) 

 
In bronchiolitis, there is no evidence for bronchodilators, 
steroids or antibiotics. 
 

  Most children will recover in 2 weeks 
  About 50% will have recurrent cough over the next 3-5 years 
  Very few will have bronchiolitis obliterans, and permanent damage 
 
 

RISK FACTORS FOR A MORE SEVERE BRONCHIOLITIS: 
 Younger than 6 weeks 
 Prematurity 
 Chronic lung disease 
 Congenital heart disease 
 Immune compromise 

 
 

How do I tell if this is bronchiolitis or heart failure?   
o There is NO MURMUR in bronchiolitis 
o CXR = hyperinflation 
o Heart looks SMALL in bronchiolitis 
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The Febrile Child with Respiratory Distress       
 Its probably pneumonia, unless its wheezes or drools. 

 
 ABCs, as always 
 Give oxygen, as always 
 Give antibiotics- who cares if its viral 
 Rehydrate 
 Drain any effusion 

 
PNEUMONIA IN CHILDREN: 

 
 
  

 CHARACTERISTICS OF MODERATE ASTHMA 
o Sats over 92 
o Peak flow over 50% 

 CHARACTERISTICS OF SEVERE ASTHMA 
o Too breathless to feed or talk 
o Recession, use of accessory muscles 
o Resp rate > 30 (>50 in under-5s) 
o Pulse rate >120 (> 130 in 2-5s) 
o Peak flow <50% 

 CHARACTERISTICS OF LIFE THREATENING ASTHMA 
o Depressed level of consciousness, or agitated 
o Exhaustion 
o Poor respiratory effort 
o Sats < 92% 
o Peak flow < 30% 
o hypotension 

 
Respiratory rate, degree of wheeze and pulsus paradoxus are 
NOT very good signs of severity. 

 ABCs come first 

 Give oxygen 

 Give salbutamol via MDI and spacer 
o If asthma is life threatening, use nebulized salbutamol 
o If the breathing is crap, give IV salbutamol 

 Give steroids: 3-5 day course; = faster recovery 
o  No proven benefit of IV over oral steroids 

 Give Atrovent as well 
 If the effort of breathing is still high, or they are exhausted, or LOC is  

low , you should consider bag-masking them 
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The Child with Heart Failure and Respiratory Distress     
 In older children, it is usually myocarditis or cardiomyopathy 

 That sort of thing tends to present with a marked tachycardia 
 In infants it is usually due to structural heart disease 

 Falling pulmonary vascular resistance allows increased pulmonary 
blood flow 

 This causes an increasing left-to-right shunt in kids with a VSD, 
persistent PDA or truncus arteriosus 

 Thus, there is increased pulmonary congestion and heart failure 

 These kids tend to present with poor feeding, lethargy, sweating and 
breathlessness 

Duct – dependent heart disease 
 This is a rare thing indeed 

 “duct-dependent” because the duct is the only reason there is any 
flow in the pulmonary or systemic circulation 

 The PULMONARY OBSTRUCTIVE LESIONS are: 
 Pulmonary atresia,  Pulmonary valve stenosis 
 tricuspid atresia or severe tetralogy of Fallot 
 sometimes, transposition of the great vessels 

 THE PROBLEM: 
o There is NO WAY for blood to go from the right ventricle into 

the pulmonary circulation 
o Thus, the lungs depend on flow via the patent ductus, from the 

aorta. 
 Occasionally, there is so much aortic coarctation, that 

the systemic blood flow depends on the patent ductus 

 THE TYPICAL PRESENTATION 
o These babies tend to present in the first week of life with 

cyanosis, and with cardiogenic shock 
o There is usually an enlarged liver 

 If the systemic circulation depends on the patent 
ductus, the child ceases to feed, and collapses.  

 HOW DO YO KNOW ITS NOT BRONCHIOLITIS? 
 

Heart is enlarged, liver is enlarged, there is no cough or coryza. 

 
Emergency management of the child with heart failure 

 ABCs come first 
 Treat the cardiogenic shock 
 Give them oxygen via non rebreather mask 
 IF OXYGEN IMPROVES THEIR SATURATION, it’s a left to right shunt 

 Eg. VSD, ASD, truncus arteriosus 

 Give them diuretics and high flow oxygen 

 IF OXYGEN DOES NOTHING FOR THEM,  its probably duct-dependent. 

 Give alprostadil – it increases the diameter of the duct 

temporarily 
 Alprostadil can cause apnoea, so intubate the child 
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The Child with Anaphylaxis and Respiratory Failure     
ABCs come first 
AIRWAY: 
 If there is a complete obstruction, you intubate or get a surgical airway 
 If the obstruction is partial, give adrenaline nebs, and also give it IV, 

and also give hydrocortisone, and then just keep giving nebs. 
BREATHING: 
 If the chest is silent, give IM adrenaline, and bag the patient 
 If the chest is wheezy, give adrenaline nebs, salbutamol nebs. 

Hydrocortisone, and aminophylline 5mg/kg IV over 15 minutes 
CIRCULATION: 
 There may be no pulse!  you know what to do. 
 SHOCK calls for INTRAMUSCULAR adrenaline. 

o  
There are things which are specifically helpful: 

 

 Chlorpheniramine tds for 48 hrs 

 INTRAMUSCULAR adrenaline 

 NEBULIZED adrenaline 

 
 

The Child with Poisoning  and Respiratory Failure      
 Respiratory rate is increased with: 

 Salicylates 
 Ethylene glycol (antifreeze) 
 Methanol 
 cyanide 
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The Shocked Child:  Which Shock Is That?       
 Definition: 

 Inadequate tissue perfusion, inadequate removal of wastes 

 Classification: 
 CARDIOGENIC 

 Arrhythmia, cardiomyopathy, valve disease, 
myocardial contusion… heart failure, in short 

 HYPOVOLEMIC 
 

 Hemorrhage, gastroenteritis, intussusception 
 

 Also burns, etc 

 DISTRIBUTIVE 
 

 SEPSIS 
 

 Anaphylaxis 
 Spinal cord injury 
 Vasodilating drugs 

 OBSTRUCTIVE 
 Tension pneumothorax 
 Cardiac tamponade 
 Pulmonary embolism 

 DISSOCIATIVE 
 Anaemia 
 Carbon monoxide poisoning 
 Methaemogoblinaemia 

 
 

Stages of shock             
 PHASE 1: reversible and compensated 

 Agitation, confusion, pallor, tachycardia, cool peripheries 
 PHASE 2: reversible and uncompensated 

 Acidosis, poor peripheral perfusion, tachypnea, hypotension 

 Organ systems are failing; urine output is poor 
 PHASE 3: irreversible 

 Retrospective diagnosis: the organ systems have failed 

 
A little about SEPSIS: 

o abnormal distrubution of blood in the microcirculation 
o acidosis depresses cardiac function 
o cells do not use oxygen properly: this is a problem at the mitochondrial level:  

 THUS there is an inappropriately narrow gap between arterial and mixed venous 
oxygen saturation (take that, Rivers study) 

o Early sepsis = wide pulse pressure 
o Late sepsis =  
o You survive sepsis by maintaining a hyperdynamic state 
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Resuscitating a shocked child:          
 AIRWAY 

 Well, you obviously need one of those. 
 BREATHING 

 Everybody who is shocked gets oxygen. Simple as that. 
 CIRCULATION 

 Get lots of lines in 

SHORT and WIDE BORE is the key 
 

20ml/kg bolus of crystalloid 
 

 Don’t use more than 1-2 of these boluses outside of septic shock 
 

CEFOTAXIME: 80mg/kg: 
In kids, SEPSIS is the commonest cause of shock 

 
 

DON’T FORGET THE GLUCOSE 
Hypoglycaemia looks like shock 
    

 

THINGS TO ASK THE PARENTS ABOUT: 

 Vomiting, diarrhoea 

 Bdominal pain 

 Urticaria, angioedema 

 Cyanosis 

 Major trauma 

 Sickle cell disease  haemolysis 

 Polyuria, tachypnea 
 

DISABILITY in shock: meningitis can present with shock 
 Dont LP them, they cone. 

 Maintain normal blood pressure and normocapnea 

 MANNITOL 250mg/kg is the key. 

What fluids do I use? 
 Crystalloid – you will need more of, but it improves mortality. 
 In adults.  
 The less you are going to use, the less the choice matters. 
 Colloid corrects intravascular volume depletion more rapidly 
 The child has 80ml/kg of blood; a 40ml/kg bolus is already half the 

circulating volume. 
 If larger volumes are needed, 4% albumin is preferred 

 
In sepsis, it seems a large bolus early on decreases mortality 
In penetrating trauma, you leave fluid until afterwards 
In large volume transfusions, fluids should be warmed 
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The Child with Fluid Loss 
o Infants more susceptible than older children 

o Diarrhoea may not be obvious: the stool has not been passed yet 
 

o Fluid boluses: 20ml/kg of crystalloid x 2 
 

o The third bolus should be albumin. 
 

o Also: catheter, chest/abdo xrays, CVC, intubation, inotropes. 
 

The Child with Sepsis 
o Its probably menicococcal 
o Group B strep and gram negatives also common 
o PURPUREAL RASH IS BAD. 
o Typically it is preceded by a blanching non-purpureal rash 
o Early administration of antibiotics is vital 

 

 Give antibiotics early 

 The fluid boluses should be albumin 4% 

 Several boluses will be required 

 After the second bolus, consider inotropes 

 Measure CVP: keep it under 12 

 Give bicarb if pH is under 7.2 

 Give glucose at 5ml/kg (10%) if hypoglycemic 
 

The child with duct-dependent congenital heart disease 
o You know its duct dependent because oxygen does not improve the saturation 
o They are going to have that huge liver 
o There may not be a murmur 
o There will be poor pulses, and poor perfusion 

 Oxygen will only make it worse. It causes duct closure. 
 Use only as much as is required to cause an increase in SaO2 

 Give Prostaglandin E2 (alprostenol)  
 This causes apnoea; they will need to be intubated and ventilated 

 

The child with cardiomyopathy 
o If they are an infant, it might still be a duct-dependent defect and they would not be 

HURT by a trial of alprostenol 
o Echo will generally point the way to cardiomyopathy 

 Oxygen and diuretics 
 IV dobutamine: make the remaining myocardium work harder 
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The ridiculously anaemic child 
o We are talking Hb less than 50 
o THINGS WHICH POINT TO ACUTE HAEMOLYSIS: 

 Dark urine 
 Pale almost white feet and soles 
 Signs of heart failure 
 This tends to happen to sickle cell kids who get septic 
 This also happens in malaria 

Management is simple. Put the blood back in. 
 May also need diuretics. Overhydration will make the heart failure worse. 

 
 

The ridiculously anaemic child with a sickle cell crisis 
o VASO-OCCLUSIVE CRISIS: 

 Abnormal red cells clog all the little vessels 
 Tissue ischaemia ensues 

o OTHER CRISES: 
 Acute chest crisis 
 Sequestration crisis (RBCs trapped in the spleen and liver) 
 Aplastic crisis 
 Hyper-haemolytic crisis 

o WHY DO THESE HAPPEN? 
 No one knows 
 Infection, hypoxia, dehydration, acidosis, coldness, stress… 

 

 OXYGEN, rehydration, analgesia, antibiotics. 
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Tachyarrhymias             
 CAUSES 

 Re-entrant pathway (most common) 

 Poisoning 

 Metabolic weirdness 

 After cardiac surgery 

 Long QT 

 cardiomyopathy 

Bradyarrhymias             
 CAUSES 

 Pre-terminal in hypoxia (most common) 

 Raised intracranial pressure 

 Conduction pathway damage after cardiac surgery 

 Congenital heart block 

 INTUBATION: tickling the larynx causes a vagal response 

o Adrenaline 
o Atropine if it was vagal stimulation 

 

Emergency management           
o If there is shock and bradycarida, start CPR 
o If there is shock and VT, give a synchronized DC shock, 1 J per Kg 

 If that doesn’t work, progress to 2J/Kg 
o You may not be able to synchronize effectively 
o An asynchronous shock may cause the rhythm to deteriorate into VF 
o If the synchronous shocks are ineffective, use asynchronous shocks 

The Child with SVT 
o The most common non-arrest arrhythmia 
o Its usually 220-300bpm 
o Once you’re past 200bpm, you cant see any P waves anyway 
o The longer it continues, the more unstable your blood pressure 

o Vagal manoeuvres may be of use 
o Adenosine 100mcg/kg, up to a maximum of 500mcg/kg 

ONLY USE ONE DRUG: 
o Amiodarone 5mg/kg 
o Procainamide 15mg/kg 
o Flecainide 2mg/kg 
o Digoxin…. Maybe 
o Verapimil – NOT in the under 1 year olds.  

 DO NOT combine with amiodarone, beta-blockers, or flecainide. 
o  Propanolol 50mcg/kg – but, it may cause asystole. 

The Child with VT 
o Look for torsade de pointes - you will be wanting magnesium sulphate. 
o If the arrhythmia is due to drugs, its better to correct it with DC shock 
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The unconscious  or semiconscious child         
 CAUSES 

 Most of the time, its metabolic 

 Very rarely, it’s a structural lesion 
 The metabolic causes may produce false localizing signs; there may 

be assymetrical findings.  
 The metabolic cause are 

 Hypoxic injury 

 Epilepsy 

 Meningitis/encephalitis 

 Renal or hepatic failure 

 Reyes syndrome 

 Hypoglycaemia 

 Hypercapnoea 
 

Which coma is that?             
 Is there hypertension? 
 Is the fontanelle full? 
 Is there neck stiffness 
 Is there an acidotic pattern of respiration? 
 What size are the pupils, and are they reactive? 

 
There are only 3 absolute signs of raised ICP: 

 Papilledema 
 Bulging fontanelle 
 Absence of pulsation in retinal vessels 

 
 Is there hypertension? 
 Is the fontanelle full? 
 Is there neck stiffness 
 Is there an acidotic pattern of respiration? 
 What size are the pupils, and are they reactive? 

 
o The first test you is the BSL. 

 
o Everyone gets oxygen 
o Everyone is maintained in normoglycaemia 
o Keep sodium in the normal range, ? give half-normal saline 
o Maintain normothermia 
o Pad the eyes so they don’t dry out 
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Raised intracranial pressure 
 Oculocephalic reflex:  

 When the head is being turned left to right, the normal  response is to 
move your eyes away from the head movement direction 

 Also when the head is flexed, the normal response is to move the 
eyes upwards. 

 If these are absent, the oculocephalic reflex is impaired 
o CENTRAL SYNDROME: coning through the foramen magnum; 

 Neck stiffness and Cushings triad 
o UNCAL SYNDROME 

 Third nerve compression and ipsilateral dilated pupil. 

 Oculomotor palsy is next: eye cannot move laterally 

 Hemiplegia may develop 
 
YOU DO NOT PERFORM LUMBAR PUNCTURE IN THESE CHILDREN. 
   
When would you reconsider lumbar puncture: 

 Prolonged or focal seizures 

 Focal signs 

 Widespread purpuric rash 

 GCS les than 13 

 Dilated pupils 

 Dolls eye reflex impairment 

 Decerebrate or decorticate posturing 

 Thrombocytopenia 

 Cushings reflex 

 Obvious papilledema 

 Hypertension 
 

o Nurse head straight, at 30 degrees 
o Intubate and sedate 
o Keep PCO2 40-45 
o Give mannitol 250-500mg/kg 
o Think about dexamethasone 

 
A few other things: 

 CT head… everyone gets one 
 Is there otitis media? Its associated with meningitis 
 Subacute hours-long onset suggests meningitis 
 Retinal hemorrhage and dodgy story? Maybe contact DOCs 
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The Child with meningitis or encephalitis 
o Except the neonates, the commonest bug is Neisseria meningitides 
o The next commonest is Strep pneumoniae 

 
IN THE UNDER-3s 

o Signs and symptoms will be those of increased intracranial pressure 
o Poor feeding, pyrexia, unexplained crying, cyanosis, purpuric rash 

 
IN THE OVER-3s 

o Classic signs 
 

o Treat the ICP 
o Give cefotaxime 80mg/kg, and acyclovir  
o Give dexamethasone 0.15mg/kg BEFORE the antibiotic to redue the 

complication of persisting hearing loss 
 

 

The Child who drank the delicious green methadone syrup 
o Naloxone is the key 

HOWEVER: 
o BEFORE you give the naloxone, you want to normalize the CO2; because if 

you don’t, the naloxone will cause arrhythmias, APO, or asystole. 
o This is because opioid antagonists and hypercapnia both stimulate the 

sympathetic nervous system 
 

The Child in a metabolic coma 
o Reye syndrome, or “Reye-like conditions” – rapidly progressive 

encephalopathy, vomiting, drowsiness, convulsions and coma 
o There will be hepatomegaly, hypoglycaemia, high ammonia 
o ASK FOR A SERUM AMMONIA LEVEL -  send in a iced tube 
o Reye syndrome is caused by aspirin: that’s why you don’t give it to children. 

 

The Child with malaria 
o Diagnosis rests on thick and thin films 

o Give QUININE loading dose 20mg/kg over 4 hrs in dextrose 5% 
o Monitor ECG – QT will elongate 
o Give IV antibiotics, eg Cefotaxime 
o Transfuse if they hemolysed enough 
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The child with a seizure            
 Tonic clonic status epilepticus: 

 Generalized convulsions lasting over 30 minutes; OR 
 Generalized convulsions occurring so frequently over 30 minutes, 

that the child does not recover consciousness between them 

 
General factoids: 

 The longer the episode, the harder it is to terminate 

 If its longer than 5 minutes, it wont stop by itself, so use 
anticonvulsants 

 
Consequences: 

 Pulmonary oedema 

 Arrhythmias 

 DIC 

 Rhabdomyolysis 

 hyperthermia 
 
Long term consequences: 

 the younger you are, the worse it will be 

 persistent epilepsy, motor deficits, learning or behavioural 
problems: 6% of the over-3s, 29% of the under-3s 

 

So what if you are convulsing. Why is it such a problem? 
 Cerebral metabolic activity rises 3-fold 

 Blood pressure ries initially, and then falls 

 When it falls, cerebral perfusion falls, because mid–seizure you 
lose you ability to autoregulate the cerebral blood flow 

 Because of persisting muscle contraction, there is lactic acidosis 

 Because of decreased cerebral perfusion, there is creberal 
ischaemia, and thus cerebral oedema. 

 

Issues in assessment  
- Grunting may be a sign of seizure, not of airway obstruction 
- Hypertension is more likely the RESULT of the seizure, not the cause 
- Decorticate and decerebrate posturing can be mistaken for the tonic phase 

 
o Everyone gets oxygen 
o Everyone gets a BSL 
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Emergency management of the convulsing child      
o Airway, high flow oxygen, glucose 

o If there is vascular access, give LORAZEPAM 0.1mg/kg 

o If there is no vascular access, give PR DIAZEPAM 0.5mg/kg 

 Or… Buccal MIDAZOLAM 0.5mg/kg 

 
…wait 10 minutes, and give more Lorazepam if there is not benefit 
 

o Then: give PARALDEHYDE 0.4mg/kg PR 
o Then: give PHENYTOIN 018mg/kg  
o Then: perform an RSI with THIOPENTONE 4mg/kg  

 

what the hell is paraldehyde? 
o Cyclic trimer of acetaldehyde molecules 
o CNS depressant, hypnotic sedative antiepileptic  
o Half-life is rougly 8 hrs in neonates 
o Mechanism of action is very similar to the barbiturates: 

increase the duration of the GABA-chloride-channel opening  
o 90% is excreted in the lungs, as it is metabolized into 

acetaldehyde, then acetate, and then CO2 and water. 
o When it is not acting as a sedative, it is an industrial solvent. It 

can dissolve a plastic syringe in about 15 minutes.  
o It is highly flammable 
o It can cause rectal irritation 
o It tastes like burning, and needs to be mixed with milk. 

 
 

The drugs: 
o LORAZEPAM 

 Less respiratory depression than diazepam; half life 12-24 hrs 

 Poor rectal absorption 
o DIAZEPAM 

 Action lasts only 1 hr 

 Fast acting when given PR 
o MIDAZOLAM 

 Short acting 

 BUCCAL ADMINISTRATION: squirt it into the area between the 
lower bottom lip and the gum margin 

 Buccal midaz is twice as effective as rectal diazepam  
o PHENYTOIN 

 Measure the levels 60-90 minutes after the infusion has finished 

 Monitor the ECG 

 Peak action is within 1 hr 
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More drugs: 
o FOSPHENYTOIN 

 Pro-drug of Phenytoin 

 Can be administered more rapidly: Phenytoin uses propylene 
glycol as a solvent, and so needs to be administered very slowly 

 There are fewer cardiac side effects because there is no 
propylene glycol 

 75mg of this is equivalent to 50mg of phenytoin 
o THIOPENTONE 

 4-8mg/Kg 

 NOT an effective long term anticonvulsant 
 
 

General management 
o Normoglycaemia is the key 
o Normo-natremia is also the key 
o Normothermia is a good idea as well 

 
o RESTRICT FLUIDS:  60% of maintenance. 

 
o Aspirate the stomach contents, before it ends up in the lungs 
o If increased intracranial pressure is present, you will want to be 

dealing with it. 
  

The child with a systemic hypertensive crisis       
 Hypertnsion is rare in children: 

o Dysplastic kidneys 

o Obstructive nephropathy 
o Glomerulonephritis 
o Coarctation of the aorta 

MEASURING A CHILDS BLOOD PRESSURE IS A PAIN IN THE ARSE 

 Use the biggest cuff that fits comfortably on the upper arm 

 Systolic is more accurate 

 Diastolic is frequently misleading – you might hear the Korotkoff 
sound all the way down to zero. 

 The measured value needs to be compared against the normal 
age ranges.  

o Aim to reduce the blood pressure to 95% percentile over the next 24-48hrs 
o Aim to accomplish 1/3rd of the reduction over the first 8 hrs 
o If you lower it any faster than that, you risk infarcting the optic nerve heads 
o Drugs of choice: 

 Labetalol infusion – unless they are in heart failure 
 Sodium nitroprusside infusion – and monitor for cyanide poisoning  

Nifedipine: orally; better when you bite the capsule 
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Pediatric trauma             
General features: 

 Tissues are more elastic, less energy is deposited at the site of trauma and 
more energy is dissipated to other body regions 

 As in the adult, there is a sequential approach, and major problems should 
be addressed as soon as they are discovered 

Primary survey 
 AIRWAY with cervical spine control 

 If they are vomiting, tilt the strap board head-down 
 Intubate with in-line manual stabilization 

 BREATHING with ventilatory support 
 

 CIRCULATION with hemorrhage control 
 Blood pressure takes too long, you need to estimate the 

requirements for fluid resuscitation 
Signs suggestive of the need for immediate fluids: 

 

 Massive brady / tachycardia 

 Falling systolic BP 

 Poor capillary refill time 

 Tachypnea unrelated to thoracic trauma 

 Altered LOC unrelated to head injury 
 
2 large cannulas are mandatory 
 
Massive replacement in penetrating trauma is not 
indicated- it will disrupt the forming clot 
 
Use 10ml/kg boluses, rather than 20. 
 
Use saline to begin with. 
After 40ml/kg, start using blood.  
 

 DISABILITY with prevention of secondary brain injury 
Pupil inequality makes you want to do several things: 

 Control CO2 (40-45) 

 Maintain normotension 

 Give mannitol 

 Administer anaesthesia 

 Contact neurosurgery 
 

 EXPOSURE with temperature control 
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Things you need to find and deal with during the primary survey 
o Airway obstruction 
o Tension pneumothorax 
o Open pneumothorax 
o Massive haemothorax 
o Flail chest 
o Cardiac tamponade 
o Decompensating head injury 

 

Other things you might do during the resuscitation phase 
o Urinary catheter: only if they cant pas urine spontaneously or if there is a 

pressing need to measure urine output 
o NG tube placement 
o Analgesia: IV; no entonox if there is base of skull fracture or pneumothorax 

 

Secondary survey             
o “a simple but thorough search for the anatomical features of injury” 
o Surface, orifice, cavity, extremity 
o This is also where you do the log roll 
o LOOK FOR 

 CSF leak 
 Inside and ouside the mouth 
 Loose teeth 
 Otoscopy for haemotympanum 
 Ophthalmoscopy for retinal haemorrhage 
 Palpate the C spine 
 Inspect neck veins 
 Auscultate the chest 
 PR is only performed if it is going to change management 

 
 Get CT scans 
 Get an ECG 

 
Repeat the ABCDE! Especially if there is a deterioration. 
 
 ABG 
 Hemodynamics, hemoglobin, hemostasis 
 Urine output monitoring: 1-2ml/kg/hr 

 
METABOLIC SURVEY: EFGH 

 E lectrolytes 
 F luid balance 
 G astrointestinal 
 H ormones 
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Paediatric  chest injury           
General features: 

 Children have elastic chest walls: they can have massive visceral injuries 
without rib fractures 

 If there ARE rib fractures, it indicates extremely high energies 
 High metabolic rate, small functional residual capacity, thus they desaturate 

quickly 
 Flail chest is poorly tolerated because the ribs are more horizontal 

During the primary survery, you should pick up: 

 Tension pneumothorax 

 Massive hemothorax  

 Open pneumothorax 
 Flail chest – but paradoxical chest movement is less likely to be 

seen in children because severe pain on breathing will cause the 
child to splint their chest wall 

o Flail chest requires 2 weeks before it becomes stable 

 Cardiac tamponade- Becks triad; muffled heart sounds, distended 

neck veins, and shock.  
 

Later on, you may discover: 

 Pulmonary contusion 
 Oedema and interstitial/alveolar haemorrhage 
 Because the chest wall is so elastic, there is force transmitted 

directly to the lung 
 Oxygen and physiotherapy  
 It improves in 36 hrs 

 Tracheal or bronchial rupture 
 The clue is a persisting air leak through your chest drain 
 There may be subcutaneous emphysema 
 You may need more than one chest drain 
 Your pressure support should be limited so as to allow a 

small leak to close on its own 

 Disruption of the greater vessels 
 If they survive to get to hospital, the tear in the aorta has 

tamponaded itself within an intact adventitial layer (outermost layer) 
 The commonest site of rupture is at the ligamentum arteriosum, 

close to the origin of the left subclavian artery 
 They will be shocked and their pulses barely palpable 
 THERE WILL BE A WIDENED MEDIASTINUM 
 Avoid blood pressure fluctuations 

 Diaphragm rupture 
 More common on the left 
 More common with penetrating chest injury 
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Paediatric  abdominal injury          
General features: 

 It was blunt trauma, more than likely 
 The children are more susceptible because: 

 They have thin abdominal walls 

 The liver and spleen lie lower and more anteriorly 

 Elastic ribs offer little protection 

 The bladder is abdominal, not pelvic, and therefore more vulnerable 
when full 

Deceleration injury and blunt impact injury 
 Solid organs suffer most 

 Duodenum may rupture at the duodenojejunal flexure, or it may 
have a huge hematoma 

 Pancreas is at greatest risk from bicycle handlebars 

 Straddle injury with perineal hematoma suggest urethral injury 

Bits of examination which aid in assesment 
 Urethral meatus: is there blood? 

 Gastric drainage and decompression: is there blood? 

 IDC: only after urethral damage has been ruled out 

 Retrograde urethrogram?  
Non-operative management 

 Not everyone needs a laparotomy 

 Maybe you can just sit on the peritoneal hemorrhage, and the solid 
organs will sort themselves out 

 For this to work, you cant be coagulopathic, and there need to be 
frequent re-examinations 

 
Who needs a laparotomy: 

 Penetrating abdominal injury 

 Definite signs of bowel perforation 

 More than 40ml/kg replaced, and still in shock 
 
 

 
A renal pedicle injury probably cant be rescued: warm ischaemia time is only 45-60 min 
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Paediatric  head injury           
General features: 

 Commonest cause of death from trauma (40%) 

 In infancy, the most common cause of head injury is child abuse 
 

Primary brain injury 
 Direct consequence of the impact: 

Secondary brain injury 

 Hypotension 

 Hypoxia 

 Intracranial hypertension, when sutures close at 12-18 months 

 Seizures 
 
Normal cerebral blood flow = 50ml blood per 100g brain tissue per minute 
A fall below 20ml per 100g will cause ischaemia and thus oedema 
A fall below 10 will cause cell wall dysfunction  
 
The most common cause of raised ICP is cerebral oedema 
 

Factors suggesting a serious injury at triage 
 Substantial trauma 

 History of lost consciousness 

 Focal signs or generalized convulsions 

 Penetrating head injury 

 
When do you intubate them (the UK NICE criteria) 

 GCS < 8  
 Loss of protective laryngeal reflexes 

 Hypoxia or hypercapnia 

 Spontaneous HYPERventilation 

 Respiratory irregularity 

 
Glasgow coma scale 

 Is modified for the under-4s (mostly verbal response- cooing vs. 
conversing, crying vs making inappropriate sounds) 

 The “best grimace” response for the pre-verbals 

 
What else to look for 

 Retial hameorrhage = child abuse 

 Limb tone 

 papilloedema 
 



This document was created by Alex Yartsev (dr.alex.yartsev@gmail.com); if I have used your data or images and forgot to reference you, please email me.    

From the free Google scan of “APLS : the pediatric emergency medicine resource” by Gausche-Hill and Strange, as well as the APLS handbook and www.alsg.org 

Who gets an urgent CT head: 
 GCS less than 13, or 14 at 2 hrs after the injury 

 Open or depressed skull fracture 

 BOSF 

 Focal neuro signs 

 Multiple vomiting 

 Amnesia of over 30 minites of events BEFORE the accident 
 Dangerous mechanism 

 Seizure 

 Coagulopathy 
 

What else should you do 
 Give analgesia, or they will get hypertensive and develop raised 

intracranial pressure 
 

For whom will the neurosurgeon get out of bed 
 Persisting coma GCS <8 after resuscitation 

 Deteriorating LOC, especially changes in motor response 

 Focal neuro deficit 

 Seizures 

 Penetrating injury 

 CSF leak 

 Unexplained confusion for several hours 
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Paediatric trauma of the extremities        
General features: 

 Growth plates are 2-5 times weaker than boes and ligaments 

 Greenstick fractures: one cortex deforms without fracturing 

 There is DECREASED chance of fracture propagation 

 Comminuted fractures are rare 

 Childrens bones absorb more force than adults 

 Pelvic fractures are uncommon (the pelvis flexes, and the pelvic 
organs take a hit) 

 20% of your blood volume  can leak out into the fractured thigh 
 
Evaluation happens in the secondary survey 
 

Crush injuries of the abdomen and pelvis 
 Pelvic disruption =life threatening blood loss 

 Splint the pelvis 

 Put the blood back in 

 Embolization of the bleeding vessels may be needed (radiology) 
 

Traumatic amputation 

 Partial is more threatening than complete: transected vessels go 
into spasm, lacerated ones do not. 

 Tourniquets are out of fashion: they don’t stop bleeding from 
bones. Instead, use an elastic compression bandage, or press 
on the proximal end-artery 

 Dress the stump with a sterile dressing soaked in saline, and 
splint/elevate the limb. 

 Amputated part will remain viable for 8 hours at room 
temperature, or 18 hrs on ice. 

o Clean it 
o Wrap in moist sterile towel 
o Place in sterile sealed plastic bag 
o Put the bag in an ice box 
o The bodypart should not come in contact with the ice 
o It has to travel in the same vehicle as the child 

 Keep it even if you don’t plan to graft it. 
 

Massive open long-bone fractures 
 Open fractures cause twice the blood loss of closed fractures 

 Thus, a open femoral fracture = 40% blood loss 
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Things to do during the secondary survey 
 Active movement: don’t passively move their fractured limb 

 The key is to identify THE THREATENED LIMB: 
 

VASCULAR PROBLEM 
o Pulses present? 
o Cap refill present? 
o Decreased sensation 
o Rapidly expanding hematoma 
o A Bruit 

 
COMPARTMENT SYNDROME 
Symptoms start when the compartment pressure rises above capillary pressure. 
Pulse is lost when compartment pressure rises above arterial pressure. 

o Pain on passive stretching of the muscle 
o Decreased sensation 
o Swelling pallor of limb 
o Paralysis 
o Pulselessness- by this time irreversible damage has occurred 
o Usually, it will happen within hours of some sort of crush injury 

 
Emergency treatment 

 Alignment 
 Reduction 

 Immobilization 

 Traction 

 
The child with spinal trauma           

 Traumatic torticollis should be immobilized in their current position 

Factoids 
 Upper 3 vertebrae are the ones involved in the young children 

 In older children, it’s the lower 3 vertebrae 
 

Guidelines for clinically clearing the C-spine 
 No midline tenderness on palpation 

 No focal neuro deficit 
 Normal level of alertness 

 Not intoxicated 

 No painful distracting injuries 
- Pseudosublixation occurs in 9% of 1 to 7 yr olds; usually C2 on C3 or C3 on C4 

 
Atlantoaxial rotary subluxation is the most common injury;  
the child presents with torticollis 
 
if youre going to use steroids, use them within 8 hrs of the injury 
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The hideously burnt child           
General features: 

 Scalds mainly in the under 4s 

 Mainly in boys 

 Poverty and overcrowding is a risk factor 
 

Features determining severity: 
 Temperature 
 Duration of contact 

 
At 44 degrees, contact = 6 hours 
At 54 degrees for 30 seconds 
At 70 degrees within 1 second 

 

Primary survey 
 Airway burns 

 History of exposure to smoke in a confined space 

 High flow oxygen 
 

 BURNS SHOULD NOT CAUSE SHOCK: 

 If they are shocked, they are bleeding from somewhere 
 

 Exposure should be minimal: burnt children lose heat rapidly 
 

 

Secondary survey 
 Estimate the burnt area 

o Rule of 9s cannot be applied to the under-14s 
o Use the palm and fingers: its 1% 

 Estimate the depth 

 Look for circumferential burns of the limbs or the neck 

 Burns of the perineum are more porne to infection 
 

Emergency management 
 Analgesia 

 If over 10% of surface is burnt, give fluids: 
 

 Daily fluid therapy = percentage burn x weight (kg ) x 4 

 First half in the first 8 hrs 
 

 Cover the burns in sterile towel +/- cling wrap 

 Leave the blisters intact.  

 Don’t use cold compresses for longer than 10 minutes; never 
transfer the child with compresses in place. 
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Carbon monoxide posioning 
Measure carboxyhemoglobin: 

 2-20% = give oxygen 

 Over 20% = put them in a hyperbaric oxygen chamber 

 
Indications for transfer to a burns unit: 

 10% partial and/or full thicknes sburn 

 5% full thickness burns 

 Burns to “special areas”- hands, feet, face, perineum 

 Circumferential burns 

 Inhalational burn 

 Chemical, radiation, or high voltage burns 
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The electrocuted child            
General features: 

- AC is lethal at lower voltages than DC 

- Effects of an increase in current: 
o 10mA = tetanic contraction, cant let go of electrical source 

o 50mA = respiratory arrest due to diaphragmatic tetany 

o 100mA to 50A = primary cardiac arrest (a defib is 10A) 
o 50A and above = severe burns +  cardiorespiratory arrest 

 
Relative resistance of body tissues, from least to most: 

o Tissue fluid 
o Blood 
o Muscle 
o Nerve 
o Fat 
o Skin 
o Bone 

- Nerves, blood vessels, skin and muscle are injured most 
- Bone can continue to increase in temperature after the current has 

stopped 
- Swelling of damaged structures can cause compartment syndrome 
 

Primary and secondary survey 
 The key is to find the entry and exit point- that way you know 

what organs got in the way of the current 

 There will be burns 

 There may also be fractures from tetanic contraction 

 There will be rhabdomyolysis in the injured muscle: you may 
want to alkalinize the urine, and maintain an output of ~ 2ml/kg/ 

 There will be cardiac arrhythmias, and they will need to be 
monitored. 
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The drowned child            
General features: 

o There is no such thing as “near drowning” anymore 
o Definition is respiratory impairment due to submersion 

 

THE DIVING REFLEX 

o Bradycardia 
o Apnoea 
o Due to apnoea, hypoxia and acidosis 
o Due to hypoxia and acidosis, there with be tachycardia 
o There will also be hypertension 
o Eventually, breakthrough breathing will occur 
o When inhaled water touches the glottis, immediate laryngospasm 

occurs 
o After the laryngospasm subsides, you just inhale all this water 
o Pulmonary oedema ensues 
o Severe hypoxia then causes bradycardia and then asystole 

 
THERE  MAY ALSO BE SPINAL INJURY AND HYPOTHERMIA. 
 

You wont have too much of an electrolyte derangement form swallowing pond water 
 

Primary Survey  
 Risk of aspiration from swallowed water = intubate immediately 

 Decompress the stomach 

 Chest x ray changes will occur later, don’t wait for them 
 

 Patients should be lifted out of the water HORIZONTALLY  and 
not vertically. Vertical recovery may cause cardiovascular 
collapse due to loss of venous-blood-returning pressure from 
the surrounding water. Apparently acts as a huge TED stocking. 
 

 Look for hypothermia: shocks may be ineffective below 30 degrees 

 Rewarm internally if below 30 (externally if above 30) 
 Temperature should rise by 1 degree per hr to reduce chance of 

hemodynamic instability 
 
ACTIVE INTERNAL REWARMING: 

 39 degree IV fluids 

 42 degree ventilator humidifier 

 Gastric, bladder, peritoneal lavage with warm fluids 

 Consider extracorporeal blood rewarming 
 
If the initial rhythm was VF, its better to keep them cool – at 32-34 degrees 
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Emergency treatment 
 Brain ischaemia precedes cardiac ischaemia 

 Organisms that affect them are Pseudomonas and Aspergillus; 
cefotaxime should be started 

 ICP will rise because of hypoxic brain injury 

 Normoglycaemia is important 
 

Prognostic indicators 
 Duration of hypoxic-ischaemic injury 

 Adequacy of initial resuscitation 
 

SIGNS OF GOOD RECOVERY: 
o Time to respiratory effort < 3 minutes 
o Temperature less than 33 on arrival 

 

SIGNS OF DOOM: 
o Immersion time > 8minutes 
o Time to respiratory effort > 40 minutes 
o Persisting coma 
o Persisting acidosis ~ pH 7.0 
o Persisting hypoxia below 60mmHg 

 

 It doesn’t matter, fresh water or salty 
 

Outcomes 
 70% survive with basic life support 
 40% survive without basic life support 
 Of the survivors,  

o 70% will make a complete recovery 

o 25% will have a mild neuro deficit 
o 5% will be in a persisting vegetative state 
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Important Formulae for Paediatric Resuscitation      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

WEIGHT ESTIMATION: 
 

 Weight = (Age + 4 ) x 2 

ENDOTRACHEAL TUBE SIZE:  
   

Tube size  = (          ) + 4 
Age 
   4 

DEFIBRILLATOR ENERGY: 
 

 2 Joules per Kg first; 4 Joules thereafter 

DRUG DOSES: 
 
  ADRENALINE INTRAVENOUSLY 

 

10 mcg per kg;  = 0.1 ml per kg of 1:10,000 solution  

AMIODARONE: 
 

5 mg per kg  

ATROPINE 
 

20 mcg per kg 

ADENOSINE 
 

100 mcg per kg – and then 200… and then 300… 

ADRENALINE  NEBULIZED 
 

5 ml of 1:1000 solution 

FLUIDS 
 

One bolus is 20ml per kg; blood after 2nd bolus 
 

PHENYTOIN 
 

20 mg per kg, over 20 minutes 

DIAZEPAM 
 

0.25 mg per kg;  …….or 0.5 mg per kg when PR 

BLOOD 
 

10 ml per kg 

10% DEXTROSE 
 

5 ml per kg 

DAILY FLUID DEFICIT 
 

First 10 kg:  100ml / kg 
Next 10 kg: 50ml / kg 

Rest:  20 ml / kg 

TOTAL FLUID DEFICIT 
 

(% dehydration) x weight x 10 

BURNS FLUID DEFICIT 
 

(4ml per kg ) for every 1% of surface area burnt 
 
Total deficit is replaced over 24 hours; 
50% of this is replaced over the first 8 hours 



Depression and ManiaDepression and ManiaDepression and ManiaDepression and Mania                                                 
The topic John Mitrofanis tried to get kicked out of the GMP, on basis of it having no scientific foundation. 

 

DIAGNOSIS OF DEPRESSION          

WHEN DOES SADNESS BECOME DEPRESSION??  
- when these feelings become persistent and pervasive  

(e.g. when people are unhappy most of the day, every day for more than two weeks).  
- accompanied by thoughts of hopelessness,  
- inability to enjoy everyday activities  
- + variety of other symptoms such as sleeplessness or weight loss.  
- Occasionally, depressed individuals complain of vague aches and pains  
- rarely, they have delusional beliefs or hallucinations. 

 
TYPICAL DEPRESSIVE MANIFESTATIONS= mainly middle adult life. 
Others much harder to pick, eg. in an adolescent 
 
COMORBIDITIES:  
often anxiety, physical illnesses (e.g., stroke, hypothyroidism)  
or drug treatment (eg. corticosteroids). 
Occasionally, depression mimics dementia 

 
suicide risk needs to be assessed in every depressed patient. 
 Acute suicidal behaviour should be treated as a medical emergency. 

-   

DSM-IV Criteria for Major Depressive Episode      

Five (or more) of the following symptoms have been present during the same 2-week period  

and represent a change from previous functioning; 

 at least one of the symptoms is either  

(1) depressed mood or 
(2) loss of interest or pleasure.  

Note: Do not include symptoms that are clearly due to a general medical condition,  
or mood-incongruent delusions or hallucinations.  

(1) depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g., feels 
sad or empty) or observation made by others (e.g., appears tearful). Note: In children and adolescents, can 
be irritable mood.  
(2) markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day 
(as indicated by either subjective account or observation made by others)  
(3) significant weight loss when not dieting or weight gain (e.g., a change of more than 5% of body weight in 
a month), or decrease or increase in appetite nearly every day. Note: In children, consider failure to make 
expected weight gains.  
(4) Insomnia or Hypersomnia nearly every day  
(5) psychomotor agitation or retardation nearly every day (observable by others, not merely subjective 
feelings of restlessness or being slowed down)  
(6) fatigue or loss of energy nearly every day  
(7) feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly every day 
(not merely self-reproach or guilt about being sick)  
(8) diminished ability to think or concentrate, or indecisiveness, nearly every day (either by subjective 
account or as observed by others)  
(9) recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific plan, or a 
suicide attempt or a specific plan for committing suicide  

B. The symptoms do not meet criteria for a Mixed Episode (see p. 335).  
C. The symptoms cause clinically significant distress or impairment in social, occupational, or other important areas of functioning.  
D. The symptoms are not due to the direct physiological effects of a substance (e.g., a drug of abuse, a medication) or a general 
medical condition (e.g., hypothyroidism).  
E. The symptoms are not better accounted for by Bereavement, i.e., after the loss of a loved one, the symptoms persist for longer 
than 2 months or are characterized by marked functional impairment, morbid preoccupation with worthlessness, suicidal ideation, 
psychotic symptoms, or psychomotor retardation. 

 
 
 

risk factors for 
suicide: 
- Previous history of 

suicide attempt, 
- being male,  
- living alone, 
- recent bereavement  
- drug or alcohol use 

put together by Alex Yartsev: Sorry if i used your images
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CBT aims to help people with 
depressive disorders understand 
the link between their thoughts, 
behaviour and emotions 
= at least as effective as first-line 
pharmacological treatments for 
major depression (eg. Elkins, 
Gibbons, Shea & Shaw, 1996; 
Scot, 1996). 
= of equivalent efficacy in the 
treatment of severely depressed 
outpatients (DeRubeis et al., 
1999).  
= more strongly indicated in 
cases of mild to moderately 
severe depression or as an 
adjunct to medication.  
 
Also indicated if there was prior 
positive response to CBT 
 if the patient has a preference 
for psychotherapy, 
if medication is 
contraindicated,  
if a competent trained clinician 
with expertise in CBT is 
available. 

Management : Cognitive Behaviour Therapy and Depression/Anxiety     

=An attempt to modify thoughts, behaviours and emotions  
(assumed to be important components of depression: so its not all chemistry) 

There are four major theoretical models of depression 

Seligman's learned helplessness theory;         
when dogs and rats receive uncontrollable shocks they eventually become very helpless and 
give up trying to avoid the shocks. 
 Seligman found that humans react in much the same way, but only after making the attribution 
(or causal explanation) that they have no control over the negative events in their lives.  

people's attributions for past events shape their expectations about future events.  
When bad things happen to people with optimistic styles they attribute the negative 
outcome to causes that are  
- specific (confined to a particular event), 
- unstable (not likely to occur regularly) 
- external (not their fault alone) 
when bad things happen to those with a depressive style, 
the negative outcome is attributed to causes that are  

- stable (occur regularly), 
- global (occur across many situations)  
- internal (are their fault alone). 
Abrahamson's attributional model,   
highlighted the role of a sense of hopelessness critical in the development of depressive 
disorder.  
When a person with a depressive or pessimistic style experiences a negative event they 
will see these events as being uncontrollable, feel  
helpless, and become hopeless about regaining control. This hopelessness  
leads to depressive disorder. 

Lewinsohn's learning-based model,       
posits that negative life events bring about a change in the degree to 
which a person's interaction with their environment is rewarding.  

Less rewards � decrease in reward-driven activities � even less opportunity for rewards �even less activity 
 
Therapeutic strategies based on this learning based model require that individuals with depression actively increase 
rewarding behaviours in their lives. 

 

!! Beck's cognitive model. !! 
Beck's cognitive model of depression has been the most influential, widely researched and clinically applied model of major 
depression. 

CORE OF THE MODEL: “COGNITIVE TRIAD” 
1. Seeing themselves as worthless 
2. Seeing the world as hostile 
3. Seeing the future as bleak 

PLUS: characteristic “THINKING ERRORS”: 
• black-and-white thinking 

• overgeneralisation 
• catastrophising 

ALL THIS ARISES FROM EARLY LEARNING EXPERIENCES 
= enduring core belief systems about the person's view of themselves or their environment 
 
THUS: COGNITIVE BEHAVIOUR THERAPY:         

Patients are taught to systematically identify, evaluate and challenge the thoughts and beliefs that are 
believed to maintain their depression. 
For example, once an unhelpful thought is identified (eg. 'I will fail the test, which will show that I'm a failure as a person') the 
validity of the thought is evaluated and the dysfunctional assumptions and attributions are identified. Sometimes the 
assumptions will need to be tested by setting up a behavioural experiment in which an assumption is tested by real-life 
experience (eg. sit the test and see whether you pass or fail the test). Lastly, more realistic and helpful thinking is put in place of 
the negative thinking (eg.'I've passed other exams so far, it will be a difficult test, so even if I do fail, I am not a failure as a 
person"). The scheduling of activities is used in the early stages of therapy to counter the loss of motivation and hopelessness 
that characterises depression. A weekly activity schedule is used for planning activities that are rewarding to people in terms of 
the degree to which they bring about a sense of pleasure or achievement. Goal setting and problem solving can provide a 
structure to help depressed individuals to overcome the low motivation, excessive rumination and sense of hopelessness that can 
stop them from dealing with real-life problems and progressing in their lives. 

 
 



MANAGEMENT of  Depression/Anxiety              

IMMEDIATE: 
issues of safety (e.g. suicide risk); see next page 
the setting for treatment (e.g. hospitalisation vs. outpatient, voluntary vs. involuntary treatment); 
 medical management (e.g. treatment of self inflicted injury). 

 
SHORT TERM: 
assessment of relevant comorbidity which might impact on treatment  

- commonly anxiety disorders, such as  
- panic disorder,  
- agoraphobia  
- social phobia,  

- as well as substance abuse and personality disorders. 
- Alcohol abuse is one comorbid condition which has important relationships with depression. 

decision making regarding specific treatment of the depression 
���� ORGANIC and PSYCHIATRIC treatments: 

Organic treatments  
=  antidepressants, 
=  antipsychotics  
=  anxiolytics  
=  electroconvulsive therapy (ECT). 

Psychiatric treatments 
   = counseling and cognitive therapy. 

 
  Electroconvulsive therapy: !! LAST RESORT !!  

for sever unresponsive and life-threatening depression 

LONG TERM: 

maintenance treatment (both organic and psychological) following recovery 
depression is a recurring condition  
It is necessary to know how long antidepressants need to be continued following recovery and what strategies have been shown 
to be useful in preventing recurrences. 
 
elements of history most predictive of a serious suicide attempt: http://www.drrichardhall.com/suicide.htm 
 (Suicide Risk Assessment: A Review of Risk Factors For Suicide In 100 Patients Who Made Severe Suicide Attempts; 
1)  Severe anxiety (92%) and/or panic attacks (80%)  
2)  Depressed mood (80%)  
3)  Recent loss of close personal relationship (78%)  
4)  Alcohol or substance abuse (68%)  
5)  Feelings of hopelessness (64%), helplessness (62%), worthlessness (29%)  
6)  Global insomnia (46%) Partial insomnia (DFA or SCD or EMA) 92%  
7)  Anhedonia (43%)  
8)  A chronic deteriorating medical illness (41%)  
9)  Inability to maintain job or student status (36%)  
10)  Recent onset of impulsive behavior (29%)  
11)  Recent diagnosis of a life-threatening illness -- cancer, AIDS (9%)  
MAJOR RISK FACTORS FOR SUICIDE          

   History of suicide attempt(s)  

• History of psychiatric illness  

• Coexistent alcoholism or substance abuse  

• Manifestation of psychotic features, especially command hallucinations, severe psychic anxiety, panic attacks, agitation, 
and severe insomnia  

• Positive family history of suicide, especially parents  

• Social isolation (eg, living alone)  

• Unemployed  

• Physical illness, especially chronic pain or terminal illness  

• Increased age: peak risk in men is at age 75; in women, age 55 to 65  

• Gender: females make more suicide attempts, but males are four times more likely to die from suicide  

• Marital status: the widowed, divorced, separated, married without children, or never married are at greater risk  

• Communication to family, friends, or physician of intent, financial plans after death, or specific means of suicide  
Data from Ann N Y Acad Sci. 1997;836:288-301.  BMJ. 2002;325:149-52. 
Veterans Health Administration/Department of Defense clinical practice guideline for the management of major depressive 
disorder in adults. 

 
 
 
 
 

Most patients will require some 
combination of these and 
studies show that mixing 
organic and psychiatric 
treatments is more effective 
than either treatment alone. 



 
10% of a GP’s patients have anxiety disorders. 
 Every 6 months, 1 in 20 people will see a doctor about anxiety. 

Women twice more likely  
There is often a background of vulnerability, eg.  history of 
separation anxiety; plus precipitating factors… all lead to an 
episode 

Symptoms  

- "butterflies in the stomach" 
- diarrhoea 
- sweating 
- syncope 
- tachycardia 
- tingling in the extremities 
- tremors 
- urinary frequency, hesitancy or urgency 

anxiety may also be due to   
- major trauma,  
- drug withdrawal,  
- a range of physical illnesses (eg thyrotoxicosis),  
- depression or schizophrenia. 
 
 

Psychological models of anxiety        
 
Anxiety = fundamental negative affect (emotion) 
= a response to a threat, = “fight or flight”response  and hypervigilance + awareness of threat 

(may range from vague apprehension to intense dread or panic) 
 
PATHOLOGICAL ANXIETY: 

 the source of threat is not apparent or insufficient to cause given response 

 
Aetiology: 
Stereotyped response to threatening environmental 
features: eg. 
- size (large animals), 
- type of motion (reptiles),  
- sounds (crying), 
- certain interpersonal situations (separation 

anxiety). 

 
ANXIETY ENHANCES PERFORMANCE  
except at high levels, when performance deteriorates  
(Yerkes-Dodson Law). 

Separation Anxiety is the  

first emotion  
to appear in human development. 

= first appears at 6-7 months  

(when the brain is capable of evaluating threats) 
= anxiety at this stage strongly related to adult 
episodes (John Bowlby’s school) 
 
 
 
 
An adequate model of anxiety integrates data from a number of disciplines including evolutionary theory, developmental studies, 
neurophysiology, biochemistry, and the cognitive-behavioural school of psychology. Such a model provides a framework for 
therapy. 
 

DSM-IV (2000)criteria of GENERALISED ANXIETY:       
 
1) Excessive anxiety and worry (apprehensive expectation), during more days than not for at least 6 months,  
2)The person finds it difficult to control the worry.  
3) Associated  with three (or more) of the following six symptoms 
 (at least some symptoms present for more days than not for the past 6 months).  
Note: Only one item is required in children.  

(1) restlessness or feeling keyed up or on edge  
(2) being easily fatigued  
(3) difficulty concentrating or mind going blank  
(4) irritability  
(5) muscle tension  
(6) sleep disturbance (difficulty falling or staying asleep, or restless unsatisfying sleep)  

4) The focus of the anxiety and worry is not confined to features of an Axis I disorder, e.g.,  
- the anxiety or worry is not about having a Panic Attack (as in Panic Disorder),  
- being embarrassed in public (as in Social Phobia),  
- being contaminated (as in Obsessive-Compulsive Disorder),  
- being away from home or close relatives (as in Separation Anxiety Disorder),  
- gaining weight (as in Anorexia Nervosa), 
-  having multiple physical complaints (as in Somatization Disorder),  
-  having a serious illness (as in Hypochondriasis),  
- the anxiety and worry do not occur exclusively during Posttraumatic Stress Disorder.  
 

 
5) The anxiety, worry, or physical symptoms cause clinically significant distress or impairment  
 
6) The disturbance is not due to the direct physiological effects of a substance (e.g., a drug of abuse, a medication) or a general 
medical condition (e.g., hyperthyroidism) and does not occur exclusively during a Mood Disorder, a Psychotic Disorder, or a  
Pervasive Developmental Disorder. 
 
 



PHARMACOLOGY of anxiety         

Public Health Burden: 
"Forty five million working days are lost every year because of anxiety and stress conditions compared to 
760,000 due to strikes and labour disputes"  
(from the Scrip Report on Anxiety Disorders and the Market for Anxiolytic Drugs). 
 
BENZODIAZEPINES: 
Eg. diazepam (VALlUM, ANTENEX, DIAZEMULS, DUCENE),  
oxazepam (SEREPAX, ALEPAM, MURELAX),  
alprazolam (KALMA, RALOZAM, XANAX). 
ACTION: enhances GABA action on GABA-A receptors. 
(GABA-A receptors are CHLORIDE ION CHANNELS; made of 5 subunits, thus numerous drug targets) 
The influence of benzodiazepines may be restricted to less than 20% of GABAA receptors 
I.e those that DECREASE ANXIETY are called POSITIVE MODULATORS 
Those that INCREASE it are called NEGATIVE MODULATORS  
(eg. flumazenil (ANEXATE) can reverse benzo overdoses by antagonising both +ve and –ve modulation) 

 
!! PLUS !! there are endogenous benzo ligands. “endozepines” which are pro-anxiety (-ve mods) 
 
 
5-HT AGENTS: 
. Buspirone is a nonsedating anxiolytic drug that acts on 5-HT receptors 
- has high affinity for 5-HT1A receptors.  
The anxiolytic effect of buspirone takes days or weeks to develop.  
Unlike benzodiazepines, buspirone does not produce sedation or loss of coordination. 
 
 
Buspirone is an anxiolytic drug given at a dosage of 15 mg/day. The mechanism of action of the drug is not well characterised, but it may exert its 
effect by acting on the dopaminergic system in the central nervous system or by binding to serotonin (5-hydroxytryptamine) receptors. Following a 
oral dose of buspirone 20 mg, the drug is rapidly absorbed. The mean peak plasma concentration (Cmax) is approximately 2.5 micrograms/L, and 
the time to reach the peak is under 1 hour. The absolute bioavailability of buspirone is approximately 4%. Buspirone is extensively metabolised. 
One of the major metabolites of buspirone is 1-pyrimidinylpiperazine (1-PP), which may contribute to the pharmacological activity of buspirone. 
Buspirone has a volume of distribution of 5.3 L/kg, a systemic clearance of about 1.7 L/h/kg, an elimination half-life of about 2.5 hours and the 
pharmacokinetics are linear over the dose range 10 to 40 mg. After multiple-dose administration of buspirone 10 mg/day for 9 days, there was no 
accumulation of either parent compound or metabolite (1-PP). Administration with food increased the Cmax and area under the plasma 
concentration-time curve (AUC) of buspirone 2-fold. After a single 20 mg dose, the Cmax and AUC increased 2-fold in patients with renal 
impairment as compared with healthy volunteers. The Cmax and AUC were 15-fold higher for the same dose in patients with hepatic impairment 
compared with healthy individuals. The half-life of buspirone in patients with hepatic impairment was twice that in healthy individuals. The 
pharmacokinetics of buspirone were not affected by age or gender.  

Clinical pharmacokinetics and pharmacodynamics  f buspirone, an anxiolytic drug by Mahmood I, Sahajwalla C Division 

of Pharmaceutical Evaluation I, Food and Drug Administration, Rockville, Maryland, USA.  Mahmoodi@CDER.FDA.GOV 

Clin Pharmacokinet 1999 Apr; 36(4):277-87  
 
 
 
 

RISK FACTORS OF DEPRESSION       

 
RISK FACTORS FOR BIPOLAR DISORDER ARE GENETIC AND BIOLOGICAL 

For major depression, they are psychosocial. 
Evidence for the risk factors for major depression come from four different sources: 

• large scale epidemiological studies.  

• case-control studies  

• family history studies  

• twin studies, (behavioural genetics  
Epidemiology  
Evidence for sociodemographic risk factors for depression hase come from epidemiological studies. The Environmental Catchment Area study, 
was a large scale epidemiological study carried out at six different sites in the United States in the early 1980s. More recently, another large study 
has been conducted in the United States, the National Comorbidity Study. In the United Kingdom a similar large scale study has been undertaken, 
the Prevalence of Psychiatric Morbidity among adults living in private households. 

RISK FACTORS: 
- being female inid age group (not very young or very old) 
- low socioeconomic status 
- being a single parent with children 
- being unemployed or economically inactive 
- lower level of education 
- being a homemaker rather than having outside employment 



Females more often depressed because ? men express distress through substance abuse and antisocial behaviour, whereas 
women are more likely to express distress with depressive symptoms.  
Another explanation is that women are subject to more life stresses than men ?  
 

PROTECTIVE FACTORS: 
Being marrier is protective for MEN but NOT FOR WOMEN! 
it is the quality of the marital relationship that is important in protecting against depression.  
 

Genetic basis for bipolar disorder has been demonstrated in twin studies in which the monozygotic concordance 

rate for bipolar disorder is 0.79, and for dizygotic twins is 0.24.  
For people suffering from bipolar disorder, the risk of a first degree relative for bipolar  = 2.9% to 14.5%.  
risk for their first degree relatives to suffer from major depression = 4.2% to 24.3%.  
GENE LOCUS IS YET TO BE IDENTIFIED 
 
Case Control Community Based Studies  
Brown and Harris study n London = life events precipitate depression among vulnerable individuals. 

VULNERABILITY FACTORS: 
• Early life experiences.  

• having experienced poor or dysfunctional parenting  
(characterised by a lack of care or parental warmth) 

• Having a parent die before the age of 13 years 

•  Child abuse (sexual or physical)  
• Personality type; neuroticism or interpersonal sensitivity increases the risk of depression.  

• The type of social support.  

• Individuals with poor social support,  

• being in a dysfunctional relationship 

•  having a reliable confidant.= PROTECTIVE FACTOR 

• Social support may influence stress levels by buffering the individual against the emotional effects of 
stress.  

• A social network might also provide practical support in the face of adversity.  

• Parity.  

• For women there is an increased risk of depression associated with childbirth, which may precipitate a first 
episode of depression.  

• Having young children at home and no outside or paid employment are major risk factors.  
 
Life stresses and chronic difficulties  
the impact of frequent (even positive) changes may be as pathogenic as a bereavement. 

Behavioural Genetic Studies  
 In these, the strongest predictors of depression are  

• stressful life events,  

• a genetic background of depression,  

• having a previous history of depression  

• having a personality style characterised by neuroticism.  
These studies have also found some associations with poor social support, early parental loss and early parental dysfunction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ASCENDING MONOAMINE SYSTEMS: 
Mood, behaviour and affect         

4 actors: 
Catecholamines: Dopamine, Noradrenaline, Adrenaline. 
Indoleamines:5-HT (serotonin) 
These neurone cell bodies are situated mainly in the brain stem 
 
 Aminergic cells groups in the rostral pons and midbrain  

• the Locus Coeruleus (NA), 

• the Rostral Raph Nuclei (5-HT)  

• and the Ventral Tegmental Area (DA) 
= sources of direct, monosynaptic projections to the forebrain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SLEEP DISORDERS           
Insomnia is a complaint not a diagnosis. 

INSOMNIACS perceive that their sleep is inadequate or non-restorative.  
frequently complain about  
- fatigue  
- irritability 
- mood disturbance 
- poor concentration 
- reduced work performance  
- daytime sleepiness. 
Insomnia may be experienced as difficulty initiating sleep or difficulty maintaining sleep or both.  

CRITERIA: Chronic insomnia = insomnia lasting one month or more.  
Approximately 10% of adults have chronic sleep difficulties and of these, 25-50% take regular medications  

Women are more likely than men.  
Prevelance increases with age. 
costs $100 billion annually in medical costs and decreased productivity. 

 
Persistent insomnia = a frequent precursor of depression,  
THUS prevention or successful treatment of insomnia is likely to reduce the prevalence of depression. 
 
Most patients with insomnia try some form of self-treatment prior to seeking medical assistance, including many inappropriate 
sleep behaviours such as reading or watching television in bed, non-prescription medication (anti-histamines, imported melatonin, 
herbal remedies such as valerian root) and alcohol. 
 
 

 target widespread regions of the cerebral cortex 
= profound effect on mood and behaviour 

Nigrostriatal System 
 

Mesolimbic System 
 

Mesocortical System 
 

Caudate  
     and  
Putamen 
 

Pass through the lateral hypothalamus 
 

Ventral Tegmental Area  
         in the midbrain 
(medial and superior to 
substantia nigra) 

Substantia Nigra 
pars Compacta 
 

subcortical areas 
- nucleus accumbens, 

amygdala  
limbic cortical areas 
- medial prefrontal, 

cingulate,  
- entorhinal 
  

dorsolateral 
prefrontal cortical 
areas 
  

LOCUS COERULEUS 
Floor of 4th ventricle  
(rostral pons) 
 

Dorsal noradrenergic bundle 
Ascends through midbrain 
 

Passes through 
mediobasal forebrain 

 

Enters cingulate gyrus 
 

Medial Cortical Regions 
+ Hypothalamus 
+ Thalamus 

ROSTRAL RAPHE NUCLEI 
(@caudal midbrain and rostral pons) 

Cerebral cortex, hypothalamus, thalamus 



COMORBIDITIES:   
- chronic pain states 
- musculo-skeletal conditions (e.g. fibrositis) 
- chronic fatigue syndrome,  
- chronic lung disease, 
- gastrointestinal disorders (e.g. irritable bowel, reflux oesophagitis)  
- cardiac disease.  
Depression and insomnia are closely interlinked.  
a high prevalence of insomnia in patients with anxiety disorders.  
restless legs/periodic movements in sleep or sleep apnoea may present with insomnia. 
 

The commonest form of chronic insomnia is psychophysiological insomnia.  
This disorder commences with transient insomnia  
chronic insomnia results from abnormal conditioning processes and learned sleep-inhibiting associations, 
 i.e. bedtime leads to hyperarousal rather than sleep. 
Hypnotic medication is appropriate for severe cases of transient insomnia; not useful in long-term. 
behavioural therapies are important in insomnia management.  
Bright light exposure assists management in patients with disordered circadian rhythm-sleep interactions 
 
Nolte (1993) The Human Brain 3

rd
 Ed. Table 11 (excerpt). p. 418) 

Neurotransmitter Location of neurons Location of terminals Action 

Sympathetic ganglia Glands, smooth muscle NORADRENALINE 

Locus ceruleus, 
 reticular formation 

Widespread areas of forebrain, 
cerebellum, brainstem, spinal cord 

• These cells are nearly silent 
electrically during sleep.  

• They become somewhat active 
during wakefulness. 

•  They are most active in 
situations that are startling or call 
for watchfulness. 

•  Hence the locus ceruleus and 
other noradrenergic neurons 
may play a role in maintaining 
attention and vigilance 

 

Substantia nigra 
(compact part) 

Caudate nucleus, putamen 

Ventral  
tegmental area 

Limbic structures, cerebral cortex 

Hypothalamus Infundibulum 

Retina (some 
amacrine cells) 

Local 

DOPAMINE 

Olfactory bulb Local 

• The nigrostriatal and 
mesocortical projections to 
motor cortex are both 
consistent with the idea that 
the dopaminergic system is 
involved in the initiation of 
movement.  

• Its disruption is instrumental in 
the movement deficits seen 
in Parkinson’s disease.  

• However, the extensive 
dopaminergic projections to 
limbic structures and other 
cortical areas suggest that this 
system is also involved in 
motivation and cognition 

 

SEROTONIN Raphe nuclei Widespread areas of forebrain, 
cerebellum, brainstem, spinal cord 

• The firing rate of 
serotonergic neurons also 
fluctuate with sleep and 
wakefulness. 

•  It has been proposed that the 
serotonin system is more 
important for determining the 
overall level of arousal while 
the norepineprine system 
more important for phasic 
changes in level of attention. 

• n addition, the serotonin 
system has at least one other 
important role, as part of the 
descending pain-control 
system 

 

 
 

 
 



ANATOMY OF EMOTION          
Mitrofanis lecture 2004-04 

NEUROLOGICALLY emotion is defined as motor response to sensory stimulus 
A FEELING is a CORTICAL RECORDING i.e how a cortex perceives an emotion 
 
LIMBIC SYSTEM: means “ring”; = is a ring around the corpus callosum 
Composed of : 
- Cingulate gyrus 
- Hypothalamus 
- Hippocampus (only memory!!) 
- Amygdala 

 

NEOCORTEX AND THALAMUS: Mood generators       
Cingulate Cortex:  

INPUTS: from mamillary bodies of hypothalamus via the anterior nuclei of thalamus  
FUNCTION: pain perception 

   Some autonomic response to pain 
  LESION: no negative perception of pain; it hurts, but I wont avoid doing it again 
Ventral Prefrontal Cortex: @ base of corpus callosum 
  INPUTS: from medial dorsal nuclus of thalamus 
  FUNCTION: a mood generator; connects to Amygdala 
  LESION: in chronic depression 50% of PFC is missing 
   In bipolar depression, prefrontal activity is HIGHLY INCREASED 
   Extensive lesion = disturbance of intellect 
Orbitofrontal cortex: 
  INPUTS: medial dorsal nucleus of thalamus 
  FUNCTION: Anxiety and Anger  

control of visceral autonomic activity, gut in particular  
Temporal Cortex:  
  FUNCTION: fear and sexual activity, plus memory storage 
Insula cortex:  
  FUNCTION: love and some autonomic function 

 
HYPOTHALAMUS: the prince of emotion, a tiny nodule of the Diencephalon   
CONTROLS EMOTIONAL EXPRESSION AND AUTONOMIC ACTIVITY 
 INPUTS: 

- From HIPPOCAMPUS especially the fornix 
- From AMYGDALA (pathway = striae terminalis) 
- From BRAINSTEM RETICULAR FORMATION (sensory) 
- From RETINA (via suprachiasmatic nucleus, for circadian rhythms) 
- From OLFACTORY CORTEX 

  OUTPUT: 
- Back to BRF for control of somatic and visceral movement 
- To SPINAL CORD for visceral activity 

- To anterior nuclei of the Thalamus, via the Mamillary Bodies  
 
TO THE PITUITARY GLAND: a pair of VASCULAR PATHWAYS 
- To the ANTERIOR PITUITARY: Paracrine stimulation 

- Releasing hormones are sent down portal veins  into the ANTERIOR PITUITARY 
- Anterior pituitary releases ENDOCRINE HORMONES 

- To the POSTERIOR PITUITARY: 

- Via “paraventricular tract” veins 
- Release OXYTOCIN and VASOPRESSIN 

BASIC FUNCTIONS: 
- Monitoring of bodily functions and addressing of imbalances 
- A VISCERAL RELAY into the cortex: 

- Expression of emotion: “freeze” response; “fight or flight” response 

- POSTERIOR MEDIAL AND LATERAL HYPOTHALAMUS 

 =stimulates anger and aggression via the amygdala and the BRF 
- LATERAL HYPOTHALAMUS: pleasure and love 
- SEPTAL HYPOTHALAMUS: sex and every other good thing 

 

 
 
 
 



AMYGDALA: “almond”; the rattle on the tail of the caudate 
INPUTS:  
- From  BRF 
- From Thalamus 
- From Septal Hypothalamus 
- From Hippocampus 
- From olfactory cortex 
 
FUNCTION: 
- Interface with memory centres: EMOTIONAL TAGGING OF MEMORY 
- It is much easier to deposit memories associated with fear or anxiety 
- Plus, amygdala also generates Social Hierarchy Aggression (chest beating and bellowing) 

- = is the centre of Social competition 
 

LESION TO THE AMYGDALA: NO FEAR, NO ANXIETY, NO AGGRESSION. 
- Emotional flatness and emotional amnesia  

(inability to respond with emotion to painful or pleasurable memories) 
- Patients become very oral, i.e. prone to examining things with their mouths 
- Patients may also become injuriously sex-crazed, but with preservation of intellect 

 

MOOD DISORDERS: Dx ���� Hx         
Mood is an emotional health state. 

MANIA: excessive happiness. 
- Spectrum of hypomania to Mania with psychotic features 
- Increased physical activity 
- Euphoria 
- Irritability 
- Delusions 
- Frenzy 
- hallucinations 

Depression 
(theory of categories): 
- Endogenous (biological abnormality) versus Reactive (response of personality to experience) 
(theory of continuum): 
- A question of degree only; PSYCHOTIC DEPRESSION: one with beliefs which aren’t true (delusions) 

 
BIPOLAR: need mania +/- depression 
 
UNIPOLAR: must have never had a manic episode 
Melancholic (continuous)  vs. Non-melancholic (reactive to life events) 

 
DYSTHYMIA 
- Improper reaction to life events; over-reaction 
 

CYCLOTHYMIA: constant instability of reaction 
 

ADJUSTMENT DISORDER = temporary depression 
 

PSYCH HISTORY: 
- Loss of interest of enjoyment of life 
- Duration criteria = over 2 weeks 
- Diurnal mood variation = morning depression 
- Sleep  disturbance= early waking 
- Decreased appetite 
- Decreased libido 
- Decreased concentration 
- Amenorrhea 
- “RETARDED DEPRESSION” – psychomotor slowing 
- “DEPRESSIVE STUPOR” – sitting, not speaking. 
- MASKED DEPRESSION is that which is not expressed  

(wholly internal) 

- PREMORBID PERSONALITY is crucial: what did you do before ? 
 

To diagnose bipolar disorder, you 
need MANIA but  
not necessarily depression (!!) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



HIPPOCAMPUS 

MECHANISM OF DEPRESSION AND ANXIETY        
 
 

 

BDNR: brain-derived 
neurotrophic factor 
within neurons, product of cAMP-
mediated 2° mess system  
→ nourish & flourish neuron 
→ synaptic plasticity 

By Eleanor Curtin 

POSSIBLE PATHOGENESES: (1) ∆e & neuroanatomy  (2) Neurotransmission 
NORMAL POSTNATAL BRAIN DEVT: 
Intense brain devt in early childhood: neurogenesis, synaptogenesis 

Hotspots of activity = HIPPOCAMPUS (Limbic System, learning & memory) and  
CEREBELLAR VERMIS (production, release Dopamine & NAdr).  
Highest concentration of cortisol receptors in Limbic system & vermis. 
 
 
 

Stress 

↑↑↑↑ CORTISOL 

UNDERDEVELOPMENT of 
cortical modulation of 

LIMBIC SYSTEM 
 
CEREBELLAR 
VERMIS 
UNCONTROLLED!! 

↓↓↓↓ SIZE 
→ dendritic atrophy  
→ neuron destruxn  
       (if  prolonged) 
→ blocks neurogenesis 

→ ↓↓↓↓ synaptic plasticity 

Hydrophobic: 
stays in blood 
hrs/days 

↑↑↑↑↑↑↑↑ CRF 

GLUCOCORTICOID XS 
50% depressives have 
hypercortisolemia 
→ HT 
→ immune supression 
→ counters Insulin 
Suppression of unessentials 
→ growth 
→ repair 
→ reproduction 

 Neurotrophic inhibition 
decreases BDNF mRNA 

AMYGDALA 

→ atrophy 

ENVIRONMENTAL 
PRIMING  

Disturbed tagging of emotion to 
memory: exaggerated response to 
stimuli. Vulnerable to stressful life 
events 
Abnormal Dopamine, Nadr prod. 

evidence 
that 5-HT 
stimulates 
cell prolif 
@ hippo-
campus 
via BDNR 

Dysfunctional 
neurotransmission of  

5-HT 
 NAdr 

 

GENETIC 
early onset: 
5-HT transporter gene 
polymorphisms 
late onset: 
ApoE (Alzheimer’s assoc) 
MTHFR (vascular disease 
risk factor assoc) 
 

MRI 
→ frontal lobe atrophy 
→ deep white matter ∆s 
→ periventricular ∆s 
=sml progressive ∆s in 
subcortical white matter 

AUTONOMIC FX 
Loss of 5-HT, Nadr regulatory role 
means ↑↑ SYMPATHETIC ACTIVITY: 
@ cardiovasc: ↑HR, ↑CO, ↑PVR 
palpitations, chest pain, dyspnoea, dizzy 
@ GIT: diarrhoea 
@ GU: frequency, urgency, hesitancy 
 

CONCOMITANT 
ANXIETY 

DEPRESSION 

> 4 STRESSFUL 
LIFE EVENTS 

DYSFUNCTIONAL 
NEUROTRANSMISSION 

What boosts 
BDNF? 
→ antidepressants 
→ exercise 
→ ECT 

ANTI-DEPRESSANTS 
SSRI’s 5-HT blocks reuptak e 
TCA’s 5-HT, Nadr   “       “ 
MAOI’s 5-HT, Nadr blocks metab 

DESPAIR 
& Cognitive features 

of ageing 

BDNF 
suppression can 
occur without GC 
involvement 



Mighty Opium           
In EMERGENCY: overdosed opium fiends, drug seekers and infectious complications 

OD looks like this: 
 Slowed repiratory rate, <13;  
 Pinpoint pupils 
 Coma 
 Low blood pressure 
 Pulmonary oedema 

SALIENT FEATURES OF HISTORY:        
    Related to injecting use:  
     Infections, endocarditis, vein state, transmissible diseases 
    Related to psychological consequences: 
     Symptoms of psychotic illness 
     Symptoms of withdrawal and evidence of tolerance 
     Symptoms resulting from malnutrition and anorexia 
     Symptoms resulting from poor self-care 
    Related to social consequences: 
     Withdrawal, failure in work, education or relationships 
    Related to forensic history: 
     Extent of legal repercussions, eg. assault, possession etc… 
    

 
 
PHYSICAL EXAMINATION:      
Look for track marks, abscesses, signs of poor self-care 
Listen to the heart for murmur of endocarditis 
Take temperature (is it high because of infection, or because of withdrawal?) 
 

INVESTIGATIONS:           
  BSL especially if unsure what sort of coma this is 

  EUC especially if mental state changes are prolonged 
  LFT especially if using intravenously  
  Viral serology: Hep C is the major concern; HIV and Hep B also important 
  Urinalysis to look for heroin metabolites, chiefly morphine and 5-MAM 
  Echocardiogram to rule out endocarditis 

Abdo Xray if constipated  
 
 
 
 

WITHDRAWAL (heroin): 
More nightmarish and prolonged with 
methadone 
Signs and symptoms Time to onset 
First stage 8 hours 
Yawning   
Perspiration  
Runny Nose and eyes  
Second stage 12 hours 
Dilated Pupils  
Hair standing on end  
Muscle twitches  
Hot and cold flushes  
Bone, joint and muscle pain  
Anorexia  
  
Third stage 18-24 hours 
↑ blood pressure  
↑ temperature  
↑ pulse rate  
Restlessness  
Nausea  
Insomnia  
  
Fourth stage 24-36hours 
Feverish face  
Position-curled up  
Vomiting  
Diarrhoea  
Spontaneous ejaculation or 
orgasm (high dose 
withdrawal, quite scary) 

 

Withdrawal from heroin; onset 8-24 hours, duration 4 - 10 days.
Withdrawal from methadone: onset 12 –48 hours, duration 10 –20 days 

put together by Alex Yartsev: Sorry if i used your images
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MANAGEMENT           
ACUTE: in the EMERGENCY setting: 
  Life and limb not threatened? SEDATE AND OBSERVE. Diazepam 10mg PRN 
  Severe intoxication? Unconscious overdose? 

- Secure airway (may need to intubate) 
- Urinary catheter (monitor output) 
- NALOXONE in small increments, until you raise the dead 
- Regular chest auscultation: looking for pulmonary oedema 
- Frusemide if pulmonary oedema develops 
- IV fluids if dehydrated 
 

DETOXIFICATION:            

  Medications to treat symptoms of withdrawal  
Involves the administration of various drugs to treat individual symptoms as they arise: 
- Nausea   metoclopramide (MAXOLON)  10mg, 4-6 hours 
- Muscle aches/pains  paracetamol   5mg, 4-6 hours 
- Muscle cramps  quinine    300mg, twice a day 
- Abdominal cramps  hyoscine    20mg, every 6 hours 
- Sleeplessness/anxiety diazepam (VALIUM)  10mg 6 hours. Stop after 3-4 days 
- Diarrhoea   Lomotil as required 

- CLONIDINE: weirdly central-acting blood pressure tablet; improves “the shakes” 
- Antidepressants can help with the whole process 

MAINTENANCE:             
Methadone: long acting synthetic opioid, terrible withdrawal, daily dosing (with “take away” doses for patients 
who behave well and do as they are told). Plus it makes you desperately unhappy. 

Buprenorphine 
Studies have demonstrated buprenorphine to be: 

1. More effective than systematic medications to relieve symptoms 
2. More effective in retaining patients through the withdrawal episode 
3. More effective in reducing heroin use in outpatient settings. 

 
As with other treatment regimes, the aim of this treatment is the reduction of withdrawal symptoms and cravings. 
Before commencing treatment, patients must abstain from heroin for at least 6 hours, take  
no methadone for 24 hours and patients need to abstain from heroin use until stabilised on Buprenorphine. 
WARNING! 
Unsupervised use of other sedative drugs, such as benzodiazepines, alcohol, opiates, tricyclic anti depressants in 
combination with Buprenorphine can be extremely dangerous, resulting in coma, respiratory depression 
and even death. 

 
 
 
 
 
 
 
 
 
 
 
 

Immediate Effects: 
Acute reversal of OD 
Extreme unhappiness 
Nausea, vomiting, diaphoresis 
Hyperalgesia 
Agitation / Anxiety 
Hyperventilation 

Choice of setting very important; does this person need to be in hospital? 
If they are motivated, they can detox at home. 



 
NEUROPHARMACOLOGY OF OPIATE DRUGS      

Actions of opiates 
- Analgesia 

- acute & chronic pain 
- not very effective for neuropathic pain 

- Euphoria 
- sense of contentment / well being 
- also sedation 
- with IV use, a sudden “rush” 

- Respiratory depression  
occurs with therapeutic doses 

- Due to Decreased sensitivity to raised 
PaCO2 in brain stem 

- Gastro-intestinal tract (intramural nerve 
plexuses) 

- increased sphincter tone: decreased 
motility 

- constipation (side effect) : treat diarrhoea 
- Reduced Cough reflex 

- not related to analgesia 
- codeine effective in sub-therapeutic doses 

- Pupillary constriction 
- m & k receptors in occulomotor nucleus 

(III) 
- reversed by I.V. naloxone 

-      Nausea & vomiting 
- area postrema (medulla) - chemoreceptor 

trigger zone (CTZ) 
-  in approximately 40% initially 
- usually transient with repeated 

administration 
 

Heroin uptake by opiate g-protein-coupled receptors  
 Phosphorylation (inactivation) of Receptor
Underexpression of receptors (to combat 

heroin influx) 
THUS: loss of total excitability;  
THUS NEED MORE DRUGS FOR SAME EFFECT 
All opiate receptors are affected by heroine and 
morphine 
Mu  and Delta receptors:  

- Analgesia (spinal / supraspinal) 
- Behavioural 
- Respiratory depression 
- Reduced gastro-intestinal motility 
- Pupillary constriction 
- Physical dependence 

Kappa Receptors: (methadone affects these selectively) 
- analgesia (spinal) 
- dysphoria / sedation 

-G protein coupled opiate receptors: μ, δ, and κ 
 1) mu receptor activates G protein and thus adenylate cyclase 

2) this leads to a fall in cAMP; which in turn leads to reduced activity of cAMP dependent protein kinase A (PKA) 
3) Potassium channels activate, calcium channels de-activate; this results in a decrease in action potential and 
reduced neurotransmitter release. In total: a reduced electrical excitability of Mu-carrying neurons. 
4) in the Ventral Tegmental Area, these neurons normally suppress the firing of dopaminergic neurons into the 
Nucleus Accumbens; thus disinhibition leads to over-excitation of the NATURAL REWARD SYSTEM, with 
buckets of dopamine getting dumped each time you inject. 



Personality Disorders: Axis II       
STRESS DEFENCE COPING MECHANISMS: 

Immature Defences 
 Projection where ones’s own faults are experienced as belonging to someone else. Usually exhibited  

as the avoidance of intimacy, holding grudges, scapegoating and mistrusting others. 
 Denial which is purely non-verbal; it’s a reaction which refuses and invalidates perceptions, feelings,  

thoughts and impulses 
Acting out blind release of impulses, rather than conscious awareness of feelings 
Splitting :”the ability to simultaneously hold two ore more contradictory attitudes without being  

consciously aware of their incompatibility”. Apparently derived from the splitting of an infant’s  
sense of self, where the self during  a period of security is perceived as different from the self  
during a period of distress 

Passive-aggressive behaviour is aggression towards others exhibited passively though  
procrastination, sabotage, intentional mistakes, or memory lapses. 

Neurotic-level defences 
 Isolation of affect where feelings are isolated from awareness, so that the awareness can focus 
on perceptions, thoughts and actions.  Alternatively the thoughts and perceptions can be isolated so that 
an appropriate affect can be maintained. 
Intellectualisation , logical thinking and talking minimise the awareness of feelings 
Rationalisation is explaining away the distressing feelings by distortion, use of pseudo-logic and  
mis-use of facts. 
 Identification in order to change one’s self-perception, one takes on the values, behaviours and  
other characteristics of a different person. Eg. identifying with the aggressor makes one feel less weak and  
vulnerable. This often occurs in victims of child abuse or neglect. 
 Displacement the target of an impulse is not consciously appreciated; and so the impulse is re- 
directed to another target, one which is consciously seen as more deserving or love or of attack (“kicking  
the cat”  
 Reaction formation consciously expressed thoughts of feelings disguise or ward off their  
opposing intent; eg. orderliness defends against fear of loss of control 

 
People with personality disorders may occasionally display mature coping defences, eg. 
altruisim, sublimation, non-destructive humour; but these are not prominent. 
 

 
 
 
 
 
 
 

Personality derives from the latin “Persona” 
which was a mask, worn by actors in a play…

MANAGEMENT: 
GENERAL GUIDE: 

Limit setting- realistic / define; explain purpose of hospitalization at the beginning of stay     
 Define goals- short or longer term; restoration of former capacity, or change of personality 

• Aim for longer term stable therapeutic relationship: decide & define duration & level of contact 
• Monitor countertransference 
• aim to improve :            

self worth, motivation for change, crisis problem solving 
 
SPECIFIC INTERVENTIONS: 

• Behavioral  for simpler  deficits: 
• eg assertiveness training or anxiety management techniques; anger management and coping skills training 
• Brief / solution focused psychotherapy for crisis management and adjustment disorders 
• some pharmacological adjuncts useful 
• hospital stay should not be prolonged; institutionalization occurs rapidly  
• Longer term for more complex/mixed axis I & II eg dynamic/Self psychology/DBT 

 
FOR BORDERLINE: 

• Short term harm minimisation/containment (crisis admission only, or else they will get used to the attention) 
• Psychotherapies-Self psychology and DBT similar results-1/3 no longer meet criteria after 1 yr.  

Stable at 5 yr follow up (?2/3 at 2 yrs)  
• management of associated diagnoses including depression/substance abuse /eating disorders 
• pharmacological adjuncts for self harm and aggression esp with FH of mental illness  
• Avoid benzodiazepines. 
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Paranoid Personality Disorder       
- distrust and suspicion of others 
- hostility and intimidation, or mere guardedness against people 
- feel everyone is out to harm or humiliate them 
- bear grudges 
- easily slighted and offended 
- spontaneity, playfulness, creativity and tenderness are scorned as unrealistic and weak 
- displays of independence or disagreement from spouse or children are treated with hostility 
- The people are prone to litigation against employer, neighbours, doctors, and government agencies. 
- Childhood history is often one of harsh punitive parenting. This may be a displacement of hostility from 

the marriage onto the child. 
- Repeated humiliation or belittling from peers and siblings compounds the person resentment. 
- It seems that feelings of vulnerability and dependency are repressed and awareness of hostility and 

aggression is defended by denial and splitting.  
- Projection and identification with the aggressor are used to anticipate and control the hurtulness of 

others. 
- Depression, anxiety and psychosis may result when life stresses precipitate a “nervous breakdown” 
-  

Schizoid Personality Disorder       
- A pervasive pattern of detachment from social relationships  
- A restricted range of expression of emotions in interpersonal settings, beginning by early adulthood and 

present in a variety of  contexts, as indicated by four (or more) of the following:  
- neither desires nor enjoys close relationships, including being part of a family   
- almost always chooses solitary activities   
- has little, if any, interest in having sexual experiences with another person   
- takes pleasure in few, if any, activities   
- lacks close friends or confidants other than first-degree relatives   
- appears indifferent to the praise or criticism of others   
- shows emotional coldness, detachment, or flattened affectivity  

Schizotypal Personality Disorder     
A pervasive pattern of social and interpersonal deficits marked by acute discomfort with, and reduced capacity 
for, close relationships as well as by cognitive or perceptual distortions and eccentricities of behavior, beginning 
by early adulthood and present in a variety of contexts, as indicated by five (or more) of the following:  

- ideas of reference (excluding delusions of reference)   
- odd beliefs or magical thinking that influences behavior and is inconsistent with  
- subcultural norms (e.g., superstitiousness, belief in clairvoyance, telepathy, or "sixth sense"; in children 

and adolescents, bizarre fantasies or preoccupations)   
- unusual perceptual experiences, including bodily illusions   
- odd thinking and speech (e.g., vague, circumstantial, metaphorical, overelaborate, or stereotyped)   
- suspiciousness or paranoid ideation   
- inappropriate or constricted affect   
- behavior or appearance that is odd, eccentric, or peculiar   
- lack of close friends or confidants other than first-degree relatives   
- excessive social anxiety that does not diminish with familiarity and tends to be associated with paranoid 

fears rather than negative judgments about self.  

 
 
 



Borderline Personality Disorder      
A pervasive pattern of instability of interpersonal relationships, self-image, and affects, and marked impulsivity 
beginning by early adulthood and present in a variety of contexts, as indicated by five (or more) of the following:  

- frantic efforts to avoid real or imagined abandonment.   
- a pattern of unstable and intense interpersonal relationships characterized by alternating between 

extremes of idealization and devaluation  
- identity disturbance: markedly and persistently unstable self-image or sense of self  
- impulsivity in at least two areas that are potentially self-damaging (e.g., spending, sex, Substance 

Abuse, reckless driving, binge eating).   
- recurrent suicidal behavior, gestures, or threats, or self-mutilating behavior  
- affective instability due to a marked reactivity of mood (e.g., intense episodic dysphoria, irritability, or 

anxiety usually lasting a few hours and only rarely more than a few days)  
- chronic feelings of emptiness  
- inappropriate, intense anger or difficulty controlling anger (e.g., frequent displays of temper, constant 

anger, recurrent physical fights)  
- transient, stress-related paranoid ideation or severe dissociative symptoms 

Histrionic Personality Disorder      
A pervasive pattern of excessive emotionality and attention seeking, beginning by early adulthood  
and present in a variety of contexts, as indicated by five (or more) of the following:  

- is uncomfortable in situations in which he or she is not the center of attention  
- interaction with others is often characterized by inappropriate sexually seductive or provocative behavior  
- displays rapidly shifting and shallow expression of emotions  
- consistently uses physical appearance to draw attention to self  
- has a style of speech that is excessively impressionistic and lacking in detail  
- shows self-dramatization, theatricality, and exaggerated expression of emotion  
- is suggestible, i.e., easily influenced by others or circumstances  
- considers relationships to be more intimate than they actually are 

 

Narcissistic Personality Disorder      
A pervasive pattern of grandiosity (in fantasy or behavior), need for admiration, and lack of empathy, beginning 
by early adulthood and present in a variety of contexts, as indicated  
by five (or more) of the following:  

- has a grandiose sense of self-importance (e.g., exaggerates achievements and talents, expects to be 
recognized as superior without commensurate achievements)  

- is preoccupied with fantasies of unlimited success, power, brilliance, beauty, or ideal love  
- believes that he or she is "special" and unique and can only be understood by, or should associate with, 

other special or high-status people (or institutions)  
- requires excessive admiration  
- has a sense of entitlement, i.e., unreasonable expectations of especially favorable treatment or 

automatic compliance with his or her expectations  
- is interpersonally exploitative, i.e., takes advantage of others to achieve his or her own ends  
- lacks empathy: is unwilling to recognize or identify with the feelings and needs of others  
- is often envious of others or believes that others are envious of him or her  
- shows arrogant, haughty behaviours or attitudes 

 
 
 



Antisocial Personality Disorder      
There is a pervasive pattern of disregard for and violation of the rights of others occurring since age 15 years, 
as indicated by three (or more) of the following:  

- failure to conform to social norms with respect to lawful behaviors as indicated by repeatedly 
performing acts that are grounds for arrest   

- deceitfulness, as indicated by repeated lying, use of aliases, or conning others for personal profit or 
pleasure   

- impulsivity or failure to plan ahead   
- irritability and aggressiveness, as indicated by repeated physical fights or assaults   
- reckless disregard for safety of self or others   
- consistent irresponsibility, as indicated by repeated failure to sustain consistent work behavior or honor 

financial obligations   
- lack of remorse, as indicated by being indifferent to or rationalizing having hurt, mistreated, or stolen 

from another  
The individual must be least age 18 years.  
There should be evidence of Conduct Disorder with onset before age 15 years.  

Dependent Personality Disorder      
A pervasive and excessive need to be taken care of that leads to submissive and clinging behavior and fears of separation, beginning by 
early adulthood and present in a variety of contexts, as indicated by five (or more) of the following:  

- has difficulty making everyday decisions without an excessive amount of advice and reassurance from others  
- needs others to assume responsibility for most major areas of his or her life  
- has difficulty expressing disagreement with others because of fear of loss of support or approval.   
- Note: Do not include realistic fears of retribution.  
- has difficulty initiating projects or doing things on his or her own (because of a lack of self-confidence in judgment or abilities 

rather than a lack of motivation or energy)  
- goes to excessive lengths to obtain nurturance and support from others, to the point of volunteering to do things that are 

unpleasant  
- feels uncomfortable or helpless when alone because of exaggerated fears of being unable to care for himself or herself  
- urgently seeks another relationship as a source of care and support when a close relationship ends  
- is unrealistically preoccupied with fears of being left to take care of himself or herself 

Avoidant Personality Disorder       
A pervasive pattern of social inhibition, feelings of inadequacy, and hypersensitivity to negative evaluation, beginning by early 
adulthood and present in a variety of contexts, as indicated by four (or more) of the following:  

- avoids occupational activities that involve significant interpersonal contact, because of fears of criticism, 
disapproval, or rejection  

- is unwilling to get involved with people unless certain of being liked  
- shows restraint within intimate relationships because of the fear of being shamed or ridiculed  
- is preoccupied with being criticized or rejected in social situations  
- is inhibited in new interpersonal situations because of feelings of inadequacy  
- views self as socially inept, personally unappealing, or inferior to others  
- is unusually reluctant to take personal risks or to engage in any new activities because they may prove 

embarrassing 
 
 
 
 
 
 
 
 
 



Obsessional Personality Disorder      
A pervasive pattern of preoccupation with orderliness, perfectionism, and mental and interpersonal control, at the expense of flexibility, 
openness, and efficiency, beginning by early adulthood and present in a variety of contexts, as indicated by four (or more) of the 
following:  

- is preoccupied with details, rules, lists, order, organization, or schedules to the extent that the major point of the activity is lost  
- shows perfectionism that interferes with task completion (e.g., is unable to complete a project because his or her own overly 

strict standards are not met)  
- is excessively devoted to work and productivity to the exclusion of leisure activities and friendships (not accounted for by 

obvious economic necessity)  
- is overconscientious, scrupulous, and inflexible about matters of morality, ethics, or values (not accounted for by cultural or 

religious identification)  
- is unable to discard worn-out or worthless objects even when they have no sentimental value  
- is reluctant to delegate tasks or to work with others unless they submit to exactly his or her way of doing things 
- adopts a miserly spending style toward both self and others; money is viewed as something to be hoarded for future 

catastrophes  
- shows rigidity and stubbornness 



Amphetamines           
In EMERGENCY:  
  People on speed will not come in to ED unless in serious trouble, eg: 
  ACUTELY UNPLEASANT INTOXICATION: one night it got out of hand… 
     Disorientation and possibly delirium or psychosis 
    Headache due to massively increased blood pressure More likely scenario: 
The speeding patient 
presenting in ED will 
more likely be in the 
grip of an 
amphetamine 
psychosis. 
This is usually paranoid, 
with delusions of 
persecution, speech 
pressure, auditory 
hallucinations and 
extreme agitation. 

Dyskinesia, twitchyness due to dopaminergic efects  
Agitation due to dopaminergic and cholinergic effects 
Formication ? not sur what this is caused by 
Symptoms of stroke …it might actually BE a hemorrhagic stroke! 
Chest pain you can actually have an MI because of vasoconstriction 
Palpitations due to tachycardia and/or arrhythmia 
Dry mouth  a sympathetic overdrive effect 
Nausea and vomiting sympathetic, or related to intoxication 
Diarrhea due to sympathetically increased gut motility 
Difficult micturition due to sympathetic overdrive 
Diaphoresis as above 
Erythematous painful rashes, needle marks if they inject 
Infected deep ulcerations (ecthyma) from scratching 
HYPERTHERMIA!! 

SALIENT FEATURES OF HISTORY:        
    Related to injecting use:  
     Infections, endocarditis, vein state, transmissible diseases 
    Related to psychological consequences: 
     Symptoms of psychotic illness 
     Symptoms of withdrawal and evidence of tolerance 
     Symptoms resulting from malnutrition and anorexia 
    Related to social consequences: 
     Withdrawal, failure in work, education or relationships 
    Related to forensic history: 
     Extent of legal repercussions, eg. assault, possession etc… 
    

WITHDRAWAL: 
-opposite to intoxication 
= Depression 
= Dysphoria 
= Reduced Concentration 
= Prolonged disturbed sleep 
= extreme hunger 
= anxiety 
= psychosis 
= exhaustion and confusion 

PHYSICAL EXAMINATION:          
Weight loss ? clinical emaciation? 
Hyperactivity, confusion, and agitation (may combine to produce  

severe hyperthermia, which can be worse in physically restrained individuals) 
Diaphoresis 
Dilated pupils 
Elevated blood pressure 
Tachycardia 
Increased alertness, hypervigilance, paranoia 
Euphoria 
Confusion or agitation 
Grinding teeth (“bruxism”) 
Skin flushing 
Infected deep ulcerations (ecthyma) in patients with formication 
Skin track marks, cellulitis, abscesses, phlebitis, or vasculitis with IV use 
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INVESTIGATIONS:           
  BSL especially if mental state changes are prolonged 

  EUC especially if mental state changes are prolonged 
  LFT especially if using intravenously, or in severely hyperthermic patients  
  ECG if there is a cardiac complaint 

Creatine Kinase to look for rhabdomyolysis 
  Urinalysis to look for heme, a sign of rhabdomyolysis 
  Head CT, if stroky because it would suck to miss a subarachnoid bleed 
MANAGEMENT           
ACUTE: in the EMERGENCY setting: 
  Life and limb not threatened? SEDATE AND OBSERVE. Diazepam 10mg. 
  Acute oral ingestion? Activated Charcoal p.o. … 

AMMONIUM CHLORIDE: 
Can increase the rate of 
excretion of amphetamine 

  Severe intoxication?  
- Secure airway 
- Urinary catheter (monitor output) 
- Midazolam to control behaviour, agitation, and seizures 
- ECG monitoring: so you can cardiovert in time 
- Regular chest auscultation: looking for pulmonary oedema 
- Frusemide if pulmonary oedema develops 
- Aggressive Cooling of hyperthermic patients 
- IV fluids if dehydrated 

ACUTE PSYCHOSIS?  
- Regular chest auscultation: looking for pulmonary oedema 
- Frusemide if pulmonary oedema develops 
- Aggressive Cooling of hyperthermic patients 
- Lorazepam to control agitation ( Midazolam may be needed instead) 
- Beta Blockers to reduce heart rate and anxiety 
- HALOPERIDOL or CHLORPROMAZINE for psychotic features  
 

DETOXIFICATION:  
  Still psychotic? 

- Olanzapine 2.5 to 5 mg bd for 2-3 weeks 
- OR Risperidone 0.5 to 1 mg bd for 2-3 weeks 

Ugly withdrawal? 
- Mirtazapine30 to 60mg nocte for insomnia (a sedating antidepressant) 
- Alternatively an SSRI .. for a looong time 

MAINTENANCE:  
SSRIs may have to continue as long as necessary 
Ditto antipsychotic agents. 
Relapse is normal. 
 

 
 
 



 
NEUROPHARMACOLOGY OF AMPHETAMINE       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AT THE RECEPTOR LEVEL:  
 

EXCRETION:
!! depends on urine pH !! 
acidic urine will result in greater 
excretion. Difference of 60% excreted 
per 24 hrs with acidic , down to 3% 
with alkaline. 
 
  
 
 

ADMINISTRATION plays an 
important role. Oral AMPH effects are 
divorced from the act of ingestion by 
about 30 to 60 minutes, and the 
dopamine spike in the Nucleus 
Accumbens is lower and blunter. 
With injection, the dopamine rises 
immediately and massively, and so 
the reward system is activated. The 
pleasure of the effect is married to the 
act of injecting or snorting. Hence IV 
use of amphetamine appears to have 
a greater addictive potential.  

Pharmacology: 
Dextro-AMPH has a greater 
affinity for CNS receptors, while 
levo-AMPH seems to mediate the 
cardiovascular effects of speed. 
CVS effects are mediated by 
noradrenaline release, procuding 
vasoconstriction even at low doses. 
Tachycardia follows. Sympathetic 
effects develop in proportion to dose. 

ABSORPTION: 
After oral ingestion of amphetamine, 
 Peak effect at 2 hrs 
 Absorption is complete in 4-6 hours 
 Levo-amphetamine metabolised 40%   
 slower than dextro. 
Amphetamine is largely unaffected 
during metabolism. The entire dose is 
probably eliminated in the urine over a 
period of several days. 
Metabolism produces Phenylacetone, 
benzoic acid, and hippuric acid less 
than 25%; 4-hydroxyamphetamine, 4-
hydroxynorephedrine, and 
norephedrine less than 10%. 

IN SUMMARY: amphetamine increases release and reduces reuptake of catecholamines and of 
noradrenaline in particular. This is responsible for 90% of its effects. The oral dose of these stimulants, which produce 
amphetamine-type subjective effects in humans, correlated with the their potency in releasing NE, not DA, and did not decrease plasma prolactin, an effect 
mediated by DA release. 

HOWEVER It is likely that adaptive dopamine channel remodeling is responsible for the negative symptoms of 
amphetamine withdrawal from chronic use. 



     History Topics to cover: 

        Physical Features to look for: 

Practical Management of Anorexia Nervosa  
Guidelines from the glorious mouthpiece of the American Academy of Pediatrics; these were current on April 27th, 2006.  
 
History of present illness 
Weight history 
Maximum weight and when? Desired weight? 
How does the patient feel about his/her current weight? 
How frequently does she/he weigh him/herself? 
When did the patient begin to lose weight? 
What weight control methods have been tried? 
Diet history 
Current dietary practices? Ask for specifics, amounts, food 
groups, fluids, restrictions. 
Any binges? Frequency, amount 
Any purging? Frequency, amount 
Abuse of diuretics, laxatives, diet pills, ipecac? 
Exercise history: types, frequency, duration, intensity 
Menstrual history: age at menarche? Regularity of cycles? 
Last normal menstrual period? 
Past medical history 
Family history: obesity, eating disorders, depression, 
substance abuse/alcoholism 
 

 
Review of systems 
Dizziness, blackouts, weakness, fatigue 
Pallor, easy bruising/bleeding 
Cold intolerance 
Hair loss, dry skin 
Vomiting, diarrhea, constipation 
Fullness, bloating, abdominal pain, epigastric burning 
Muscle cramps, joint pains, palpations, chest pain 
Menstrual irregularities- very sensitive to starvation 
Symptoms of hyperthyroidism, diabetes, malignancy, 
infection, inflammatory bowel disease 
Psychological symptoms/history 
Adjustment to pubertal development 
Body image/self esteem 
Anxiety, depression, obsessive-compulsive disorder, 
comorbid 
Social history: 
 Home life, school, activities, substance use, sexual 
history, sexual abuse   

 
General appearance:  
emaciated; sunken cheeks; sallow skin; flat 
affect. May be normal weight or overweight with bulimia 
Vital signs:  
bradycardia, hypotension, hypothermia, orthostasis 
Skin:  
dry skin, lanugo hair, loss of shine or brittle hair, nail 
changes, hypercarotenemic, subconjunctival hemorrhage 
(from 
vomiting) 
Face:  sunken eyes, dry lips, gingivitis, loss of tooth 
enamel on lingual and occlusal surfaces, caries, parotitis 
 

 
Breasts: atrophy 
Cardiac:  
mitral valve prolapse, click and/or murmur, 
arrhythmias 
Abdomen:  
scaphoid, palpable loops of stool, tender epigastrium 
if vomiting 
Extremities:  
edema, calluses on dorsum of hand (Russell sign), 
acrocyanosis, Raynaud’s phenomenon 
Neuro:  
Trousseau’ sign, diminished deep tendon reflexes 

 
 
INVESTIGATIONS: all organ systems are affected, do a work-up of everything 
  FBC for anaemia; there may also be a mild lleukopenia (with disproportionately low neutrophils) 
  EUC electrolyte weirdness resulting from, say, not eating, or vomiting; OR there could be renal failure 
  LFT there will be low albumin; transaminases may increase during refeeding. 
  BSL they may be hypoglycaemic 
  ECG because they will likely have some sort of heart failure 
  BONE DENSITY: Osteopenia is very common 
  Add various endocrine tests to taste. 
   Serum cortisol may be elevated 
   TFTs – low T3, low or normal TSH 

CT of the HEAD: 
- Widening sulci 
- Enlarged ventricles 
Not sensitive or specific… HOWEVER 
in children anorexia is sometimes a 
masquerade for an occult intracranial 
neoplasm 
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MANAGEMENT             
Mild or early eating disorder: 85%–95% of ideal body weight, and vital signs stable, full criteria may not be met. 

-Begin food plan of 3 meals and 3 snacks, usually with at least 1200–1500 calories/d increasing amount once 
or twice weekly.  
- Referral to dietitian can be very helpful. 
-Refer to therapist experienced with teens and their families. 

    -Set a contract for expected rate of weight gain, target weight, a hospitalization weight, and  
    consequences for failure to gain. Draw target line.  
    See at least every 2 wk until gaining consistently, then at least monthly till reaches target weight range. 
    -Communicate weight, vital signs, and any concerns to therapist and dietitian every few weeks. 
    -Add liquid supplements and/or restrict activity for failure to gain adequately. 
     If bradycardic, restrict activity. 
    -See weekly and add parental supervision of meals for continued failure to gain.  
Moderate or established eating disorder: 75%–85% IBW, may have changes in vital signs trending  
    downhill, or minor laboratory abnormalities 

-Dietician and therapist should be mandatory. 
-Restrict from physical activity until on gaining trend and vital signs remain stable. 
-Short-term goal is for patient to reach weight at which exercise is safe. 
-Set a contract for expected rate of weight gain, target weight, a hospitalization weight, and consequences for 
failure to gain. 
-See at least weekly until gaining consistently, then at least every 2 weeks till reaches target weight range. 
-Communicate weight, vital signs, and any concerns to team members regularly. 
-Consider liquid supplements to boost caloric intake. 
-Discuss the possibility that hospitalization may be necessary if unable to reverse the weight loss. 

Severe: 75% IBW, medically unstable, pulse50, may be dehydrated 
    -Hospitalize. Here it is essential for nursing staff to be included in the plan of action, to take a  
    supportive yet firm approach, not to bargain with the patient or keep information from the team. 

-Restore nutrition through food trays planned by dietitian with expectation for completion.  
NASOGASTRIC FEEDING  if patient unable or unwilling to take in prescribed nutrition.  
Give oral or NG supplement in an amount equivalent to uneaten portion of food. 
Provide calories through 3 meals and 3 snacks over course of day.  
Calorie level should generally start at a minimum of 1200– 1500/d and increase by 200 kcal/d until 
gaining weight, then by 200 kcal/d every 2–3 d until reaches expected calories. 
Monitor closely for refeeding syndrome, fluid shifts, cardiac arrythmias, and other serious acute 
medical complications. 
-The patient should be closely monitored during and for 1 h after eating to provide support and 
assure compliance. 
-Supervise time in bathroom for safety when orthostatic hypotension exists, and to deter exercise or 
purging. 
-Having a therapist see the patient at least several times/wk in the hospital can be valuable. 
Because the patient often has difficulty processing information when acutely malnourished, this may 
be a time for primarily providing support. As nutrition and cognition improves, so will 
insight, and therapy can proceed. The patient can be asked to write a list of positive or healthy 
messages she can tell herself when the eating disorder is trying to convince her not to eat. She can 
learn relaxation techniques to utilize before and after meals. 
-Hospitalization needs to be long enough to enable the patient to stop losing weight, 
establish a gaining weight trend, normalize vital signs and laboratory studies, and be 
able to eat adequately (with a fair amount of independence) to continue to gain weight 
as an outpatient. 
Patients hospitalized on1 occasion require higher weight goals for discharge. As 
health improves, the patient can be given greater input on the menu, choose meals from the 
cafeteria with her family, and eat some meals unsupervised. 

 

If delayed gastric emptying is 
impeding refeeding, cisapride 
or metoclopramide can be 
prescribed (with extreme 
caution if the patient is brady- 
cardic, has prolonged QT 
interval, is extremely mal- 
nourished, or is on selective 
serotonin reuptake inhibitors). 



General Rules for Adolescents: 
- An eating disorder may be present in absence of established diagnostic criteria 
- Threshold for intervention should be lower than in adults 
- Family should form the centre of the treatment regime (eg. family group therapy) 

 
Predictors of Favorable Outcome: 
1. Bulimia better than Anorexia 
2. Purging AN is better than restrictive AN 
3. Shorter duration of illness 
4. Higher discharge weight after hospitalization 
 
Predictors of Unfavorable Outcome: 
1. Long duration of illness 
2. Low body weight at time of initial treatment 
3. High creatinine (1.5) levels 
4. Premorbid obesity (for BN) 
5. Premorbid asociality 
6. Compulsion to exercise 
7. Disturbed family relationships 
 
Outcomes of Anorexia Nervosa: 
 
1. Mortality: 5.6% 
2. Frequent weight fluctuations 
3. 10%–31% with poor outcomes 
4. Average time to first recovery 6 years 
5. 50% may also develop BN 
6. Increased incidence of depression, anxiety disorder, alcohol dependence 
7. 45% never marry- and their Jewish grandmothers may require TCAs  
 
Outcomes of Bulimia Nervosa: 
1. Mortality: 5.6% 
2. 50% achieve full recovery within 2 years 
3. Frequent relapses after recovery 
4. 20%–46% may have eating disorder symptoms 6 years after treatment 
5. 55% develop mood disorders 
6. 42% develop substance use disorders 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Highest suicide risk in all the mental health disorders!  

PHARMACOLOGICAL INTERVENTIONS: 
Evidence is poor… 
Antidepressans do little for AN symptoms but may assist 
in managing co-morbid depression and anxiety. 
Clomipramine may be useful in long term mmaintenance 
but evidence is lacking  
Human Growth Hormone seems to reduce hospital stay 
and improves vital sign stability more quickly, but has no 
effect on inpatient weight gain. 
Zink supplementation increases the rate of weight gain 
Olanzapine is used to improve appetite, but there are no 
randomized controlled trials. 
Maybe Lithium 
Maybe Naltrexone 
Back in the day, they used to give anorexics insulin 
(under careful observation) to make them hungry. And it 
worked. This is no longer an accepted method. 



Anxiety Disorders          
The Sky Is Falling!.... 

HISTORY OF ANXIETY           
Whats the problem, exactly?  Is it… 
PANIC ATTACKS? Intense short-lived experience of fear, ~10 minutes. 
  What do we mean by “panic attack”: any 4 of the following 

- Palpitations, tachycardia 
- Sweating 
- Trembling or shaking 
- Shortness of breath or dyspnea 
- Sensation of choking 
- Chest pain or discomfort 
- Nausea or abdominal distress 
- Feeling dizzy, unsteady, lightheaded 
- Derealization or depersonalization 
- Fear of losing control or going crazy 
- Fear of dying 
- Paresthesias, eg. tingling in fingers 
- Chills or hot flashes 

Having established that there has been a panic attack, ASK:  
- IS THIS NOT THE FIRST TIME? 

- Are you PERSISTENTLY CONCERNED about having more panic attacks? 
- WORRIED ABOUT THE IMPLICATIONS of an attack, eg. losing control, etc? 
- Has your BEHAVIOUR CHANGED significantly since the attack? 
- Has there been at least ONE MONTH of these symptoms? 

WHAT BROUGHT THIS ON? You’re looking for an underlying anxiety disorder. For example,  
ANYTHING stressful could provoke this sort of response; SOME SPECIFIC THINGS however are related to disorders: 

- SOCIAL SITUATIONS, UNFAMILIAR PEOPLE, SCRUTINY? – social phobia 
- SPIDERS, MOTHS, HEIGHTS, SOCK PUPPETS? – specific phobia 
- TOO MUCH DIRT? Unable to act out a compulsive routine for some reason? – OCD 
- HORRIBLE EXPERIENCE of a similar situation in the past? – Post-Traumatic Stress Disorder 
Any number of other stressful evens can cause a panic attack. HOWEVER: 
TO HAVE PANIC DISORDER, one must not have any specific anxiety syndrome features.  
Also,  

AGORAPHOBIA is anxiety about being in places or situations  
- from which escape might be difficult  
- from which escape might be embarrassing 
- in which help may not be available in the event of having a Panic Attack  
This includes situations such as being in open spaces, in vehicles, on bridges etc… 

IF THE PANIC ATTACKS OCCUR WITHOUT A CLEAR PRECIPITANT, and there seems to be no 
agoraphobia in the picture, one can make a diagnosis of Panic Disorder Without Agoraphobia.  
 

  Lets say there was a HORRIBLE EXPERIENCE: then, is this POST-TRAUMATIC STRESS DISORDER? 
  Fear, Helplessness, HORROR experienced in response to nightmarish traumatic event; but 

-  IS THE EVENT BEING PERSISTENTLY RE-EXPERIENCED in one of the following ways? 
- Intrusive recollections of the event or repetitive themed play in children 
- Recurrent disturbing dreams of the event 
- FLASHBACKS eg. illusions and hallucinations when awakening from sleep or when intoxicated  
- Intense distress in response to anything that reminds you of the event 

- IS THERE AVOIDANCE OF RELATED STIMULI, and NUMBING of RESPONSIVENESS? 3 or more of the following 
- efforts to avoid thoughts, feelings, or conversations associated with the trauma  
- efforts to avoid activities, places, or people that arouse recollections of the trauma  
- Inability to recall an important aspect of the trauma  
- Diminished interest or participation in significant activities  
- feeling of detachment or estrangement from others  
- restricted range of affect (e.g., unable to have loving feelings)  
- sense of a foreshortened future (e.g., does not expect to have a career, marriage, or a normal life span) 

- ARE THERE SYMPTOMS OF INCREASED AROUSAL? 2 or more of the following 
- difficulty falling or staying asleep  
- irritability or outbursts of anger  
- difficulty concentrating  

- hypervigilance 
- exaggerated startle response  

We can compare the symptom anxiety to the unpleasant experience of 
fear in the absence of that of which we might be afraid.

PANIC ATTACKS are not necessarily the result 
of a panic disorder. They can occur with any of the other 
anxiety-like disorders; eg. 
S\ocial Phobia  
(panic attacks on exposure to feared social situations),  
Specific Phobia  
(panic on exposure to a specific phobic situation),  
Obsessive-Compulsive Disorder  
(e.g., on exposure to dirt in someone with an obsession about 
contamination) 
Posttraumatic Stress Disorder  
(e.g., in response to stimuli associated with a severe stressor),  
Separation Anxiety Disorder  
(e.g., in response to being away from home or close relatives). 

A single panic attack is 
just a panic attack;  
It can occur in any 
number of situations and 
in all sorts of mentally 
healthy and unhealthy 
people. 
 

This recurrent sort of picture 
may be a panic disorder of 
some sort. Thus: 
It’s a panic disorder if panic 
attacks are the most 
worrisome feature. 

“ apprehensive anticipation”, the fear of fear itself

The more specific the 
panic-provoking 
situation, the more likely 
is the diagnosis of a 

PANIC DISORDER is either WITH or WITHOUT AGORAPHOBIA

Avoiding these situations may cause social + 
occupational dysfunction; thus it’s a DISORDER 

If this has been 
going on for longer 
than 1 month, its 
PTSD. If this has 
been a short-term 
reaction to a recent 
stimulus, within the 
last 4 weeks, and 
lasting less than 1 
month, it’s an 
Acute Stress 
Disorder  
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WHAT ARE YOU SO WORRIED ABOUT? … everything?        
 Generalised Anxiety Disorder may not present as a panic attack or anything specific to anxiety. 
 THE SYMPTOMS ARE PRESENT ON MOST DAYS FOR AT LEAST 6 MONTHS. 
 There are at least 3 symptoms, or only 1 symptoms in the case of children: 

-restlessness or feeling keyed up or on edge  
- being easily fatigued  
-difficulty concentrating or mind going blank  
-irritability  
-muscle tension  
-sleep disturbance (difficulty falling or staying asleep, or restless unsatisfying sleep)  

Diagnosis of GAD is by exclusion of other anxiety syndromes; i.e the focus of the anxiety and worry is not confined to  
- having a Panic Attack (as in Panic Disorder) 
- being embarrassed in public (as in Social Phobia) 
- being contaminated (as in Obsessive-Compulsive Disorder) 
- being away from home or close relatives (as in Separation Anxiety Disorder) 
- gaining weight (as in Anorexia Nervosa),  
- having multiple physical complaints (as in Somatization Disorder),  
- having a serious illness (as in Hypochondriasis),  
- having had a horrible trauma (as in Posttraumatic Stress Disorder) 

  
MORTALLY AFRAID OF SOMETHING? Find out what, and how afraid.      

Specific Phobia can be of any damn thing. An anecdote relates how Sigmund Freud had a phobia of potted ferns. 
Main Feature: 
 Unreasonable, Excessive Fear when Presented with or in Anticipation of the STIMULUS: 
 Stimulus being the object of the fear, or sometimes the merest mention of it. 
Exposure will precipitate symptoms of panic, or a full-blown panic attack. 

 
WORRIED ABOUT BEING AROUND PEOPLE? … embarrasement, performance anxiety?   

Social Phobia, or Social Anxiety Disorder is usually to do with public scrutiny and unfamiliar people. 
Interestingly, the patient recognizes that this fear is unreasonable 
The stressful situations are AVOIDED or PAINFULLY ENDURED and this leads to social/occupational dysfunction. 
This may extend to ALL SOCIAL SITUATIONS, when combined with Avoidant Personality Disorder 

 
PREOCCUPIED WITH SOMETHING ?           

Obsessive Compulsive Disorder: obsession causes compulsion 

 Obsessions  are intrusive thoughts with which you are preoccupied. 
- recurrent and persistent thoughts and impulses, intrusive and inappropriate, causing marked distress  
- not simply excessive worries about real-life problems  
- the person attempts to ignore or suppress such thoughts, impulses, or images, or to neutralize them with some 

other thought or action 
- NOT DELUSIONAL, i.e the person recognises these thoughs as the products of their own mind. 

Compulsions are behaviours which act on the obsessional thoughts. 
- The person feels driven to perform these acts in response to an obsession.  
- the behaviors or mental acts are aimed at preventing or reducing distress or preventing some dreaded 

event or situation; however, these behaviors or mental acts either are not connected in a realistic way with 
what they are designed to neutralize or prevent or are clearly excessive   

 You feel compelled to act on your obsessions,  and you feel anxious if you are prevented from doing so. 
This contrasts with a drug habit: going through with the compulsion is not pleasurable or gratifying. It only means that you will worry less.  
Interestingly, the patient recognizes that this behaviour is irrational, and yet they are powerless to prevent it. 

 
OTHER IMPORTANT HISTORY:            
 
     
    
 
 

  
 
 
 

The key feature is that these worries are 
uncontrollable, the person simply cannot 
put aside the topics of rumination. 

FOR PANIC ATTACKS: 
Try to rule out a physiological cause, eg…. 

- if they complain of chest pain, could there 
actually be some sort of underlying heart 
disease? 

- Is their hyperventilation and distress due to 
some sort of acute respiratory thing, eg asthma?

- Has their thyroid ever been checked? Acute 
thyroid “storm” can produce quite a panic, in the 
patient as well as their physician 

FOR ANXIETY in general: 
DRUGS + ALCOHOL: anxious people often “self-medicate” 
Accepted vice: smoking, coffee, energy drinks 
Risk factors for suicide (see next page) 

FAMILY HISTORY: some anxiety behaviour is “learned”, modelled 
on the parents from a young age. Some seems to be inherited as a 
personality trait.  7 times the risk for first degree relatives 

Approximately 20-30% of individuals with panic  disorders have 
persistent symptoms up to 10 years from the time of  initial diagnosis 
and treatment. The female-to-male ratio of panic disorders is 2:1. 
OCD occurs earlier in males (6-15y) than in females (20-29 y). 



Elements of history most predictive of a serious suicide attempt:     
http://www.drrichardhall.com/suicide.htm = (Suicide Risk Assessment: A Review of Risk Factors For Suicide In 100 Patients Who Made Severe Suicide Attempts) 

1)  Severe anxiety (92%) and/or panic attacks (80%)  
2)  Depressed mood (80%)  
3)  Recent loss of close personal relationship (78%)  
4)  Alcohol or substance abuse (68%)  
5)  Feelings of hopelessness (64%), helplessness (62%), worthlessness (29%)  
6)  Global insomnia (46%) Partial insomnia (DFA or SCD or EMA) 92%  
7)  Anhedonia (43%)  
8)  A chronic deteriorating medical illness (41%)  
9)  Inability to maintain job or student status (36%)  
10)  Recent onset of impulsive behavior (29%)  
11)  Recent diagnosis of a life-threatening illness -- cancer, AIDS (9%)  

 
MENTAL STATE EXAMINATION: may not be remarkable or informative       
Appearance: not exciting, probably normal 
Behaviour: agitated, pacing, nail biting, hand wringing 
Speech: no characteristic features; may be faster 
Mood: Depression and mania coexist with anxiety 
Affect may be depressed or manic  
Thought Form may be distorted if there are psychotic features 
 

Thought Content may be delusional, but not necessarily 
Perceptual Disturbance should not be present 
Insight do they realise they are obsessing needlessly?  
Children rarely do. Adults probably will. Most have good insight. 
Judgement may be impaired mid-panic attack 
Cognitive Testing may not reveal any abnormality 

DIFFERENTIALS: Physiological Causes of anxiety: the real list is massive; the following one is but a shadow 
Exogenous: 
 Alcohol withdrawal 
 Amphetamine intoxication 
 Stimulants in general 
 Naltrexone injection 
 Bronchodilator toxicity 
Endocrine: 
 Phaeochromocytoma 
 Adrenal Crisis 
 Hypoglycaemia 
 Thyrotoxicosis 
 Thyroid Storm 
 Pituitary adenoma 

 
Cardiovascular: 
 Mitral valve prolapse 
 Pulmonary embolism 
 Atrial Fibrllation 
Endocrine: 
 Phaeochromocytoma 
 Hypoglycaemia 
 Thyrotoxicosis 
 Thyroid Storm 
 Pituitary adenoma 

 
INVESTIGATIONS:             
  FBC may not point towards anything useful 
  EUC electrolyte weirdness resulting from, say, not eating, or  
  LFT mainly to see what damage their drinking has been doing 
  BSL adrenaline excess in response to hypoglycaemia (it mobilises the stored glucose) 
  TFT for hyperthyroidism and thyroid storm 
  ECG because they will complain of chest pain and it would be embarrassing to miss an infarct or AF 
  Chest Xray for similar reasons 
  Urinary Catecholamines will point towards a catecholamine-secreting tumour 
  Urinary Drug Screen because they said they don’t take drugs, but do you trust them? 
  Add various endocrine tests to taste. 
 
 

Anything that can cause chest pain;  
Anything that causes increased sympathetic activity
Anything that causes shortness of breath 
Any causes of tremor 
Any causes of agitation (eg. delirium) 
Withdrawal from depressants 
Intoxication with stimulants 



MANAGEMENT of an ACUTE PANIC ATTACK        
  Talk therapy: control breathing, sit them down, in a soothing tone explain that they are having a  
  panic attack and that it will pass. IF you cannot summon a soothing tone,  
  BENZODIAZEPINES will help 
   Also good for managing anticipatory anxiety  
MANAGEMENT of PANIC DISORDER          
  CBT vs MEDICATION: no objectively demonstrated superiority of one over the other; usually will use both 
 Cognitive Behaviour Therapy 

- weekly sessions for maybe 12 weeks 
- if possible, include significant others in therapy sessions 
- Disadvantage is that patients have to do “homework”, eg. breathing exercises; plus they will have to 

confront the anxiety-provoking situations 
- • Psychoeducation, to identify and name the patient’s symptoms, provide a direct explanation of the basis 

for the symptoms, outline a plan for treatment etc…  
- Continuous monitoring of panic attacks and anxious cognitions. 
- • Daily anxiety-management techniques (e.g., abdominal breathing 
- retraining) to reduce physiological reactivity 
- • Cognitive restructuring to help the patient identify distorted thinking about sensations (e.g., 
       overestimation of probability of negative consequence and other catastrophic thinking. 
-  Exposure to fear cues ( Cues may be internal or environmental) 
- Direct the patient to identify a hierarchy of fear-evoking situations 
- Encourage the patient to confront feared situations on a regular 
      (usually daily) basis until the fear has attenuated. 

Psychodynamic and other psychotherapies 
   = The treatment of choice for some patients with personality disorders and Axis I comorbidities 

• The goal is to elucidate and resolve conflicts and unconscious processes that may be causing or 
increasing vulnerability to the occurrence of panic symptoms. Focus is on unconscious symptom 
determinants. 
• Place symptoms in the context of the patient’s developmental history and current relationships and realities. 

 Pharmacotherapy 
SSRIs: the most favorable balance of efficacy versus adverse effects. 
• Response takes 4 weeks; for some full response takes 8 to 12 weeks. 
 FLUOXETINE is the go, initially- especially if there is comorbid depression 
 PAROXETINE is more sedating and may be better for anxious insomniacs 
TCAs: second line agents 
 Side-effects limit usefulness 
 Wait at least 6 weeks after initiation of TCA treatment  
 (with at least 2 of those weeks at full dose) 
  before  deciding whether a TCA is effective. 
MAOIs: third-line, othon-else-works agents 
Benzodiazepines: not good for anything except short-term relief, or before induction  
 of a more permanent course of treatment. No longer than 4 to 12 weeks. 
 CLONAZEPAM is good, less empirical withdrawal symptoms with discontinuation 
 ALPRAZOLAM  (Xanax) is falling out of favour because of its addictiveness  
 • To discontinue, taper very slowly, probably over 2 to 4 months and at rates no greater than  
 10% of the dose per week. 
OTHERS: there is limited data to support to use of venlafaxine or nefazodone  
 
  

 

Start any antidepressants on  
HALF THE DEPRESSION DOSE:  
there may be a hypersensitivity 

BENZO WITHDRAWAL happens even after 6 to 
8 weeks of treatment, but there is usually little 
dose escalation over time with long-term use. 



MANAGEMENT of GENERALISED ANXIETY DISORDER      
   CBT vs MEDICATION: no objectively demonstrated superiority of one over the other; 
   CBT + MEDICATION = possibly more benefit 
 Cognitive Behaviour Therapy 

- Recovery rates arounf 50% in 6 months; 6-12 weeks 
- See above for details; its much the same.  

 Pharmacotherapy 
Benzodiazepines: Mainstay of treatment in the SHORT TERM 
Much like for panic disorder, you should not use these for long. PRN only after 4-8 weeks. 
5HT-(1a) Partial Agonists: 
  BUSPIRONE has comparable efficacy to benzodiazepines in treating GAD.  

    improvement maintained longer, but onet of improvement is slower 
    Efficacy of buspirone may be decreased by recent benzodiazepine treatment. 

TCAs: IMIPRAMINE is the only one with any proven effect  
SSRIs: Fluoxetine and Sertraline seems useful;  
 only Paroxetine has FDA approval, seems to wok better than benzodiasepines 
OTHERS: VENLAFAXINE appears to work better than Buspirone 

MANAGEMENT of POST-TRAUMATIC STRESS DISORDER      
   Outpatient treatment is the most appropriate for the majority of patients. 
  Will probably require a combination of MEDICAL AND PSYCHOLOGICAL THERAPY 
Cognitive Behaviour Therapy 
  Target the distorted threat appraisal process (e.g., through  repeated exposure or through techniques focusing on  
  information processing without repeated exposure) in an effort to desensitize the patient to trauma-related triggers. 
  • May speed recovery and prevent PTSD when therapy is given 2 to 3 weeks after trauma exposure. 
  Psychodynamic psychotherapy focuses on the meaning of the trauma for the individual in terms of 
  prior psychological conflicts and developmental experience and relationships.  Focuses on the effect of the  
  traumatic experience on the individual’s prior self-object experiences, self-esteem, altered experience of 
  safety, and loss of self-cohesiveness and self-observing functions. 
  Psychological debriefing doesn’t work! Supposed to provide  education about trauma experiences, the usual  
  chronology of development of PTSD, and emotions associated with a recently experienced traumatic event. 
  • There is no evidence that psychological debriefing is effective in  preventing PTSD or improving social and  
   occupational functioning. It may actually increase symptoms, especially when used with groups of 
  unknown individuals with widely varying trauma exposures or when administered early after trauma  
  exposure and before safetyand decreased arousal are established.   
 Pharmacotherapy  
  … best when resorted to in situations when the patient’s mental state forbids psychotherapy. 
  Severe symptoms eg. insomnia may be treated with prn medication. Otherwise…  
 SSRIs: Positive effect on all 3 symptom clusters of PTSD. Thee are effective treatments for  
  psychiatric disorders that are frequently comorbid with PTSD (e.g., depression, panic  
  disorder, socialphobia, and obsessive-compulsive disorder). 

For Acute Stress Disorder,  SSRIs have proven efficacy. 
MANAGEMENT OF OBSESSIVE-COMPULSIVE DISORDER      
  Apply the usual bouquet of psychotherapy, cognitive behaviour therapy, and meds. 
Psychological Therapy revolves around exposure to triggers, plus use of relaxation techniques. 
PHARMACOTHERAPY: 
  1st: Start an SSRI: doses in excess of those normally used for depression.  
  Expect some response in 6 to 10 weeks, no earlier. 
  No Response? Add CLOMIPRAMINE (TCA) 
  Still no response? Change Clomipramine to Venlafaxine 
  STILL NO RESPONSE? Try everything; lithium, neuroleptics, buspirone, ECT… 



ANXIOLYTICS IN DETAIL            
  BENZODIAZEPINES 
   Bind to specific site on the GABA receptor 
   This potentiates the effect of GABA; hence chloride influx into the neuron, and hence inhibition. 
   ALPRAZOLAM (Xanax): half life of about 12 hours, effectiveness lasts even less than that. 
    No longer a first-line drug; though short activity is tempting- may be good for acute panic. 
   CHLORDIAZEPOXIDE (Librium): half life over 100 hours! , slow onset of action 
    Not a first-line drug; consider it in context of alcohol withdrawal. 
   CLONAZEPAM: half life of about 20 to 50 hours; seems to be the modern benzo of choice for anxiety. 
     its also good as an anticonvulsant. 
   DIAZEPAM (Valium): half life of about 100 hours, may accumulate with multiple dosing. 
    !! MOST RAPID ABSORPTION AMONG BENZODIAZEPINES !! 
   LORAZEPAM (Ativan): half life of about 15 hours, effectiveness lasts even less than that. 
    Also good for treating acute manic psychosis! 
    The ONLY BENZODIAZEPINE available in intramuscular injection form! 
   ALPRAZOLAM: half life of about 12 hours, effectiveness lasts even less than that. 
    No longer a first-line drug; though short activity is tempting- may be good for acute panic. 
  HYPNOTIC BENZODIAZEPINES 
   TEMAZEPAM: half life of about 10 hours, it’s the SLEEPING PILL OF CHOCE. 
 
  NON-BENZODIAZEPINE ANXIOLYTICS 
   BUSPIRONE: serotonin 1a partial receptor agonist; 
     half life of 2 to 11 hours, Side Effects: Dizziness, headache, GI distress, fatigue. 
    Buspirone lacks the sedation and dependence associated with benzodiazepines, and it 
    causes less cognitive impairment than the benzodiazepines. It is less effective in patients who  
    have taken benzodiazepines in the past because it lacks the euphoria and sedation that these  
    patients may expect with anxiety relief.  
    Onset of action may take 2 weeks. 
    
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cross-tolerance may develop between alcohol and 
benzos! Plus, some eg. diazepam, have active 
metabolites, hence the apparently longer half-life. 



CHARACTERISTICS OF  
Mania vs. Hypomania 
How manic is manic enough for mania? DSM-IV: 
Seems to be all about the DURATION, 
FUNCTIONAL IMPAIRMENT and the presence of 
PSYCHOTIC FEATURES 
 
 

Only 10% of bipolar II patients ever have mania. 
Recurrent mania is most often interspersed 
with recurrent depression. 
Very few have only recurrent manic episodes. 
RAPID CYCLING: “RAPID” means every 2 months
Or at least 4 times during any one year 

CYCLOTHYMIA: periods, not episodes, of hypomania 
and depression. Subsyndromal mood swings, mild ones; 
mood swings either not influenced by stressful events or 
disproportionate to them 
About 1/3rd of cyclothymics will develop bipolar disorder. 
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HISTORY OF MANIA is a lot like history of PSYCHOSIS 
3 or more of these symptoms; 4 symptoms  if mood is irritable 
- FEELING HAPPY? EUPHORIC? 
- Or… AGITATED? IRATE? WOUND UP? 
- …Why? This question asked to provoke a torrent of words 
- For how long? usually rapid onset, over days.  
- Easily Distracted?  The mundane is abnormally important? 
- Been sleeping much?Probably not. Much less rest required 
- Been spending much? Massive debts form quickly 
- Been more talkative than usual? Pressure of speech 
- Thoughts racing? Subjective perception; “flight of ideas” 
- Increased goal-oriented activity? Eg. Sport, sex… 
- Indulging in high-risk amusements? 
- Got big plans? Megalomaniacal schemes? 
- Got SPECIAL POWERS? Reading  thoughts?  
- Self-esteem inflated ridiculously?   
- Delusions, are they? CHALLENGE THEM.  Are they 

mood-congruent, eg. delusions of grandiosity, or are they unrelated to 
the mood, eg. persecutory delusions?  

- DANGEROUS DELUSIONS? Schedule- worthy? 
- Hallucinated, did we? Just more psychotic features… 

MIXED EPISODE? 
- Features of both mania and depression 

within the same episode 
OTHER IMPORTANT HISTORY:   

- Is this associated with seasonal change? …seasonal affective disorder?.... 
- Drugs and Alcohol: will almost certainly be using some substance or another while manic 
- Previous admissions to some sort of psychiatric unit: 90% of patients will suffer a recurrence 
- Family history: there is a strong genetic component: 80% for monozygotic twins. 

MENTAL STATE EXAMINATION:         
Appearance: may show evidence of EXCESSIVE SELF CARE 

Too much make-up, too many layers of clothes etc.. 
Behaviour: Energetic, hyperactive 
Speech: loud, rapid, pressured; jok 
Mood: ELEVATED or IRRITATED 
Affect labile if psychotic; amicable and joyous if elated  
Thought Form distorted if psychotic 

 
Thought Content may harbour delusions  

Perceptual Disturbance ?... hallucinations?..... 
Insight  will likely be limited; not always aware of condition 
Judgement is most often quite impaired in mania, not so much in hypomania 
Cognitive Testing might not be oriented if psychotic. Most often will 
show features of psychomotor agitation

 
 
 
 

MAJOR FOCUS: PSYCHOTIC FEATURES and RISK TO SELF, OTHERS, REPUTATION or 
WELL-BEING; schedule them if they are about to spend all their money 

BASIC DEFINITIONS: 
BIPOLAR I: 
At least one MANIC or MIXED episode; 
May also have history of hypomania or major 
depression; classic “manic depressive illness” 

BIPOLAR II: “high-functioning” bipolar 
MAJOR DEPRESSION with HYPOMANIA 
NEVER had a Manic or Mixed episode; nor any 
schizoaffective or other psychotic disorder 

GRANDIOSITY 

MANIA PROPER: 
- at least 1 week 
-Possibly psychotic 
-severe impairment to 
social or occupational 
functioning 

HYPOMANIA 
- at least 4 days 
- not at all psychotic 
- little impairment to 
social or occupational 
functioning. 
 

Course of the condition: most bipolar patients have normal mood in between episodes. The “normality gap” narrows over 
the course of one’s lifetime. Lifetime prevalence is 1%. Mean age of onset is late 20s.   

First-degree relatives of people with BPI are approximately 7  
times more likely to develop BPI than the general population. 



DIFFERENTIALS: Non-psychiatric causes of mania     
Physiological: 
- SYSTEMIC LUPUS 

apparently  can result in 
manic symptoms as a 
consequence of encephalitis 

- Neurosyphilis 
- Multiple Sclerosis 
- CNS neoplasm 
- Wilsons disease 
- Epilepsy 
- HIV dementia 

Pharmacological 
- Antidepressants 
- Thyroxine 
- Amphetamines,  
- cocaine 
- MDMA 
- Corticosteroids (acutely) 
- Viral Hepatitis 
 
 

 
 
Endocrine: 
- Hyperthyroidism 
- Hypothyroidism 
- Phaeochromocytoma 
- Cushing disease 
 
 

DIFFERENTIALS: different flavours of mania 
- First manic episode:  will probably recur (in 90%). 
- Hypomania : “mania lite” 
- Recurrent Mania : very rare to have just mania on its own. 
- Cyclothymic disorder often disabling, but not severe enough to 

 qualify for bipolar II 
- Manic Mood disorder due to a medical condition 

 – eg. Endocrine abnormality 
- Substance-induced mood disorder – In the first few days of corticosteroid therapy. Various drugs of abuse also 

cause mania-like behaviour and mental state features (as above); this may or may not go away with abstinence 
- Psychotic Mania with delusions, emotional lability, thought form distortion  and whatnot 
- MIXED EPISODE: a state featuring both major depression AND mania ! 
- Schizoaffective Disorder a psychosis with mood disturbance (as opposed to bipolar mania mood 

disturbance with psychotic features) 
- Borderline Personality Disorder sometimes has “highs” which approach hypomania 
- ADHD and/or Conduct disorder: symptoms overlap with bipolar disorder, esp. in teens 
- ALSO the ADHD and CD often co-exist with bipolar affective disorder. 

INVESTIGATIONS            
- FBC is their depression the depression of anaemia? 
- ESR + ANA, ANCA, etc …raging lupus? 
- BSL atypical antipsychotics can send you into diabetes via massive weight gain 
- EUC Hyponatremia can cause depression; lithium can cause renal failure. Cardiotoxicity is worse with weird potassium levels. 
- Serum Calcium HYPERPARATHYROIDISM CAN CAUSE DEPRESSION(!) 
- LFT mood stabilisers can cause hepatitis; and most drugs are highly protein-bound. 
- ECG Some TCAs are cardiotoxic; lithium can invert or flatten T waves. (this is reversible) 
- Urinary copper level Wilson’s disease is stupidly rare but you don’t want to miss it 
- HIV serology though HIV dementia should be obvious… 
- Syphilis serology unlikely but embarrassing when ignored as a potential diagnosis 
- Serum Cortisol may be elevated, but this is not of any except academic interest 
- Thyroid Function Thyrotoxicosis….  
- CT of the BRAIN largely for baseline 
- EEG if ECT is indicated or for some reason being considered 
 
 
 

 

Just about any drugs, and any heavy metal 
poisoning can be the cause of depression 

Young and Klerman Classification: (1992) 
Classification of Bipolar Disorder 
Bipolar I - Mania and Major Depression  
Bipolar II - Hypomania and Major Depression  
Bipolar III - Cyclothymia  
Bipolar IV – Antidepressant-induced hypomania… 
but is it truly a predisposition to bipolar bipolar   
Bipolar V - Major Depression with a family history 
of bipolar disorder(most bipolar patients start out 
that way, with major depression for years)  
Bipolar VI - Unipolar Mania (rare as hens teeth) 



MANAGEMENT of MANIA and MIXED STATES in the ACUTE PHASE  
 In the emergency department: remedy the immediate ills. Bleeding, burning, etc. 
   Risk to self or others? Severely disturbed? If they report that they are about to 
   get into ridiculous debt, or if they appear ready to act dangerously in accordance with their  

delusions, SCHEDULE THEM; and they will only rarely threaten to sue. 
APPROPRIATE RESTRAINTS whether chemical or physical, can be used. 
- HALOPERIDOL 10mg and MIDAZOLAM 10mg 
- CHLORPROMAZINE is an alternative 

 In the Acute Psychiatric Inpatients Unit: 
- SEVERE, DISABLING behavioural disturbance?  

This calls for ECT, and soon. Rapid immediate improvement  is needed before a 
meaningful history can be extracted and proper long-term treatment can be negotiated.       
In some cases this need justifies the use of dramatic measures like ECT. 

- Is it MANIA or MIXED MANIA? First line therapy is different 
- MANIA = LITHIUM  
- MIXED EPISODE: = VALPROATE or CARBAMAZEPINE 

- Mood-Incongruent Psychosis? 
- MANIA = Benzodiazepine (maybe) + Atypical Antipsychotic 
- MIXED EPISODE: = Atypical Antipsychotic alone 

- Mood-congruent psychosis, or not psychotic? 
- MANIA AND MIXED EPISODE: = Benzo + Atypical 

- None of that is working? 
- EITHER: try another mood stabilizer,  
- OR: try two mood stabilizers simultaneously  

- Do NOT combine divalproate together with carbamazepine, yet 
- Still not working? 

- EITHER: try THREE simultaneous mood stabilizers,  
- OR: add RISPERIDONE 

  - Risperidone not doing anything? Switch to CLOZAPINE 
- STILL NOT WORKING?  

Time for measures largely held to be experimental; 
- EITHER: Calcium Channel Blocker (eg. Verapamil),  
- OR: add LAMOTRIGINE to one or two mood stabilisers 
- OR: add GABAPENTIN to one or two mood stabilisers 

- ACTUALLY GETTING WORSE??  
- ECT is the most dangerous and thus most reluctant measure 

 
MANAGEMENT of RAPID CYCLING in the ACUTE PHASE    
Most often this is a known bipolar patient with recent onset of rapid cycling. 

1) DO NOT abruptly change the medications. 
2) Stabilize sleep, manage substances (eg. caffeine, nicotine)  ….Then: 

- Start VALPROATE. 
- If symptoms persist, add LITHIUM or CARBAMAZEPINE . 
- All three mood stabilizers if that doesn’t work. 
- ECT = last resort 

 



MANAGEMENT of BIPOLAR DEPRESSION in the ACUTE PHASE   
 Emergency department management is no different from major depression. 
  Due to delay in the effect of antidepressants, their effects will not be useful in ED. 
  To have control, one may resort to OLD-SCHOOL ANTIPSYCHOTICS and MIDAZOLAM  
 In the Acute Psychiatric Inpatient Unit: 

- Severely disabling behavioural disturbance? 
- ECT first, ask questions later 

- for some reason UNMEDICATED? 
- Commence Lithium: especially if not psychotic or suicidal  

- Already on Lithium or another mood stabilizer?  
- Play with the dose 

- Dose already too high, or lithium not working? 
- MILD depression: try psychotherapies; if not useful, then drugs. 
of course, best to still keep them on the existing medication, especially if they have been compliant. 

- SEVERE depression: stack more drugs; 
  - mood stabilizer + antidepressant 
  - mood stabilizer + another mood stabilizer 
  - mood stabilizer + Lamotrigine 
  - mood stabilizer + Gabapentin 
- PSYCHOTIC FEATURES?  
  - mood stabilizer + Risperidone 
  - mood stabilizer + Risperidone + Antidepressant 
  - TWO mood stabilizers 

- Nothing working? Try options with uncertain risk/benefit relationships 
- Electroconvulsive Therapy 
- THREE mood stabilizers at once 
- Change the antipsychotic to CLOZAPINE 

 
MANAGEMENT of BIPOLAR DISORDER soon after the ACUTE PHASE  
The arbitrary “acute phase” usually lasts 2 to 10 weeks. The end of this phase is marked 
by euthymia and the resolution of psychotic features. Now, you can  

- Educate the patients, the friends and the family. 
- Use whatever mood stabilizer seems to be working 
- If there is no more psychosis, discontinue antipsychotic over 2-3 weeks 
- If there is no more sleep disturbance, discontinue benzos over 2-3 weeks 
- Discontinue antidepressant over 6 to 12 weeks 

This arbitrary “early continuation phase” which follows the acute phase lasts 6 to 12 weeks.  
 
MAINTENANCE MANAGEMENT of BIPOLAR DISORDER    

- ONLY Discontinue medication if side-effects are not tolerated. 
Must continue psychotherapy and monitor symptoms closely. 
IF the disorder is strongly genetic, or episode was very severe, or episodes recurrent: 
  PHARMACOTHERAPY CONTINUES INDEFINITELY 
Otherwise, continue drugs for no less than 6 months, and taper over 3 months. 
Always better to go slow. 
 
 

NO TRICYCLICS, EVER! 
Good chance of flipping into 
hypomania or rapid cycling 

Risperidone seems the drug of 
choice, but if it does not work,  
consider other antipsychotic agents 



MOOD STABILISERS           
Lithium Carbonate is the first drug of choice for both acute and prophylactic management  

of bipolar disorder. However 30% of bipolar patients will not respond to lithium. 
Seems slightly better for bipolar mania than bipolar depression. 
Not bad for schizoaffective disorder and severe cyclothymia. 
Can sometimes improve the effect of antidepressants in major depression 
Can sometimes improve the effects of antipsychotics in schizophrenia 
May be helpful in borderline personality disorder 
Nobody is entirely sure how it works. May act by blocking inositol-1-phosphatase 
in neurons with subsequent interruption of the phosphatidylinositol second messenger system. 

HALF LIFE is 20 hrs. 
   RENALLY EXCRETED: renal failure will lead to toxicity, 

 effect is inversely proportional to creatinine clearance.  
Always given in divided doses during the day. Bi-daily or tri-daily. 
Therapeutic effect may  take 4-6 weeks.  
True prophylactic effect may take more than 2 months. 

  PRE-LITHIUM WORK UP: looking for contraindications 
- ECG looking for heart disease: lithium can alter conduction 
- EUC looking for renal disease and hyponatremia 
- TFT looking for hypothyroidism 

 
 
MONITORING LITHIUM: tests are useful after 5 days have passed since the dose change. 
  Take the sample 12 hrs since last dose!  

Usually taken in the morning before the morning dose 
MONITOR LITHIUM WEEKLY for the first 8 weeks; 
           FORTNIGHTLY for the next 8 weeks 
           MONTHLY for  8 months 
           Every 3-4 months therafter 
           Check thyroid function regularly 

SIDE EFFECTS:  
  Having just started lithium, you may suffer: 

- Nausea 
- Diarrhoea 
- Vertigo 
- Muscle weakness 
- Cognitive impairment: “fuzzy thinking”, a strange dazed feeling 

Side effects at the maintenance dose   
- Fine tremor of the hands treated with propanolol  
- Fatigue 
- Thirst 
- Polyuria 
- constipation or diarrhoea 
- epigastric discomfort 
- metallic taste,  
- oedema which responds to spironolactone 
- hypermagnesaemia 
- hypercalcaemia 
- Hypothyroidism 
- T-wave flattening and inversion 
- WEIGHT GAIN AND HAIR LOSS! 
- Acne and Psoriasis may get worse. 

THERAPEUTIC LEVELS:

 0.8-1.6 mmol/L
Long term maintenance:

0.5-0.8 mEq/L.
 
DO NOT EXCEED 
2mmol/L. 
 
Lethal dose around 
4 mol/L 

STOP DIURETICS! Lithium + diuretics = paradoxical antidiuretic effect.

NO LACTATING OR CHILD-BEARING 
ON LITHIUM! 
Cause Ebstein’s anomaly of the foetal 
heart, and foetal thyroid weirdness. 

Due to rapid rise in 
serum lithium levels; 
these will improve as 
the levels stabilize 

These are not indications 
to reduce dose lithium-induced Diabetes Insipidus;

 treated with Amiloride

SIGNS OF TOXICITY: 
- Increasing anorexia 
- diarrhoea and vomiting 
- muscle weakness 
- lack of coordination,  
- drowsiness 
- lethargy 
- giddiness 
- ataxia, dysarthria 
- blurred vision 
- coarse tremor, 
- muscle twitching.   

MANAGEMENT OF 
TOXICITY: 
No specific antidote; monitor 
levels every 6 hours and use 
osmotic diuresis (eg. 
mannitol or urea infusion). 
Also you may try alkalinising 
the urine. 

But… spironolactone 
causes an unpredictable 
increase in lithium levels 



ANTICONVULSANTS as MOOD STABILISERS      
Carbamazepine seems more effective for rapid cycling than lithium. 
  Also good for schizoaffective disorder and cyclothymia. Particularl helpful in  

controlling extreme impulsive or aggressive behaviour. 
 Mechanism of psychiatric useful effects is unknown. 
 Metabolised by the liver, and it will induce its own enzymes so serum levels fall over time. 

Anticonvulsants take about 3 weeks to reach full psychiatric effect. 
PRE-CARBAMAZEPINE WORK-UP: 

- ECG looking for heart disease: 
- LFT because that’s the metabolising organ 

 MONITORED JUST LIKE LITHIUM 
 SIDE EFFECTS: 
- Nausea 
- Vomiting 
- Diarrhoea or Constipation 
- Loss of appetite 
- Sedation 

- Dizziness 
- Ataxia 
- Confusion 
- Rash and pruritis 
- Stevens-Johnson Syndrome 

- Hepatitis 
- Urinary retention 
- AV conduction defects 
- Agranulocytosis                 

(in 0.005% of patients) 
 

 
 
Sodium Valproate is the first drug of choice for rapid cycling bipolar disorder. 

Valproate causes decreased GABA metabolism with secondary increased CNS GABA 
concentrations. Valproate may also impact signal transduction through actions on protein kinase C. It 
is unknown if these mechanisms are  involved in the treatment of psychiatric disorders  
The average half-life is 8-10 hours, making bi-daily or tri-daily dosing necessary.  
METABOLISM has little to do with CYP450, mainly glucouronidation and mitochondrial beta-oxidation 

Valproate is highly protein bound and, at higher concentrations, this system 
becomes saturated and there is more unbound drug available. This  actually 
enhances the metabolism of the drug and lowers the serum concentration. 

Serum valproate levels can be obtained at 3 days  after a change of dose 
Serum levels should be drawn 12 hours after the previous dose and are usually done in the 
morning before the AM dose. 
SIDE EFFECTS: 

- sedation dizziness 
- nausea and vomiting 
- Pancreatitis usually occurs early in treatment.  
- Hepatitis 
- Thrombocytopenia 
- Tremor 
- Ataxia 
- Headache 
- Insomnia 
- Agitation 
- Weigth gain 
- Alopecia 
- maculopapular rash. 

   
 

Causes SPINA BIFIDA  

Signs of toxicity include:  
- Confusion 
- stupor, 
- motor restlessness 
- ataxia 
- mydriasis 
- muscle twitching 
- tremor 

- athetoid movement, 
- nystagmus, 
- abnormal reflexes,  
- oliguria 
- nausea and vomiting.

A minimum 14-day washout should elapse before beginning an MAOI due to the 
molecular similaritybetween tricyclic antidepressants and carbamazepine. 

Causes SPINA BIFIDA and 
various other neural tube defects 

Overdose: 
SOMNOLESCENCE 
HEART BLOCK 
COMA 



 
Gabapentin is good for bipolar disorder, but not good enough to be a monotherapy. 

MECHANISM:  chemically related to the neurotransmitter GABA, but it does not act on GABA 
receptors. It is not converted into GABA and does not effect GABA metabolism or  
reuptake. The mechanism of its effect in psychiatric disorders is unknown. 

  Renally excreted, half-life of 5-7 hrs. No need to monitor serum levels (we don’t know what the  
therapeutic window is, so it matters very little). 

SIDE EFFECTS: 
- fatigue  
- somnolence 
- ataxia  
- nausea and vomiting  
- dizziness  
- weight gain or loss  
- edema 
- Hypertension 

- Change in appetite 
- Dyspepsia 
- Flatulence 
- Gingivitis 
- Easy brusing 
- Arthralgia 
- Nystagmus  
- tremor  

- diplopia  
- blurred vision 
- Anxiety  
- Irritability 
- hostility 
- agitation  
- depression 

 
 
 

 Lamotrigine seems effective as an adjuctive therapy OR a monotherapy. 
  The mechanism of action is unknown. It may have an effect on sodium channels that modulate  

release of glutamate and aspartate. It also has a weak inhibitory effect on 5-HT  receptors. 
Hepatic metabolism,  half-life of 25 hours.  

SIDE EFFECTS: 
• Dizziness 
• Sedation 
• Headache 
• Diplopia 
• Ataxia 
• decreased coordination 
• Stevens-Johnson (most likely to occur in the first 4-6 weeks.) 
• Weight gain. 
• Nausea and vomiting. 
• Agitation 
• irritability  
• anxiety 
• depression 
• mania.  

 
 
 

 
 
 

 
 

 

Gabapentin has reduced absorption with antacids, and it 
should be taken at least 2 hours after antacid administration.



Depression          

     
So, your patient is depressed… HOW depressed, you  ask? 

HISTORY OF DEPRESSION          

5 or more of the following 9, in the same 2 weeks: 
- DEPRESSED MOOD: can be IRRITABILITY in kids and teens 
- ANHEDONIA: loss of interest in formerly pleasurable activities 
- ASK: has some sort of life event caused this? 
   MELANCHOLIC depression is not caused by any life events. 
  IT IS BIOLOGICAL: and features a PSYCHOMOTOR DISTURBANCE 
 ADJUSTMENT DISORDER or BEREAVEMENT have an identifiable stressful event as a cause 

- Do the symptoms last all day, every day? Melancholia = worse in the morning 

- Are there times they feel UNUSUALLY ELEVATED? 
I.e. is there a BIPOLARITY? Ask mania questions. 

- Is there a SLEEP DISTURBANCE? Too much, too little? 

- Weight loss? Weight gain? 5% either way is significant 
- Psychomotor Agitation or Retardation:melancholia has more of this 

THIS MUST BE OBSERVABLE: not merely reported  
This usually looks like either an irritability and restlessness, or a marked delay in answering 
 your questions. The person may move slowly, uncoordinatedly, with what seems like  
a sort-of general uncaring about the consequences of the movement. 

- LOSS OF ENERGY fatigue, de-motivation. Cannott start any tasks.  
- FEELINGS OF GUILT or WORTHLESSNESS  

These may be delusional, paranoid;  
 ask some psychosis questions, challenge the beliefs (can you reason with this person?) 
LOSS OF CONCENTRATION or INDECISIVENESS- either reported or observed  

- SUICIDAL IDEATION: this is probably why they arrived to Emergency.  
- ASK: have they tried that before? Have they made any plans? 
- What stopped them from doing it the last time they thought about it? 

ASK ABOUT SUICIDE RISK FACTORS: 
- Living alone? Many friends? Got a partner? Been drinking? 
 

OTHER IMPORTANT HISTORY:         
- Drugs and Alcohol: will almost certainly be using some substance or another 
- Previous admissions to some sort of psychiatric unit 
- Previous history of psychotic illness or depressive episode 
- Family history: there is a genetic component; monozygotic twins develop depression with 

about 60-70% concordance ( STILL NOT 100%, so environment plays a major role). The number is 
19% for fraternal twins, which is still higher than the general population. 

MENTAL STATE EXAMINATION:         
Appearance: may show evidence of poor self-care 
Behaviour: … evidence of  recent self-harm? 
Speech: low volume, slow; may be agitated with rapid bursts 
Mood: duh, depressed! 
Affect restricted, unhappy face. Does not smile very much.  
Thought Form may be distorted if there are psychotic features 
 

Thought Content may be delusional, eg. “I’m already dead” 
Perceptual Disturbance ?... hallucinations?..... 
Insight do they realise they are clinically depressed? 
Judgement may be impaired in severe depression 
Cognitive Testing to gauge extent of psychomotor impairment, eg. 
can they concentrate, can they copy a picture, what is their short-
term memory like

 
 

risk factors for 

suicide:
SAD PERSONS mnemonic: 
Sex (women = attempt, male = success) 
Age (teenagers and elderly highest risk) 
Depression (15% of depressed pts  

suicide at some stage) 
Previous attempt (10% of   

attempt succeed) 
ETOH abuse: (15% of alcoholics  

complete suicide) 
Rational thinking loss: psychosis  

is risk factor 
Social supports lacking 
Organised plan 
No spouse or partner 
Sickness, i.e chronic illness 

WHEN DOES SADNESS BECOME DEPRESSION??  
Negative feelings become persistent and pervasive  
= people are unhappy most of the day, every day  
for more than two weeks. (quoth the DSM-IV)

DYSTHYMIA: 2 years of “depression lite”, 
only 2 of the major depressive criteria; but 
long-lasting.   

MAJOR FOCUS: PSYCHOTIC FEATURES and BIPOLAR FEATURES; you want to know 
whether they need antipsychotic drugs or mood stabilisers in their management cocktail. 

SOCIAL HISTORY: 
support from friends? Or  
from family? Quality of   
relationships with these? 



 
DIFFERENTIALS: physiological causes of depression     
Lets face it: If you admit this patient and treat them for depression, it would be very embarrassing to eventually discover after 2 
years of ineffective electroconvulsive therapy that their depressive symptoms are the consequence of an underactive thyroid. 
CNS conditions: 
- Dementia 
- Parkinson’s 
- Multiple Sclerosis 
- Huntington’s 
- Stroke 
- Epilepsy 
- Neoplasm 
 

Autoimmune: 
- Lupus (SLE) 
Hematological: 
- Anaemia 
Infectious: 
- Syphilis 
- HIV 
- Influenza 
- Viral Hepatitis 

 
Endocrine: 
- Hyperthyroidism 
- Hypothyroidism 
- Addison disease 
- Cushing disease 
 
 

DIFFERENTIALS: different flavours of depression     
- Major depressive episode:  vanilla depression; happens to many people, can be quite severe, and 

often results in suicide. Typical features. Mean duration is about 6 months. 
- Recurrent Major depressive episode : if you ever had a major depressive episode, youre likely to 

get another one. There is often something approaching normal mood between such episodes. The gap 
between episodes narrows as you age. 

o Alternatively, you can have major depressive episodes on the background of a simmering dysthymia 
- Dysthymic disorder (only 2 of the major depressive criteria, for  2 years or more)- rarely presents in hospital 

except as the result of a co-morbidity (eg. chronic drinking) – NOT mild! Chronic and disabling. 
- Mood disorder due to a medical condition – coping with a diagnosis or with chronic pain, etc… 
- Substance-induced mood disorder – notoriously, chemotherapy of the cytotoxic kind (eg. vinca 

alkaloids), corticosteroids and retinoic acid derivatives eg. Roaccutane can all cause depression. Plus there 
is the depression related to alcohol abuse, amphetamine withdrawal, cannabis withdrawal, etc etc…. 

- Anxiety coexisting with depression: they normally coexist anyway, but the mixed 
presentation will have more symptoms from both. 

Weird gourmet flavours of depression        
- Depression with Psychotic Features: mood-congruent delusions and hallucinations; often of persecution, 

with accompanying guilt and the sense of deserving punishment (see Dostoyevski, Notes from the Underground) 
- Adjustment disorder –this can come in an anxiety flavour or in a psychotic flavour 
- Schizoaffective disorder is really just schizophrenia with a mood disturbance component  
- Bereavement–is culturally inappropriate and excessive depression following a loss. 

INVESTIGATIONS            
- FBC, EUC, TFT, LFT, serologies, CT or MRI of head, EEG. 
Trying to rule out the physiological differentials as well as determining the extent of 
comorbidities: eg. if youre depressed, its less of a problem than the death of your liver from your depressive drinking. 

 
MANAGEMENT            
 Immediate: focus is on RISK 

- SCHEDULE THEM if at risk to self or others; OR if seriously disturbed  
PSYCHOSIS? Depression with delusions and hallucinations? 
Nobody wants a raving loon in their ED. These people belong in specialist units. 
- This requires acute management with an antipsychotic drug: 
- HALOPERIDOL and MIDAZOLAM keep them calm until they can be 

assessed by the mental health team.  
Push for a voluntary admission with non-psychotic patients. 

 
Short Term: assessment and management of related problems  
  Address the consequences of mental disturbance: suture wrist cuts,  

administer overdose counter-agents…. 

Just about any drugs, and any heavy metal 
poisoning can be the cause of depression 

To admit or not to admit? 



PRACTICAL CLASSIFICATION OF DEPRESSION FOR MANAGEMENT  
One must assign a name and rank to their enemy. This will guide one’s long term treatment decisions. 
DIMENSIONAL METHOD: by severity; mild, moderate, severe.  

- On the basis of how many symptoms they have (eg. Sleep disturbance, appetite etc) 
- Also, how great the disruption of function is. 

CATEGORICAL METHOD: Melancholic, Non-melancholic, and Psychotic depression. 
- MELANCHOLIC depression seems more “physiological” because  

- Genetic contribution to pathology is greater 
- Stronger evidence of abnormality in neurophysiology 
- Minimal placebo response to drugs 
- Relatively specific response to dugs and ECT 

Characterised by the PRESENCE OF CERTAIN FEATURES: 
- Non-reactive mood 
- Anhedonia 
- Early morning waking 
- Mood worse in the morning 
- Significant weight loss 
- Psychomotor disturbance:  which is either 

- RETARDATION i.e slower everything (speech, movement etc…) 
- AGITATION i.e inability to keep still, pacing, faster speech, picking at skin 

etc  etc- and these anxiety features DO NOT settle during an interview! 
 

- PSYCHOTIC Depression: also has specific features; eg DELUSIONS + HALLUCINATIONS (Duh) 
- Guilt and persecution delusions are the most common feature 
- Lack diurnal variation (no worse in the morning than in the evening) 
- May not be aware of depressed mood- more like a “flatness”. 
- May present with somatic symptoms instead of mood disturbance 
- Very poor concentration and memory 
 

- Non-Melancholic Depression: pretty much everything else left over; the MOST COMMON form 
- No positive defining features; they belong in this group if there is no 

features of melancholia or psychosis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No reason why the two classification 
systems shouldn’t overlap. Thus, one may 
suffer from a severe psychotic depression, a 
moderate psychotic depression,  



GUIDE TO MANAGEMENT OF DEPRESSION        
The idea is to start psychotherapy no matter the type or severity, and then to titrate drugs according to the symptoms. 
Some people don’t need drugs. Some people will not benefit from psychotherapy. Most will get something out of both. 
 General rules for Non-Melancholic Depression: 
  - When there is a definable trigger, use psychotherapy to TEACH COPING SKILLS to deal with  

future situations of that nature.  
- If FAMILY problems are involved, use FAMILY GROUP THERAPY 
- If the depression is no exactly “mild”, or psychotherapy is inappropriate, use ANTIDEPRESSANTS. 
- start SSRI and if that does not help, keep going down the Melancholia drug guidelines 

- 2/3rds of people will get something out of antidepressants. 
- Placebo and spontaneous remission rates are 30% to 50% 
- These drugs could take up to 4 weeks to work… 
- …That said, if after 2weeks there is absolutely NO RESPONSE, time to try another one. 

- FOR HOW LONG DO WE DRUG THEM? As long as needed. Say, once the triggering factor 
(such as a destructive relationship) is gone, the drugs don’t need to stay. If the drugs were 
ameliorating unhelpful yet permanent character traits eg. anxiety, they should keep taking the drugs.     

 

General rules for Melancholic Depression:  
Choice of antidepressant: the more severe the depression, the more side-effects you should accept 

- trial SSRI; it probably wont work, but if it does, they will thank you (less side-effects) 
- Venlafaxine (Efexor) is the preferred second line option. 
- Tricyclics if efexor does not work 
- MAOIs if tricyclics not working or contraindicated 
- Add mood stabiliser if antidepressants aren’t working 
- ECT if drugs have failed 
- ECT with Drugs if ECT alone has failed 
- Last resort: weirdness like Thyroxine therapy (! One study said they were “surprised 

with how few side-effects” there were on “super-physiological thyroxine dose”) 
FOR HOW LONG DO WE DRUG THEM? 
 - DRUGS for 6 to 12 months following the first episode is a good general rule; 
 - For 2 years if there are 2 episodes in 2 years 
 - For 5 years if 3 episodes in 3 years 
 - The more “melancholic” or “psychotic” the episode, the longer the maintenance. 

 

General rules for Psychotic Depression: 
- Antidepressants alone = effective in 25%; 
- Antipsychotic alone = effective in 33%; 
- Antidepressant + antipsychotic = effective in  80% 
- ECT = effective in 80% 
- Psychotherapy still helps, use it 

 

General rules for SPECIFIC SYMPTOMS:  
- INSOMNIA: the following antidepressants are sedating 

- Fluvoxamine 
- Nefazadone 
- Mirtazapine 
- Amitryptiline 
- Trimipramine 
- Doxepin 

- APPETITE LOSS: Mirtazapine gives you the munchies 
 

General rules for ECT: 
- BAD side effects: anterograde or retrograde amnesia, headache, confusion, etc…  
- ONLY AFTER FIRST AND SECOND LINE DRUGS HAVE FAILED 
- One course is 12 or so treatments, so 6 to 4 weeks with 2 or 3 times a week  
- IMPROVEMENT IS DRAMATIC AND SUDDEN: thus, ECT is great for patients who 

are acutely suicidal, severely psychotic, malnourished, or otherwise in extremis 
 
General rules for PREFRONTAL LOBOTOMY: 

In the field, one may have to crudely sever the white matter tracts that connect the frontal lobe to the rest of the brain. (its very 1936) 
When time is permitting, one may target the hippocampus and its connections to the mamillary body, anterior thalamus and cingulate cortex. 
Specific procedures include limbic leucotomy, subcaudate tractotomy (this one best for depression), anterior cingulotomy and anterior capsulotomy. 

Outcome is good! …60-80% response rates. However double-blind trial have never been performed. This treatment is reserved for cases when 
 no other therapy is effective, and everything else has been tried. 
 

TRICYCLICS pose a 

SERIOUS 
OVERDOSE RISK 
Think twice about them 

IS THE DOSE 
HIGH ENOUGH? 
You can safely raise 
the dose a little 
every month until 
the desired effect is 
achieved 

Fluoxetine and Protryptiline  
may actually CAUSE insomnia 

Amoxapine: TCA with good effects in depression 
with psychotic features. Is metabolised into 
loxapine, an antipsychotic agent  



CBT aims to help people with 
depressive disorders understand 
the link between their thoughts, 
behaviour and emotions 
= at least as effective as first-line 
pharmacological treatments for 
major depression (eg. Elkins, 
Gibbons, Shea & Shaw, 1996; 
Scot, 1996). 
= of equivalent efficacy in the 
treatment of severely depressed 
outpatients (DeRubeis et al., 
1999).  
= more strongly indicated in 
cases of mild to moderately 
severe depression or as an 
adjunct to medication.  
 
Also indicated if there was prior 
positive response to CBT 
 if the patient has a preference 
for psychotherapy, 
if medication is 
contraindicated,  
if a competent trained clinician 
with expertise in CBT is 
available. 

PSYCHOLOGICAL THERAPY in detail:        
 Cognitive behaviour therapy: 

Patients are taught to systematically identify,  
evaluate and challenge the thoughts and 
 beliefs  that are believed to maintain their  
depression. 

i. identify unhelpful thoughts; eg “I suck because I have no girlfriend/boyfriend” 
ii. how valid is that thought? Are there dysfunctional assumptions? Eg. “I’m ugly” 
iii. Test the dysfunctional assumptions, prove that they are false; eg. get professional photograph taken  
iv. Replace unrealistic unhelpful thinking with realistic thinking eg “I’m not THAT fat, and I’m getting better” 
v. Set schedules, eg. for pleasant activities (counters loss of motivation) eg. “today: min. 3hrs of Buffy”  
vi. Set goals and solve problems to help set up a structure for coping with life problems. 

 Interpersonal therapy: 
Works on the principle that most depression is related to interpersonal relationships.  
Emphasis on improving social skills, improving social life, and developing relationships. 

Problem solving therapy: 
Emphasis on improving family and social relationships. Problems not caused by the patient;  
problems are a response to environmental pressures. Change the response to a better response 
and the problems will go away. Hence goal-setting and problem-solving.  
The idea being that if youre in control of your life, you wont feel depressed anymore. 

Brief supportive counselling:  
short term, 1-5 sessions; using any number of approaches, but aiming to reduce  
reliance on counsellors. Good for first-time crisis events 

 Psychotherapy relies upon four major theoretical models of depression: 
Seligman's learned helplessness theory;         

when dogs and rats receive uncontrollable shocks they eventually become very helpless and 
give up trying to avoid the shocks. 
 Seligman found that humans react in much the same way, but only after making the attribution 
(or causal explanation) that they have no control over the negative events in their lives.  
people's attributions for past events shape their expectations about future events.  
When bad things happen to people with optimistic styles they attribute the negative 
outcome to causes that are  
- specific (confined to a particular event), 
- unstable (not likely to occur regularly) 
- external (not their fault alone) 
when bad things happen to those with a depressive style, 
the negative outcome is attributed to causes that are  
- stable (occur regularly), 
- global (occur across many situations)  
- internal (are their fault alone). 
Abrahamson's attributional model,   
highlighted the role of a sense of hopelessness critical in the development of depressive 
disorder.  
When a person with a depressive or pessimistic style experiences a negative event they 
will see these events as being uncontrollable, feel  
helpless, and become hopeless about regaining control. This hopelessness  
leads to depressive disorder. 
Lewinsohn's learning-based model,       
posits that negative life events bring about a change in the degree to 
which a person's interaction with their environment is rewarding.  

Less rewards  decrease in reward-driven activities  even less opportunity for rewards even less activity 
Therapeutic strategies based on this learning based model require that individuals with depression actively increase 
rewarding behaviours in their lives. 

!! Beck's cognitive model. !! 
Beck's cognitive model of depression has been the most influential, widely researched and clinically applied model of major depression. 
CORE OF THE MODEL: “COGNITIVE TRIAD” 

1. Seeing themselves as worthless 
2. Seeing the world as hostile 
3. Seeing the future as bleak 

PLUS: characteristic “THINKING ERRORS”: 
• black-and-white thinking 
• overgeneralisation 
• catastrophising 

 

 

ALL THIS ARISES FROM EARLY 
LEARNING EXPERIENCES…? 
  - Which seem to program enduring core belief 
systems about the person's view of themselves 
or their environment. Something of the 
Attachment theory in this. 



ANTIDEPRESSANTS in detail:         
Selective Serotonin Re-uptake Inhibitors: 
 = block the action of a pre-synaptic serotonin re-uptake pump. Thus, there is more serotonin in the synaptic space. 
 = these are highly protein-bound drugs, with average half-lives of around 24 hrs for the parent compound. 

= SSRIs competitively inhibit CYP450 enzymes; so AVOID DRINKING ALCOHOL while taking them. 
 Fluoxetine (Prozak), particularly: long half life (2 to 4 days); plus the metabolite is also active and  

has a whopping half life of 7 to 10 days. So wash-out should be longer (i.e greater gap between the  
cessation of fluoxetine and the commencement of the next drug) 

 SIDE EFFECTS: 
  Sexual dysfunction is the most common.usually a loss of libido or inability to orgasm. 
   WE CAN IMPROVE THIS with, erm, more drugs!  
    Viagra, Mirtazapine, Nefazodone, Bupropion 1 hr before sex. 
  Insomnia especially with fluoxetine 

Nausea usually for no longer than a few days; Diarrhoea also short lasting 
Dry mouth, dizziness, anxiety, tremor, fatigue, etc… 
 

   
   
 
 
 
UNNECESSARY DETAIL: which receptors are responsible for what 
 RECEPTOR ACTIVITY      CONSEQUENCES 
Blockade of histamine  
(H-1and H-2) receptors 

Sedation, drowsiness; potentiation of central depressant drugs; weight gain  

Blockade of muscarinic 
acetylcholine receptors  

Dry mouth, blurred vision, sinus tachycardia, constipation, urinary retention, memory impairment  

Blockade of noradrenaline uptake 
at nerve endings 

Antidepressant efficacy (?); tremors, jitteriness; tachycardia; diaphoresis; blockade of the 
antihypertensive effects of guanethidine; augmentation of pressor effects of sympathomimetic amines; 
erectile and ejaculatory dysfunction 

Blockade of serotonin uptake at 
nerve endings 

Antidepressant efficacy (?); sexual dysfunction; nausea, vomiting, diarrhea; anorexia; increase or 
decrease in anxiety (dose-dependent); asthenia (tiredness); insomnia; extrapyramidal side effects; 
interactions with L-tryptophan, monoamine oxidase inhibitors, fenfluramine, and occasionally lithium 

Blockade of serotonin-2 (5-HT2) 
receptors 

Antidepressant efficacy (?), ejaculatory dysfunction, hypotension, alleviation of migraine headaches, 
decrease in anxiety (?), decrease motor restlessness (?)  

Blockade of alpha 1  receptors Postural hypotension, dizziness which predisposes to falls, potentiation of antihypertensive drugs 
Blockade of alpha 2- receptors Priapism; blockade of the antihypertensive effects of clonidine, a-methyldopa, guanabenz, guanfacine  
Blockade of fast Na+ channels reduce some arrhythmias at low concentrations, cause arrhythmias, seizures at high concentrations 

  
Receptor selectivity profile  for the TCAs and SSRIs:      

 

Serotonin syndrome: consequence of misguided SSRI overdose, or interaction between several antidepressants 
nausea, confusion, hyperthermia, autonomic instability, tremor, myoclonus, rigidity, seizures, coma and death.  

Rapid Cycling: is what happens to some bipolar patients on SSRIs. As the name suggests, this is a state of wildly fluctuating mood, 
switching to and fro as often as several times within a single day. 

Discontinuation Syndrome: what happens when you stop taking the SSRIs suddenly. Dizziness, lethargy, nausea, irritability, 
and headaches.  Worst with short half-lfe drugs eg. Fluvoxamine, paroxetine. 

SEROTONERGIC NORADRENERGIC

SSRIs 



Cyclic Antidepressants: Old-school sedating drugs with overdose potential     
Dirty ugly drugs. Work on every receptor: mainly by blockade of reuptake mechanisms of 
serotonin, noradrenaline and dopamine. ALSO interact with alpha-adrenergic receptors, 
muscarinic acetylcholinergic receptors, and histamine receptors, hence the side-effects profile. 
These unwanted receptor interactions are also responsible for the overdose potential. 

Side Effects: 
- SEDATION 
- WEIGHT GAIN 
- Dry mouth  
- blurred vision 
- sinus tachycardia 
- constipation 
- urinary retention 

- memory impairment 
- seizures 
- mania in bipolar patients 
- arrhythmias 
- tremor and ataxia 
- Delirium in the elderly (Ach!) 
-     Sexual Dysfunction 

 
Discontinuation Syndrome: 
transient dizziness,  nausea, headache, diaphoresis, insomnia, and malaise.  
These effects are mostly related to cholinergic and serotonergic rebound. 

 
Secondary Amine Tricyclic Antidepressants:        

DESIPRAMINE- least sedating, least anticholinergic; first-line in the elderly 
 NORTRYPTILINE- least likely to cause orthostatic hypotension; thus also good for the elderly 
 PROTRYPTILINE- THE least sedating TCA; may actually cause insomnia. 
 
Tertiary Amine Tricyclic Antidepressants:         
 AMYTRYPTILINE- very sedating, excellent for CHRONIC PAIN and MIGRAINE 

CLOMIPRAMINE- good for OBESESSIONS of all kinds. Most likely to cause seizures. Very sedating and anticholinergic   
 DOXEPIN –Extremely sedating and antihistaminic! Excellent for relentless itching, i.e ANTIPRURITIC 
 IMIPRAMINE – Wonderful for PANIC DISORDER and ENURESIS in children 

TRIMIPRAMINE – the dud of TCAs. No advantages over any other TCA. Basically a waste. 
 
Tetracyclic Antidepressants:          

AMOXAPINE- heavily dopaminergic (its metabolite is the antipsychotic loxapine); may cause  
   extrapyramidal side-effects, lactation and menstrual weirdness. Greatest risk of seizure,   
   cardiac toxicity and general fatality with this drug. Great for PSYCHOTIC DEPRESSION 

MAPROTILINE- Dangerous drug for the frontier psychiatrist. Lots of seizures and arrhythmias. Long half life. 
MIRTAZAPINE –No adverse effects on sexual function! Sedating, but only in the first week. Lovely  

appetite-enhancing effect for DEPRESSION with ANOREXIA. Tiny chance of agranulocytosis) 
  

Unicyclic Aminoketones:             
BUPROPION- dopamine and noradrenaline reuptake inhibitor, short half-life. Fewer side-effects than  

TCAs and fewer sexual side-effects than SSRIs. Most common side effects are insomnia 
and hyperactivity (like amphetamines). + nausea, dry mouth, tremor. 
 Indicated for major depression, dysthymia, ADHD and bipolar disorder. 
 

Assorted Atypical Antidepressants:         
NEFAZODONE:- serotonin reuptake inhibitor, AND post-synaptic receptor blocker (only 5HT-2a). 

 Used for Postmenstrual Dysphoric Disorder, Post-Traumatic Stress Disorder… 
Very short and unpredictable half life (2-18 hours). Normal pattern of serotonergic side-effects. 

TRAZODONE: -similar to Nefazodone; somehwta less postsynaptic effect. good for INSOMNIA and ANXIETY. 
VENLAFAXINE: –a phenylethylamine; inhibits reuptake of serotonin and noradrenaline. Causes insomnia, hypertension,  

anxiety, constipation, loss of appetite, sexual dysfunction etc… BUT IT WORKS WELL FOR DEPRESSION 
 REBOXETINE: Noradrenaline reuptake inhibitor. Tachycardia, dizziness, sweating, headache, urinary retention, and all  

for what?.... its just another antidepressant. Consider it if PSYCHOMOTOR SLOWING is the primary problem. 



Monoamine Oxidase Inhibitors: Irreversible        
      Must have tried everything else before resorting to MAOIs… 
      UNLESS: depression with atypical features, such as… 

- mood reactivity 
- increased appetite 
- hypersomnia, 
- sensitivity to interpersonal  rejection. 

      Resort to MAOIs if SSRIs fail in this type of depression 
              ALSO: for phobia, social anxiety, agoraphobic panic disorder, and OCD 

 
 
 
 
 
 
 
 
 
 
 
 

OTHER SIDE EFFECTS:          
 Alpha-1 adrenergic blockade: thus HYPOTENSION(most common side effect) 
 Histaminic blockade: significant WEIGHT GAIN 
 Apart from that, the usual bouquet of nausea, headache, sexual dysfunction, agitation,  

constipation and seizures 
 
PHENELZINE Phenelzine is associated  with a higher incidence of weight gain,  

    drowsiness, dry mouth, and sexual dysfunction than tranylcypromine. 
TRANYLCYPROMINE: Tranylcypromine is more likely to cause insomnia than phenelzine. 

 
Monoamine Oxidase Inhibitors: Reversible        

MOCLOBEMIDE: Moclobemide is relatively selective for type A monoamine oxidase.  
The inhibition is short lasting (approximately 24 hours). The metabolism of dopamine, 
noradrenaline and serotonin is decreased by this effect and this leads to increased extracellular 
concentrations of these neurotransmitters. NON-SEDATING OR VIGILANCE-IMPAIRING  
… Sleep disturbances; dizziness; nausea; headache; dry mouth; constipation; 
diarrhoea; anxiety; restlessness; 

  
 

 
 
 
 
 

The key to safe treatment: 
STOP EATING EVERYTHING 
containing the amino acid tyramine 
Food Taboos:  

- Soy sauce 
- sauerkraut 
- liver 
- aged cheese 
- fava beans 
- air-dried sausage  
- pickled or cured meat or fish 
- overripe fruit 
- canned figs 
- raisins 
- avocados 
- yogurt 
- sour cream 
- meat tenderizer 
- yeast extracts 
- caviar 
- shrimp paste 
- Beer and wine  

ACTION: irreversibly inhibit monoamine oxidase, located in 
- the central nervous system 
- the gastrointestinal tract 
- the platelets 
THUS: no degradation of monoamines. 
THUS MORE SEROTONIN, ADRENALINE, 

NORADRENALINE 
You require about two weeks after discontinuing an MAOI to 
replenish the body with normal amounts of the monoamine 
oxidase enzyme. 
HOWEVER: 
Inhibition of MAOI at the gut results in increased absorption of 
TYRAMINE which acts as a false neurotransmitter, increasing 
blood pressure and maybe causing a HYPERTENSIVE CRISIS 

Management of 
Hypertensive Crisis: 
1)Sublingual Nifedipine 
Or: chlorpromazine 
Watch the blood pressure: 
don’t let it too low 
 



@ tubule lumen: 

@ tubule 

 lumen: 

ACID-BASE BALANCE and the kidney’s two cents in it      8.02  
Two kinds of acid: NON-VOLATILE  = NH4+ (60%), titratable acids (40%)  

  and VOLATILE  = CO2 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 Increased H+ 
 = ACIDOSIS 

“GOOD BUFFERING” 
HCO3

-
 buffer: H+ ���� H2O;CO3 ���� CO2 

Also by HEMOGLOBIN which sweeps up CO2 

CARBON  
DIOXIDE 
EXHALED 

KIDNEYS GENERATE AMMONIA (NH3) 
and BICARBONATE HCO3- 
ENZYMES must be generated, so there is a lag of 12-24 hrs 

 

Intercalated cell 

@ collecting duct: 

      H+ pumped by ATPase 

AMMONIA BINDS H+ : 
Becomes AMMONIUM (NH4+) 
= is EXCRETED IN URINE 

 Decreased H+ 
 = ALKALOSIS 

KIDNEY DUMPS HCO3- 
into urine: thus less alkali 

NH4+ HCO3- 

CARBON 
DIOXIDE 
RETAINED

CO2 too low���� 
Respiratory rate 
reduced (Rapidly, at a 
moments notice)� 

CO2 dissociates  
(until CO2 exceeds 
55mmHg, when the 
medulla stimulates 
respiration again) 

� tubule lumen  

� this way to ureter � 

Proximal tubule cell 

Intercalated cell  

@ collecting duct 

Glutamine 

Glutamate 

glutaminase 

NH3 

H+ 

ATP 

NH4

+
 

Produced by 

carbonic anhydrase 

ATP 

MORE HCO3- 
GENERATED 

BAD BUFFERING: 
By proteins, which 
changes their function 

LUNGS CORRECT METABOLIC ACID-BASE DISTURBANCES 
KIDNEYS CORRECT RESPIRATORY ACID-BASE DISTURBANCES 

BONE is a buffer for chronic acidosis: makes up as much as one third of the total buffering!   
= release of mineral bicarbonate and mineral phosphate (MAINLY BICARBONATE) 
THIS IS DANGEROUS: depletes integral elements of the hydroxyapatite matrix 
 

LESS HCO3- 
THUS nothing to 
deplete the H+ 

Reading Arterial Blood Gases: 
1) Acidaemia or alkalaemia?   
     Neither = mixed disorder or compensated 

 
2) HCO3- and PCO2: both change       
      IN DIRECTION OF pH = METABOLIC 
      OPPOSITE TO pH: = RESPIRATORY 
    Change in opposite directions = mixed dz   
 

 3) BASE EXCESS:  
    excess or deficit = METABOLIC 
    normal = RESPIRATORY  
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REGULATION OF POTASSIUM        8.01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WHAT IS THE ANION GAP?           
= figuring out how much extra anion there is; 
i.e all those anions not mentioned in the equation- Mg, Ca, etc… (measured in milliequivalents, mEq) plus the 
blood proteins which are negatively charged and thus anionic  

HOW COULD THIS POSSIBLY BE USEFUL?  ���� IT HELPS DIAGNOSE ACIDOSIS  
Causes of Low Anion Gap  
- Paraproteinemia (Multiple Myeloma)  
- Spurious Hyperchloremia (Bromide toxicity)  
- Hyponatremia  
- Hypermagnesemia  
- Hypoalbuminemia : decreases 2.5 meq per 1 g/dl Albumin drop  
Causes of High Anion Gap  
- Metabolic Acidosis (without increased Serum Chloride)  
        Eg. lactic acidosis, kidney failure, etc. 
 

CHRISTMAS DINNER  
 

MASSIVE HAEMORRHAGE 

 

2 to 8 mmol/L: this range is 
COMPATIBLE WITH LIFE  

POTASSIUM 
EXCESS 

 

ZONA GLOMERULOSA 
Of the adrenal gland 

���� PRODUCES ALDOSTERONE 
 

Reduced ECF 

=potassium deficit 

RAAS  
Angiotensin II  

Aldosterone = DUAL ACTION! 
���� increases ENaC activity @ 

cortical collecting duct 
 
 
 
 
 
 
 
K+ TRANSPORT is driven by the 
negativity of the lumen which results 
when Na+ is removed from it; THUS: 
More EnaC = MORE Na+ absorption,  

THUS MORE K+ LOSS!!  

eNaC 

 

ATP 
Na+ 

K+ 

Na+ resorption, 
thus H2O retention 

 

INCREASED K+ 
EXCRETION 

 

NORMAL 
POTASSIUM 

 

NORMAL 
POTASSIUM 

 

Add concentrations: Na + K – Cl – HCO3 = 15 +/- 4 

Low gaps are very rare. Usually due to 
hyponatremia (sodium being the major cation) 

High gap? Means there’s lots of anions 

coming from somewhere.  WHERE?… Normally, 
the excess anions are buffered by HCO3, so a high gap 
means that there has been a loss of HCO3 and 
therefore a METABOLIC ACIDOSIS of some kind. 
 



Acute Glomerulonephritis         
− Abrupt onset of obvious macroscopic hematuria 

− Oliguria 

− Sudden decrease in glomerular filtration rate ���� 

− Proteinuria below nephrotic range (<3g/day) 

− OEDEMA occuring as a result of sodium  
retention and not hypoalbuminaemia 

 
 
 

Triggering Events:       
− POST-INFECTIOUS eg. post-streptococcal 

− Mainly in young children with a runny nose 
− Occurs ~2weeks after the initial infection 
− Mediated by immune-complex deposition AND 

by the accumulation of streptococcal antigens in the glomerular filtration 
membrane... which then attract all kinds of immune retribution, mainly in the shape of 
angry complement and macrophages. 

 
Natural History             

Strep infection; 
1-2 weeks later: onset of oedema + hemoproteinuria 
1-2 weeks of oedeme and hemoproteunuria with massively elevated creatinine and Na+ 
1-2 weeks of wild diuresis 
1-2 weeks of continuing creatinine abnormalities, tapering off; 
6 months of hematuria 
X years of proteinuria (variable; persists for 10 years in 2% of patients) 
 

 Diagnostic Side-Dishes          
Certain immunological changes 
take place in post-infectious 
GN, and these can be  
employed to point the way towards a diagnosis. 

COMPLEMENT components, esp. C3 are depressed during the early course. 
   THESE SHOULD RETURN TO NORMAL 6-8 weeks after onset 
   IF THEY HAVE NOT: !! RED FLAG !! it may be lupus nephritis 
 
STREP ANTIBODIES  wont diagnose post-strep GN for you, but they will tell you if  

a strep infection has taken place recently.  
...Look for antibodies to... 

− Streptolysin O ( be warned- only 66%of streptococci wield this weapon) 

− Streptokinase 

− Hyalouronidase 

− Nicotinamide Dinucleotidase 

MANAGEMENT IS SUPPORTIVE and consists of....     
MANAGING FLUID OVERLOAD with diuretics 
MANAGING HYPERTENSION which results from fluid overload with conventional agents 
 

Creatinine: measure of GFR 
released from skeletal muscle at a steady rate; high level is 
associated with large  muscle mass and exercise 

high creatinine better be found in a large well-
muscled patient, not a frail 90 yr old woman. 
THUS in a hypovolemic patient the GFR will 
drop and thus the serum creatinine will RISE 
Normal creatinine = GFR must be OK 
 

FILTRATION RATE: ~100 ml per minute; 
= Carefully controlled!  
Very steady between 90 and 200 systolic 
 only extremes of blood  pressure influence the GFR.  
 INCREASED BP = reflex contraction of smooth muscle 
in afferent arteriole, thus reduced flow still means GFR 

maintained at the same level 

ITS ALMOST ALWAYS A 

POST-INFECTIOUS SITUATION! 

BIOPSY with immunofluorescence and  electron microscopy is the  

ONLY MEANS OF DIAGNOSIS...  
and you may not want to biopsy the kidneys of that chubby 5 year old boy 

RESOLVES SPONTANEOUSLY! No cause for dismay 

Only 1 or 2% of post-strep GN 

patients progress to ESRF 
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Acute Renal FailureAcute Renal FailureAcute Renal FailureAcute Renal Failure                                    
HISTORY OF PRESENTING ILLNESS        
There are 3 distinctive forms of acute renal failure, with different histories. They all share some components. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physical Examination���� FIRST THINGS FIRST: WHATS THE BLOOD PRESSURE??
   

INVESTIGATIONS           
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Thirsty 
- Dizzy 
- Oliguric 
- Hypotensive 
- In Heart Failure (low output) 
- Recently has been 

- Vomiting 
- Diarrhoea-ing 
- Haemorrhaging 
- Coagulopathic eg. DVT 

- May be dehydrated because 
- septic 
- Elderly 
- Comatose 
- Sedated 
- Idiot intern forgot to write 

anything up in the fluid chart 

 

- Haematuric (frank red) 
- Tea-coloured myoglobinuria 

(Especially with MYALGIA or 
some sort of severe TRAUMA) 

- Frothy urine 

- Oedematous  
- Hypertensive 

- Recent Infection (? THROAT ?) 
- Recent IV contrast study 

- Drugs used recently, eg. 
- NSAID + ACE-Inhibitor + Lasix 
- Gentamicin (or any aminoglycoside) 

- Aspirin + Caffeine (alcoholics) 
- Cyclosporin (immune suppression) 
- Amphotericin (anti-fungal, in HIV) 
 

 
 

- Getting hard to pee of late 
- Obstructive symptoms, 

dribbling and whatnot 
- Urgency 
- Frequency 
- Hesitancy 
- Hematuria  
- Renal colic or Hx of stones 
- Previous gynae surgery 
- Only one kidney (other one 

donated, diseased or simply 
never existed) 

DRUGS eg. 
- Acyclovir 
- Methotrexate 
- Sulfonamides 

 
 

All form  

tubular  

crystals 

By the end of your history-taking its should be blindingly obvious where the problem is. 

PRE-RENAL CAUSE 

 
INTRA-RENAL CAUSE 

 
POST-RENAL CAUSE 

 

LOOK FOR: 
- JVP way low? 
- Skin turgor all gone? 
- Mucosa dry as a bone?  
- Tachycardia? 
- Postural hypotension? 
- Pale as a sheet? 
…could your patient be dehydrated, or  
bleeding internally somewhere? 
FIND OUT WHERE. 

 
If that’s not their problem; 
- Are they vasculopathic? I.e… 
- Have they got atheromae 

everywhere? Is there a  
RENAL ARTERY BRUITT? 
Could they have haemorrhaged  
into a renal artery atheroma?  
 

 Alternatively, 
- Is the LVEF enough to perfuse 

the kidneys?  
- Is there an AORTIC ANEURYSM 

diverting blood flow from their 
kidneys? 

 

LOOK FOR: 
- Purpura, rash, keratitis: 

Systemic vasculitis? 
- Oedema 
- Hypertension 
- Sore red throat with the typical 

pus of strep pharyngitis 
- Ischaemic limbs 
- Signs of major trauma 
- Stigma of diabetes 
 

LOOK FOR: 
- Distended bladder 
- Renal angle tenderness 

(Murphy’s kidney punch) 
- Surgical scars (how many 

kidneys left?…) 
 

If none of those; 
- Are they Atrially Fibrillating?  

- If yes, are they properly heparinised / warfarinised? 
- Track Marks of the Junkie? 

(Endocarditis with septic emboli?) 
- Have they recently fractured a big long bone? (marrow fat embolus) 

COULD THEY HAVE THROWN A CLOT into their last working kidney? 
 
Or maybe… 
- Are they mid-liver-failure? 

i.e is all the body fluid sequestered in their abdomen as ascites, and that’s 
why they aren’t perfusing their kidneys? 

- ARE THEY SEPTIC and just too old to develop a raging temperature?  
 

MOST COMMON PRESENTATION 
IS DUE TO DEHYDRATION IN AN 
ELDERLY PERSON WHO HAS 
JUST HAD A CONTRAST STUDY 
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INVESTIGATIONS           
URINE OUTPUT:   get a catheter in, the easy way or the hard way  

  ANURIA: Not many things will make you completely ANURIC. 
    - complete obstruction of urethera by a huge angry prostate 
    - Rapidly Progressive Glomerulonephritis 
    - Total obstruction of the renal arteries (or your last renal artery) 
    - Bilateral Diffuse Renal Cortical Necrosis (for whatever reason) 

OLIGURIA: Most ARF patients will be oliguric.  This includes 
- partial obstruction of last remaining ureter by a stone 

    - partial renal artery stenosis 
- renal embolism (for whatever reason) 
- HEPATORENAL SYNDROME  (in liver disease, where the sequestration of    
  fluid in ascitic compartments leads to over-activity of the RAAS system and   
  hence vasoconstriction of the renal vessels)  

   NORMAL OUTPUT: A lot of ARF patients will be making urine as usual.   
     - Acute Glomerulonephritis (there’s still enough urine, its just turned red) 
     - Nephrotoxic Acute Tubular Necrosis eg. after contrast study 
     - Ischaemic Acute Tubular Necrosis eg. after volume depletion / heart failure 

- Rhabdomyolysis ATN – normal urine volume at first, but it is tea-coloured. 
 
URINALYSIS :             

SEDIMENT WILL BE NORMAL IN MOST CASES OF PRE and POST RENAL FAILURE. 
There is no reason for anything to be happening in the urine if somebody has blocked the blood supply to the 
kidney, or blocked off the outflow of urine through the urethra (eg. the prostate). 

HOWEVER: Multiple red cells of a normal shape suggest post-renal calculi. 
 (bled from the shredded walls of the ureter as the calculus scrapes along them) 

In INTRA-RENAL FAILURE, the SEDIMENT HAS MEANING: 
- Granular casts - ATN, glomerulonephritis, interstitial nephritis.�������� 

- RBC casts - Glomerulonephritis, malignant HTN 
- Rouleaux RBC casts = multiple myeloma 
- WBC casts - Acute interstitial nephritis, pyelonephritis 
- Eosinophiluria - Acute allergic interstitial nephritis, atheroembolism 
- Crystalluria - Acyclovir, sulfonamides, methotrexate, ethylene glycol toxicity, IV contrast  

FBC              
  MAINLY FOR COMPLETENESS. Most changes with acute renal failure will  

not change the blood count, with the following exceptions: 

  Hb will be reduced in chronic renal failure that has turned acute. 
   - Also look at the RBC indices;  you expect normochromic normocytic anaemia 

  WCCs will be meaninglessly elevated in SEPSIS (you knew it was sepsis before you saw the FBC)  

EUC is WHERE THE MONEY IS:  Creatinine and Urea will be HIGH 
Creatinine elevation pretty much defines ARF. You can pretty well guess that they also will be 

- HYPERKALEMIC and 
- HYPOCALCEMIC and 
- HYPERPHOSPHATAEMIC 

supra-pubic catheter 

ECG: tall peaked T waves reaching as high as the QRS 
Look like knives- no rounded tip, very sharp  

Extremely high K+ = the whole ECG becomes sinusoidal 

So, your patient is peeing tea.  
This could be due to rhabdomyolysis. CK 
enzyme elevation will support this diagnosis 
(it’s the creatine kinase which leaks from 

damaged muscles). 
BEWARE: myoglobin, being full of heme, will cross-react with the heme-

sensing “blood” part of the dipstic urinalysis, and give a false positive for blood.  

Oliguria is defined as a urine volume 

less than 500 ml of urine over 24 

hours (or less than 20 mls/hr). 

 

Got brown casts made 

of tubule cells? 

ITS ACUTE 

TUBULAR 

NECROSIS  



 

IMAGING:  Renal Ultrasound 
    This consumes time, and may not teach you very much. 

  MASSIVE HYDRONEPHROSIS will show up with  
ultrasound  (eg. in long standing urinary retention) 

TINY DEAD KIDNEYS will be expected if the patient has had  
chronic renal failure for years and has recently suffered an  
exacerbation (eg. chronic glomerulonphritis)  

Renal Vein + Artery Doppler 
You may discover to your delight that there is indeed  
a huge thrombus occluding the renal artery.  
OR you may find that there is significant stenosis  

Renal Artery Angiogram (percutaneous or MRI) 
Indications are very much the same as above. A Percutaneous 
angiogram also offers some help in clearing the blockage (eg. 
angioplasty or stenting). However harsh iodinated angiography dye 
may kill off the last of your kidney, whereas gentle Gadolinium MRI 
contrast will not do any harm. Mmmm, Gadolinium.  

CT scan may show hydronephrosis and maybe even the site of the  
blockage, as you follow the distended ureter down the slices. 

Chest X-ray will tell you if you need to be worried about pulmonary  
oedema; it will also point the way towards some weird diagnoses  
(eg. Wegener’s Granulomatosis or Goodpasture Syndrome which 
can cause an acute glomerulonephritis) 

 
So, you still have NO IDEA why your patient is deteriorating.  
It may be necessary to resort to RENAL BIOPSY. Especially if glomerulonephritis is suspected 

This procedure carries all the risks implied in puncturing a deep organ with a big needle. 
A questionnaire among Antipodean nephrologists revealed that abour 30% of them 
would prefer to wait until 4 weeks into the ARF before they would biopsy. 

  Barrier Keywords:  
Immunofluoresecence 

 Electron Microscopy 
 

With a renal biopsy, a skilled pathologist will be able to return to you with a diagnosis 
from one among a massive number of acute glomerular and tubulointerstitial problems, 
the list of which would take a semester to describe. 
 

Contraindicated if: 
- Only one functional kidney  
- Hideous coagulopathy (just wont clot) 
- Small kidneys on ultrasound (fibrotic) 
-  



 
 
 
… should begin before a definitive diagnosis is made.   
1. URINARY CATHETER: if the problem was an obstructive prostate, you just solved it. 

Now just a matter of sitting out the diuresis phase and waiting for your elective TURP. 

2. HYPOVOLEMIA is your enemy. FLUID OVERLOAD is also your enemy.  
It is necessary to take great care with the fluid management of someone in ARF of any aetiology. 

HYPOVOLEMIA should be reversed until the JVP is seen.  USE NORMAL SALINE. 
Having given a bag of saline stat, see if the patient has responded  
(i.e, is there now more urine being produced?)  

NO RESPONSE TO FLUID CHALLENGE: try a loop diuretic. 
 Still nothing? 
TIME TO CONSIDER DIALYSIS.   

 

 If you did manage to coax your anuric dehydrated patient back into oliguria,  

   Continue the fluid replacement according to output: 100ml out  = 100ml in 
  THIS SHOULD MAINTAIN PEFUSION OF THE KIDNEYS AND IMPROVE WASH-OUT 
   (which is the beneficial movement of weird debris out of the tubules and into the toilet) 
 

3. WHATS THE pH? Diseased kidneys cannot regulate acid-base balance. 
You must act as your patients kidneys, topping up the bicarbonate as needed. 
ACIDOSIS may be aggravated by the pulmonary oedema due to your overzealous fluid 
management, as well as the renal pathology. Make certain the patient is able to regulate at 
least the respiratory component of the pH equation. 

 
4. WATCH THE ELECTROLYTES. ARF patients die from cardiac causes. 

HYPERKALEMIA: stack all the methods of lowering potassium known to you   

one on top of another, especially if the patient has K+ approaching 7.0 

This means: 
 Give 10% dextrose (healthy young person should be able to generate their own insulin) 
Or…    Give 10% dextrose AND rapid-acting insulin 

   Resonium resin orally.  (scavenges K+ from gut wall) 
   Salbutamol (ventolin) – beta agonists in general will increase K+ uptake 
   Loop Diuretic (will cause K+ wasting from tubules)  
   Last ditch effort is DIALYSIS. 
 

 
 

 
 

 

 

 

 

 

 

 

 

EMERGENCY MANAGEMENT OF ACUTE RENAL FAILURE 

      

Everything goes with 

CALCIUM GLUCONATE 
which is cardioprotective by 
increasing threshold 
potential and thus averting a 

fatal episode of VT 

CONTROVERSIAL MEASURE: 
DOPAMINE goes in and out of favour: rumoured to dilate renal arteries. Lower doses stimulate mainly  

dopaminergic receptors that produce renal and mesenteric vasodilation; cardiac stimulation and renal vasodilation 

produced by higher doses.Pure  anecdote, most recent study failed it in terms of urine output 
benefit, and showed that it had pro-arrhythmic effects.  Best renal vasodilator is still fluid 
replacement until euvolemia. 

It is meaningless to speak of prognosis and epidemiology of this problem, as it is too wide a spectrum of disorders to be 

considered beneath the same umbrella term “acute renal failure”. Rhabdomyolysis as the cause of acute renal failure is 

almost unheard of in the Australian community, where renal vein thrombosis and acute glomerulonephritis are the norm. 

ATN, however, is the complication of almost every acute renal impairment.   



OTHERWISE...             
Lots of mitosis and a little fibrosis: the kidneys restore their architecture; tubule cells recover their ion 
pump functins AFTER the tubules are cleared up, and thus there is a period of massive polyuria , while the 

urine concentrating mechansms still havent come back online . this is the so-called DIURESIS PHASE. 

Mechanism of Acute Renal Failure secondary to Rhabdomyolysis   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HIDEOUS 

INJURIES 
 Crush injury, pressure sores,  freezing 
injuries, extensive burns, psychopathically 
excessive exercise, vascular disease 
causing whole-limb ischaemia, widespread 
sepsis, inflammatory myopathy,  blast injury 
eg. bomb explosion, alcoholism,  and over-

use of MDMA in a rave dance-club setting 

Widespread cell destruction,  on a massive scale, and thus  

TORRENTIAL LEAKAGE OF CELLULAR CONTENTS    

POTASSIUM 

Sodium and water move  
into the damaged muscle:  
MANY LITRES MAY BECOME 

SEQUESTERED! 

URIC ACID , 
Lactic acid, 

 

PHOSPHATE  

Excess phosphate 
combines with 
serum calcium and 
leads to  

HYPOCALCEMIA 

In combination 
hyperkalemia and 
hypocalcemia lead to 

increased CARDIAC 
TOXICITY eg. 
ARRHYTHMIA 
 

Injury-related 
haemorrhage 
(or, drugged +/-
drunken dehydration) 

  

HYPOTENSION 
  

HYPOVOLEMIA 
  

Metabolic 
Acidosis 

 

Low molecular weight � 
means it easily excreted, 
thus tea coloured urine  
and blood +++ on 
urinalysis because the 
dipstick only tests for heme 

ACIDURIA 
  

RENAL HYPOPERFUSION 
Due to vasoconstriction secondary 
to RAAS activation 

 

 

MYOGLOBIN 

Myoglobin in the 
bloostream scavenges 
NO, and this causes 
reduced vasodilation 

  

MYOGLOBINURIA 
  

Low urine pH means 
lower solubility of the 
heme units 

 

Reduced GFR,  
thus reduced rate of wash-out 
  

 MYOGLOBIN    
 PRECIPITATES INTO  
  TUBULAR CASTS 

 

MAJOR PATHOLOGY HAPPENS HERE: 
Now you got iron-rich protein congealing up your tubule. 
This has numerous unsavoury CONSEQUENCES: 

  
MECHANICAL: 
 Tubules crammed full of 
myoglobin casts become 
dilated with backpressure, 
and the fragile tubular 
brush border is destroyed 
by the crude effect of 
having proteinaceous waste 
forced through it.  

Loss of brush border: 
Its full of enzymes, eg. 
carbonic anhydrase, which 
produces your renal 
bicarbonate- and so THE 
ABILITY TO REGULATE 
ACID- BASE BALANCE IS 
LOST which contributes to 
the heme-depositing tubule-
clogging aciduria  

  

BIOCHEMICAL 
 Myoglobin is a protein, and the 
tubule attempts to transport it 
back into the bloodstream using 
its normal mechanism of ATP-
dependant transport There 
being so much of  it, the ATP 
reserves of the blood-starved 
tubule are depleted rather 
quickly.  
ATP depletion means you cant 
power all those ion pumps, and 
thus control of electrolyte 

concentration is lost. 

CELLULAR + GENETIC: 
Iron, of which myoglobin is full, 
seems to be toxic to the tubule 
epithelium. By itself its a free 
radical, and it will generate new 
free radicals when you reperfuse 
the kidneys with your well-
intentioned litre of IV saline- 
because oxygen will actually be 
able to get down there.   
Superoxide Dismutase will cope 
with this ...for a while.  Then, the 
oxidative stress will burn the DNA 
and the lipid bi-layers. 

This is irreversible. 

PROLONGED ATP 
DEPLETION 
(i.e. you DONT get the 
kidneys re-perfused) 
 = CORTICAL NECROSIS 
= no recovery 

 Eventually the 
macrophages will 
come and bulldoze 
down the dead 
tubules and clean out 

all the myoglobin. 



Acute Glomerulonephritis         
− Abrupt onset of obvious macroscopic hematuria 

− Oliguria 

− Sudden decrease in glomerular filtration rate ���� 

− Proteinuria below nephrotic range (<3g/day) 

− OEDEMA occuring as a result of sodium  
retention and not hypoalbuminaemia 

 
 
 

Triggering Events:       
− POST-INFECTIOUS eg. post-streptococcal 

− Mainly in young children with a runny nose 
− Occurs ~2weeks after the initial infection 
− Mediated by immune-complex deposition AND 

by the accumulation of streptococcal antigens in the glomerular filtration membrane... 
which then attract all kinds of immune retribution, mainly in the shape of angry 
complement and macrophages. 

 
Natural History             

Strep infection; 
1-2 weeks later: onset of oedema + hemoproteinuria 
1-2 weeks of oedeme and hemoproteunuria with massively elevated creatinine and Na+ 
1-2 weeks of wild diuresis 
1-2 weeks of continuing creatinine abnormalities, tapering off; 
6 months of hematuria 
X years of proteinuria (variable; persists for 10 years in 2% of patients) 
 

 Diagnostic Side-Dishes          

Certain immunological changes 
take place in post-infectious 
GN, and these can be  
employed to point the way towards a diagnosis. 

COMPLEMENT components, esp. C3 are depressed during the early course. 
   THESE SHOULD RETURN TO NORMAL 6-8 weeks after onset 
   IF THEY HAVE NOT: !! RED FLAG !! it may be lupus nephritis 
 
STREP ANTIBODIES  wont diagnose post-strep GN for you, but they will tell you if  

a strep infection has taken place recently.  
...Look for antibodies to... 

− Streptolysin O ( be warned- only 66%of streptococci wield this weapon) 

− Streptokinase 

− Hyalouronidase 

− Nicotinamide Dinucleotidase 

MANAGEMENT IS SUPPORTIVE and consists of....     
MANAGING FLUID OVERLOAD with diuretics 
MANAGING HYPERTENSION which results from fluid overload with conventional agents 
 
 

 

 

 

 

Creatinine: measure of GFR 
released from skeletal muscle at a steady rate; 
high level is associated with large  muscle mass 
and exercise 

high creatinine better be found in a large well-
muscled patient, not a frail 90 yr old woman. 
THUS in a hypovolemic patient the GFR will drop 
and thus the serum creatinine will RISE 

Normal creatinine = GFR must be OK 
 

FILTRATION RATE: ~100 ml per minute; = 
Carefully controlled!  
Very steady between 90 and 200 systolic 
 only extremes of blood  pressure influence the GFR.   
 INCREASED BP = reflex contraction of smooth muscle in 
afferent arteriole, thus reduced flow still means GFR 
maintained at the same level 

ITS ALMOST ALWAYS A 

POST-INFECTIOUS SITUATION! 

BIOPSY with immunofluorescence and  electron 
microscopy is the  

ONLY MEANS OF DIAGNOSIS...  
and you may not want to biopsy the kidneys of that chubby 5 year old boy

RESOLVES SPONTANEOUSLY! No cause for dismay 

Only 1 or 2% of post-strep GN 

patients progress to ESRF 



 

Asymptomatic Hematuria in Glomerulonephritis  
BEWARE! Asymptomatic hematuria can mean ANY DAMN THING.  
Glomerulonephritis is JUST ONE POSSIBILITY. 
BUT!... if there is also PROTEINURIA, you must keep GN in the back of your mind. 
 

IgA Nephropathy is the commonest GN cause of asymptomatic hematuria  
 Commonest among young males, 2nd  to 3rd decades of life. 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
PRESENTATION and NATURAL HISTORY       

− In 50-60% of cases ASYMPTOMATIC GROSS HEMATURIA  
− In 30% of cases, ASYMPTOMATIC MICROSCOPIC HEMATURIA 

− In 10% of cases, NEPHROTIC SYNDROME or ACUTE GLOMERULONEPHRITIS 

− Simultaneous Respiratory or GIT infection 

− 10-20 years later, END STAGE RENAL FAILURE . Especially if: 

− elderly 

− male 
− hypertensive 

− proteinuric 

− already crappy kidneys 
 

 

 

 

 

 

 

 

 

 

 

 

 

Altered regulation of 

production or structure of IgA 

Exposure to Antigens at the mucosa, where 

production of IgA is triggered 

Overproduction of IgA in response to 
comparatively trivial immune insult 
50% of IgA GN patients have increased serum IgA  

Circulating IgA 
complexes = 
Titres parallel the 
severity of disease 

Abnormal Glycosylation: 
Polymeric IgA class 1 subtypes get 
glycosylated more easily (?)  

Abnormal glycosylaton helps the IgA complexes to escape 
clearance by the reticuloendothelial system, as they are no longer 

recognised by the asialoglycoprotein receptors.  

IgA lodges in the GBM and causes trouble: 
Complement is activated, macrophages are 
summoned, all hell breaks loose in the glomerulus.  

AT-RISK GROUP!! Should at least ATTEMPT 
TO RETARD PROGRESSION TO END STAGE RENAL FAILURE 
 

So many trials, so many mixed results: 
− Corticosteroids: decrease proteinuria, but no 

change in disease progression. Pfft.  

− Fish Oil: n-3 fatty acids should limit the production 
and/or action of cytokines at the glomerulus. Some 
success. One very wonky trial showed extreme 
benefit. 6% fish-oilers doubled their serum 
creatinine over 4 yrs , versus 33% of placebo group. 

− ACE inhibitors: there is OBVIOUS BENEFIT;  

All experts agree. 

SO WHAT DO I DO? 
Supportive management. 

− Keep fluid balance in the realms of normality 

− Diuretics for overload, saline for dehydration. 

− If your patient runs the risk of progressing to 
ESRF, try corticosteroids or fish oil. 

− ACE inhibitors for all!  
− Ang II receptor blockers for some. 



Rapidly Progresive Glomerulonephritis    
Just like acute glomerulonephritis, but in fast forward: rapid decline in  
renal function , and subsequent end-stage renal failure within days or weeks. 

LUCKILY ITS RARE. 2 to 4% of GN are rapidly progressive. 
 
Natural History            

− INSIDIOUS ONSET: 

− Malaise, lethargy, microscopic hematuria 

− Proteinuria in ~30% of patients 
− KNOW TO LOOK FOR RARE DISEASES KNOWN TO 

BE ASSOCIATED WITH RAPIDLY PROGRESIVE GN: 

− a VASCULITIS of some sort, be it 

− WEGENER’S GRANULOMATOSIS, 
− MICROSCOPIC POLYANGIITIS, or 

− CHURG-STRAUSS SYNDROME 

− CRYOGLOBULINAEMIA 

− SYSTEMIC LUPUS ERYTHEMATOSUS 

− GLOMERULAR BASEMENT MEMBRANE ANTIBODIES 
− GOODPASTURE’S SYNDROME (also haemoptysis) 

 

MANAGEMENT is AGGRESSIVE  and DETERMINED.     

Kick-start with IV corticosteroids and cyclophosphamide 
Monitor progress: if response is limited move on to PLASMA EXCHANGE 
 (thats if you can identify an antibody as the culprit) 

 
 
 
 

 

PATHOLOGICAL 

HALLMARKS: 

Cellular crescents 
surounding the glomeruli. 

- these are made of 
endothelial cells, 
mononuclear infiltrate 
and recruited 
fibroblasts. 

ALSO: 
- linear deposition of 

immunoglobulins all 
along the GBM  in 20% 

- granular (blobby) 
deposition of these Ig’s 
in the GBM in 30%. 

- In the remainder of pts, 
no immune deposits of 
any sort are detectable. 

   

Renal survival is most closely related to serum creatinine titres at presentation. 
   Only 40% of patients escape dialysis at 1 year of follow-up. 



Asymptomatic Hematuria in Glomerulonephritis  
BEWARE! Asymptomatic hematuria can mean ANY DAMN THING.  
Glomerulonephritis is JUST ONE POSSIBILITY. 
BUT!... if there is also PROTEINURIA, you must keep GN in the back of your mind. 
 

IgA Nephropathy is the commonest GN cause of asymptomatic hematuria  
 Commonest among young males, 2nd  to 3rd decades of life. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
PRESENTATION and NATURAL HISTORY       

− In 50-60% of cases ASYMPTOMATIC GROSS HEMATURIA  
− In 30% of cases, ASYMPTOMATIC MICROSCOPIC HEMATURIA 

− In 10% of cases, NEPHROTIC SYNDROME or ACUTE GLOMERULONEPHRITIS 

− Simultaneous Respiratory or GIT infection 

− 10-20 years later, END STAGE RENAL FAILURE . Especially if: 

− elderly 

− male 

− hypertensive 

− proteinuric 

− already crappy kidneys 
 

Altered regulation of 

production or structure of IgA 

Exposure to Antigens at the mucosa, 

where production of IgA is triggered 

Overproduction of IgA in response to 
comparatively trivial immune insult 
50% of IgA GN patients have increased serum IgA  

Circulating IgA 
complexes = 
Titres parallel the 
severity of disease 

Abnormal Glycosylation: 
Polymeric IgA class 1 subtypes get 

glycosylated more easily (?)  

Abnormal glycosylaton helps the IgA complexes to escape 
clearance by the reticuloendothelial system, as they are no longer 

recognised by the asialoglycoprotein receptors.  

IgA lodges in the GBM and causes trouble: 
Complement is activated, macrophages are 

summoned, all hell breaks loose in the glomerulus.  

AT-RISK GROUP!! Should at least  

ATTEMPT TO RETARD PROGRESSION 

TO END STAGE RENAL FAILURE 

So many trials, so many mixed results: 
− Corticosteroids: decrease proteinuria, but no 

change in disease progression. Pfft.  

− Fish Oil: n-3 fatty acids should limit the 
production and/or action of cytokines at the 
glomerulus. Some success. One very wonky trial 
showed extreme benefit. 6% fish-oilers doubled 
their serum creatinine over 4 yrs , versus 33% of 
placebo group. 

− ACE inhibitors: there is OBVIOUS BENEFIT;  

All experts agree. 

SO WHAT DO I DO? 
Supportive management. 

− Keep fluid balance in the realms of normality 

− Diuretics for overload, saline for dehydration. 

− If your patient runs the risk of progressing to 
ESRF, try corticosteroids or fish oil. 

− ACE inhibitors for all!  
− Ang II receptor blockers for some. 
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           ladder cancer and ladder cancer and ladder cancer and ladder cancer and subsequent subsequent subsequent subsequent chronic renal failurechronic renal failurechronic renal failurechronic renal failure                                            

                        History and Examination:     

- Gross Hematuria  
- Clots in the urine 
- Weight loss 
- Malaise 
- Dysuria  
- Frequency / Polyuria 
- Loin pain 
- Oliguria 
- Ankle Oedema 
- Easy bruising 

INVESTIGATIONS            

    FBC       

    EUC – just your normal expected renal failure-related electrolyte derangements 
    Coags – source of bleeding could be a hypocoagulable state eg. Liver Failure 
    LFTs – Just in case it IS liver failure… 
    PSA– obstructive symptoms of the bladder need to be investigated with PSA 

  URINALYSIS you expect lots of blood and white cells   ` 

   culture it anyway- may be superimposed UTI  

   Urine Microscopy 
     
    Abdominal Ultrasound looking for changes in bladder wall thickness,  
        Looking for dilated kidneys and ureters 
        Looking for a source of bleeding in general 

    Intravenous or Retrograde Pyelogram to determine the site of  
        obstruction, if obstruction is a key feature of this case. If  
        not, may want to suspend the pyelography and move  
        right on to CYSTOSCOPY 

    CYSTOSCOPY and BIOPSY 
MANAGEMENT             
1. Correct life-threatening electrolyte derangement 
2. Relieve obstruction (suprapubic catheter or percutaneous nephrostomy) 
3. After staging: MANAGE THE CANCER 

4. Definitive cystectomy, cystoprostatectomy etc.   
5. May wish to produce a “neobladder” or ileal conduit 

 
 

RISK FACTORS FOR BLADDER CANCER: 

- SMOKING is to blame for 50% 

- Occupational exposure to dyes, paints, 

solvents, leather dust, inks, combustion products, 
rubber, and textiles. 

- Pelvis Irradiation 

- Previous Cyclophosphamide 

-   

Bladder cancer 
symptoms, in 
particular 
HEMATURIA 

Post-Renal failure  
symptoms, 
secondary to 
urinary tract 
obstruction 

 Physical findings: 
- Is there ANAEMIA? 

- OEDEMA? 
- ASCITES? 
- JAUNDICE? 
- ABDO TENDERNESS? 
- Suprapubic tenderness? 

DO A PR!! ITS PROBABLY 

PROSTATE-RELATED 

Could there be an 
alternative reason for the 
oedema and ascites? 

Can a UTI explain the 

urinary symptoms? 

– microcytic hypochromic anaemia of Iron Depletion (from hematuria) 
- OR normocytic normochromic anaemia of chronic renal failure 

LOOK AT THE BLOOD CELLS: dysmorphic? 
Coming from the kidney? …not if they are normal shaped. 

LOOK AT THE EPITHELIAL CELLS: Abnormal transitional epithelium? 

Definitive diagnosis of the suspicious lesion 

Any of these could generate enough suspicion to do a  

staging CT scan of the abdomen and pelvis, and to follow up 

with a BONE SCAN to look for metastatic disease 

WATCH OUTPUT!! It should 
increase, and the creatinine should 
begoin to drop; so just replace losses  

DTPA SCAN 
To assess kidney 
function by each 
kidney: which can 
you afford to lose? 
DTPA is gadolinium-
uptake MRI scintigraphy. 
PLUS: this shows you 
which kidney is still 
functioning usefully; as it 
is useless to do a 
nephrostomy on a non-

functioning kidney. 
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HISTORY AND MENTAL STATE EXAMINATION  OF PSYCHOSIS   
Who’s been stealing your thoughts?... 
CHARACTERISTIC SYMPTOMS: at least 2, through the duration of a month 
- DELUSIONS – bizarre or illogical false beliefs that are not culturally congruent, or false interpretation of normal perception 

PARANOID, RELIGIOUS, GRANDIOSE, PERSECUTORY….  
- these beliefs will be contradictory. Reasoning with them will usually yield no result. 
- CHALLENGE the delusions: ask them “is it possible that this might NOT be the case?” 
- A DELUSION which is amenable to reason is more like an overvalued idea. 
Its not that logical processes are totally disrupted; it just seems that the idea or notion becomes 
somehow exempt from the normal processes of logical validation. 
A BATTERY OF QUESTIONS: not limited to this petty array below; ask in detail 

- Feel like you have special powers? 
- Been reading people’s thoughts? 
- People been reading your thoughts? 
- Someone putting thoughts inside your head? 
- Receiving messages from someone? 

 Throught the TV? Newspapers? Radio? Its usually the mass media… 
- HALLUCINATIONS– seeing things which aren’t there. Separated from illusions by virtue of that fact. 

 Illusions are perceptual distortions of something that actually does exist. 
- AUDITORY: most common; usually voices., sometimes commanding or taunting 
- VISUAL or TACTILE hallucinations = strongly suggest ORGANIC CAUSE 

- Disorganised Speech:. 
- INCOHERENCE—a breakdown of the relationships between words within a sentence 
- DERAILMENT—wandering off the point during the free flow of conversation 
- TANGENTIALITY—answers to questions that are off the point 
- LOSS OF GOAL—failure to reach a conclusion or achieve a point. 
- METONYMS—unusual uses of words (e.g. hand-shoe instead of glove) 
- NEOLOGISMS—new words invented by the patient. 

- Grossly Disorganised or Catatonic Behaviour 
- NEGATIVE FEATURES: tend to persist longer than positive features 

- POVERTY OF SPEECH-  the rate of speech production is reduced 
- POVERTY OF CONTENT-  the amount of information conveyed is relatively little in 

proportion to the number of words uttered. 
- SOCIAL WITHDRAWAL-  no longer interested in the world outside 
- POOR JUDGEMENT and INSIGHT – unable to effectively manage one’s daily affairs 
- COGNITIVE IMPAIRMENT- normally not so bright; now even duller. 

- MOOD COMPONENT 
- INVESTIGATE: was it present before the onset of psychotic symptoms? 
- Could this be a psychotic mania or a psychotic depression? 

Otherwise, if features of schizophrenia exist for at least 2 weeks without a mood 
disturbance at any stage during this mood-disturbance-coloured-psychosis, it’s a 
SCHIZOAFFECTIVE DISORDER . so you need a glimpse of pure schizophrenia somewhere to call it 
schizoaffective, rather than a mood disorder with psychotic features. 

 
 
 
 
 
 



OTHER IMPORTANT HISTORY of a psychotic episode    
- Pre-morbid personality: is there a definite PRODROMAL PERIOD? 

Or is this psychosis just out of the blue? Prodrome is more closely associated with long-term psychiatric 
illness; sudden onset suggests organic causes, and especially drugs. Usually onset is over weeks.  
CHARACTERISTICS OF PRODROME PERIOD 

- Suspiciousness   
- Depression   
- Anxiety   
- Irritability   
- Restlessness   
- Change in appetite   
- Sense of alteration of self or others 
- Social isolation or withdrawal 

- Pattern of INCREASING SEVERITY   
- Marked impairment in role functioning   
- Markedly peculiar behaviour   
- Marked impairment in personal hygiene   
- Blunted, flat or inappropriate affect   
- Digressive, vague or metaphoric speech   
- Odd or bizarre ideation   
- Unusual perceptual experiences   

- Drugs and Alcohol: Notoriously psychotic episodes may be triggered by AMPHETAMINES, LSD and CANNABIS 
- Previous admissions to some sort of psychiatric unit: does his always happen when they smoke pot? 
- Family history: Monozygotic twin of schizophrenic patient ----- 47% risk 

- Child of two schizophrenic parents ----------------- 40% 
- Child of one schizophrenic parent ------------------ 12% 
- Dizygotic twin of schizophrenic patient------------ 12% 
- Non-twin sibling of schizophrenic patient --------- 8% 
- General population----------------------------------------- 1%  

Natural History of Psychotic lllness        
3 major phases: 
 - PRODROMAL PERIOD lasting months to years; 
 - ACTIVE PHASE of irregular duration, when symptoms are prominent. 
 - RESIDUAL PHASE when some systems may persist after most have resolved. 
Prognosis: 
 25% = complete recovery,   

40% = recurrent episodes of psychosis with some degree of social disability 
35% = long-term social disability. 

DIFFERENTIALS: Non-psychiatric causes of psychosis    
Roughly 3% of first-time psychosis is organically caused 
Neurological causes     
- HIV encephalopathy    
- Cerebrovascular disease; late-onset  
- Brain injury; long after the injury 
- Multiple sclerosis; periventricular lesions 
- Huntington's disease; psychosis in 5%- 10%  
- Epilepsy; esp.complex partial seizures 
- Neoplasms of the temporal lobe and cingulate gyrus     
- Brain abscesses of all kinds 
- Amphetamine or Cannabinoid Psychosis 
- Wilson's disease 
 

Endocrine, metabolic and 
 autoimmune causes  
- Cushing's syndrome; psychosis occurs in  
- up to 20% of patients     
- Hyperthyroidism and hypothyroidism     
- Hyperparathyroidism; psychosis may occur  
- with a clear sensorium     
- Porphyria; acute intermittent porphyria and porphyria variegata     
- Vitamin B12 deficiency; depression more common   
- Steroid-induced psychosis 
- Delirium (though that has a fluctiant course) 

 
 
 
 
 
 
 

Age of Onset is usually between 
15 and 25 years of age  

DIFFERENTIALS: different flavours of psychosis       
- Schizophrenia : 6 months of ongoing disturbance (eg. long residual phase after acute episode) 
- Schizophreniform disorder is what you call it during the first 6 months. 
- Psychotic disorder due to a medical condition will respond to treatment of underlying condition 
- Substance-induced psychotic disorder usually resolves uneventfully and quickly once the drugs are ceased 
- Brief psychotic disorder: first-time psychosis, usually lasting from 1 day to 1 month 
- Major depression with psychotic features:  2 week duration criteria  
- Bipolar disorder with psychotic features  one week duration criteria; main background = mood disturbance 
- Schizoaffective disorder 2 weeks of non-moody psychosis among at least 1 month of mood-disturbed psychotic illness 
- Delusional disorder:  Non-bizarre delusions, and deulusion-congruent hallucinations.  

 



INVESTIGATIONS            
- EUC 
- ESR 
- TFT 
- LFT + Lipids 
- FBC 
- Iron studies 
- Vitamin B12 and folate  
- Syphilis serology   
- EEG 

- Urinary drug screen   
- CT Head 
- ESR + ANA, ANCA, etc  
- BSL  
- Urinary copper level  
- HIV serology  
- Syphilis serology  
- Serum Cortisol  
- Thyroid Function  

MANAGEMENT of ACUTE PSYCHOSIS        
 In the emergency department: remedy the immediate ills. Bleeding, burning, etc. 

Risk to self or others? Severely disturbed? Need hospitalisation? 
Encourage voluntary admission. 
APPROPRIATE RESTRAINTS whether chemical or physical, can be used. 
- HALOPERIDOL 10mg and MIDAZOLAM 10mg 
- CHLORPROMAZINE is an alternative 
- OLANZAPINE is acutely sedating and thus also useful 

 In the Acute Psychiatric Inpatients Unit: 
  Are they MENTALLY ILL or merely MENTALLY DISORDERED?  
  If disordered, eg. drug induced psychoss, one may merely contain the patient  

  and observe their behaviour (which should improve rapidly) 
- USE TYPICAL ANTIPSYCHOTICS or OLANZAPINE to control behaviour 
- BENZODIAZEPINES if sedation with antipychotics is insufficient 

- GOALS OF ACUTE-PHASE TREATMENT: 
- CONTROL POSITIVE SYMPTOMS: its more satisfying because these will actually 

respond to drug therapy and psychotherapy. Negatve symptoms re notoriously 
persistent and refractory. 

- ENSURE SAFETY by controlling outrageously bizarre and dangerous behaviour 
- Try low-potency and atypical drugs first; 
- Use high-potency and typical drugs if first-line therapy fails 

- GOALS OF RESIDUAL PHASE TREATMENT: 
- REFINE MANAGEMENT REGIMEN: use what seemed to work best in he acute 

phase, together with psychotherapy to teach coping skills. 
- Let the side-effects guide you 
- RESOCIALISE as best you can, hopefully to premorbid levels of functioning  

In the Community: GOALS OF MAINTENANCE THERAPY: 
- CONTINUE ANY NECESSARY DRUGS: usually about 2 years without relapse is 

the goal; after that you may try tapering down the dose 
- MONITOR side-effects eg. extrapyramidal, weght gain + diabetes, etc…  
- Try low-potency and atypical drugs first; 
- Use high-potency and typical drugs if first-line therapy fails 

- TREATMENT-RESISTANT SCHIZOPHRENIA 
- ECT seems to have some benefit, in select patients 
- One may add more drugs eg. carbamazepine, lithium, valproate, gabapentin, 

bezodiazepines, and any number of others. 
PSYCHOTHERAPY FOR SCHIZOPHRENIA       

- Absolutely necessary to help the patient control their symptoms 
 -     Best commenced in the residual phase, when you can reason with them 



ANTIPSYCHOTIC AGENTS          
THE GOAL OF THERAPY IS TO REDRESS THE BALANCE OF D1 and D2 DOPAMINE RECEPTORS  
Thus: you block the overactive mesolimbic pathway by crippling the D2 receptors, so that the  
defective mesocortical feedback loop can downregulate the activity of the Ventral Tegmental Area. 
(Mesolimbic pathway: linking ventral tegmentum (midbrain) to the nucleus accumbens) 
A little bit of theory now….  

 DOPAMINE RECEPTORS: can be separated into the D1 and D2 families.  
The D1 family contains the receptors D1 and D5.   

-  D1 receptors in the brain are linked to episodic memory, emotion, and cognition.    
-  Schizophrenics seem to  have fewer D1 receptors.   

- Certain antipsychotic drugs stimulate D1 regulated pathways, which increases the D1 to D2  
activity balance. in the brain. This balance can also be regained by the release of dopamine.   
Not much is known about D5 due to the lack of drugs that are selective for it.   

   The D2 family contains the receptors D2, D3, and D4.   
-  D2 is the second most abundant dopamine receptor in the brain.  
-  D2 receptor blockade is the main target for antipsychotic drugs, because  
   there is a higher density of D2 in schizophrenic brains. (Sedvall & Farde 1995)   

This theory rests on the horribly inaccurate DOPAMINE HYPOTHESIS:  
EXCESS OF DOPAMINERGIC ACTIVITY AT = POSITIVE SYMPTOMS  
        Eg. hallucinations, delusions  
DEFICIT OF DOPAMINERGIC ACTIVITY = NEGATIVE SYMPTOMS  
        Eg. loss of pleasure and decrease in reward-dependent behaviour  
THUS: 70% D2 blockade = antipsychotic effect;  
Conversely, DOPAMINE AGONISTS  INDUCE PSYCHOSIS  

  
 
 
 
 
  UNFORTUNATELY: dopamine receptor activity is not exclusively psychological. 
     Plus many other receptors are affected. 
PITUITARY EFFECTS:  

Lactation (except 
clozapine) 
Menstrual irregularities 
Weight gain 
Impotence 

NIGROSTRIATAL EFFECTS:  
Dystonia 
Masked facies 
Tremor 
shuffling gait  
Tardive Dyskinesia 
Akathisia (restessness) 

 
 
 
 

MUSCARINIC  EFFECTS:  
Dry mouth 
constipation  
urinary retention  
blurred vision, 
narrow angle glaucoma 

ALPHA-1 ADRENERGIC 
Orthostatic hypotension 
Lightheadedness 
tachycardia 
sedation  
sexual dysfunction. 

 
 
 
 
 

HISTAMINE-1  
Sedation 
weight gain (also 5HT 2c) 
fatigue. 

SEROTONIN 1-C 
weight gain (olanzapine) 

NON-SPECIFIC SIDE EFFECTS 
Hyperthermia 
Hypothermia 
hepatitis 
photosensitivity 
lowered seizure threshold 
ARANULOCYTOSIS 
and rash.  

 
 
 
 
 
 

INTERACTION OF SEROTONIN AND DOPAMINE:  
Serotonin inhibits dopamine release via 5-HT(2a) receptors  
THUS: atypical antypsychotics act as 5-HT(2a) antagonists; 
 thus INCREASE DOPAMINE(effect is different for every pathway)  

METABOLISM of 
ANTIPSYCHOTICS: 
Mainly hepatic. 
Steady plasma levels 
usually after 4 to 10 days 

DANGERS OF ANTIPSYCHOTICS: 
 
Tardive dyskinesia: permanent effect! 
  
Neuroleptic Malignant Syndrome:  
Risperidone seems to put you at greater 
risk. 

DIVISION OF TYPICAL AGENTS BY POTENCY: 
  High-potency: highest affinity for D2 receptors 
  Low-potency: poorer affinity for D2 receptors 
ATYPICAL AGENTS: also block SEROTONIN 5HT-2a receptors; 

Less nigrostriatal effects: less dyskinesias 
CLOZAPINE: in a class of its own; blocks the following receptors: 

- 5HT-2a 
-  Apha-1 adrenergic  
- Dopamine 1, 2and 4  
- Some histamine  
- Acetylcholine  

 

MANAGING DYSTONIA: 
Benztropine IV or 
Diphenhydramine IM, IV.

CLOZAPINE DOES NOT 
CAUSE TARDIVE DYSKINESIA



    
GENERAL RULES OF ANTIPSYCHOTIC THERAPY:       

- Atypical agents = first line 
- CONTROLLING POSITIVE SYMPTOMS: No generaliseable 

difference in efficacy between typical and atypical agents 
- CONTROLLING NEGATIVE SYMPTOMS: Atypicals clearly superior 
THUS: 
 Use typical agents for acute psychosis (they sedate better) 
 Use atypical agents for maintenance (less long-term side effects) 
CLOZAPINE is only indicated after most other antipsychotics are ineffective 

 
Some Atypical Antipsychotic Drugs:         
Aripiprazole (Abilify), a Quinolinone: half-life is 75 hours for aripiprazole and 94hours for its active  

metabolite, dehydro-aripiprazole. Not very sedating, but very nausea-inducing plus anxiety, insomnia  
No lactation, little weight gain; BUT:  this drug is very young and we don’t know the long-term freaky side effects. 

Clozapine (Clozaril),a: Dibenzodiazepine, one of the oldest ones. Half-life 11 hours, hepatic metabolism. 
Side-Effect Profile: Orthostatic hypotension (high), sedation (high), anticholinergic (high), but 
absolutely no extrapyramidal symptoms.  
Most common side effects: 
 sedation, dizziness, hypotension, tachycardia, constipation, hyperthermia, and hypersalivation. 
Hypersalivation can be treated with anticholinergic agents.   
Clozapine has a 1-2% incidence of agranulocytosis. REGULAR FBCs! 

Discontinue the drug if the WBC drops below 3,000/mcL,  
…or 50% of patient's normal count,  
…or if granulocyte count drops below1,500/mcL.  

Risperidone (Risperdal), a Benzisoxazole. Half-life is 3-20 hours. Hepatic metabolism to an active  
metabolite. Side-Effect Profile: Orthostatic hypotension and reflex tachycardia (alpha 1 receptor  
mediated, minimized with slow upward titration), insomnia, and agitation are the most frequent. I  
May  cause weight gain and increase prolactin levels (usually not clinically significant).  
May prolong QT interval.  

Olanzapine (Zyprexa, Zydis), a Thienobenzodiazepine. half-life  21-50 hours. Hepatic metabolism to  
inactive metabolites. Side-Effect Profile: Most common side effects are drowsiness, dry mouth, 
akathisia, and insomnia. Less frequent are orthostatic hypotension, lightheadedness, 
nausea, and tremor. Weight gain is common with olanzapine. Increases in lipids and blood glucose  
are also observed. There are reports of new onset diabetes and diabetic ketoacidosis.  

Quetiapine (Seroquel), Dibenzothiazepine. Half-life is 6 hours, hepatic metabolism, no active metabolites.  
Side-Effect Profile: Orthostatic hypotension may occur during initial dose titration due to alpha- 
blockade.Somnolence and weight gain may occur due to H 1blockade. Dyspepsia, abdominal pain,  
and dry mouth may also occur. There are reports of new onset diabetes or diabetic ketoacidosis.  

Minimal weight gain.  
No anticholinergic side effects.  
No sustained elevation of prolactin. 

Ziprasidone (Geodon), a Benzisothiazolyl piperazine. Inactive metabolites, half-life 4 hours.  
Low potential for drug interactions.  Side-Effect Profile: Dizziness, nausea, and postural 
hypotension are the most common side effects. Prolactin elevation can occur. Sedation is more 
common with the IM preparation. 

Very low incidence of extrapyramidal symptoms.  
Minimal incidence of cardiovascular problems. 
Prolactin elevation is minimal. 
The lowest incidence of weight gain, dyslipidaemia, and glucose intolerance. 

See www.crazymeds.org/ for detailed discussions 
of psychiatric meds from a patients viewpoint

ZYPREXA: 
Best thing ever for very acute episodes of 
psychosis when the patient is AT HOME. 
It calms them right down, right away. 

How regular? ..Varies. 
Hospital policy protocol will guide you. 
Guidelines for FBC regularity seem to be 
based on medicolegal considerations 

START LOW 
GO SLOW 

On clozapine, improvement is continuous and things slowly get better over 
12 to 18 months of treatment. 

Continue drugs for 
2 years following 1st 
episode, or 5 years if 
episodes confluent or 
recurrent. 

! MYOCARDITIS, thus ECHO at 6 months



TYPICAL ANTIPSYCHOTICS           
Haloperidol (Haldol)  Hepatic metabolism to active metabolite. Half-life 10–20 hours. Duration of action of  

decanoate is approximately 4 weeks.: High incidence of extrapyramidal symptoms. May possibly lower seizure 
threshold in patients with a history of seizures. The normal bouquet of side-effects apart from that. 

 
Chlorpromazine (Thorazine) : Hepatic metabolism to many metabolites; 

Not recommended  in elderly due to orthostatic hypotension. 
Major Safety Concerns: Higher risk than most other typical antipsychotics for seizure, jaundice, hotosensitivity,  
skin discoloration (bluish), and granular deposits in lens and cornea. Prolongation of QT and PR intervals, 
blunting of T-waves, ST segment depression can occur. Associated with a high incidence of hypotensive and 
anticholinergic side effects. Chlorpromazine has high lethality in overdose. 
  

Trifluoperazine (Stelazine) Hepatic metabolism. Half-life 10–20 hours. 
 
Loxapine (Loxitane) Class: Dibenzoxapine. Hepatic metabolism to active metabolite. Half-life 5-15 hours. 

Loxapine may be associated with a higher risk of seizure than other high- and mid-potency agents.  
 

Comparative effects     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

BORING SCIENCE and MISCELLANEOUS TOPICS      
Risk Factors for Schizophrenia 
 

POSSIBLE GENETIC CULPRITS 
Gene Cytogenic 

band 
Genome, 
Linkage & 
Association 
studies 

mRNA 
in PFC 

Mechanism 

DISC1 
Disruption in Sz  

1q42.2 Yes + Microtubule fx, cell 
migration, membrane 
trafficking of receptors, 
Modulates neurite 
outgrowth 

DTNNBP1 
Dystrobrevin 
binding protein 1 

6p22.3 Yes ++ Tethering postsynaptic 
receptors 
Unknown presynaptic fx 

NRG1 
Neuroregulin 

8p12 Yes + CNS dev. 
Cell signalling 
Transmembrane 
proteins 

RGS4 
Regulator of G 
protein signalling 4 

1q23.2 Yes ++ Modulate signalling of 
G-protein linked 
receptors 

WILL CANNABIS MAKE 
ME CRAZY? 
Honest answer: maybe. 
 I don’t know. 
Twice the risk of the general 
population; BUT: 

- risk is dose-related; 
- people who are predisposed 

to psychosis are also 
predisposed to using 
cannabis …? 

- Predisposition to psychosis 
also means a greater 
susceptibility to cannabis-
induced psychosis and 
cognitive impairment 

Plenty of people out there, smoking 
cannabis. Some of them are 
predisposed to psychosis but never 
experience it because they don’t 
smoke enough pot. A few will 
experience psychosis and be 
hospitalised, managed, rehabilitated, 
studied and talked about by doctors.  

COMPLIANCE / ADHERENCE 
Usually extremely poor. The more disorganised and isolated the 
patient, the less likely they are to take their crazy meds. 
How to deal with this: 

- Educate re. necessity (its worth a try) 
- Simplify regimen eg. there are now preparations of 

antidepressant together with olanzapine; one pill only. 
- Address side effects – major limitation of typicals 
- DEPOT medication if that doesn’t work; or 
- Engage the FAMILY to administer 

  



ORGANIC CAUSES OF PSYCHOSIS 
Neurological disorders  

� Infections; especially viral, including HIV  
� Cerebrovascular disease; linked to late-

onset psychosis  
� Cerebral trauma; usually with long latency  
� Multiple sclerosis; especially when many 

periventricular lesions are present  
� Huntington's disease; psychotic symptoms 

in 5%-10% of cases  
� Epilepsy; especially complex partial 

seizures  
� Neoplasms; most commonly of the 

temporal lobe and cingulate gyrus  
� Other space occupying lesions; e.g., 

abscesses  
Endocrine, metabolic and autoimmune disorders  

� Cushing's syndrome; psychosis occurs in 
up to 20% of patients  

� Hyperthyroidism and hypothyroidism  
� Hyperparathyroidism; psychosis may occur 

with a clear sensorium  
� Porphyria; acute intermittent porphyria and 

porphyria variegata  
� Vitamin B12 deficiency; depression more 

common  
� Systemic lupus erythematosus, and 

associated steroid-induced psychosis  

� Wilson's disease  
 
SCREENING TESTS for organic causes 

!! ESPECIALLY FOR FIRST EPISODE !! 
 

� Electrolytes  
� Erythrocyte sedimentation rate  
� Thyroid function tests  
� Liver function tests  
� Full blood examination  
� Iron studies  

� Vitamin B12 and folate levels  
� Syphilis serology  
� Electroencephalogram  
� Urinary drug screen  
� Cranial computed tomography  

RATE OF DETECTION IS LOW 

SchizophreniaSchizophreniaSchizophreniaSchizophrenia                                                        
 

 
DIAGNOSIS OF A PSYCHOTIC DISORDER      6.09 

STEP 1: HISTORY 
Diagnosis is made on the basis of a careful history and 
mental state examination of the patient. (and history from 
friends/family) 
MAKE EFFORT to determine if there are any ideas 
about HARMING SELF OR OTHERS 
It may be that the patient denies any unusual 
experiences, but on examination has signs of psychosis, 
e.g is distracted, appears to responding to voices, has an 
odd or inappropriate affect. 
DRUG HISTORY: most commonly drug psychosis is the 
result of cannabis or amphetamines (at least in Australia) 
THUS: you want a history (either from the patient or an 
informant) of a high level of consumption or of rapidly 
escalating drug use in a person who has no past history of 
psychotic disorders occurring in a drug-free state.  

STEP 2: PHYSICAL EXAM 
PHYSICAL EXAM EXCLUDES ORGANIC CAUSES: 

3% of presenting lunatics have an 
organic cause for their disorder ���� 
Besides, always good to be aware of any existing 
comorbidities:  

53% of a sample of patients with chronic 
mental illness had undiagnosed medical 
problems, the majority of which required 
changes in management.  

STEP 3: SCREENING TESTS 
 To conclusively exclude organic causes ���� 

CLINICAL COURSE OF SCHIZOPHRENIA 
three major phases:  
the prodromal phase, characterised by the following 

� Suspiciousness  
� Depression  
� Anxiety  
� Irritability  
� Restlessness  
� Change in appetite  
� Sense of alteration of self, others or the 

outside world  
� Social isolation or withdrawal  
� Marked impairment in role functioning  
� Markedly peculiar behaviour  
� Marked impairment in personal hygiene  
� Blunted, flat or inappropriate affect  
� Digressive, vague or metaphoric speech  
� Odd or bizarre ideation  
� Unusual perceptual experiences  

� Marked lack of initiative, interests or energy  
 Incipient psychosis is suggested by:  

� Marked, unexplained and consistent 
changes in behaviour  

� A pattern of increasing severity  
� Clustering of symptoms  
� Family history of psychosis 

the active phase (when psychotic symptoms are prominent and associated with distress)  

the residual phase (when psychotic symptoms may persist but in an attenuated form. There may be 

considerable impairment in role functioning during the residual phase).  

PROGNOSIS OF SCHIZOPHRENIA           
25% = complete recovery,  
40% = recurrent episodes of psychosis with some degree of social disability  
35% = long-term social disability. 

Delays in the detection and treatment of first episode psychoses are associated with slower and less complete recoveries 
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



 
MANAGEMENT OF SCHIZOPHRENIA         
IMMEDIATELY: reorient + concretely reassure as often as every 15 min. 

     (show ID card, etc) + get familiar people to stand around 

SHORT TERM: MEDICATIONS!! Start low, go slow.  
  NEUROLEPTICS ARE NOT INDICATED AT FIRST PRESENTATION !! 
IF YOU HAVE TO MEDICATE: use min. doses of OLANZEPINE + RISPERIDONE 

LONG TERM: enable productive life, + developmental stage progression 
  Tell them at the onset: “definitely psychotic, but it takes 6 months to prove schizophrenia” 
CONTROL RELAPSE FACTORS: 
  Family environment + its sustained critical contact is HARMFUL 
  DETAIN for 5 days each time patient becomes violent suicidal or harmful 

1. therapeutic alliance with the patient, involvement of family 
2. treatment in the least restrictive environment, eg. at home. 
3. Hospitalisation is indicated if there is a substantial risk of harm to self or others;  
4. Regular review, encourage the individual to have an active role in their recovery 
5. Antipsychotic medications for acute episodes and to prevent relapse (atypical antipsychotics: “start low, go slow”) 
6. cognitive therapy; family intervention programs; specific rehabilitation programs to address disability.  
 

GENETIC PATTERNS OF PSYCHIATRIC ILLNESS     
 
SCHIZOPHRENIA AND BIPOLAR DISORDER= best established genetic presisposition;  

- complex nonMendelian inheritance 
- incomplete penetrance 
- delayed and variable age at onset  
- variable expression 

EVIDENCE FOR THIS: Family, twin and adoption studies 
- a familial aggregation,  
- higher concordance rates for monozygotic than for dizygotic twins  
- an increased risk for biological relatives 
 

Schizophrenia:  
Schizophrenia is a complex disorder in that: 

• gene carriers need not manifest the illness (incomplete penetrance);  

• affected individuals need not have the gene (environmental forms or phenocopies);  

• diagnostic uncertainties remain;  

• different families may carry different susceptibility genes (genetic heterogeneity). 

The risk increases with the closeness of the relationship.  
!! Genetic influence outweighs environmental influence !! 
Further concordance in twins increases with the severity of the disorder  

TABLE 1: POPULATION: RISK% 

• General population 1% 

• Non-twin sibling of schizophrenic patient 8% 

• Child of one schizophrenic parent 12% 

• Dizygotic twin of schizophrenic patient 12% 

• Child of two schizophrenic parents 40% 

• Monozygotic twin of schizophrenic patient 47% 

risks drop rapidly for individuals with affected second and third degree relatives, 
approaching the general population risk of 1%. 
 
PLUS: Families suffer from an excess of spectrum disorders eg. schizo-affective and 
schizotypal 
 
There is a positive linkage between schizophrenia and DNA markers on chromosomes 6 and 22 
 
There is AN ASSOCIATION with abnormal frequency of  tri-nuclear repeats of DNA sequence  
 
There is NO ASSOCIATION with dopamine receptor genes 
 

 
 
 
 



 
Bipolar Disorder  

TABLE OF POPULATION : RISK% 
Risk % 
General population 1 
First degree relative (sib/parent/child) 10 - 15 
Monozygotic twin 70 - 80 
Both parents affected 50 – 75 
 

ALSO relatives have an increased risk of unipolar depression suggesting a shared genetic basis.  
 

There is a higher risk in female relatives.  
 

a high lifetime prevelance for people born in the decades since 1940.  
THUS: significant environmental effect interacting with familial vulnerability 

A recent linkage study has identified a bipolar susceptibility gene of minor effect on chromosome 18  
 

OVERVIEW OF PSYCHOTIC DISORDERS       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

SYMPTOMS: positive or negative 
1. Positive symptoms and signs which include:  

• Delusions - incorrect beliefs out of keeping with  
the shared beliefs and values in that person's  
sub-culture. These may be non-bizarre - such as 
 believing you're being followed - to bizarre, such 
 as believing you have a device implanted in your 
 tooth by aliens which controls your actions.  

• Hallucinations - experiencing perceptions in the 
absence of an external stimulus, e.g. hearing  
voices. Hallucinations can be experienced in  
a variety of senses, such as auditory, visual,  
olfactory, tactile and gustatory.  

• Thought disturbance - when the person believes that thoughts are being inserted or 
withdrawn from the mind, or are being broadcast to others (known as passivity phenomena)  

• Disordered thinking - which results in the sensation of confused thinking, and may result in 
incoherent or irrelevant speech.  

2. Negative symptoms  
which include apathy, lack of spontaneous speech and blunted or inappropriate affect.  

3. Prodromal symptoms which may precede the onset of the first psychotic episode. These are often non-
specific in nature, and often diagnosed in retrospect. Symptoms of the prodrome include:  

• Suspiciousness  

• Depression  

• Anxiety  

• Change in appetite/sleep/social activity  

• Decline in level of functioning  

• Odd behaviour  

• Decline in self-care  

• Odd ideas, vague speech. 

WHAT IS A PSYCHOTIC DISORDER? 
An illness characterised by distortions 
of thinking, perception, and emotional 
response. 
 A clear consciousness and general 
intellectual capacity are usually 
maintained, although specific cognitive 
deficits may evolve over time.  
These disorders include schizophrenia 
and related disorders, depression with 
psychotic features, delusional disorder 
and bipolar (manic-depression) with 
psychotic features 
 



Schizophrenia: epidemiology         
- develops in one in 100 individuals within the general population.  
- Onset is generally between the ages of 15-35.  
- equally prevalent in men and women, but the age of onset and clinical course tend to vary between the sexes. 
  

Table 1 - Spectrum of the psychotic disorders (using DSM-IV) (Modifed 
from Copolov 1998) 
  

DISORDER DURATION OF 
DISTURBANCE 

IDENTIFIED 
AETIOLOGICAL 
FACTORS 

PROMINENCE OF MOOD DISORDER BIZARRE 
DELUSIONS 

Schizophrenia > 6months - Not prominent Yes 

Psychotic disorder 
due to a medical 
condition 

Not specified + Not specified Possible 

Substance-induced 
psychotic disorder 

Not specified + Not specified Possible 

Brief psychotic 
disorder 

>1 day to < 1 month _ Not prominent Possible 

Schizophreniform 
disorder 

>1 month to <6 
months 

_ Not prominent Yes 

Major depression with 
psychotic features 

>2 weeks _ Prominent (must overlap exclusively with 
psychosis) 

May occur, 
but not usual 

Bipolar disorder with 
psychotic features 

>1 week _ Prominent (must overlap exclusively with 
psychosis) 

May occur 

Schizoaffective 
disorder 

>1 month _ Prominent, but there must also be > 2 
weeks psychosis in the absence of 
major mood symptoms 

Yes 

Delusional disorder >1 month _ Not prominent No 

 
 
 

 

PREVENTION: INVIVIDUAL VS. POPULATION       
 
The individual approach to prevention involves identifying people at high risk of some condition and then assisting 
these high risk individuals to reduce their risk. Some sort of screening test is often used to identify high risk people. In 
the lead field, an example of the individual approach to prevention would be to take blood from all children in 
childcare centres and measure blood lead levels. Appropriate interventions would be directed only at children with the 
highest lead levels. 
The population approach to prevention targets the whole population, regardless of each individual's level of risk. 
One population approach to the lead problem is the changeover to unleaded petrol. 
The individual approach to prevention is used by clinicians, while public health professionals tend to use a 
combination of individual and population approaches. Prevention of most health problems will involve a combination 
of both approaches. 
 
Examples of individual and population approaches to prevention.  

Problem  Individual approach  Population approach  
Hyperlipidameia  Lipid lowering drugs for people with high serum 

cholesterol 
Reduce everyone's fat intake 

Osteoporosis  Bone active drugs for people with low bone density Increase everyone's calcium 
intake 

Lung cancer  Doctors encourage their patients who smoke to quit Ban tobacco advertising 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PUBLIC HEALTH PREVENTION APPROACHES: from lecture 
AIMS: to reduce INCIDENCE AND PREVALENCE 
 
PRIMARY: to reduce incidence. eg. smoking ban 
SECONDARY: Reduce Prevalence by Early detection and management  
TERTIARY: minimise disability in existing cases 
 
INDIVIDUAL: target people in high risk groups, assist specifically 
POPULATION: whole population is targeted,eg. by screening and vaccination 
 
UNIVERSAL: whole population 
SELECTIVE:  high-risk unaffected population only 
INDICATED:  high-risk AFFECTED population who DO NOT WHOLLY MEET the diagnostic criteria for a  

full-blown disease (minimal but detectable features of a disorder 
 



PROVISION OF SERVICES IN MENTAL HEALTH       
 
What services are needed for those with mental health problems?  
Who provides these services?  
How do people with mental health problems access these services?  
Are there gaps in the services available? 
 Are the treatments provided effective? T 
hese are some of the questions facing those working in mental health today. 
 

Current model in Australia  
Currently mental health services are provided by  

• GPs, 

• public mental health services,  

• private sector (private hospitals, private psychiatrists/psychologists etc),  

• some non-government organisations.  
 

• There has been a move from institutional based care to community base care,  

• majority of consumers of these services now receive the bulk of their treatment as outpatients. 
• Admissions now tend to take place in psychiatric units located within general hospitals, not asylums 

 
' case management ' system, where a particular worker (or case manager) is allocated to a new client,  
These case managers are generally part of a multi-disciplinary team.  
' Crisis teams ' now work in a number of geographic areas, providing an emergency mental health service,  
The public sector also provides some longer term supported housing (such as group homes), for those with chronic 
and disabling conditions (generally schizophrenia and related disorders), generally linked to rehabilitation programs. 
 

majority of people with mental disorders ARE NOT treated by the public health sector 
most people with mental disorders receive their treatment from general practitioners; 
public sector sees mainly SEVERE DISORDERS 
 
 
Table 1 - Relationship between individuals with severe, chronic, mild or transient mental disorders, and the number 
(and %) of individuals in Australia in these categories being seen by various sectors of the medical workforce for their 
disorders (all numbers as 000s). (Taken from Chapter One. Treatment Protocol Project (1997). Management of 
Mental Disorders (second edition). Sydney: World Health Organisation Collaborating Centre for Mental Health and 
Substance Use, p.6)  
 

 Serious (a) Chronic (b) Mild or transient   
  (c) 

Total: any 
diagnosis 

Total numbers (000s)  510 880 3290 4680 

Public mental health services 94 (41%) 33 (6%) - 127 (9%) 

Private psychiatrists 69 (30%) 92 (17%) - 161 (12%) 

General practitioners 35 (15%) 402 (72%) 560 997 (74%) 

Addictive services 30 (13%) 30 (5%) 3 63 (5%) 

Total people seen 228 557 563 1348 

Percent of all those with condition being seen 45% 63% 17% 29% 

a. Serious mental disorder = chronic and disabling mental disorders. Includes schizophrenia and related 
disorders, bipolar disorder, some affective/anxiety/substance use disorder.  

b. Chronic mental disorders = disorders present throughout a 12 month period and disabling to some extent. 
Includes affective/anxiety and substance use disorders.  

c.    Mild and transient mental disorder = either not disabling, or remit within a year. 
 

Table 1 also demonstrates a disparity between potential consumers of mental health services 
and the actual numbers who access services.  

 
25-30% of the population meet criteria for a mental disorder in any year, however only 29% of those who 
meet criteria seek treatment.  
 
 
Current Challenges  

1. Rural and remote areas            
There is enormous inequity in access to mental health services. Looking at psychiatric service Medicare 
data (reflecting the private sector) by electorate, the electorate with the highest rate of services differed 
from the electorate with the smallest rate by a factor of 60.  
There were also fewer psychiatric services in electorates with greater social deprivation {5}.  
Rural health services often have  
• difficulties recruiting trained staff,  

• keeping them as they develop ' burn out ' working with limited supports. 



 Only six percent of Australian psychiatrists work outside a capital city.  
 
Indigenous Australians tend to under-utilise rural mental health services as they feel their needs are not 
being met.  
 

The significance of these issues becomes clear when youth suicide is considered. Since 1960, suicide 
rates in males rose two-fold in the city, four fold in regional centres and twelve 
fold in towns of less than 4000 people. 
 A number of innovations in service delivery are being trialled to address these issues: use of ' 
telemedicine ' to provide consultations and supervision to distant areas; partnerships between 
metropolitan and rural services to provide training opportunities; ' fly in ' psychiatrists providing a 
regular clinical day in a rural or remote area to supplement resident mental health staff; and the use 
of Aboriginal mental health workers both within Aboriginal communities and in liaison with mental 
health services. 
 

2. Which treatments?            
As in the rest of Medicine, there is controversy about what types of treatments should be funded. Should 
only treatments shown to be effective in randomised controlled trails (RCTs) be funded? Can a treatment 
shown to have efficacy in an RCT not be effective in a real world clinical setting? Some therapies may be 
difficult, if not impossible, to test in an RCT: what happens then? 

3. The future             

The World Bank has predicted that depression will be the second most common 
contributor to disability in the community by the year 2020. How then to meet that 

challenge? The Second National Mental Health Plan has identified mental health promotion and prevention 
as one of three priority areas. What sort of prevention opportunities are there? How will these be funded? 
These are not challenges unique to Australia: many countries facing similar quandries are considering 
various responses, such as the Netherlands considering separate budgets for prevention, cure and care. 

 
 
 
 

POPULATION SURVEYS = basic tool of descriptive epidemiology.    
reason for doing a survey is to determine the magnitude of a health problem in a particular population group.  
 
VALIDITY:  depends on getting a REPRESENTATIVE SAMPLE (RANDOM SAMPLE) 
 
The most commonly used methods for selecting a random sample of people are:  

• electoral rolls  

• telephone numbers  

• area probability sampling (For example, random selection of blocks of houses, followed by random 
selection of individual houses in these blocks, followed by random selection of one person from each of 
these houses to be in the survey;) 
The Australian Bureau of Statistics uses area probability sampling for most of its large surveys. 

most people aged 18 years and over are on the electoral roll.  

It is essential that a high percentage of those chosen to be in a survey actually take part, 
as people who refuse to participate will differ in many ways from participants.  

The goal is to achieve at least an 80% response rate.  
An alternative to conducting a random sample survey is a census.  

A census involves collection of information from all the people in a population.  
= VERY EXPENSIVE !! 
The number of subjects needed for a survey depends on how precise results need to be.  
The more subjects, the narrower the confidence intervals around estimates of population characteristics (such as 
prevalences and means). 
 
 

LIVING WITH THE SCHIZOPHRENIA         
 
First there were ASYLUMS. 
That was fine for awhile. 
NOW: Antipsychotic drugs mean NO LONGER DO WE NEED TO KEEP LUNATICS IN HOMES: 

- They can be out in the community. 
 
Currently most people with schizophrenia live with family or independently.  
Those with greater disability and handicap  may live in some sort of supervised housing.  
This may be funded by Dept of Health funds, or by various NGOs. 
 "Group homes" generally are suburban houses with four or so residents living in them (obviously 
depending on the size of the house).  
The level of supervision varies depending on the level of handicap of the residents: many group homes would 
have staff visiting only once daily or as needed; others would have 24 hour staffing.  



 
Residents may supervise their own medication, or have it given to them by staff. 
 Residents are generally involved in some rehabilitation program addressing deficits: 
 such as shopping, cooking, budgeting, social skills, work skills.  
The aim for many residents is to move toward independent living. Thus many residents may 'graduate' toward 
living in rental accommodation and studying or working. Some, however, will remain in the group home system as 
their disability persists. The residents would have a 'case manager' - a trained mental health professional from a 
nursing, psychology or social work background - who is the main contact person within the mental health system, and 
who co-ordinates their care. 
Living with schizophrenia is not just a challenge to the individual, but also a challenge to society. At times 
there has been concern from neighbours about group homes locating nearby.  
Much of this concern stems from misinformation about schizophrenia. MEDIA IS TO BLAME. 
People commonly equate 'schizophrenic' or 'psychotic' with dangerous.  

People with schizophrenia generally are not more dangerous than the general population, although a 
small subset of people with this illness may be aggressive when unwell (more commonly toward themselves 
-ie suicide - than to others).  
SCIENTIFIC EVIDENCE IS IGNORED BY THE LAYMEN: More compelling is the personal experience of mental 
illness in family members or friends (fairly common as 1 in 5 Australians will have a mental disorder in their lifetime). 
WHY HOSPITALISE? There are a number of possibilities: 

• Psychotic relapse failing to respond to outpatient treatment (often the ward environment can feel more 
safe and less stimulating, greater monitoring of medication, change in medication)  

• Concern for the safety: either of the person because of suicidal ideas, or for the safety of others. Issues 
preventing community based treatment at that time, e.g. homelessness  

There is state legislation governing involuntary admissions: when a person may be committed and 
treated against their will, and a review process to monitor this.  

Typically, admissions are brief, with the person being discharged to 
community care as soon as possible.  
The median length of stay in most acute admission units in Australia  

now would be 10-14 days. 
ANTIPSYCHOTIC PSYCHOPHARMACOLOGY     6.09 

THE GOAL OF THERAPY IS TO 
REDRESS THE BALANCE OF D1 and D2 DOPAMINE RECEPTORS 

Thus: you block the overactive mesolimbic pathway by crippling the D2 receptors, so that the 
defective mesocortical feedback loop can downregulate the activity of the Ventral Tegmental Area 

 

DOPAMINE RECEPTORS: can be separated into the D1 and D2 families. 
The D1 family contains the receptors D1 and D5.  

• The D1 receptors in the brain are linked to episodic memory, emotion, and cognition.  

• Schizophrenics have fewer D1 receptors.  

• Certain antipsychotic drugs stimulate D1 regulated pathways, which increases the D1 to D2 activity balance 
in the brain. This balance can also be regained by the release of dopamine.  

• Not much is known about D5 due to the lack of drugs that are selective for it.  
 
The D2 family contains the receptors D2, D3, and D4.  

• D2 is the second most abundant dopamine receptor in the brain. 
• D2 receptor blockade is the main target for antipsychotic drugs, because there is a higher density of 

D2 in schizophrenic brains. (Sedvall & Farde 1995)  

This theory rests on the deficient DOPAMINE HYPOTHESIS: 
@ Mesolimbic pathway: linking ventral tegmentum (midbrain) to the nucleus accumbens 

EXCESS OF DOPAMINERGIC ACTIVITY = POSITIVE SYMPTOMS 
    Eg. hallucinations, delusions 

DEFICIT OF DOPAMINERGIC ACTIVITY = NEGATIVE SYMPTOMS 
    Eg. loss of pleasure and decrease in reward-dependent behaviour 

THUS: 70% D2 blockade = antipsychotic effect; 
DOPAMINE AGONISTS = INDUCE PSYCHOSIS 
 
INTERACTION OF SEROTONIN AND DOPAMINE: 

Serotonin inhibits dopamine release via 5-HT(2a) receptors 
THUS: atypical antypsychotics act as 5-HT(2a) antagonists; thus INCREASE DOPAMINE(effect 
is different for every pathway) 

 
 
 



TRADITIONAL AGENTS: = D2 RECEPTOR ANTAGONISM ( because there are too many D2 receptors) 

 
PHENOTHIAZINES:  

chlorpromazine (Thorazine, Largactil),  
fluphenazine (Perimitil, Prolixin), 
perphenazine (Trilafon),  
prochlorperazine (Compazine),  
thioridazine (Melleril),  
trifluoperazine (Stelazine)  
 

 
BUTYROPHENONES: 

    Eg. HALOPERIDOL 
Mechanism is poorly understood: probably  inhibition of the transport 
mechanism of cerebral monoamines, particularly by blocking the impulse 
transmission in dopaminergic neurons.  

 

 

NEW AGENTS: = D2 RECEPTOR ANTAGONISM AS WELL AS 5-HT(2) ANTAGONISM  

Clozapine (Clozaril) (is the KING !! no movement disorders) 
olanzapine (Zyprexa)  
risperidone (Risperdal)  
quetiapine (Seroquel)  
ziprasidone (Geodon)  

 

 
UNWANTED MOTOR EFFECTS: the result of acting on the Nigrostriatal pathway (also dopaminergic) 
 
 
 
 
 
 



RISK COMMUNICATION WITH THE PUBLIC       
 

people's perception of risks do not correspond to the actual degree of risk faced.  
 
Its all about making idiots happy. 
 
The traditional approach to assessing risks has been to  

- characterise the hazard, 
- quantify the frequency, duration and magnitude of exposure,  
- and to evaluate the risks in a rigorous model  
- with estimation expressed as a finite probability of an adverse health consequence.  
- This is the classic scientific approach  

 

Of all homicides committed in Australia some 15 percent are carried out by subjects who have some form of 
mental illness.  
BUT:  between 10 percent and 15 percent of the population is suffering from some form of psychological 
disturbance.  
Therefore psychiatric illness is no more likely to account for homicides overall. 
 
 Most homicidal acts are in fact carried out by persons known to the victim usually a family member friend or 
acquaintance. (70 percent). These homicides usually occur in the context of domestic violence or similar altercation. 
A small proportion of homicides however may be carried out by persons suffering from a psychotic illness. Predicting 
those who may carry out such an act is extremely difficult.  
There are however some symptomatic predictors in psychosis indicating significant risk of violent behaviour. These 
included a past history of violence, persecutory delusions, agitation and anxiety about their own safety, and 
command hallucinations (voices ordering the patient to harm another person). 



A weak attempt at a MECHANISM OF SCHIZOPHRENIC PSYCHOSIS  

 
 
 

“NO MIGRATION” THEORY 
Normally the cells in the subplate are supposed to 
migrate up to the supragranular layer of the cortex. 
BUT!!  If this fails,  

THE CELLS STAY and DEVELOP in 
the WRONG LAMINA 
���� are disoriented 
���� have wrong projections 
 

“NO SUBPLATE APOPTOSIS” THEORY 
normally the subplate cells build the cortex, 
and then happily die off. BUT: 
in schizophrenia the groups of primitive 
subplate cells remain, and their  
primitive circuits interfere and conflict with 

more sophisticated ones later on.  

Risk Factors: 
- Genetic predisposition 
- Environment 
- Reduced retinoic acid 
- Not enough dopamine in 

the prefrontal cortex 

Whatever happens, these are the findings: 
- REDUCED BRAIN WEIGHT 
- REDUCED BRAIN LENGTH 
- REDUCED BRAIN VOLUME 
ABNORMAL GYRI + SULCI @ the TEMPORAL CORTEX 
 

A packed infragranular lamina @ prefrontal cortex 
 
STRANGE CELLS @ hippocampus and medial thalamus 

(lower metabolic rates) 
 

Huge weird ventricles! 
Up to 30% larger!! 

At THE PREFRONTAL CORTEX: 

FEWER D1 Dopamine Receptors 
       Plus, a hypoperfused cortex 
 
More pyramidal projecting cells  

(long-range transmission) 
BUT fewer GABA interneurons 
 
THUS: disinhibition EFFECTS OF THIS: 

Increased numbers of ACETYLCHOLINERGIC cells at the  
     Pedunculopontine nucleus  
          (whose function is arousal, the sleep/wake cycle, and dreaming) 

  These cells project to the THALAMUS 
THUS: there is much THALAMIC EXCITATION (!! Overdrive !!) 

THE THALAMUS projects to the INFEROTEMPORAL region 
 (this is the place where higher order visual and auditory processing occurs) 

THUS thalamic overdrive ���� HALLUCINATIONS, DELUSIONS 
      (positive symptoms) 
  

D2-receptor-associated  
OVERACTIVE 
mesolimbic pathway 
(DOPAMINE) 
From VENTRAL TEGMENTAL AREA 
 to NUCLEUS ACCUMBENS  

DISINHIBITS THE THALAMUS  

D1-receptor-associated  

UNDERACTIVE 
Mesocortical pathway: 
Normally , the ventral tegmental area 
projects  to the Prefrontal cortex 
� the cortex then sends  
NEGATIVE FEEDACK to the VTA 
THUS the mesolimbic pathway never 

goes out of control. BUT… 
Loss of dopamine in early 
development leads to an 
UNDERDEVELOPED 
PREFRONTAL CORTEX 

Thus, no cortical inhibition  
Thus, overactivity of mesolimbic system 

 

NEGATIVE SYMPTOMS 
Eg. social withrawal 

Typical Antipsychotic Drugs: 
Block the D2 Receptors, thus reduce mesolimbic activity 
Therefore the feeble  mesocortical inhibition has a chance to act 
BUT!! D2 receptors also mediate nigrostriatal inhibition of the 
subthalamus� THEREFORE side effect = tardive dyskinesia  
 
Atypical Antipsychotic Drugs 
Block both D2 and 5-HT(2a) receptors (10x the affinity for the latter) 

  (that’s the receptor LSD is said to affect) 
THUS fewer motor side effects 



Chronic Renal Failure Chronic Renal Failure Chronic Renal Failure Chronic Renal Failure                             8.038.038.038.03    
Mr William Reynolds, a 62-year-old retired accountant presents with a six week history of lethargy and progressive ankle swelling.  

History of Presenting Illness          
Earliest : ���� LETHARGY 
            FATIGUE 
       ���� OEDEMA 
       ���� NOCTURIA 

���� ANOREXIA 
     NAUSEA  
     VOMITING 
���� INFECTIONS 
 THROMBI 
���� PRURITIS 
     BONE PAIN  
 or FRACTURE 

Latest:    ���� CONFUSION 
  DEMENTIA 
  COMA 
    

Differential Diagnoses            
- Acute renal failure 
- Liver failure 
- Congestive heart failure 
- Hyperparathyroidism 

- Inherited Clotting disorder 
- Gastrointestinal malignancy 
- Acute glomerulonephritis 
- Central Nervous System Lesion

 
Past History              
Want to know about: 

- LUPUS, and autoimmune disease in general 
- Hypertension 
- History of renal disease in family 
- CHEST PAIN 
- EASY BRUISING  
- Recent Fractures 
- Shortness of Breath 
- Ankle Swelling 
- Frequency of Nocturia 
- ? hematuria 
- frothy urine 
- Itching/scratching 
- Cognitive decline 
- RECENT ILNNESSES (screen for post-strep GN) 

 

Examination              
Want to look for: 

- Uremic complexion 
- Oedema + ascites 
- Bruising / ecchymoses 
- Infected dialysis fistula 
- Anaemia 
- Pericarditis 

- Bony tenderness 
- Neuropathy 
- Subcutaneous Ca++ nodules 
- Scratch marks 
- Kussmaul breathing 
- Hydration status

 

- Most patients present with:  
- heavy proteinuria,  
- most commonly in the nephrotic range 

- insidious in onset. 

ANAEMIA 
 

Early URAEMIA 
 

Late URAEMIA 
 

Renal OSTEOMALACIA 
 

Early URAEMIA 
 

HYPOALBUMINAEMIA 

Failure of CONCENTRATION 

DIABETES 
Hypertension 
systemic 
infections, 
exposure to 
 drugs and toxins 

Drugs of particular 
importance  
- analgesics  
- NSAIDs,  
- gold, 
- penicillamine,  
- vancomycin,  
- lithium, 

- ACE inhibitors 

Questions about uremia: 
- Appetite 
- Nausea/vomiting 
- SOB 
- Oedema 
- Weight change 
- Muscle cramps 
- Bone pain 
- Easy bruising 
- Mental acuity 
- Decreased libido 
- Erectile dysfunction 
- ADLs 
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



PROTEINURIA = PARENCHYMAL DISEASE 
 
NORMALLY: 

Low molecular weight proteins are 
reabsorbed at the proximal tubule 
Some escapes: <150 mg./day 
Normal urine contains up to 30 mg of albumin 
 

PROTEINURIA on DIPSTICK ANALYSIS: 
= concentration of about 300 mg/L. 

 
SELECTIVE Proteinuria  

= you must be >this tall< to enter 
 Eg. only a certain size of protein is being lost 
 = this means damage to the glomerulus is mild 
 

HEMATURIA ALONE = TRACT PROBLEM 
NORMALLY:  

No more than 5 million RBCs per litre 
VISUALLY: 
 Naked eye can see 5 billion RBCs per L 
DIPSTICK TEST: 

Sensitive up to 5 million RBCs 
MICROSCOPY:  
 Sensitive up to 0.5 million RBCs 

Dysmorphic tattered RBCs = origin of bleed is in 
the renal parenchyma 

Must differentiate: 
 IS IT RED BECAUSE OF BLOOD? 
IS THERE AN ALTERATIVE SOURCE eg. 
menses?… 

 

 
 
 
 
 
 
 

Tests and Investigations:    ITS ALL ABOUT THE URINE  
URINALYSIS is FIRST!! 

���� DIPSTICK (for suspicion) 
���� URINE MICROSCOPY for confirmation 
���� URINE BIOCHEMISTRY to supplement serum biochemistry: 
 try to work out what is gettinbg filtered and what is not. 

 
 
 
 
 
 
 
 
 
 
 

FBC: looking for  

- increased WCC(inflamm. process) 
- normocytic normochromic anaemia 

 
 

Kidney Ultrasonography + BIOPSY 
looking for  

- small diseased fibrotic kidneys (to prove its chronic failure, not acute) 
- is it worthwhile to do a biopsy? In late stage renal failure all aetiologies look the same 

 

24 hr collection���� 
TESTING FOR PROTEIN: 

over 3 grams = NEPHROTIC 

Contraindications to renal biopsy include  
- bilateral small kidneys,  
- polycystic kidney disease, 
- uncontrolled hypertension 
- urinary tract or perinephric infection, 

bleeding diathesis,  
- respiratory distress, 

- and morbid obesity. 

~SPECTRUM OF URINARY SEDIMENT~ 



Pathguy’s renal biopsy interpretation: http://www.pathguy.com/lectures/kidney.htm#intro 
Diffuse (all glomeruli) vs. focal (only some glomeruli, maybe under 80%)  
Global (entire glomerulus) vs. segmental (a part of a glomerulus)  

(Global diseases are usually diffuse, and segmental diseases are usually focal. Unless otherwise specified, the diseases we will describe 
today are usually diffuse.)  

* Hyalinosis ("fibrinoid"): deposits of plasma proteins. (This stuff doesn't stain blue with "trichrome" or black with "silver", distinguishing it from 
fibrosis and sclerosis respectively.)  
Sclerosis: enough increase in basement membrane - mesangial matrix material to compromise the lumens of capillaries. (The distinguishing 
feature is that this stains positive with silver).  
Fibrosis: type I collagen, i.e., an organized scar. (Blue on "trichrome". Unlike hyalinosis and sclerosis, this is essentially PAS-negative.)  

  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 



Disease Definition            
Membranous glomerulonephritis is an antibody mediated disease in which the immune complexes localize 

to the subepithelial aspect of the capillary loop. That is, between the outer aspect of the basement 

membrane and the podocyte (epithelial cell)  

 
How is this diagnosis made?  ���� by BIOPSY (no other way) 
 
Management :            

Maintenance: 
- fluid restriction 
- dietary restriction (more protein!) 
- diuretics (loop first, then thiazides) 
- STEROIDS + cyclosporins 

(to reduce inflammatory damage) 
 
Palliative: DIALYSIS 

Hemodialysis 
- every 3 days for 4-5 hrs 
- home, hospital or satellite centre 
- blood infections are a worry 
- ruined veins, etc. 

Peritoneal (CAPD) 
- 3-4 times per day for 45 mins  
- Continuous Ambulatory Dialysis 
- Peritonitis and tube site infections (Pseudomonas and Candida are the commonest) 
- Do-It-Yourself, thus relies on 100% sterile accuracy tri-daily …!   

 
Curative: 

TRANSPLANTATION: living or cadaver donor 
- great if you survive dialysis for several years while you wait 
- 8% of people per year get theirs (500, of which 300 from cadavers) 

 
Prognosis             
Clinical Course 
The course of untreated idiopathic membranous glomerulonephritis is variable.  
Of patients presenting with the nephrotic syndrome and a normal serum creatinine:  

• 30% will have a spontaneous complete remission and a stable GFR for up to 20 years.  

• 25% will have a spontaneous partial remission with a stable GFR.  

• 20-25% experience persistent nephtrotic syndrome with stable or very slowly progressive loss of GFR.  
Twenty to 25% of patients progress to end-stage renal failure over a 20 to 30 year follow-up. 
 
Patients in whom a causitive agent is identified usually respond to treatment of the underlying disorder, or 
withdrawal of the offending agent.  
 

Epidemiology             
Membranous glomerulonephritis is more common in adults and most patients are older than 30 years at diagnosis. 
 Membranous glomerulonephritis accounts for 35-50% of cases of adult nephrotic syndrome. 
CHRONIC RENAL FAILURE IS RAMPANTLY PREVALENT AMONG THE ABORIGINAL COMMUNITY 
���� Related to maternal malnutrition (thus, underweight infants born with far fewer nephrons are more 

predisposed to CRF earlier in life; 1 more Kg of birth weight = 250, 000 more nephrons!  

PLUS for whatever reason DIABETES IS ALSO RAMPANT; + ON THE RISE!!! 

PREVENTABLE CAUSES 

- Diabetic renal disease 
-  Hypertensive diseases 
- Rapidly progressive glomerulonephritis caused 

by focal necrotizing or cresentic 
glomerulonephritis (Vasculitis, Goodpastures, 
Wegeners Granulomatosis, and polyarteritis 
nodosa)  

- Drug-related interstitial nephritis 
-  Drug toxicity (cyclopsorin, penicillamine)  
- Obstructive uropathy  
- Possibly membranous GN  

NEED TO CATCH IT EARLY: 

Once renal function drops below 35% 

���� POINT OF NO RETURN; 

progression to end-stage is inevitable 

Australia and Iceland: worst rates of renal failure!! 



4 stages:  
 

PATHOGENESIS: full score for the biochem psycho    8.03 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IgG subclass 4 

���� is the culprit 
- the rarest of the circulating IgG 

subclasses 
- accounts for only 3-6% of total 

IgG. 

- unique in its inability to 
activate classical 
complement pathway. 

 
THIS IS IMPORTANT!!  
Classical pathway is responsible for 
preventing immune complex deposition 

� C3 binds to the antigen/antibody 
complexes,  then links the complex to 
the CR1 Receptor on erythrocytes, 
which then circulate to the liver where 
the immune complexes are destroyed 

IgG is also a 
LOW AFFINITY antibody 
Hence it is able to dissociate pre-GBM, 
then penetrate the GBM and allegedly 
re-aggregate afterwards (inside the 
membrane) 

Genetic component: 
HLA DR3 = risk factor  
Also Cancer, SLE, lead, mercury, gold, 
penicillamine, hep B/C, and  syphilis    

Exposure to endogenous or exogenous antigen(s) 
In the Heymann mouse model this is a glomerular epithelial 
glycoprotein called megalin, but it has no equivalent in humans 

���� induction of low affinity IgG immune response  

Antibody + antigen complexes  
CIRCULATE FREELY  

@ KIDNEY:  
  low affinity of the IgG4 allows 
 dissociation of the complexes 
� thus their FILTRATION 
     through the GBM and fixation in it  
(then, re-aggregation?…PLUS  
hemodynamic stress eg. tortuous capillaries 
also increase the likelihood of immune 

complex deposition) either way… 
 

DEPOSITION OF IMMUNE 
COMPLEXES IN THE 

GLOMERULAR BASEMENT 
MEMBRANE 

Stage 1: 
Scattered subendothelial 
deposits (subendothelial 
meaning  behind the GBM, 
on the urine side of things) 

Stage 2: 
Large uniform deposits; 
Spikes of epithelium between them 
Foot processes are being destroyed by the 
membrane attack complex (invoked by 
complement cascade, the alternative pathway) 

 

Stage 3: 
DEPOSITS ENCIRCLED 

and incorporated into the 
glomerular basement 
membrane; this is the famed 
“membranous transformation” 
 

Stage 4: 
Complete absorption of 
antibody complexes into the 
now-homogenous, irregular 
basement membrane . 
 

NORMALLY: 
The filtering in the GBM is done by  
- a size-barrier (i.e the type IV collagen mesh)  
- a charge barrier (i.e the polyanionic inclusions in the 

mesh and the nephrin on the podocyte foot processes) 

In Membranous Glomerulonephritis: 
the defect in membranous glomerulonephritis results  

mainly from a loss of size selectivity. –NEJM 1998 

TUBULAR DAMAGE:   
NORMALLY: 
Some proteins slip through the GBM 
Eg. low mol. weight proteins with neutral charge 

The low molecular weight proteins are usually 
reabsorbed by the proximal tubule 

In Membranous Glomerulonephritis: 
The poor tubule tries to reabsorb (pinocytose) 
the extra protein out of the urine and is thus 
overloaded with it 
(vis. histological finding: vacuolisation” of the tubule) 

THIS MUCH PROTEIN IS TOXIC:  
- Toxic on its own eg. heme 

- The act of pumping it depletes ATP 

- THUS the tubules atrophy and die 

���� then release cytokines  
thus attract FIBROBLASTS 
���� FIBROSIS 
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5 HYPERKALEMIA, thus 
neuromuscular and 
cardiological 
complications 

Risk of  
ASYSTOLE 
 

CHRONIC RENAL FAILURE and its many COMPLICATIONS 8.03 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DECLINE IN GLOMERULAR FILTRATION RATE  
  As measure of the time elapsed since the beginning of the end  

Glomerular Basement 
 Membrane Damage  
 

PROTEINURIA  
 

Tubular Endothelium Damage: 
Tubule attempts to reabsorb the excess 
protein by means of ATP-dependent  
pinocytosis; thus depletes ATP quickly,  
becomes starved and  ATROPHIES 
PLUS: protein toxicity induces cytokine 

production and thus  FIBROSIS 

Damage to thick ascending limb of Henle 

THUS reduced concentrating function 
 

NOCTURIA: 
Early presenting symptom 

 

THINGS LOST IN URINE: 
PROTEIN-BOUND SUBSTANCES: 
particularly HORMONES, eg androgens  
COMPLEMENT PROTEINS: 
Thus dysfunction of opsonisation + phagocytosis 
Rarely, CLOTTING FACTORS 
 
Rarely, ANTI-CLOTTING FACTORS 
Particularly proteins C, S; Antithrombin3 
LIPID HOMEOSTASIS PROTEINS 
Thus, overproduction and impaired catabolism of 
Apolipoprotein B (compensation by the liver) 
And most importantly,  

LOSS OF ALBUMIN 

Loss of libido 
Infertility 
Loss of appetite 
 
INFECTIONS 

 
DEEP BLEEDS 

 
Thromboembolism 

 
HYPERLIPIDAEMIA 

 

OEDEMA LOSS OF ERYTHROPOIETIN 
Thus, Normocytic Normochromic Anaemia 

 

Lethargy 
Fatigue 

 

Retention of Phosphate 

 

Failure to excrete ACID 
� titratable eg. phosphate, ammonium 
� inversely, by failing to produce  
     bicarbonate buffer 
� directly, by not excreting H+ 
 

Inhibited Vitamin D activation 

 

Increased levels of 
PARATHYROID HORMONE 
� hyperparathyroidism 

 

Reduced Ca++ 
uptake @ gut 

 

Resorption of 
bone calcium 

 

HYPERPHOSPHATAEMIA 

 

Phosphate binds Ca++ and 
PRECIPITATES @ TISSUES 
���� METASTATIC CALCIFICATION 

Vascular deposits 
Looks like angiography 

PRURITIS 
PERICARDITIS 
 

Bone used as BUFFER 
…up to a certain point 

 Osteomalacia 

+ hypocalcaemia 
 

Mild metabolic acidosis 

Failure to excrete 
nitrogenous wastes  

 

URAEMIA 
 

UREA  

 
Guanidosuccinic acid  

 
AMMONIA  

 

Nausea, Vomiting, Anorexia 

 
IMPAIRED CLOTTING 
Failure to crosslink  
platelets with vWF 

 
Confusion, dementia, COMA 
 

Na+ disregulation: 
Narrowed homeostatic range: 
Dying tubules versus uncontrollable RAAS  

 

HYPERTENSION 

Calcified 
ATHEROMA 
= 50% of deaths in 
chronic renal failure 
are the result of 
CARDIOVASCULAR 
complications 
 

Although the healthy nephrons will attempt 
to upregulate K+ channels to keep up with 
the excretory demand, and the gut 
continues to normally excrete K+… 

 

COMPLICATIONS OF HEMODIALYSIS: beta-2-microglobulin, a normal component of the MHC HLA molecule, is  
prone to collecting @ the kidney thus causing AMYLOIDOSIS 
…plus infections of the vulnerable fistula, hemolysis in the machine, and heparinisation  

COMPLICATIONS OF AMBULATORY PERITONEAL DIALYSIS is continued peritonitis, thus adhesions…  

~ALL DIALYSIS IS UNDER-DIALYSIS~ 

Point of no return: failure is progressive from 35ml 



Table 270-2: Uremic ``Toxins''  
By-products of protein and amino acid metabolism  
Urea-80% of total (excreted nitrogen)  
Guanidino compounds  
Guanidine  
Methylguanidine  
Dimethylguanidine  
Creatinine  
Creatine  
Guanidinosuccinic acid  
Urates and hippurates  
End products of nucleic acid metabolism  
End products of aliphatic amine metabolism  
End products of aromatic amino acid metabolism  
Tryptophan  
Tyrosine  
Phenylalanine  
Other nitrogenous substances  
Polyamines  
Myoinositol  
Phenols  
Benzoates  
Indoles  
Advanced glycation end products  
Inhibitors of ligand-protein binding  
Glucuronoconjugates and aglycones  
Inhibitors of somatomedin and insulin action 

Immunology of Glomerulonephritis       

antigenic targets in glomerulonephritis 

• fixed native glomerular antigens (type II 
reaction): formed by complexing of antibodies 
to normal cell-associated antigens already in 
the glomerulus  

• type IV collagen in Goodpasture ’ s 
disease  

• glomerular epithelial cell membrane 
antigens in Heymann nephritis 
(antiepithelial cell nephritis, an 
experimental model of membranous 
GN)  

• ?mesangial cell antigens in IgA 
nephropathy, Henoch-Schönlein 
purpura  

• “ planted ” foreign antigens (type II 
reaction): non-glomerular material bound to 
glomerular structures eg. via charge-
dependent interaction with glomerular 
capillary wall anionic proteoglycans  

• DNA, histones and nucleosomes (DNA-histone complexes) in lupus nephritis  

• trapped bacterial, viral and parasitic antigens  

• certain drugs  

• circulating immune complex deposition  
(type III reactions): deposition of circulating pre-
formed immune complexes within glomeruli  

• serum sickness reactions, postinfectious GN, 
mesangiocapillary GN type I, cryoglobulinaemic GN 
(eh. hepatitis C antigen-antibody complexes).  

  
cationic immune complexes are able to cross capillary walls from the capillary lumen  

THUS bind to subepithelial sites (eg. membranous GN),  
anionic and neutral complexes are trapped in  

-        mesangium (eg. IgA nephropathy)  
- subendothelial sites (eg. mesangiocapillary GN);  
immune complexes that persist for long periods in the circulation are 
most likely to deposit in glomeruli; thus IgG subclass 4 is best for this 
(its not cleared by the [erythrocyte����liver] transport system 

 
high hydrostatic pressures generated within the glomerular capillary make it a common site of immune 
complex deposition.  

 

mediators of glomerular damage 

• complement activation  

• leucocyte infiltration  

• platelet activation  

• activation of coagulation cascade  

• release of reactive oxygen species  

• cytokine and chemokine secretion  
 

the glomerulus has a limited range of responses to inciting stimuli. These include: 
1. coagulation, fibrin deposition and crescent formation  
2. cellular proliferation: mesangial, epithelial and/or endothelial  
3. deposition of mesangial matrix or basement membrane material  
4. vasoactive mediator release and altered glomerular filtration  



Usually secondary to 
Another glomerulopathy, gone chronic; 
Rare hereditary stuff, eg.  

− Alport syndrome: 
Mutation in type IV collagen, = GBM is 5 times 

thicker 

− Sickle cell anaemia:  
Due to sustained glomerular hypertension 

− Fabry Disease: Lysosomal storage disease, X-
linked mutation in the a-galactosidase gene, 
causing small vessel dysfunction at the kidney 
and elsewhere 

− Plus Lypodystrophy, “Nail-Patella” 
syndrome, etc etc 

Connective tissue diseases 

− Amyloidosis with Rheumatoid Arthritis 

− Lupus Nephritis 
Infection 

− Hepatitis B and C 
− HIV 

− Secondary to infective endocarditis 

− P. falciparum malaria 
Neoplasia 

− Hodgkins’ Lymphoma 
Drugs 

− NSAIDs 

− Gold therapy 

− Penicillamine 

− IV heroin 
 

 
 
 
 

Chronic Glomerulonephritis          

PROGRESSIVE loss of renal function associated with inflammation. 
CREEPS UP ON YOU: most commonly an incidental finding, for example: 

− Routine Urinalysis: 

− Proteinuria and hematuria 

− Routine FBC: 

− Normocytic normochromic anaemia 

− Abdominal Imaging: 

− Bilateral small kidneys 
Usually a chronic GN results from the resolution of an acute GN. 
Initial injury = reduction in the number of working nephrons. Therefore your 
GFR aint what it used to be, and the remaining nephron units detect this 
and hypertrophy to compensate. 
So now you are working your few remaining nephrons much harder: the 
same amount of blood needs to get filtered, but the filter is much smaller 
and thus the blood is forced through it at a greater pressure. This is fine for 
a while, but we all know what happens to arterioles under constant 
hemodynamic stress: SCLEROSIS. Thats right, the glomeruli literally work 
themselves into an early grave.  Hence the progression to end-stage renal 
failure (ESRF) 
DISEASE DEFINITIONS: “STAGING”    

• Stage 1: kidney damage with a normal GFR (>90 
mL/min). The action plan is diagnosis and treatment, 
treatment of comorbid conditions, slowing of the 
progressing of kidney disease, and reduction of 
cardiovascular disease risks.  

• Stage 2: kidney damage with a mild decrease in the 
GFR (60-90 mL/min). The action plan is estimation of 
the progression of kidney disease.  

• Stage 3: moderately decreased GFR (30-59 
mL/min). The action plan is evaluation and treatment 
of complications.  

• Stage 4: severe decrease in the GFR (15-29 
mL/min). The action plan is preparation for renal 
replacement therapy.  

• Stage 5: kidney failure. The action plan is kidney 
replacement if the patient is uremic. 

 

General approach:     
Find and treat the systemic cause.  
No apparent cause?  

���� TREAT UREMIA 
���� DELAY END-STAGE RENAL FAILURE 
���� DIALYSIS 
���� TRANSPLANTATION 

 

MONITORING PROGRESSION:   
GRF can be calculated from serum 
Topical: 
Dithranol 
Tar preparations 
Topical vitamin D 
Phototherapy: 

Rates of Progression to ESRF   
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Weeks - Months - 5 years - 10years 

Rapidly progressing GN 

Focal segmental GN 

Membranoproliferative GN 

Membranous GN 

IgA Nephropathy 

Post-strep GN 

Lupus nephritis 

URINALYSIS: to calculate protein loss using protein / creatinine ratio 

Eg.  300 protein and 150 creat.  = 300 / 150 = 2 (g protein/day) 
EUC: to calculate GFR using online creatinine clearance calculator in CIAP 

Use this to monitor response to therapy; GFR = all important 

 ALSO look at calcium (low?), phosphate (high?) 
FBC looking for normochromic normocytic anaemia 
Albumin: to monitor effect of protein loss  
COAGS: watch out for thrombophilia 
 ..may also want to do a kidney ultrasound: 
? TINY SHRUNKEN KIDNEYS = DONT BOTHER WITH THE BIOPSY 

 GOALS OF MANAGEMENT:   

− Reduce blood pressure (ACE-I, lasix, etc) 
− Replace EPO and activated Vitamin D  
− Manage hyperlipidaemia (reduce CVS risk 

factors) 

− Give heparin if pro-thrombotic 



Narrow or broad band UVB: usually combined with topical 
therapy 
 
 
 

The NEPHROTIC SYNDROME       

Leakage of 3 grams of protein per day. 

Pathophysiology           
You have a charge barrier and a size barrier. Normally nothing larger than 70kD and nothing polyanionic can get 
through. With GBM damage, both of these barriers can be disrupted. 

SEQUELAE and STRATEGIES FOR THE MANAGEMENT THEREOF    
  Oedema: due to protein loss uncompensated by liver synthesis and tissue mobilsation of albumin 
  Sodium Retention: due to increased distal resorption; ? due to activated RAAS?  
   Must get rid of the extra sodium. Loop diuretics and salt restriction are the go. 
   Might even want to combine frusemide with a thiazide or a  K-sparing diuretic. 
   NOTE: frusemide has a short half life. Use it 2-3 times a day in large doses. 
   BEWARE: abrupt natriuresis can cause a sudden hypovolemia and even ARF! 

Plus by excreting so much water you will hyperconcentrate the blood, so give these 
diuretics in tandem with heparin and TED stockings. 

  Thromboembolic Complications: especially renal vein thrombosis! This is due to a number  
of factors, only one of which is the increased excretion of anticoagulation proteins (eg. 
antithrombin III) into the urine. There is aso unexplainable thrombocytosis (? Due to 
hyperconcentration of blood cells? Remember, all that water moving out into the interstitial 
spaces leaves behind the cells in the blood.); 
Must prevent thromboembolism. Just give them heparin, evidence shows that the 
number of fatal emboli prevented is greater than the number of fatal bleeding events 
induced. Also consider aspirin (because much of the antithrombin III has been excreted 
and heparin has fewer targets to bind with).  

Infectious Complications: you are peeing out all of your immunoglobulins and complement  
cascade components. Especially dangerous in children. 
Sadly, still no justification for prophylactic antibiotics, as you may end up simply 
selecting for resistant organisms. Use ad-hoc intravenous antibiotics. 

Hyperlipidaemia: due to overproduction and under-catabolism of LDLs. Undercatabolism  
seems to result from urinary excretion of ..something. Something vital to lipid catabolism. 
Exactly what it is has not been determined yet. Nor do we know what causes the increased 
synthesis of blood lipids. 
Manage this with a soy-based low fat diet and statins. ACE-inhibitors also help 
indirectly, by reducting protein excretion. 

  ACE Inhibition: indicated even in normotensive patients. The BP-lowering effects take  
place within 24hrs, but the antinephrotic protein-saving effects take a month.  
The anti-nephrotic effect is totally unrelated to the blood-pressure effects, its a  
completely different poorly understood mechanism. It can be enhanced with a  
low-sodium diet and diuretics. 

Common Causes           
− Diabetic Nephropathy 

− Minimal Change Glomerulopathy (idiopathic) 

− Loss of charge selectivity 

− Membranous glomerulonephritis (often linked to neoplasia) 

− Carcinomas, lymphoma, leukaemia, myeloma, sarcoma... 

− Loss of size selectivity 

− Primary Renal Amyloidosis 

− HIV 

− Preeclampsia 
 

Loop Diuretics 

Heparin 

Aspirin 

Low-fat Diet 

Statins 

ACE-inhibitors 



           hronic Glomerulonephritishronic Glomerulonephritishronic Glomerulonephritishronic Glomerulonephritis                                                            
BEWARE! Asymptomatic hematuria can mean ANY DAMN THING.  
Glomerulonephritis is JUST ONE POSSIBILITY. 
BUT!... if there is also PROTEINURIA, you must keep GN in the back of your mind. 
 

IgA Nephropathy is the commonest GN cause of asymptomatic hematuria  
 Commonest among young males, 2nd  to 3rd decades of life. 

PRESENTATION and NATURAL HISTORY       
− In 50-60% of cases ASYMPTOMATIC GROSS HEMATURIA  
− In 30% of cases, ASYMPTOMATIC MICROSCOPIC HEMATURIA 

− In 10% of cases, NEPHROTIC SYNDROME or ACUTE GLOMERULONEPHRITIS 

− Simultaneous Respiratory or GIT infection 

− 10-20 years later, END STAGE RENAL FAILURE . Especially if: 

− elderly 

− male 

− hypertensive 

− proteinuric 

− already crappy kidneys 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AT-RISK GROUP!! Should at least  
ATTEMPT TO RETARD PROGRESSION TO 
END STAGE RENAL FAILURE 

So many trials, so many mixed 
results: 
− Corticosteroids: decrease proteinuria, but no change 

in disease progression. Pfft.  

− Fish Oil: n-3 fatty acids should limit the production 
and/or action of cytokines at the glomerulus. Some 
success. One very wonky trial showed extreme 
benefit. 6% fish-oilers doubled their serum creatinine 
over 4 yrs , versus 33% of placebo group. 

− ACE inhibitors: there is OBVIOUS BENEFIT;  

All experts agree. 

SO WHAT DO I DO? 
Supportive management. 

− Keep fluid balance in the realms of normality 

− Diuretics for overload, saline for dehydration. 

− If your patient runs the risk of progressing to 
ESRF, try corticosteroids or fish oil. 

− ACE inhibitors for all!  
− Ang II receptor blockers for some. 

THEREFORE: 

- FBC anaemia is a sign of chronicity.  
- EUC mainly interested in creatinine 
- BSL maybe diabetic nephropathy 
- Coags maybe coagulopathic if nephrotic 
- ECG dehydration, hyperkalemia- probably dangerous… 
- Urinalysis + microscopy -dysmorphic RBCs? = Glomerulonephritis 
- 24hr urinary protein - ? nephrotic range?. 
- IgA titres should be elevated in IgA nephropathy 
- ANA, ASOT  
- C3, C4 complement 

But then… BIOPSY and 
- Light Microscopy 
- Electron Microscopy 
- Immunofluorescence 

 
 

LUPUS: active SLE will have a low C3 / C4 due to complement depletion; 
 

Accurate histological diagnosis 
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Acute Glomerulonephritis         
− Abrupt onset of obvious macroscopic hematuria 

− Oliguria 

− Sudden decrease in glomerular filtration rate ���� 

− Proteinuria below nephrotic range (<3g/day) 

− OEDEMA occuring as a result of sodium  
retention and not hypoalbuminaemia 

 
 
 

Triggering Events:       
− POST-INFECTIOUS eg. post-streptococcal 

− Mainly in young children with a runny nose 
− Occurs ~2weeks after the initial infection 
− Mediated by immune-complex deposition AND 

by the accumulation of streptococcal antigens in the glomerular filtration membrane... 
which then attract all kinds of immune retribution, mainly in the shape of angry 
complement and macrophages. 

 
Natural History             

Strep infection; 
1-2 weeks later: onset of oedema + hemoproteinuria 
1-2 weeks of oedeme and hemoproteunuria with massively elevated creatinine and Na+ 
1-2 weeks of wild diuresis 
1-2 weeks of continuing creatinine abnormalities, tapering off; 
6 months of hematuria 
X years of proteinuria (variable; persists for 10 years in 2% of patients) 
 

 Diagnostic Side-Dishes          
Certain immunological changes 
take place in post-infectious 
GN, and these can be  
employed to point the way towards a diagnosis. 

COMPLEMENT components, esp. C3 are depressed during the early course. 
   THESE SHOULD RETURN TO NORMAL 6-8 weeks after onset 
   IF THEY HAVE NOT: !! RED FLAG !! it may be lupus nephritis 
 
STREP ANTIBODIES  wont diagnose post-strep GN for you, but they will tell you if  

a strep infection has taken place recently.  
...Look for antibodies to... 

− Streptolysin O ( be warned- only 66%of streptococci wield this weapon) 

− Streptokinase 

− Hyalouronidase 

− Nicotinamide Dinucleotidase 

MANAGEMENT IS SUPPORTIVE and consists of....     
MANAGING FLUID OVERLOAD with diuretics 

MANAGING HYPERTENSION which results from fluid overload with conventional agents 
 
 
 
 
 
 
 
 
 
 
 

Creatinine: measure of GFR 
released from skeletal muscle at a steady rate; high level is 
associated with large  muscle mass and exercise 

high creatinine better be found in a large well-
muscled patient, not a frail 90 yr old woman. 
THUS in a hypovolemic patient the GFR will 
drop and thus the serum creatinine will RISE 
Normal creatinine = GFR must be OK 
 

FILTRATION RATE: ~100 ml per minute; 
= Carefully controlled!  
Very steady between 90 and 200 systolic 
 only extremes of blood  pressure influence the GFR.   
 INCREASED BP = reflex contraction of smooth muscle in 
afferent arteriole, thus reduced flow still means GFR 

maintained at the same level 

ITS ALMOST ALWAYS A 
POST-INFECTIOUS SITUATION! 

BIOPSY with immunofluorescence and  electron microscopy is the  

ONLY MEANS OF DIAGNOSIS...  
and you may not want to biopsy the kidneys of that chubby 5 year old boy 

RESOLVES SPONTANEOUSLY! No cause for dismay 

Only 1 or 2% of post-strep GN 
patients progress to ESRF 



The NEPHROTIC SYNDROME       
Leakage of 3 grams of protein per day. 

Pathophysiology           
You have a charge barrier and a size barrier. Normally nothing larger than 70kD and nothing 
polyanionic can get through. With GBM damage, both of these barriers can be disrupted. 

SEQUELAE and STRATEGIES FOR THE MANAGEMENT THEREOF   
Oedema: due to protein loss uncompensated by liver synthesis and tissue  

mobilsation of albumin 
  Sodium Retention: due to increased distal resorption; ? due to activated RAAS?  
   Must get rid of the extra sodium. Loop diuretics and salt restriction are the go. 
   Might even want to combine frusemide with a thiazide or a  K-sparing diuretic. 
   NOTE: frusemide has a short half life. Use it 2-3 times a day in large doses. 
   BEWARE: abrupt natriuresis can cause a sudden hypovolemia and even ARF! 

Plus by excreting so much water you will hyperconcentrate the blood, so give these 
diuretics in tandem with heparin and TED stockings. 

  Thromboembolic Complications: especially renal vein thrombosis! This is due to a number  
of factors, only one of which is the increased excretion of anticoagulation 
proteins (eg. antithrombin III) into the urine. There is aso unexplainable 
thrombocytosis (? Due to hyperconcentration of blood cells? Remember, all 
that water moving out into the interstitial spaces leaves behind the cells in the 
blood.); 
Must prevent thromboembolism. Just give them heparin, evidence shows that the 
number of fatal emboli prevented is greater than the number of fatal bleeding events 
induced. Also consider aspirin (because much of the antithrombin III has been 
excreted and heparin has fewer targets to bind with).  

Infectious Complications: you are peeing out all of your immunoglobulins and complement  
cascade components. Especially dangerous in children. 
Sadly, still no justification for prophylactic antibiotics, as you may end up simply 
selecting for resistant organisms. Use ad-hoc intravenous antibiotics. 

Hyperlipidaemia: due to overproduction and under-catabolism of LDLs. Undercatabolism  
seems to result from urinary excretion of ..something. Something vital to lipid 
catabolism. Exactly what it is has not been determined yet. Nor do we know 
what causes the increased synthesis of blood lipids. 
Manage this with a soy-based low fat diet and statins. ACE-inhibitors also help 
indirectly, by reducting protein excretion. 

  ACE Inhibition: indicated even in normotensive patients. The BP-lowering effects take  
place within 24hrs, but the antinephrotic protein-saving effects take a month.  
The anti-nephrotic effect is totally unrelated to the blood-pressure effects, its a  
completely different poorly understood mechanism. It can be enhanced with a  
low-sodium diet and diuretics. 

Common Causes           
− Diabetic Nephropathy 

− Minimal Change Glomerulopathy (idiopathic) 

− Loss of charge selectivity 

− Membranous glomerulonephritis (often linked to neoplasia) 

− Carcinomas, lymphoma, leukaemia, myeloma, sarcoma... 

− Loss of size selectivity 

− Primary Renal Amyloidosis 

− HIV 

− Preeclampsia 
 
 
 
 
 
 

Loop 
Diuretics 

Heparin 

Aspirin 

Low-fat Diet 
Statins 
ACE-inhibitors 



Chronic Glomerulonephritis       
PROGRESSIVE loss of renal function associated with inflammation. 
CREEPS UP ON YOU: most commonly an incidental finding, for example: 

− Routine Urinalysis: 

− Proteinuria and hematuria 

− Routine FBC: 

− Normocytic normochromic anaemia 

− Abdominal Imaging: 

− Bilateral small kidneys 
Usually a chronic GN results from the resolution of an acute GN. 
Initial injury = reduction in the number of working nephrons. 
Therefore your GFR aint what it used to be, and the remaining 
nephron units detect this and hypertrophy to compensate. 
So now you are working your few remaining nephrons much 
harder: the same amount of blood needs to get filtered, but the 
filter is much smaller and thus the blood is forced through it at a 
greater pressure. This is fine for a while, but we all know what 
happens to arterioles under constant hemodynamic stress: 
SCLEROSIS. Thats right, the glomeruli literally work themselves 
into an early grave.  Hence the progression to end-stage renal 
failure (ESRF) 

DISEASE DEFINITIONS: 
“STAGING”    

• Stage 1: kidney damage with a normal GFR (>90 mL/min). The 
action plan is diagnosis and treatment, treatment of comorbid 
conditions, slowing of the progressing of kidney disease, and reduction 
of cardiovascular disease risks.  

• Stage 2: kidney damage with a mild decrease in the GFR (60-90 
mL/min). The action plan is estimation of the progression of kidney 
disease.  

• Stage 3: moderately decreased GFR (30-59 mL/min). The action 
plan is evaluation and treatment of complications.  

• Stage 4: severe decrease in the GFR (15-29 mL/min). The action 
plan is preparation for renal replacement therapy.  

• Stage 5: kidney failure. The action plan is kidney replacement if 
the patient is uremic. 

 

General approach:     
Find and treat the systemic cause.  
No apparent cause?  

���� TREAT UREMIA 
���� DELAY END-STAGE RENAL FAILURE 
���� DIALYSIS 
���� TRANSPLANTATION 

 

MONITORING PROGRESSION:   
GRF can be calculated from serum 
Topical: 
Dithranol 
Tar preparations 
Topical vitamin D 
Phototherapy: 
Narrow or broad band UVB: usually combined with topical 
therapy 
 
 

 
 
 

Usually secondary to 
Another glomerulopathy, gone chronic; 
Rare hereditary stuff, eg.  

− Alport syndrome: 
Mutation in type IV collagen, = GBM is 5 times thicker 

− Sickle cell anaemia:  
Due to sustained glomerular hypertension 

− Fabry Disease: Lysosomal storage disease, X-linked 
mutation in the a-galactosidase gene, causing small vessel 
dysfunction at the kidney and elsewhere 

− Plus Lypodystrophy, “Nail-Patella” 
syndrome, etc etc 

Connective tissue diseases 

− Amyloidosis with Rheumatoid Arthritis 

− Lupus Nephritis 
Infection 

− Hepatitis B and C 
− HIV 

− Secondary to infective endocarditis 

− P. falciparum malaria 
Neoplasia 

− Hodgkins’ Lymphoma 
Drugs 

− NSAIDs 

− Gold therapy 

− Penicillamine 

− IV heroin 
 

Rates of Progression to ESRF 
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Weeks - Months - 5 years - 10years 

Rapidly progressing GN 

Focal segmental GN 

Membranoproliferative GN 

Membranous GN 

IgA Nephropathy 

Post-strep GN 

Lupus nephritis 

URINALYSIS: to calculate protein loss using protein / creatinine ratio 

  Eg.  300 protein and 150 creat.  = 300 / 150 = 2 (g protein/day) 
EUC: to calculate GFR using online creatinine clearance calculator in CIAP 

  Use this to monitor response to therapy; GFR = all important 
 ALSO look at calcium (low?), phosphate (high?) 

FBC looking for normochromic normocytic anaemia 

Albumin: to monitor effect of protein loss  

COAGS: watch out for thrombophilia 
 ..may also want to do a kidney ultrasound: 
? TINY SHRUNKEN KIDNEYS = DONT BOTHER WITH THE BIOPSY 

all end stage renal disease looks the same under the microscope (i.e. scar tissue) 

 GOALS OF MANAGEMENT:   

− Reduce blood pressure (ACE-I, lasix, etc) 
− Replace EPO and activated Vitamin D  
− Manage hyperlipidaemia (reduce CVS risk factors) 
− Give heparin if pro-thrombotic 
− Discuss transplant + Dialysis 



PATHOPHYSIOLOGICAL MECHANISMS OF IgA Glomerulonephritis 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Rapidly Progresive Glomerulonephritis      
Just like acute glomerulonephritis, but in fast forward: rapid decline in  
renal function , and subsequent end-stage renal failure within days or weeks. 

LUCKILY ITS RARE. 2 to 4% of GN are rapidly progressive. 
 
Natural History            

− INSIDIOUS ONSET: 

− Malaise, lethargy, microscopic hematuria 

− Proteinuria in ~30% of patients 
− KNOW TO LOOK FOR RARE DISEASES KNOWN TO 

BE ASSOCIATED WITH RAPIDLY PROGRESIVE GN: 

− a VASCULITIS of some sort, be it 

− WEGENER’S GRANULOMATOSIS, 

− MICROSCOPIC POLYANGIITIS, or 

− CHURG-STRAUSS SYNDROME 

− CRYOGLOBULINAEMIA 
− SYSTEMIC LUPUS ERYTHEMATOSUS 

− GLOMERULAR BASEMENT MEMBRANE ANTIBODIES 

− GOODPASTURE’S SYNDROME (also haemoptysis) 
 

MANAGEMENT is AGGRESSIVE  and DETERMINED.     

Kick-start with IV corticosteroids and cyclophosphamide 
Monitor progress: if response is limited move on to PLASMA EXCHANGE 
 (thats if you can identify an antibody as the culprit) 

 
 

 
 
 
 

Altered regulation of 
production or structure of IgA 

Exposure to Antigens at the mucosa, 
where production of IgA is triggered 

Overproduction of IgA in response to 
comparatively trivial immune insult 
50% of IgA GN patients have increased serum IgA  

Circulating IgA 
complexes = 
Titres parallel the 

severity of disease 

Abnormal Glycosylation: 
Polymeric IgA class 1 subtypes get 
glycosylated more easily (?)  

Abnormal glycosylaton helps the IgA complexes to escape 
clearance by the reticuloendothelial system, as they are no longer 

recognised by the asialoglycoprotein receptors.  

IgA lodges in the GBM and causes trouble: 
Complement is activated, macrophages are 
summoned, all hell breaks loose in the glomerulus.  

PATHOLOGICAL 
HALLMARKS: 

Cellular 
crescents surounding 

the glomeruli. 
- these are made of 

endothelial cells, 
mononuclear infiltrate and 
recruited fibroblasts. 

ALSO: 
- linear deposition of 

immunoglobulins all along 
the GBM  in 20% 

- granular (blobby) deposition 
of these Ig’s in the GBM in 
30%. 

- In the remainder of pts, no 
immune deposits of any sort 
are detectable. 

   

Renal survival is most closely related to serum creatinine titres at presentation. 
   Only 40% of patients escape dialysis at 1 year of follow-up. 



 



Diuretic Abuse and Electrolyte ImbalanceDiuretic Abuse and Electrolyte ImbalanceDiuretic Abuse and Electrolyte ImbalanceDiuretic Abuse and Electrolyte Imbalance                            
  Natalie Sinha is a 20-year-old woman who presents to her GP complaining of weakness and light-headedness.  

History of Presenting Illness         
Postural Hypotension  

Syncope (standing up too quickly) 

Light-headedness 
Dizzyness 
Confusion 
Drowsyness 
Lethargy 
Weakness  
Cramps  
Arrhythmias 
Polyuria 
Bradypnoea (from alkalosis) 
 

Differential Diagnoses of Hypovolemia:       
Extrarenal Na+ loss  

- Gastrointestinal (vomiting, 
nasogastric suction, 
drainage, fistula, diarrhea)  

- Skin/respiratory (insensible 
losses, sweat, burns)  

- Hemorrhage (?menstrual?) 
Renal Na+ and water loss  

- Diuretics  
- Osmotic diuresis  
- Hypoaldosteronism  
- Salt-wasting nephropathies  
- Syndrome of Inappropriate 

Antidiuretic Hormone 
secretion (SIADH) 

 
Renal water loss  

- Diabetes insipidus 
(central or nephrogenic)  

Decreased cardiac output  
Redistribution  

- Hypoalbuminemia  
(hepatic cirrhosis,  
nephrotic syndrome)  

- Capillary leak (acute 
pancreatitis, ischemic bowel, 
rhabdomyolysis)  

Increased venous capacitance  
- Sepsis

Findings on History           

Looking for any aetiological hint: 
Has there been excessive… 
- Vomiting 
- Diarrhoea 
- Urine output 
- Sweating 
- Blood loss 
- Nasogastric drainage 

-  
 
 
 
 
 
 
 
 

Has there been any  
- ankle swelling 
- muscle injury 
- superficial burns 
 
Is there any history of 
- diabetes 
- kidney disease 
- alcohol abuse 
- diuretic or laxative abuse 
- psychogenic polydipsia 

- anomalous salt-rich diet 
- heart failure 
- hyperaldosteronism 

- Thyroid disease 

 

 Weird presentations due to 
 abuse of a specific diuretic: 
- DEAFNESS (from loop diuretics) 

- GOUT (from thiazides diuretics) 

- GYNACOMASTIA (from spironolactone) 

HYPONATREMIA 

HYPOVOLEMIA 

HYPOKALEMIA 

MOST OFTEN  
SYMPTOMS ARE NON-SPECIFIC 

AND SECONDARY TO 
ELECTROLYTE IMBALANCE 

DIMINISHED SKIN TURGOR  and  
DRY MUCOUS MEMBRANES  

are poor markers of hypovolemia  

LOOK FOR END-ORGAN COMPLICATIONS: 
- Palpitations 
- arrhythmia 
- tachycardia 
- constipation 
- seizures 
- coma 
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Findings on Examination           
MUST DEMONSTRATE HYPOVOLEMIA!���� 

At the exam, one would be wise to mention  
- skin turgor, 
- mucosal dryness  
- peripheral perfusion  
 
OTHERWISE: 

Take blood pressure standing + supine 

Take pulse standing + supine  
            Look for… 

- Confusion  
- extremity weakness 
- nonfluent speech 
- dry mucous membranes 
- dry tongue  
- furrowed tongue  
- sunken eyes  

Look at the heart sounds:  
may be arrhythmic + dyskinetic,  with murmur ? 

Test for PROXIMAL MUSCLE WEAKNESS 
      normal distal power but proximal weakness = HYPOKALEMIA 

Examine ABDOMEN FOR ASCITES 
 

Tests and Investigations          
Full Blood Count 

 Looking for evidence of massive blood loss 
Or… Expecting a high hematocrit if there was  

NO BLOOD LOSS 

Serum Biochemistry: expect ALKALOSIS 
    mainly interested in  

SODIUM 
POTASSIUM 
CALCIUM 

  TOTAL OSMOLALITY: should be 280 - 300 
But in fact will be lower, ~ 270 
(due to electrolyte-depleting action of loop diuretics) 

    Urinalysis 
Tells you what is getting excreted;THUS:  
with diuretic abuse there 
 will be LOTS OF SODIUM + POTASSIUM  

ECG:  changes of hypokalemia: 
- T wave flattening + splitting 
- depression of the ST segment 
- the appearance of prominent u waves.  

Chest X-ray  
  Making sure that the ECG changes are not  

due to other pathology  
Thyroid function tests  

Hypothyroidism may mimic some of the 
presenting symptoms 

 

Large increase in postural pulse 
 is a rather accurate bedside test 

(must increase by 30 bpms) 
…IF THE PATIENT IS TOO DIZZY TO 
STAND UP FOR THE UPRIGHT 
PULSE + BP TEST, THEY ARE 

PROBABLY HYPOVOLEMIC 
ASSESSMENT 
SEVERITY of FLUID DEPLETION: 
4% = mild 
7% = moderate 
10% = severe 
 beyond 10% = life threatening shock  
 

HYPONATREMIA = ONLY NEURO SYMPTOMS! 
Rapid fall of Na+ below 120 = coma!! 

Will all be LOW 

HYPOKALEMIA = LIFE THREATENING!! 
Below 2.5 = rhabdomyolysis, paralysis, arrhythmia 
  

 BUN; Blood Urea Nitrogen, [urea] 
 HIGH = AZOTEMIA (by definition) 
           = either INCREASED PROTEIN CATABOLISM 

      or KIDNEY MALFUNCTION 
      in a hypovolemic patient, urea will RISE 

 LOW  = due to protein loss eg. nephrotic syndrome 
                    …OVERHYDRATION or LIVER DISEASE 

                     

 Creatinine: measure of GFR 
released from skeletal muscle at a steady rate; high level is 
associated with large  muscle mass and exercise 

high creatinine better be found in a large well-
muscled patient, not a frail 90 yr old woman. 
THUS in a hypovolemic patient the GFR will 
drop and thus the serum creatinine will RISE 
Normal creatinine = GFR must be OK 
 

- Urine output 
- JVP (visible?) 
- Consciousness 

Once you got them 
admitted, take  

SERIAL 
WEIGHT 
MEASUREMENT 



TOTAL DAILY NORMAL LOSSES: 

One and a half litres of urine 

MASSIVE BLOOD TRANSFUSION? 
Banked blood is  ACIDOTIC (pH 6.7) 

 and HYPERKALEMIC 
therefore…. 

ACIDOSIS WILL OCCUR!! 
Thus, always give bicarbonate as well 

MANAGEMENT of Hypovolemia      8.01 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

In the FIRST TWO HOURS: 
ISOTONIC fluid to RESTORE CIRCULATION 
USE Blood; Colloid plasma expanders; isotonic saline. 

How much fluid was lost? 
 Body stores of fluid =    60% by weight 
       THUS: for a 70 kg patient,  42kg is water 

       7% of it circulates, = 5L is blood 
Now; look at their vital signs. 
 
 
 
 
 
 
 
 
 
THUS: if your patient has  

- a heart rate of 140  
- a systolic BP of 60 
- no urine output 

           then you need to be replacing about 2L of ECF. 

NEXT 12 – 24 hours: REPLACE LOSS 
What has been lost? Replace that! 
HYPOTONIC: Hyponatremia 
Means the loss of Na+ is greater than the loss of water 
THUS: can replace volume with isotonic saline (0.9%) 
and K+ 
ISOTONIC: Eunatremia 
…Means that the loss of Na+ and H2O occurred at the 
same rate = THIS MIGHT MEAN THAT THERE WAS BLOOD 

LOSS- therefore, give colloid or isotonic saline and K+ 
HYPERTONIC: Hypernatremia 
Means the loss of water is greater than the loss of Na+ 
THUS: can replace volume with oral rehydration or 5% Dextrose 

FLUID REPLACEMENT RULES: every casualty interns’ intracranial tattoo 

NORMAL daily requirements of WATER: 2.5 to 3 litres = 35 to 40 ml per kg 
Sodium    100 – 150 mmol 
Potasium 70 mmol   
Glucose : 100 grams per day is “protein sparing” 

                  Chlorine: 210 mmol 

Dextrose solution does NOT stay in circulation 
Saline solution would move into interstitial compartment:  

only 20% left circulating 

colloid solution DOES stay in circulation 

One bag of normal saline is YOUR DAILY 
REQUIREMENT OF SODIUM 

THUS: the next bag will be 
DEXTROSE 5% 

Replacement fluids:  
 

= Whole blood 
= colloids (containing a macromolecular solute  

confined to the intravascular compartment) 
� cause rapid movement of œdema into the blood; 
thus increased BP 

= crystalloids (electrolytes which will distribute 

intially throughout extracellular tissues) 
� can vary in osmolality 
hypertonic (eg. 3 normal saline, 10% glucose) 
isotonic (eg. normal saline, 4% dextrose with 1/5 
normal saline, 5% dextrose) 
hypotonic (eg. 

O
 normal saline) 

= dextrose-based solutions (providing 

water without electrolytes) 

Na+ and K+ are the main electrolytes 
needing replacement 
Others include Ca++, Mg++ and phosphate 
 

In general, once vital organ function is restored, losses can be 
replaced 

at the SAME RATE at which they 
have occurred 

DON’T BE TOO ZEALOUS WITH FLUID 
REPLACEMENT 

Lest your patient suffer from 
�  cardiac decompensation  
      with congestive heart failure 
�  electrophysiological effects  
      of K replacement 
�  osmotic cell shrinkage (eg.  
      osmotic demyelination) with  
     hypertonic saline 

ONLY EVER CORRECT THE ELECTROLYTE LOSSES GRADUALLY 

Sodium: no more than 10mmol per L in any 24 hr period 
Potassium: no more than 10mmol/L per hour 
 

 1) RESTORE CIRCULATING VOLUME 

thus restore vital organ perfusion 

2)RESTORE ELECTROLYTE BALANCE 



Basic anatomy: WHERE ARE DEM KIDNEYS AT    8.01 
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 FACTOIDS 
Gross size and weight (300-400 g) of kidneys (about 0.5% of body weight ) in humans.  BUT!! ~ 15% of the cardiac output!! THUS = most perfused organ by mass!! 
 

THE LEFT KIDNEY IS ALWAYS THE HIGHEST 
Erector spinae 

A funny thing happened to me on the way to Anorexia: 

Peri-renal fat depleted � kidneys drop in their position � ureters kink and 

become obstructed! THUS: ACUTE RENAL FAILURE Weighs 300-400g (0.5% of body weight)  
BUT gets 15% of cardiac output:  
= MOST PERFUSED ORGAN BY WEIGHT 

Pleural cavity is 
behind the kidney! 

* kidney is separated from the 
stomach by the lesser sack  

Superior poles are closer together 



Abdominal vascular structures in PAINFUL DETAIL  8.01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The layers of fascia: 

FATTY = Campers 

MEMBRANOUS = Scarpas 

Renal artery � segmental arteries � interlobar arteries � arcuate arteries � interlobular arteries � afferent arterioles � GLOMERULUS 
Renal Vein  Segmental veins  Interlobar  veins  Arcuate veins  Interolobular Veins  Venules   Peritubular capillaries  Efferent arteriloles  GLOMERULUS 

HILUM is at L1 
The KIDNEYS span T12 ���� L3 

L1 

These are all END ARTERIES! = 
NO ANASTOMOSIS! 

Horsehoe kidneys are 
 always lower; @ L3-L5 
 



UPPER AND LOWER URINARY TRACT      8.01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THE URETERS:  3 points most commonly obstructed: 
@ the PELVIC RIM;   
@ the BLADDER WALL ENTRANCE;    
@ the RENAL PELVIS 

� THE RENAL PELVIS IS FILLED WITH FAT 

 COURSE OF THE URETER: 
� over psoas 
� around iliac vessels 
�out, then in 
�then post 
�then ant 
URETER is the MOST 
POSTERIOR STRUCTURE 

The voluntary sphincter = pudendal nerve 
(S2-4 segments of spinal cord).  
Sympathetic fibres (T11-L2)  
= motor to internal  involuntary sphincter 
Parasympathetic fibres  
(pelvic splanchnic nerve, S2-4) 
 =  inhibitory to internal  involuntary sphincter 

 

���� STONES LODGE HERE !   
pain radiates to SCROTUM 



MICROSCOPIC ARCHITECTURE OF THE KIDNEY: THE GLOMERULUS   8.01 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

MESANGIAL CELL FUNCTION: 
- PHAGOCYTOSIS: Remove trapped residues, keep the glomerulus free from debris 

Provide STRUCTURAL SUPPORT, + CONTRACTILITY (like smooth muscle) 

- SECRETE IL-1 and PDGF in response to glomerular injury 

THE JUXTOGLOMERULAR APPARATUS: 
- Includes macula densa, juxtoglomerular cells and  extraglomerular mesangial cells  
- ACTIVATES THE RENIN-ANGIOTENSIN SYSTEM in response to low sodium or renal ischaemia: 
- !! Macula densa cells monitor the salt content of the afferent (incoming) arteriole:  

- Paracrine regulation of degranulation by juxtoglomerular cells which contain RENIN granules 
- PLUS macula densa controls DILATION + CONSTRICTION of AFFERENT ARTERIOLE 
  Nitrous Oxide @ afferent arteriole: ����DILATION ���� INCREASED FILTRATION RATE 
 Adenosine @ afferent arteriole ���� CONSTRICTION ���� REDUCED FILTRATION RATE 

 

Renin  

Heparan sulfate is 
responsible for the 
charge barrier;  
Type IV Collagen is 
responsible for the 
shape + size barrier 

 FILTRATION RATE: ~100 ml per minute; = Carefully controlled! Very steady between 90 and 200 systolic 
 only extremes of blood  pressure influence the GFR.   
 INCREASED BP = reflex contraction of smooth muscle in afferent arteriole, thus reduced flow � GFR maintained at the same level 
 

 @ diabetic nephropathy: 
mesangial cell Ca++ release 
is inhibited, thus less 
contractility and hyperfiltration 



 Mechanisms of concentration and solute handling       8.01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) GLOMERULUS:  
free filtration of everything, thus ~300 mOsm/L 

2) PROXIMAL TUBULE: 

EVERYTHING HAPPENS HERE! Ions and organic molecules are sucked out actively 
� this leads to a net movement of water out of the tubule 
THUS inside and outside remain isotonic 
About 40-30% of the filtrate left at this point (by volume) 
- concentration still the same ~300mOsm/L 
H+ is excreted here so as to join ammonium later 

3) DESCENDING LIMB: 
WATER-PERMEABLE BUT ION-IMPERMEABLE 
This tubule descends into the solute-rich medulla (which has an ambient osmolality of ~ 1200mOsm/L) 
Medulla is so concentrated because its full of CONCENTRATED UREA 
THUS: water  wants to leave the tubule to dilute the medullary solutes  
� This ultimately SUPER-CONCENTRATES THE TUBULAR FLUID 
About 15-20% of the filtrate left – at ~1200 mOsmol/L 

4) ASCENDING LIMB: 
 IMPERMEABLE TO EVERYTHING: 

the ions are actively pumped out of the lumen but WATER CANT LEAVE THE TUBULE… 
THUS: CONCENTRATION DECREASES but the VOLUME STAYS THE SAME (15-20% at ~100 mOsm/L) 
The ions involved are mainly Na+ and Cl-; UREA now accounts for most of the osmolality 

5) DISTAL TUBULE +_ CORTICAL COLLECTING DUCT: 
 Potassium is secreted into the lumen here because  

ALDOSTERONE ���� affects rate of SODIUM RESORPTION and thus POTASSIUM SECRETION HERE 
ANTIDIURETIC HORMONE ���� influences pure water reabsorption here , + UREA REABSORPTION 
(water will move out because the cortical collecting duct descends through the urea-rich medulla)  

THUS: @ calyx the urine concentration may be anything between 100 and 1200 mOsm/L 

(diabetes insipidus = loss of ADH = massive volumes of very dilute urine) 
 

There’s 
NO ACTIVE TRANSPORT 

in the thin limbs 

Stimuli to ADH release 
Hyperosmolality  
Hypovolaemia 
Stress 
Nausea 
Hypoglycaemia 
Nicotine 
Morphine 
Other drugs 
pregnancy 
 
Inhibitors of ADH release 
Hypo-osmolality (electrolyte loss) 
Hypervolaemia 
Ethanol 
Phenytoin 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Filtration and Reabsorption of Sodium                                        8.01

Back into circulation…

-------------------------------------------------------------

-------------------------------------------------------------------

----------------------------------------------------------

-------------------------------------------------------------------
-

Glomerulus

Proximal tubule------------------------------------------------------------

Thick
Ascending-------------------------------------------------------------------
Limb

Early distal -----------------------------------------------------------------

Cortical ---------------------------------------------------------------
collecting
duct

AFFERENT
ARTERIOLE
= 0.9 L / min

= 20% of C.O.
= 0.5 L / min of
actual plasma

EFFERENT ARTERIOLE
80% returns to the blood
= cells, proteins etc.

= GFR =
100 ml / min

Forced through fenestrations
by hydrostatic pressure

Ultrafiltrate                    
 Na+                      = 140 mmol/L
 Cl-  and HCO3-       = 140 mmol/L
 K+, Mg++, Ca++, glucose    = 10 mmol/L

TOTAL OSMOLALITY = 290mmol/L

Without a transporter!
= via hydrostatic +

 oncotic pressures
= “SHUNT PATHWAY

= most Na+ reclaimed this way

NaCl

Na+

“organic stuff” eg. glucose

3 Na+
ATP

2 K+

Carbonic
anhydrase

CO2 H2O

HCO3 
-

H+

Na+

Only 5 mmol of Na+ can
be co-transported with
organics as there is only
~ 5 mmol of organics in
the ultrafiltrate:

THUS some Na+ has to
be exchanged with H+

PLUS some Na+ crosses
via the tight junction

= 65% of Na+
is removed in these ways

H2O can cross

ATP
Na+

K+

2Cl
-

3 Na+

2 K+

Cl
-

K+

Cl
-

Na+, K+, Ca++, Mg++

25% of Na+

ATP

3 Na+

2 K+

Na+

Cl-

Cl-

electrically
positive

environment

Principal cell

Intercalated cell = acid/base balance

6% of Na+

2-3% of Na+

H2O can cross- but ONLY with ADH!! (via aquaporins along osmo. Gradient; not following Na+)

ENaC
Na+

ATP

Na+ leaves the lumen and makes the
urine too negative;

Thus K+ has to fill the electric
charge gap (@ principoal cell)

3 Na+

2 K+

Cl-

ATP

H+

H2O can cross: follows Na+

K+K+

K+

K+

K+

ORGANICS

HCO3 -

Cl -
Cl -

HORMONAL MEANS OF CONTROL:

STIMULATES vs. INHIBITS Na+ reabsorption
i.e. red = leads to more water retention

ANGIOTENSIN 2

Sympathetic NS

High BP

more ECF volume

low plasma oncotic
pressure

dopamine

ADH

Prostaglandins

delivered load of
Na+

delivered load of Na+ :
!! MACULA DENSA
LOCATED HERE !!
i.e � feedback to
glomerulus (which is
right next to the distal
tubule) = if too
muchNa+ in tubule,
reduce GFR and vice
versa (adenosine
signal)

Aldosterone
(increases EnaC
activity)

ADH
(activates
AQUAPORINS)

Atrial Natriuretic

Peptide

Glucocorticoids

prostaglandins

delivered load
of Na+

Carb. Anhydrase inhibitors, eg.
acetazolamide: block H+_
supplky to Na+/H+ exhanger

Loop diuretics,= POWERFUL !!
May excrete 15-20% of filtered Na+
Eg. frusemide “LASICS” =

Blocks apical Na,K,2Cl  cotransporter
= !! THUS BLOCKS THE WHOLE
MECHANISM FOR THIS TUBULE !!

K-sparing Diuretics:
EnaC channel blockers + Aldosterone Antagonists

( amiloride)     (Spironolactone)
(blocks aldosterone
receptor @ cytoplasm)

If you block EnaC, theres no
 reason to for K+ to exit out

- because its not  too negative in the
lumen and thus no gradient…

THIOZIDES
Block Na, Cl cotransporter
mild but powerful in combination
cause increased excretion of

Na, K, Ca, uric acid, HCO3

Normal daily output = 1.5 litres

100ml of fluid is required
per 100 Cals consumed
per day; plus:
3 mmol of Cl,
2 mmol  Na,
1 mmol  K
� per  kg per day

angiotensin 2 CONSTRICTS,

 thus � more filtration

Prostaglandin E2 DILATES,
Noradrenaline CONSTRICTS

Almost 100% of organics 
actively reabsorbed here 

ADH induces 
expression of 
AQUAPORINS on 
the membrane: like 
insulin for GLUT-4  



@ tubule lumen: 

@ tubule 

 lumen: 

ACID-BASE BALANCE and the kidney’s two cents in it      8.02  
Two kinds of acid: NON-VOLATILE  = NH4+ (60%), titratable acids (40%)  

  and VOLATILE  = CO2 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 Increased H+ 
 = ACIDOSIS 

“GOOD BUFFERING” 
HCO3

-
 buffer: H+ ���� H2O;CO3 ���� CO2 

Also by HEMOGLOBIN which sweeps up CO2 

CARBON  
DIOXIDE 
EXHALED 

KIDNEYS GENERATE AMMONIA (NH3) 
and BICARBONATE HCO3- 
ENZYMES must be generated, so there is a lag of 12-24 hrs 

 

Intercalated cell 

@ collecting duct: 

      H+ pumped by ATPase 

AMMONIA BINDS H+ : 
Becomes AMMONIUM (NH4+) 
= is EXCRETED IN URINE 

 Decreased H+ 
 = ALKALOSIS 

KIDNEY DUMPS HCO3- 
into urine: thus less alkali 

NH4+ HCO3- 

CARBON 
DIOXIDE 
RETAINED

CO2 too low���� 
Respiratory rate 
reduced (Rapidly, at a 
moments notice)� 

CO2 dissociates  
(until CO2 exceeds 
55mmHg, when the 
medulla stimulates 
respiration again) 

� tubule lumen  

� this way to ureter � 

Proximal tubule cell 

Intercalated cell  

@ collecting duct 

Glutamine 

Glutamate 

glutaminase 

NH3 

H+ 

ATP 

NH4

+
 

Produced by 

carbonic anhydrase 

ATP 

MORE HCO3- 
GENERATED 

BAD BUFFERING: 
By proteins, which 
changes their function 

LUNGS CORRECT METABOLIC ACID-BASE DISTURBANCES 
KIDNEYS CORRECT RESPIRATORY ACID-BASE DISTURBANCES 

BONE is a buffer for chronic acidosis: makes up as much as one third of the total buffering!   
= release of mineral bicarbonate and mineral phosphate (MAINLY BICARBONATE) 
THIS IS DANGEROUS: depletes integral elements of the hydroxyapatite matrix 
 

LESS HCO3- 
THUS nothing to 
deplete the H+ 

Reading Arterial Blood Gases: 
1) Acidaemia or alkalaemia?   
     Neither = mixed disorder or compensated 

 
2) HCO3- and PCO2: both change       
      IN DIRECTION OF pH = METABOLIC 
      OPPOSITE TO pH: = RESPIRATORY 
    Change in opposite directions = mixed dz   
 

 3) BASE EXCESS:  
    excess or deficit = METABOLIC 
    normal = RESPIRATORY  
 

 



 

REGULATION OF POTASSIUM        8.01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UREA SYNTHESIS AND METABOLISM: it is a product of amino acid breakdown, ammonia’s ticket out of you 

WHAT IS THE ANION GAP?           
= figuring out how much extra anion there is; 
i.e all those anions not mentioned in the equation- Mg, Ca, etc… (measured in milliequivalents, mEq) plus the 
blood proteins which are negatively charged and thus anionic  

HOW COULD THIS POSSIBLY BE USEFUL?  ���� IT HELPS DIAGNOSE ACIDOSIS  
Causes of Low Anion Gap  
- Paraproteinemia (Multiple Myeloma)  
- Spurious Hyperchloremia (Bromide toxicity)  
- Hyponatremia  
- Hypermagnesemia  
- Hypoalbuminemia : decreases 2.5 meq per 1 g/dl Albumin drop  
Causes of High Anion Gap  
- Metabolic Acidosis (without increased Serum Chloride)  
        Eg. lactic acidosis, kidney failure, etc. 
 

CHRISTMAS DINNER  
 

MASSIVE HAEMORRHAGE 

 

2 to 8 mmol/L: this range is 
COMPATIBLE WITH LIFE  

POTASSIUM 
EXCESS 

 

ZONA GLOMERULOSA 
Of the adrenal gland 

���� PRODUCES ALDOSTERONE 
 

Reduced ECF 

 

RAAS  
Angiotensin II  

Aldosterone = DUAL ACTION! 
���� increases ENaC activity @ 

cortical collecting duct 
 
 
 
 
 
 
 
K+ TRANSPORT is driven by the 
negativity of the lumen which results 
when Na+ is removed from it; THUS: 
More EnaC = MORE Na+ absorption,  

THUS MORE K+ LOSS!!  

eNaC 

 

ATP 
Na+ 

K+ 

Na+ resorption, 
thus H2O retention 

 

INCREASED K+ 
EXCRETION 

 

NORMAL 
POTASSIUM 

 

NORMAL 
POTASSIUM 

 

Add concentrations: Na + K – Cl – HCO3 = 15 +/- 4 

Low gaps are very rare. Usually due to 
hyponatremia (sodium being the major cation) 

High gap? Means there’s lots of anions 

coming from somewhere.  WHERE?… Normally, 
the excess anions are buffered by HCO3, so a high gap 
means that there has been a loss of HCO3 and 
therefore a METABOLIC ACIDOSIS of some kind. 
 

Deamination @ the Liver           Detoxification @  

           the Liver 
            (NH4+ is a cerebral toxin: 

          � hepatic encephalopathy)

  

Alpha keto-acid Amino acid 

Alpha ketoglutarate 

GLUTAMATE 

Aminotranferase  

Vit. B6  

H2O 
NAD+ 

NADH+ , H+ 

Alpha-Ketoglutarate 
NH4+ 

CO2 

Aspartate Oxaloacetate 

UREA 

50% Reabsorbed 

@ kidney 

(proximal tubule) 



Lecture: hypovolemia + hypervolemia       8.01 
IInnttrraacceelllluullaarr  2255--3355%%  bbooddyy  wweeiigghhtt  
EExxttrraacceelllluullaarr    2200--3300%%  bbooddyy  wweeiigghhtt  
IInnttrraavvaassccuullaarr    ~~77%%  bbooddyy  wweeiigghhtt  
EExxttrraavvaassccuullaarr    ~~2200%%  bbooddyy  wweeiigghhtt 

 
CCoommppeennssaattoorryy  ccoommppaarrttmmeennttaall  fflluuiidd  sshhiiffttss          

  

CCOOMMPPEENNSSAATTIIOONN  FFOORR  FFLLUUIIDD  LLOOSSSS::  

wwaatteerr    --  iinnttrraacceelllluullaarr  <<>>  eexxttrraacceelllluullaarr  ((ttoonniicciittyy))  

ssooddiiuumm    --  iinnttrraavvaassccuullaarr  <<>>  eexxttrraavvaassccuullaarr  ((SSttaarrlliinngg’’ss  ffoorrcceess))  

  

CCaarrddiiaacc  ccoommppeennssaattiioonn    

ffoorrccee  &&  rraattee  

  

VVaassccuullaarr  ccoommppeennssaattiioonn  

vvaassooccoonnssttrriiccttiioonn  

vviittaall  oorrggaann  pprrootteeccttiioonn  ((CCNNSS))  

  

RReennaall  ccoommppeennssaattiioonn      

ccoonnttrrooll  ooff  ssaalltt  &&  wwaatteerr  eexxccrreettiioonn  

  

  
AASSSSEESSSSMMEENNTT::        
History (unreliable guide) 
Examination 
- Blood pressure 
- Pulse rate and character 
- Mucous membrane appearance 
- Urine volume and concentration 
Blood tests 
- Hb/Hct 
- Plasma proteins 
- Blood urea 
Urine tests 
- SG/osmolality 
- Na/K/Cl concentrations 
- Creatinine concentration 

MMAANNAAGGEEMMEENNTT::       
Essential clinical information 
- Initially, and repeatedly during fluid replacement 
- BP, pulse rate 
- Body weight 
- Clinical assessment of circulatory state 
- Clinical assessment of hydration 
- Observation of urine output 
Essential laboratory information 
- As early as possible 
- Blood: sodium, potassium, bicarbonate, urea, creatinine, total 

protein, haemoglobin 
- Urine: microscopy, sugar, ketones, sodium, potassium, osmolality, 

pH

-  

 
 
 
 
 

 
 
 
 

ICF

ISF

PV

RC

H + 

MANAGEMENT: 
Phase 1 
Adequate restoration of circulating blood volume 
Blood 
Colloid plasma expanders 
Crystalloid volume expanders - isotonic saline 
Phase 2  
Appropriate further replacement and maintenance 
 once type of loss determined 

 HYPO 



Lecture: hypovolemia + hypervolemia       8.01 
 
Hypervolaemia 
 Primary renal sodium retention 

Glomerulonephritis 
Acute renal failure 

  Hormone excess 
Conn’s syndrome 
Cushing’s syndrome 
SIADH 

Disturbed Starling forces 
Increased venous pressure  
 (eg LVF, RVF, constrictive pericarditis,   
 vena caval or portal vein obstruction) 
Reduced oncotic pressure (eg nephrotic syndrome) 
Combined abnormality (eg cirrhosis) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Summary 
 The composition of the body fluid compartments is held remarkably constant despite wide variations in solute and water intake. 
Homeostatic mechanisms can defend several simultaneous threats to this equilibrium. 
 Nevertheless, in debilitated hospital inpatients, disturbances of salt and water balance are common and can be life threatening. 
Understanding of the physiological processes controlling salt and water balance is essential to working out disturbances in clinical practice. 
Separate consideration of disturbances of salt and of water balance is often needed to assist in deciding both volume and composition of 
replacement fluid for deficits. 
 
 
 
 
 
 
 
 

 HYPER 



FACTOIDS: 
Water = 60% of body weight 

���� 33% of that is Intracellular 
���� 27% is Extracellular 
 ���� 20% is interstitial, and 

 ���� 7 % circulates 

  (4.5% = plasma) 
Women drier than men (5% less total water) 

TRUTHISMS: 
Urinary losses vary according to dietary intake  

(50-75 ml/100 Cals) 
of these, 40 50ml/100 Cals are obligatory 

+ sweating = 1-50ml/100 Cals 
 

WATER LOSS: 
UNCONTROLLABLE OBLIGATOIRY CHANNELS 

- 1/3 through the lungs  
- 2/3 through the skin and stool losses 
PLUS the kidney needs to excrete water to 
eliminate toxins, so here is some more water used 
as solvent and lost that way (also obligatory) 

 

WATER GAIN: 
FOOD =(60-80% of food is water)  
as well as the water of oxidation 

 

Rule of thumb: 
100ml of fluid is required per 100 Cals 
consumed per day 
plus: 3 mmol of Cl, 2 mmol  Na, 1 mmol  K  
per kg per day 
hyponatraemic dehydration is always the result of initial 
isotonic dehydration followed by continued intake of water 
without salt:.  
 

ABNORMAL GAINS AND LOSSES 
gain of water in excess of salt (hyponatraemic overhydration), 
 loss of salt in excess water (hyponatraemic dehydration), 
gain of salt in excess water (hypernatraemic overhydration),  
or loss of water in excess salt (hypernatraemic dehydration 

ASSESSMENT 
SEVERITY: 
4% = mild 
7% = moderate 
10% = severe 

 beyond 10% = life threatening irreversible shock  
Magnitude of loss is assessed by observing blood pressure, pulse rate and 
rate of urine output, accurate measurement of body weight and 
assessment of the peripheral circulatory state and state of hydration 

Na+ reabsorption: is @ whole tubule, but  

- 60% is @ proximal tubule 
 
- 25% is @ loop of Henle 
- 5% distal tubule 
 
 
 
 

- 4% collecting duct 

TOTAL DAILY NORMAL LOSSES: 

One and a half litres of urine 

LTs: NORMAL HYDRATION         8.01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     

 

FLUID HOMEOSTASIS        8.01 
Regulation of intracellular fluid: via ions ( potassium INTRA, sodium EXTRA) 
        ���� maintained by Na+/K+ ATPase 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.  

THE KIDNEY ALTERS EXTRACELLULAR FLUID 
VOLUME  BY CHANGING Na+ CONCENTRATION 

THUS: 
increased blood volume  
� increased Na+ excretion , reduced reabsorption � 
THUS increased H2O excretion, 

 

����  Na-H countertransporter ( ANGIOTENSIN 2) 
 

���� epithelial sodium channel (ENaC)  
���� Na+/K+ ATPase     ( both = ALDOSTERONE) 

alsodsterone simultaneously enhances 
secretion of potassium and acid 
 

ANTIDIURETIC HORMONE 
= influences collecting tubule 
= increases permeability via aquaporins 
   (thus more seepage into ECF from the tubule) 

In states of water deficiency, ADH 
secretion is increased and aquaporins 
are inserted in the tubular epithelium 
and urine flow is decreased 

 
ATRIAL NATRIURETIC PEPTIDE 
= inhibits Na+ resoprtion at the medullary 
collecting duct 
 

WATER: 
Reabsorbed along with sodium in prox. Tubule 
Reabsorbed alone in descending loop of Henle 

(where there is an osmolality gradient from tubule to 
medullary interstitium) 

 99% of water 
is reabsorbed 



INTRAVENOUS FLUID + ELECTROLYTE REPLACEMENT  8.01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

obligate and variable physiological 
losses must be replaced and amount to  

0.5 L (insensible water loss) 
 + urine output + sweat.  

 

Pathological losses: 
VISIBLE 
- from the gastrointestinal tract  
       (mouth, fistulae, stomata, anus), 
- kidneys,  
- skin (e.g. burns)  
- blood stream.  
HIDDEN 
- =fluids sequestered around areas of inflammation 
- (e.g. pancreatitis) or trauma (e.g. rhabdomyolysis),  
- =so-called third-spacing,  
- =into serosal cavities (e.g. pleural, peritoneal)  
- = into interstitial tissues (oedema). 

Electrolytes in body fluids: 
Sweat = hypotonic,  
 Na 

+
 and CI 

-
 concentration of less than 60-80 mmol/L.  

Gastric juice = mildly hypotonic or isotonic,   
usual daily volume of 2-3 litres  
electrolyte composition dependent on the ratio of parietal 
cell (H 

+
 135-160 mmol/L, minimal Na 

+
 , high CI-) to 

nonparietal cell secretion (plasma-like). 
VOMIT:       
K+ is not really lost in vomit as much as you would think. 
hypokalaemia occurring with vomiting is due to kaliuresis (renal K 

+
 

loss accompanying HCO 3 
-
 - see lecture on Metabolic acid-base 

disturbances) rather than loss in vomitus.  

Pancreatic, biliary and intestinal juices are 
isotonic and alkaline; 
 Metabolic acid-base disturbances accompanying gastrointestinal 
fluid loss (alkalosis for lesions above the pylorus, acidosis below 
the pylorus) can be corrected by the kidneys, provided they are not 
too severe and renal function is normal. 

Clinical assessment.  
Clinical signs of extracellular volume loss (reduced skin 
turgor, dry mucous membranes, depressed jugular venous 
pressure, postural hypotension and tachycardia, shock) 
indicate the severity of fluid loss, and guide the volume of 
fluid replacement.  
 
Measurement of electrolyte composition (and volume) of lost 
fluids, and osmolality and electrolyte (especially Na 

+
 and    

K 
+
 ) concentration of plasma and urine indicate the relative 

balance of water and electrolyte loss, and guide the 
composition of fluid replacement. 

Replacement fluids  
=  blood, 
= colloids (containing a macromolecular solute confined  

to the intravascular compartment),  
� cause rapid movement of oedema into the  
bloodstream; thus increased blood volume 
 

= crystalloids (electrolytes which will distribute initially  

throughout extracellular tissues)  
� can vary in osmolality: 
hypertonic (e.g. 3 normal saline, 10% glucose), 
 isotonic (e.g. normal saline, 4% dextrose with 1/5  

normal saline, 5% dextrose)  
 hypotonic (e.g. 

O
 normal saline). 

 

= dextrose-based solutions (providing water  

without electrolytes).  
 
Na 

+
 and K 

+
 are the predominant electrolytes that require 

replacement;  
other electrolytes  include Ca 

2+
 , Mg 

2+
 and phosphate. I 

 

In general, once vital organ function 
is restored, losses can be replaced  

at the SAME RATE at which they 

have occurred.  

 
 

DON’T BE TOO ZEALOUS WITH FLUID REPLACEMENT 
else = cardiac decompensation in patients with congestive 
cardiac failure,  
= electrophysiological effects of potassium replacement  
= osmotic cell shrinkage (e.g. osmotic demyelination) with 
hypertonic saline. 



CONSEQUENCES OF HYPOKALEMIA       8.01 

= due to disruption of proper membrane polarisation in nerve and muscle 
(plus intracellular acidosis) 

Cardiac Phenomena:  
- Arryhthmia 
- = causes characteristic abnormalities in the ECG including  

- T wave flattening 
- depression of the ST segment 
- the appearance of prominent u waves.  

Neuromuscular Phenomena:  
- reduced gastrointestinal motility resulting in symptoms ranging from constipation to ileus 
- MILD (serum K between 3.0 and 3.5 mmol/l )are often asymptomatic, 

…but may complain of malaise, weakness, leg cramps or rarely myalgia. 
- Severe K depletion (K below 2.5 mmol/l )may cause rhabdomyolysis or paralysis.  
- In a K depleted state, muscle is susceptible to damage because the normal increase in blood flow is diminished 
- A low intracellular K reduces intracellular glycogen synthesis and thus energy stores for exercising muscle.  

Renal Effects:  
- = do not usually cause symptoms in the patient.  
- causes renal vasoconstriction,  
- reduced renal blood flow  
- reduced glomerular filtration rate.  
- SYMPTOMS: polyuria and secondary polydipsia due to a defect in tubular concentrating ability.  
- increased renal ammonia production in the proximal tubule.  
- This may at least partly account for the metabolic alkalosis observed in severe hypokalaemia.  
- Pathologically, hypokalaemia has been associated with interstitial nephritis.  

Endocrine Effects  
- = !! glucose intolerance !! 
- Reversal of the carbohydrate intolerance occurs with correction of the hypokalaemia.  
- Hypokalaemia decreases plasma aldosterone independent of volume status through a direct effect on the adrenal gland.  

Treatment  
The treatment of hypokalaemia is aimed at reversing the cause. However, if symptomatic then treatment is dictated by the degree 
of hypokalaemia and the urgency of the situation. The major issues in treatment relate to the quantity of K required, route of 
administration and rapidity of replacement.  
 

CONSEQUENCES OF HYPONATREMIA     (below 135-145 mmol/L)  8.01 
= in about 15% of hospital inpatients; associated with severe illness and relatively poor outcome. 

!! NEURO SYMPTOMS !! 
- nausea  
- malaise,  
- headache,  
- lethargy,  
- confusion,  
- obtundation  
- and eventually seizures and coma. 

 
= better thought of as a water disturbance rather than a salt disturbance.  

Pathophysiologically, hyponatraemia may be spurious, dilutional, depletional or redistributional. 
. The slower the development of hyponatraemia, the less dramatic will be the 
cerebral manifestations.  Unduly rapid elevation of plasma sodium by saline infusion 
carries the risk of induction of osmotic demyelination (central pontine myelinolysis). 

 
Common causes of hyponatraemia 

1. Misleading result:  

• Biochemcal error/ collection error (vein 
carrying an intravenous infusion)  

• Spurious  
� hyperlipidaemia  
� hyperproteinaemia  

• Solute excess  
� hyperglycaemia  
� mannitol  

2. Water retention:  

• with elevated ECFV:  
� Congestive cardiac failure  

� Cirrhosis  
� Nephrotic syndrome  
� Renal failure  
� Water overload  

• without elevated ECFV:  
� Inappropriate ADH*  

3. Salt depletion with relative water retention:  

• Adrenocortical failure  

• Vomiting, diarrhoea, nasogastric or GIT 
fistula loss (especially with inappropriate 
fluid replacement)  

• Diuretic abuse 

 

 
 



DIURETIC ABUSE         8.01 
When considering the problems that can be caused by diuretics it helps to think about them in their functionally active groups. 
These can usefully be divided into: 

• Potassium Losing  

• low potency eg thiazides  
• high potency or ' loop ' diuretics eg frusemide  

• Potassium Sparing eg amiloride, spironolactone  

• Combinations eg moduretic (hydrochlorothiazide with amiloride)  
A further useful subdivision is to consider those side effects which are a simple extension of the desired pharmacological action of 
the diuretics and those which are less intuitively obvious. 

Metabolic side effects due to extension of physiological actions  
Potassium Losing Diuretics  

• Fluid loss (hypovolaemia) - hypotension, dizziness, collapse  

• Hyponatraemia (low sodium) - weakness, muscle cramps, confusion, drowsiness, seizures  
• Loop diuretics cause this problem less commonly than the thiazides because of their actions on the counter 

current system (interfering with urinary concentration).  

• Hypokalaemia (low potassium) - weakness, muscle cramps, cardiac arrhythmias, polyuria  
• This is more of a problem in patients with high aldosterone, eg congestive cardiac failure, than it is in patients 

with uncomplicated hypertension.  
• Alkalosis - commonly associated with hypokalaemia  

• Hypercalcaemia - Thiazides reduce renal calcium excretion. (NB Frusemide has the opposite effect)  

Potassium Sparing Diuretics  
• Hyperkalaemia - leading to cardiac arrhythmias and muscular weakness. Care must be taken in using these drugs in 

renal failure and with ACE inhibitors which may also elevate potassium. They should not be given with potassium 
supplements.  

Combination Diuretics  
• Hyponatraemia plus hyperkalaemia  

Other side effects             

Thiazides  
• Hyperuricaemia; may lead to clinical attacks of gout  
• Hyperglycaemia; may unmask diabetes in someone previously undiagnosed, or worsen control of blood sugar in a 

known diabetic  
• Hyperlipidaemia - dose dependent increase in cholesterol and triglycerides  

These side effects are seen more commonly with thiazides than with loop diuretics (indapamide which is related to the thiazide 
group is less likely to have these adverse effects but just as likely to cause the metabolic problems). 

Loop Diuretics  
Intravenously or in very high dose can cause deafness 

Spironolactone  
Is not a well tolerated drug. May cause gastrointestinal upset, painful gynaecomastia and impotence. 

Diuretic abuse  
Such people may present with very low sodium and potassium with associated metabolic alkalosis. A specific history of 
diuretic use or abuse should be taken.  

If diuretic use is denied, but still strongly suspected, a urine screen for the presence of diuretics can be performed. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
INTERROGATING THE URINE         
Box 25-1: Composition of urine 

Component  Concentration  
Daily renal 
excretion  

Finding/Disease 

Water 500-2500 ml 
<500 ml/Nephropathy, shock  
>2500 ml/Diabetes 

Potassium 60-70 mM 90 mmol daily 
<20 mmol daily/Low diet  
>150 mmol daily/Rich diet 

Sodium 50-120 mM 150 mmol daily  

Protein 20 mg*l-1 30-150 mg daily Microalbuminuria/Diabetes 

Proteinuria/Nephropathy 

Glucose zero Negligible 
Glucosuria/Diabetes mellitus  
Glucosuria/Proximal defect 

Urea 200-400mM 500 mmol daily High excretion/Uraemia 

Creatinine 0.1 1500-2000 mg daily 
High excretion/Large m. mass  
Low excretion/Muscul. atrophy 

Osmolality >600 mOsmol*kg-1 Acceptable conc. capacity  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Anuria or oliguria (<500 ml daily) indicates the presence of hypotension or renal disease. 

 Polyuria (>2500 ml of urine daily) is the sign of diabetes 

 – both diabetes mellitus and diabetes insipidus.  

Microalbuminuria (ie, 50-150 mg per l) indicates glomerular barrier disorder  

- such as diabetic glomerular disease.  

Glucosuria with hyperglycaemia is the sign of diabetes mellitus,  

and without hyperglycaemia it is a sign of a proximal reabsorption defect.  

High urea excretion is seen in uraemia,  

high creatinine excretion indicates a large muscle mass in a healthy person.  

A low creatinine excretion is the sign of muscular atrophy or ageing. 



OTHERWISE...             
Lots of mitosis and a little fibrosis: the kidneys restore their architecture; tubule cells recover their ion 
pump functins AFTER the tubules are cleared up, and thus there is a period of massive polyuria , while the 

urine concentrating mechansms still havent come back online . this is the so-called DIURESIS PHASE. 

Mechanism of Acute Renal Failure secondary to Rhabdomyolysis   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HIDEOUS 

INJURIES 
 Crush injury, pressure sores,  freezing 
injuries, extensive burns, psychopathically 
excessive exercise, vascular disease 
causing whole-limb ischaemia, widespread 
sepsis, inflammatory myopathy,  blast injury 
eg. bomb explosion, alcoholism,  and over-

use of MDMA in a rave dance-club setting 

Widespread cell destruction,  on a massive scale, and thus  

TORRENTIAL LEAKAGE OF CELLULAR CONTENTS    

POTASSIUM 

Sodium and water move  
into the damaged muscle:  
MANY LITRES MAY BECOME 

SEQUESTERED! 

URIC ACID , 
Lactic acid, 

 

PHOSPHATE  

Excess phosphate 
combines with 
serum calcium and 
leads to  
HYPOCALCEMIA 

In combination 
hyperkalemia and 
hypocalcemia lead to 

increased CARDIAC 
TOXICITY eg. 
ARRHYTHMIA 
 Injury-related 

haemorrhage 
(or, drugged +/-
drunken dehydration) 

  

HYPOTENSION 
  

HYPOVOLEMIA 
  

Metabolic 
Acidosis 

 

Low molecular weight � 
means it easily excreted, 
thus tea coloured urine  
and blood +++ on 
urinalysis because the 
dipstick only tests for heme 

ACIDURIA 
  

RENAL HYPOPERFUSION 
Due to vasoconstriction secondary 
to RAAS activation 

 

 

MYOGLOBIN 

Myoglobin in the 
bloostream scavenges 
NO, and this causes 
reduced vasodilation 

  

MYOGLOBINURIA 
  

Low urine pH means 
lower solubility of the 
heme units 

 

Reduced GFR,  
thus reduced rate of wash-out 
  

 MYOGLOBIN    
 PRECIPITATES INTO  
  TUBULAR CASTS 

 

MAJOR PATHOLOGY HAPPENS HERE: 
Now you got iron-rich protein congealing up your tubule. 
This has numerous unsavoury CONSEQUENCES: 

  
MECHANICAL: 
 Tubules crammed full of 
myoglobin casts become 
dilated with backpressure, 
and the fragile tubular 
brush border is destroyed 
by the crude effect of 
having proteinaceous waste 
forced through it.  

Loss of brush border: 
Its full of enzymes, eg. 
carbonic anhydrase, which 
produces your renal 
bicarbonate- and so THE 
ABILITY TO REGULATE 
ACID- BASE BALANCE IS 
LOST which contributes to 
the heme-depositing tubule-
clogging aciduria  

  

BIOCHEMICAL 
 Myoglobin is a protein, and the 
tubule attempts to transport it 
back into the bloodstream using 
its normal mechanism of ATP-
dependant transport There 
being so much of  it, the ATP 
reserves of the blood-starved 
tubule are depleted rather 
quickly.  
ATP depletion means you cant 
power all those ion pumps, and 
thus control of electrolyte 

concentration is lost. 

CELLULAR GENETIC: 
Iron, of which myoglobin is full, 
seems to be toxic to the tubule 
epithelium. By itself its a free 
radical, and it will generate new 
free radicals when you 
reperfuse the kidneys with your 
well-intentioned litre of IV 
saline., and oxygen actually 
gets down there.Superoxide 
dismutase will cope with this 
...for a while.  Then, the 
oxidative stress will burn the 
DNA and the lipid bi-layers. 

This is irreversible. 

PROLONGED ATP 
DEPLETION 
(i.e. you DONT get the 
kidneys re-perfused) 
 = CORTICAL NECROSIS 
= no recovery 

 Eventually the 
macrophages will 
come and bulldoze 
down the dead 
tubules and clean out 

all the myoglobin. 
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Glomerular 

Basement 

Membrane 

 

Mechanism of Glomerulonephritis      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

AUTO-ANTIBODIES to a structural 
antigen which already exists in the GBM 
eg. Goodpasture’s antigen which is the 
alpha-3 chain of type IV collagen 

ANTIGEN+ANTIBODY COMPLEXES which 
form in the bloodstream, then somehow 
esape the reticuloendothelial system which 
normally clears them and then become 
embedded in the matrix because they are 

too large to pass through it 

DEPOSITED EXTRINSIC ANTIGENS 
of whatever sort, which are too large to 
get through the GBM, end up getting 
lodged in there and then the antibodies 
which circulate in the bloodstream find 
these antigens and attach to them.  

Ultimate Outcome: 
Antigen + Antibody 
Complexes  somewhere 
in the GBM 
 

Interesting side note: its not all about antibodies. Cellular immunity also 

plays some role. Apparently chickens who have had bursectomies (and thus 

are unable to mount an antibody response) will still develop proliferative 

GN when immunised with GBM proteins.  In humans, some GN can be 

managed effectively with cyclosporin, which is a  T-cell cytotoxin. So          

T-cells play some role, but its not clear what exactly they do.  
ACTIVATION OF 
COMPLEMENT 

by the Ag-Ab complexes 
 

CHEMOTAXIS OF 
MONOCYTES 

 

Activation of resident 
cells in the glomerulus 

 

Deposition of Mesangial Matrix and 
Thickening of the glomerular 

basement membrane 
THUS: loss of charge + shape barrier 

 

Ab 

Ab 

Ag 
Ag 

Ag Ab 

Proteins and 

RBCs slip through 

and travel down 

the tubule 

The charge and size of the antigen or antigen+antibody (Ag+Ab) complex determines where it gets lodged. 
The site where it lodges determines much of the glomerular response.  
Cationic antigens or Ag+Ab complexes� Subendothelial (urine-side) deposition = complement activation, as described below. 
Large Anionic / neutral Ag’s or complexes � Subepithelial = basement membrane thickening will be the dominant feature 

Small Anionic / neutral Ag’s or complexes   � Mesangial deposition = mesangioproliferative response. 

TUBULAR DAMAGE:   
NORMALLY: 
Some proteins slip through the GBM 
Eg. low mol. weight proteins with neutral charge 

The low molecular weight proteins are usually 
reabsorbed by the proximal tubule 
In Membranous Glomerulonephritis: 
The poor tubule tries to reabsorb (pinocytose) 
the extra protein out of the urine and is thus 
overloaded with it 
(vis. histological finding: “vacuolisation” of the tubule) 

THIS MUCH PROTEIN IS TOXIC:  
- Toxic on its own eg. heme 

- The act of pumping it depletes ATP 

- THUS the tubules atrophy and die 

���� then release cytokines  
thus attract FIBROBLASTS 
���� FIBROSIS of the tubule; thus excess 
proteinuria will render your tubules inoperable! 
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4 stages:  
 

Mechanism of Membranous Glomerulonephritis     
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IgG subclass 4 

���� is the culprit 
- the rarest of the circulating IgG 

subclasses 
- accounts for only 3-6% of total 

IgG. 

- unique in its inability to 
activate classical 
complement pathway. 

 
THIS IS IMPORTANT!!  
Classical pathway is responsible for 
preventing immune complex deposition 

� C3 binds to the antigen/antibody 
complexes,  then links the complex to 
the CR1 Receptor on erythrocytes, 
which then circulate to the liver where 
the immune complexes are destroyed 

IgG is also a 
LOW AFFINITY antibody 
Hence it is able to dissociate pre-GBM, 
then penetrate the GBM and allegedly 
re-aggregate afterwards (inside the 
membrane) 

Genetic component: 
HLA DR3 = risk factor  
Also Cancer, SLE, lead, mercury, gold, 
penicillamine, hep B/C, and  syphilis    

Exposure to endogenous or exogenous antigen(s) 
In the Heymann mouse model this is a glomerular epithelial 
glycoprotein called megalin, but it has no equivalent in humans 

���� induction of low affinity IgG immune response  

Antibody + antigen complexes  
CIRCULATE FREELY  

@ KIDNEY:  
  low affinity of the IgG4 allows 
 dissociation of the complexes 
� thus their FILTRATION 
     through the GBM and fixation in it  
(then, re-aggregation?…PLUS  
hemodynamic stress eg. tortuous capillaries 
also increase the likelihood of immune 

complex deposition) either way… 
 

DEPOSITION OF IMMUNE 
COMPLEXES IN THE 

GLOMERULAR BASEMENT 
MEMBRANE 

Stage 1: 
Scattered subendothelial 
deposits (subendothelial 
meaning  behind the GBM, 
on the urine side of things) 

Stage 2: 
Large uniform deposits; 
Spikes of epithelium between them 
Foot processes are being destroyed by the 
membrane attack complex (invoked by 
complement cascade, the alternative pathway) 

 

Stage 3: 
DEPOSITS ENCIRCLED 

and incorporated into the 
glomerular basement 
membrane; this is the famed 
“membranous transformation” 
 

Stage 4: 
Complete absorption of 
antibody complexes into the 
now-homogenous, irregular 
basement membrane . 
 

NORMALLY: 
The filtering in the GBM is done by  
- a size-barrier (i.e the type IV collagen mesh)  
- a charge barrier (i.e the polyanionic inclusions in the 

mesh and the nephrin on the podocyte foot processes) 

In Membranous Glomerulonephritis: 
the defect in membranous glomerulonephritis results  

mainly from a loss of size selectivity. –NEJM 1998 

TUBULAR DAMAGE:   
NORMALLY: 
Some proteins slip through the GBM 
Eg. low mol. weight proteins with neutral charge 

The low molecular weight proteins are usually 
reabsorbed by the proximal tubule 

In Membranous Glomerulonephritis: 
The poor tubule tries to reabsorb (pinocytose) 
the extra protein out of the urine and is thus 
overloaded with it 
(vis. histological finding: vacuolisation” of the tubule) 

THIS MUCH PROTEIN IS TOXIC:  
- Toxic on its own eg. heme 

- The act of pumping it depletes ATP 

- THUS the tubules atrophy and die 

���� then release cytokines  
thus attract FIBROBLASTS 
���� FIBROSIS 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Mechanism of UTI in healthy female anatomy                                

Colonisation of Vaginal introitus with E.Coli
Crucial first step!

BACTERIAL FACTORS
E.coli is able to bind tightly to the urothelial surface-

THIS PREVENTS WASH-OUT!
Moving urine is the greatest enemy of colonising bacteria.

This binding is mediated by the FimH adhesion located at the
tip of the bacterial type 1 fimbrium.
Bacterial Reservoirs may form on the inside of
the bladder, causing recurrent attacks

HOST FACTORS
Stagnant urine: reduced washout
This may result from
- Childhood voiding dysfunction, eg. detrusor instability
- Vesicoureteric reflux forma part of this, and also

predisposes you to pyelonephritis as the bacteria get
washed into the kidneys though the dysfunctional refluxing
vesicoureteric junction

Abnormal genital flora:reduced competition
Normally, the vaginal flora consists mainly of lactobacilli and
staphylococcus; both of these are so well adapted to living in the
vagina that they tend to out-reproduce any invaders, and thus
monopolise the nutrients and attachment space. E.coli cant get a
foothold in such a competitive environment.
THUS:
- Antibiotic use can disrupt the normal flora and give E.coli a chance

to grab some lebensraum.
- Ageing changes the vaginal flora, and the elderly get weirder,

more exotic pathogens invading their urinary tract. This may be attributed
to the fact that the normal vaginal flora mainly feeds on the secretions of
the vaginal mucosa, and these wane with age, leaving the poor staph
and lactobacilli stranded in a strange land without food. Thus the mucosa
becomes undefended.

ABNORMAL IMMUNE DEFENCES:
- IgA (mucosal antibody in the UT fluctuates depending

on the point in the mentrual cycle so there are times
during the month when your humoural defences are down.

FREQUENT INTERCOURSE:
Actually it doesnt have to be that frequent. Most people report at
least 4 episodes in the month preceding their presentation, not exactly
orgiastic. There is also some role played by SPERMICIDAL AGENTS which
seem to interfere with the normal flora, opening a path for E.coli

GENETICS:
About 50% of recurrent UTIs have a positive maternal
history, but does this reflect shared environmental and
behavioural factors? Either way, animal studies suggest it’s a complex
multigenic trait, with some recessive components.
Candidate genes are:

- ABH Blood-group antigen secretion gene:
The gene encodes for one of the many glycosyltransferases that

determine the carbohydrate composition of cell-surface glycoproteins
andglycosphingolipids, some of which are also a binding site for
uropathogenic E coli. The vaginal epithelium of nonsecretors expresses
two extended-chain glycosphingolipids that bind E coli more avidly in the
urinary tract.

- Interleukin-8 receptor gene: IL-8 is an inflammatory

cytokine that promotes neutrophil migration across theinfected
uroepithelial cells. Crappy Il-8 receptors impair this process and  delay the
immune response in this setting.

Toll-like Receptors (type 4): the sensory mechanisms of

macrophages; toll-like receptors detect bacterial cell wall components. In
this case a low-affinity erecptor means macrophages are less reactive to
E.Coli lipopolysaccharide.

E.coli spreads up  the urethra

stasis of urine
genetics
frequent intercourse

Abnormal defences
Genetics
Stasis of urine

E.coli colonises bladder urothelium

DYSURIA:
The urethra is inflamed and thus
the pain endings are hyper-
sensitized by the inflammatory
mediators; hence any urine
moving through it will cause
burning pain.

URGENCY AND
FREQUENCY
The bladder  muscle (detrusor)
becomes oedematous and
stiffened; hence it can no longer
comply as well with distension
pressure, and will want to void
at a much lower volume.
THUS YOU NEED TO PEE
MORE OFTEN

INFLAMMATORY
RESPONSE:

Neutrophils and
macrophages flock to the
site and begin to do their
inflammatory thing.

COMPLICATIONS
If stasis persists, the infected urine ill
reflux up into the ureters and into the
kidney! THIS IS PYELONEPHRITIS

- Leucocytes
- Blood cells (sometimes)
- Protein
- And of course BACTERIA
…Are now present in the urine
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The NEPHROTIC SYNDROME       
Leakage of 3 grams of protein per day. 

Pathophysiology           
You have a charge barrier and a size barrier. Normally nothing larger than 70kD and nothing polyanionic can get 
through. With GBM damage, both of these barriers can be disrupted. 

SEQUELAE and STRATEGIES FOR THE MANAGEMENT THEREOF    
  Oedema: due to protein loss uncompensated by liver synthesis and tissue mobilsation of albumin 
  Sodium Retention: due to increased distal resorption; ? due to activated RAAS?  
   Must get rid of the extra sodium. Loop diuretics and salt restriction are the go. 
   Might even want to combine frusemide with a thiazide or a  K-sparing diuretic. 
   NOTE: frusemide has a short half life. Use it 2-3 times a day in large doses. 
   BEWARE: abrupt natriuresis can cause a sudden hypovolemia and even ARF! 

Plus by excreting so much water you will hyperconcentrate the blood, so give 
these diuretics in tandem with heparin and TED stockings. 

  Thromboembolic Complications: especially renal vein thrombosis! This is due to a number  
of factors, only one of which is the increased excretion of anticoagulation proteins (eg. 
antithrombin III) into the urine. There is aso unexplainable thrombocytosis (? Due to 
hyperconcentration of blood cells? Remember, all that water moving out into the 
interstitial spaces leaves behind the cells in the blood.); 
Must prevent thromboembolism. Just give them heparin, evidence shows that the 
number of fatal emboli prevented is greater than the number of fatal bleeding 
events induced. Also consider aspirin (because much of the antithrombin III has 
been excreted and heparin has fewer targets to bind with).  

Infectious Complications: you are peeing out all of your immunoglobulins and complement  
cascade components. Especially dangerous in children. 
Sadly, still no justification for prophylactic antibiotics, as you may end up simply 
selecting for resistant organisms. Use ad-hoc intravenous antibiotics. 

Hyperlipidaemia: due to overproduction and under-catabolism of LDLs. Undercatabolism  
seems to result from urinary excretion of ..something. Something vital to lipid 
catabolism. Exactly what it is has not been determined yet. Nor do we know what 
causes the increased synthesis of blood lipids. 
Manage this with a soy-based low fat diet and statins. ACE-inhibitors also help 
indirectly, by reducting protein excretion. 

  ACE Inhibition: indicated even in normotensive patients. The BP-lowering effects take  
place within 24hrs, but the antinephrotic protein-saving effects take a month.  
The anti-nephrotic effect is totally unrelated to the blood-pressure effects, its a  
completely different poorly understood mechanism. It can be enhanced with a  
low-sodium diet and diuretics. 

Common Causes           
− Diabetic Nephropathy 

− Minimal Change Glomerulopathy (idiopathic) 

− Loss of charge selectivity 

− Membranous glomerulonephritis (often linked to neoplasia) 

− Carcinomas, lymphoma, leukaemia, myeloma, sarcoma... 

− Loss of size selectivity 

− Primary Renal Amyloidosis 

− HIV 

− Preeclampsia 

Loop Diuretics 

 

Heparin 

 

Aspirin 

 

Low-fat Diet 

Statins 

ACE-inhibitors 
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           olycystic Kidney Diseaseolycystic Kidney Diseaseolycystic Kidney Diseaseolycystic Kidney Disease                                                            

                    Characteristic Findings:         
- Polyuria 
- Polydipsia 
- Pain (dull, in the renal angle) 
- Hematuria (in ~30%) 
- Hypertension 
- Abdominal discomfort 
- Stroke or subarachnoid haemorrhage may be the first sign! 

On physical exam: Bilateral loin masses will be tender and palpable! This is the only  

    other time you can ballot a kidney except for massive hydronephrosis. 

Differentials to rule out:           
- Bilateral calculi – but… they would be in more pain, it would be colicky, there would be frank red hematuria, etc… 
- Hydronephrosis – any historical evidence of obstruction? Oliguria?  
- Pyelonephritis- are they febrile? History of recurrent UTI? Any leucocytes in the urine? 
 
INVESTIGATIONS:            

FBC 

EUC 
Urinalysis  
Urine Microscopy 
Abdo Ultrasound 
CT scan is more sensitive for smaller cysts,  but involves radiation. 
HEAD MRI SCAN is necessary to investigate a possible ANEURYSM 

Genetics: DNA linkage analysis for family members 
MANAGEMENT             

Relieve pain – NSAIDs, opiates 
Control hypertension – these people get berry aneurysms: 
  Plus blood pressure control improves renal outcome 

  ACE INHIBITORS are the drug of choice; 

  Beta Blockers can be added for bonus effect 

ALSO: lose weight, stop smoking, start exercising, etc… 

Monitor renal function: eventually, will need dialysis and transplant  
Genetic Councelling: risk to existing and future offspring  
And AVOID CONTACT SPORTS, lest you burst a cyst! 
 

 

Decrease in urine-concentrating ability 
= early manifestation of the disease 

 

Most patients WILL NOT BE NEPHROTIC 
Most patinets WILL BE PROTEINURIC 

 
Renal failure happens in their 40s to 60s 

 

CYSTS OCCUR IN OTHER ORGANS: 
Liver, pancreas, spleen 

 

Commonest 
sign of PKD 

main aim is to prove that the patient has big cysty kidneys, and 
that the cause of this is an autosomal dominant genetic defect 

-Elevated hematocrit may result from INCRESED EPO PRODUCTION from the cysts 
-There may be normocytic normochromic anaemia if they are in end stage renal failure 

- electrolyte abnormalities are not usually seen- if they are, its either a late presentation or 

another problem underlying the presentation, like PKD as well as urinary obstruction 

- Of course there will be BLOOD; but will there be LEUCOCYTES? 
- if yes, it may be pyelonephritis or UTI instead of PKD 

-where is the blood coming from? Dysmorphic RBCs? 

THIS IS “THE SHIT”: will show you the characteristic kidney cysts, 

cysts in spleen and liver, etc… THE IMAGING OF CHOICE  

LOOKING FOR: 
2 cysts in 1 kidney 
or 1 cyst in each  
- in an at-risk patient 
younger than 30 years  
OR 
At least 2 cysts in each 
kidney in an at-risk patient 
aged 30-59 years  
OR 
At least 4 cysts in each 
kidney for an at-risk 
patient aged over  60   
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Rapidly Progresive Glomerulonephritis    
Just like acute glomerulonephritis, but in fast forward: rapid decline in  
renal function , and subsequent end-stage renal failure within days or weeks. 

LUCKILY ITS RARE. 2 to 4% of GN are rapidly progressive. 
 
Natural History            

− INSIDIOUS ONSET: 

− Malaise, lethargy, microscopic hematuria 

− Proteinuria in ~30% of patients 
− KNOW TO LOOK FOR RARE DISEASES KNOWN TO 

BE ASSOCIATED WITH RAPIDLY PROGRESIVE GN: 

− a VASCULITIS of some sort, be it 
− WEGENER’S GRANULOMATOSIS, 

− MICROSCOPIC POLYANGIITIS, or 

− CHURG-STRAUSS SYNDROME 

− CRYOGLOBULINAEMIA 

− SYSTEMIC LUPUS ERYTHEMATOSUS 
− GLOMERULAR BASEMENT MEMBRANE ANTIBODIES 
− GOODPASTURE’S SYNDROME (also haemoptysis) 

 

MANAGEMENT is AGGRESSIVE  and DETERMINED.     

Kick-start with IV corticosteroids and cyclophosphamide 
Monitor progress: if response is limited move on to PLASMA EXCHANGE 
 (thats if you can identify an antibody as the culprit) 

 
 
 

PATHOLOGICAL 

HALLMARKS: 

Cellular crescents 
surounding the glomeruli. 

- these are made of 
endothelial cells, 
mononuclear infiltrate 
and recruited fibroblasts. 

ALSO: 
- linear deposition of 

immunoglobulins all 
along the GBM  in 20% 

- granular (blobby) 
deposition of these Ig’s in 
the GBM in 30%. 

- In the remainder of pts, 
no immune deposits of 
any sort are detectable. 

   

Renal survival is most closely related to serum creatinine titres at presentation. 
   Only 40% of patients escape dialysis at 1 year of follow-up. 
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Renal Tubular Acidosis           
= hyperchloremic metabolic acidosis 

- comes in 4 distinct flavours; 
TYPE 1: DISTAL HYPOKALEMIC: failure of the collecting duct to dump enough hydrogen ions with ammonium 

A NON-ANION-GAP acidosis; there is no extra weird acid like 
lactic acid or ketones in the blood; its simply more acidic 
because the kidneys cannot excrete enough hydrogen ions. 

Thus, acid retention. VERY ALKALINE URINE. 
TYPE 2: PROXIMAL, BICARB-WASTING: failure of the proximal tubule to resorb enough bicarbonate; 
   Thus, alkali loss. Usually a mild acidosis.  
TYPE3: just a variant of Type 1; but also has bicarbonate wasting. 
   Thus, severe acidosis. This one also occurs often in children. 
TYPE4: DISTAL HYPERKALEMIC; due to aldosterone deficiency; therefore loss of normal potassium and  

hydrogen dumping. 
Thus,  very alkaline urine, serious metabolic acidosis AND HYPERKALEMIA  

 
ELECTROLYTES AND BLOOD GASES ARE ENLIGHTENING:      

- Chloride HIGH. 
- Bicarbonate LOW 
- Potassium (maybe high if  type 4; maybe low if types 1-3) 
- Anion gap should be NORMAL  
- The pH will be LOW 

URINALYSIS: look at the BICARBONATE and apply the formula, 
    Fraction of excretion = (uHCO3 x sCr) / (sHCO3 x uCr); 

Most of this can also be caused by 
diarrhoea, which causes a loss of 
bicarbonate through the bowel 

 Where FE-HCO3 is fractional excretion of bicarbonate, 
uHCO3 is urine bicarbonate 
sHCO3 is serum bicarbonate 

OSTEOMALACIA and 
RICKETS are common 
childhood complications. 

uCr is Urine Creatinine 
sCr is Serum Creatinine 

 FRACTION OF EXCRETION less than 5% = DISTAL RTA 
        More than 15% = PROXIMAL RTA 
 
A little MANAGEMENT: 
- replace the bicarbonate; AND the potassium- because you will start losing potassium together with bicarbonate 
mainstay of long term treatment (when there is no obvious cause to address) is alkali supplementation, to 
replace the lost bicarbonate, or buffer the abnormally retained acid. 
In TYPE 4, you can often remedy the problem by replacing the missing aldosterone (eg. with fludrocortisone) 
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Urinary Tract Infection Urinary Tract Infection Urinary Tract Infection Urinary Tract Infection                                     
History of Presenting Illness (HPI) 
Stereotypical presentation: 

- Lethargy/malaise 
- Increased frequency 
- Dysuria 
- Suprapubic tenderness 
- Cloudy, or foul-smelling discoloured urine 
- Fever or chills 
- Back pain 
- Night sweats 
- Nausea and vomiting 
 

List of Differential Diagnoses (DDx) 
- Urinary tract infection 
- postcoital bladder trauma, 
- vaginitis,  
- atrophic vaginitis or urethritis in the elderly, 
- interstitial cystitis (Hunner’s ulcer) – particularly in women over 40 years old,  
- chlamydia infection,  
- tuberculosis, 
- carcinoma of the bladder  
- psychological causes. 

Pertinent Findings on History (Hx) 
Most Relevant: previous urinary tract infection 

Pertinent findings on Examination (Ex) 
Suprapubic tenderness for cystitis 
Obvious discharge, foul odour etc. 

Tests and Investigations  
URINALYSIS: DIPSTICK IS NOT DIAGNOSTIC –  

because of inaccuracy; however it points the way for further investigations. 
HOWEVER, URINE SPECIMEN IS ESSENTIAL. 

Procedure: clean mid-stream sample; swab vulva with clean gauze to remove normal flora 
 STORAGE + RAPID PROCESSING  IS IMPORTANT; bacteria will grow in the sample if  

you leave it in the car etc; INSIST ON NEW SAMPLE if patient brought you one in a jar 
-e.coli proliferates x100 in 1 hr at room temperature 
OR OBTAIN BLADDER ASPIRATE (eg. neonate, uncooperative gomer)  

1. Microscopy: of uncentrifuged urine; looking for: 
- WBCs indicate PYURIA, i.e. inflammatory process is taking place 
- RBCs are a RED FLAG; means cancer, trauma or infective process 

- SHAPE OF RBCs may indicate how far up the tract they originated; 
deformity indicates that the cells came from the kidneys 

- BACTERIA means infection unequivocally (bacteriuria) 
- CASTS: cylindrical bodies, which are moulded in the shape of the distal 

tubular lumen; may be…  

- hyaline,  
- granular Course granular casts may suggest pathological proteinuria in glomerular and 

tubular disease. 
- cellular. (Red cell casts may be seen in red cell degeneration)  

White cell casts and mixed cell casts indicate renal diseas 
- Presence of >10 x 106/L squamous epithelial cells indicates skin/mucosal 

contamination of the sample. CRAP SAMPLE = REPEAT SAMPLE!  
- CRYSTALS are common but not usually meaningful: depending on pH normal 

substances may precipitate. 

More then 1 million cells per litre = infection if WBC, hematuria if RBC,  

DEFINITION OF BACTERIURIA :  MORE THAN 100 MILLION UNITS PER LITRE 
 

2. Culture for species and resistance ( BLOOD AGAR + MacConkey ) 
BLOOD AGAR: sterile nutrient  agar base containing ~5% sheep or horse blood 
  GENERAL PURPOSE NON SELECTIVE MEDIUM 

CYSTITIS 

ACUTE PYELONEPHRITIS 
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MacConkey Agar: sterile nutrient agar with bile salts, lactose and a pH indicator 
  -SELECTIVE AND DIFFERENTIAL;  

- BILE SALTS inhibit growth of non-enteric organisms 
- LACTOSE + pH indicate organisms which can metabolise 

lactose; those will show up as PINK-RED COLONIES 
(the rest will be pale yellow or colourless colonies) 

  *EXTREMELY IMPORTANT to test cultures for SENSITIVITY + RESISTANCE  

 
COMPREHENSIVE WORK UP for patients who did not respond to short 3day course of antibiotics 
 BLOOD TEST:  

  CREATININE and UREA: increased = loss of kidney function 
(kidneys responsible for eliminating creatinine and urea) 

 ABDOMINAL X-RAY with IV contrast: 
   Assesses kidney physiology + function; ?nephritis?) 
 MICTURATING CYSTOGRAM: 
    In children under 4 to check for VESICOURETERIC REFLUX 

CYSTOSCOPY in older patients will reveal bladder cancer 
 
IMAGING THE URINARY TRACT: 

ULTRASOUND is modality of choice 
PLAIN X-RAY of limited use 
INTRAVENOUS PYELOGRAPHY: injected water-soluble dye will circulate through 
kidneys and collect in ureters; imaging reveals the calyces of kidney. 
   

Disease Definition 

1. Breathlessness, tiredness and varicose veins due to normal changes in pregnancy  

• Increased energy needs of pregnancy lead to increased appetite, weight gain and metabolic 

rate hence - tiredness. Progesterone stimulates maternal respiratory centre to increase 

ventilation - coupled with increasing size of the foetus leading to decrease in diaphragmatic 

excursion, both leading to increased respiratory rate. As the basal rate is already increased 

the threshold for breathlessness on exertion is decreased hence - breathlessness. Increasing 

size and location of developing fetus leads to increased pressure on venous return from 

limbs hence - varicose veins. Later in pregnancy increased fluid volume leads to dilutional 

anaemia contributing to hence - breathlessness and tiredness.  

2. UTI with minimal symptoms in pregnancy.  

• Urinary stasis due to pregnancy leading to increased susceptibility to infection when 

associated with decreased immunity in pregnancy ? + pressure on bladder leads to reflux, 

with incomplete bladder emptying, leading to bacterial multiplication with breakdown of 

urinary nitrates to nitrites, and inflammation, hence increased capillary permeability 

allowing protein into urine along with nitrites.  
  

SYMPTOMATIC Management of UTI: uncomplicated CYSTITIS 
FIRST TIME UTI : TREAT with short course (3 days ) of antibiotics; then TEST AGAIN 
RECURRENT UTI: prophylactic antibiotics at night (minute doses) 
ACUTE PYELONEPHRITIS: 10 to 14 days of antibiotics; hospitalise if vomiting and febrile 

MAKE DAMN CERTAIN that the antibiotic is WATER-SOLUBLE 
ASYMPTOMATIC BACTERIURIA: just observe UNLESS PREGNANT: 

UTI IN PREGNANCY: TAKE CARE WITH CHOICE OF ANTIBIOTIC;  

1 week-long course of KEFLEX or AMPICILLIN             DO NOT MUTATE THE BABY:  
       AVOID Last semester SULPHONAMIDES 
           QUINOLONES 
           TETRACYCLINES 
ALSO: increase fluid intake and VOID REPETITIVELY AND OFTEN 
  

 

 

  



Epidemiology 
UTI’s are common in  

- women, 

- people who are immobile and bed ridden (particularly if catheterised)  

- diabetics  

- the elderly. 

*Nosocomial infections tend to be more serious, with more virulent and antibiotic-resistant organisms as 

opposed to  community-acquired UTI’s which are largely caused by E coli. 

• Recurrent infections are associated with considerable morbidity.   

If complicated, UTI’s can cause severe renal disease including end-stage renal failure. 

• UTI’s are a common source of life-threatening Gram-negative septicaemia. 

 
 
Aetiology 
Infection is usually due to bacteria from the patient’s own bowel flora.   

The pathogens that may cause UTI are:  

- Escherichia coli and other coliforms in approximately 68% of infections 

- Proteus mirabilis and Pseudomonas aeruginosa in 12% - mostly due to catheterisation; 

-   Klebsiella aerogenes in 4% of infections – most of these are nosocomial; 

-   Enterococcus faecalis in 6% - most of these also nosocomial infections; 

- Staphylococcus saprophyticus (part of vaginal flora – common in sexually active women),  

- Staphylococcus epidermidis (part of skin flora – important in colonisation of catheters)    

- Staphylococcus aureus (usually nosocomial) in 10% of infections; 

- Candida albilcans  (rare except after prolonged bladder catheterization). 

 Transfer to the urinary tract most often occurs via the ascending transurethral route. 

 

For the ascending transurethral route there are 3 steps: 

1) The vagina and periurethral area is colonized by uropathogenic bacteria.  

- facilitated by the adhesion of bacteria to uroepithelial surfaces by pili or fimbriae present on 

some bacterial cell surfaces.  

- Other factors contributing to the colonization are  

- the use of a diaphragm and spermicidal jelly,  

- hormone-deficient vaginal atrophy  

- systemic antibiotic treatment for non-urinary tract infections. 

2) Bacteria are transferred along the urethra to the bladder.   

- This step is facilitated by sexual intercourse or catheterization.   

- Spontaneous transfer along short female urethra is easy, while the longer male urethra protects 

against transfer of bacteria to the bladder.   

- In addition, prostatic fluid has defensive bactericidal properties. 

3) Bacteria enter and multiply within the bladder.   

- Urine is normally sterile, however residual urine in the bladder due to incomplete emptying is a risk factor for 

the development of a UTI, as urine provides a ‘sterile broth’ ideal for bacterial growth.   

- In diabetics, the presence of glucose in urine further supports bacterial growth.    

      



- Mucosal defence mechanisms of the bladder are poorly understood.  The establishment of infection may 

be facilitated by fimbriated bacteria adhering to the bladder uroepithelium.  A thin layer of mucopolysaccharide 

coats the transitional epithelial cells and prevents adhesion of bacteria.  Condensed tannins, called 

proanthocyanidins, found naturally in  cranberries and blueberries, can prevent and treat UTI’s by further 

blocking the binding of some strains of E coli to the epithelial cells.   

- In contrast, loss or depletion of the protective mucopolysaccharide coat or the epithelium due to 

previous infection, bladder trauma from catheterization or vigorous intercourse may predispose an 

individual to infection. 

 

After an infection has been established in the bladder, it can spread up the ureters to the kidneys.  

 Several factors facilitate this: 

• vesicoureteric reflux:  in which the ureters do not completely drain into the bladder and instead retain 

some urine, this can arise if the vesicoureteric junction has a defective valve which allows a jet of 

urine to shoot up the ureter when the bladder contracts, or if the angle at which the ureters meet 

the bladder in an individual is horizontal rather than oblique. 

• virulence factors of the organism (flagellae, pili, fimbriae, exotoxins etc… Staphylococcus aureus 

infections of the bladder may rapidly spread to the kidneys and blood, whereas an E Coli bladder 

infection may be self-limiting) 

• dilated hypotonic ureters 

• defective host defences and the absence of antibiotics 

 

* A UTI is commonly an isolated event (90% of cases) as opposed to a repeated one. 

*UTI’s can occur in functionally normal or abnormal urinary tracts and it important to determine which is the case  

 

FUNCTIONALLY NORMAL URINARY TRACTS with normal excretion urography: 

 Persistent or recurrent UT’s seldom result in serious kidney damage  (uncomplicated UTI) 

ABNORMAL URINARY TRACTS are those with stones, diabetes mellitus or other diseases which cause 

kidney damage:Infection here may exacerbate pre-existent kidney damage (complicated UTI) 

 UTI, especially with Proteus may predispose to stone formation.  

 The combo of  infection + obstruction results in severe, rapid kidney damage (obstructive pyonephrosis) and 

is an important cause of Gram-negative septicaemia. 

Prevention: 
2L/day fluid intake !! MOST IMPORTANT !! keep that urine cycling- flow rate will keep bacteria out  

voiding at 2-3 hour intervals with double micturition if reflux present 

voiding before bedtime and after intercourse 

avoidance of bubble baths and bathing in hot spas 

avoidance of constipation which may impair bladder emptying 

good personal hygiene 

 
 
 
 
 
 



Relevant anatomy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Behavioural science of PREGNANCY: biopsychosocial aspects 
common EARLY SYMPTOMS of pregnancy are: 

- an increase in the size and tenderness of the breasts,  
- nausea (not necessarily in the morning) and for some women vomiting, first 12 to 14 weeks 
- Hyperemesis gravidaruum is the term used to describe women who require treatment in 

hospital for their vomiting.- 0.1% of pregnant women 
- urinary frequency,  
- constipation,  
- backache,  
- dizziness  

- fatigue 
common LATE SYMPTOMS of pregnancy are:  

- urinary frequency, 
-  incontinence,  
- weight gain,  
- binge eating,  
- pica, 
-  edema,  
- sweating, 
-  breathlessness,  
- heartburn, 
-  hemorrhoids  
-  varicose veins,  
- muscle spasm  
-  back pain. 
-  Most of these can be explained by the size and position of the baby  

(in relation to the maternal organs) 

- Women report feeling relaxed and passive and tired.  
This hormonal effect is protective for growth and development and allows weight gain.  

predictive of a good outcome and less psychological symptoms are;  

- whether the pregnancy was wanted (even if not planned), 

- if the mother feels she has supports available during and after her pregnancy,  

- if she has good antenatal care, 

- if her mental health before her pregnancy is good (including no drug or alcohol abuse)  

- if she is of higher socioeconomic status.  

fears and worries during pregnancy;. The most common are;  

- 'will I lose my baby?' 

- will my baby be normal?'  

- 'Is my baby still alive?'  

- 'Will I/we be able to cope with a baby?'  

- 'Will I be a good enough mother?' 

- 'Have I done anything to hurt my baby?' 

- 'Will sex hurt my baby?'  

- ' Will I lose the weight gained after my pregnancy? 

good physical outcome of pregnancy is 

 the birth of a healthy baby of normal weight for sex, age and gestational age  
…and a healthy mother.  
Intrauterine growth retardation is associated with;  

- low maternal prepregnancy weight, 

- failure to gain adequate weight during pregnancy,  

- smoking cigarettes  

- excess coffee, 

- alcohol abuse,  

- excessive exercise and vomiting.  

Maternal obesity may be associated with birth of either large or growth retarded babies.  

 

  

 

 



 

Pregnancy is a challenge to the body image of many women, not only those with eating disorders 

before pregnancy. The increase in blood volume, fluid retention, fat deposition on the thighs and 

breasts and in crease in the size of the organs associated with pregnancy all contribute to this challenge. 

 

Parents 'at risk' of a poor outcome following childbirth are those who have  

poor coping skills,  

poor relationship with each other,  

parents who were poor role models,  

unrealistic expectations of parenthood, 

 baby who is in poor health or 'failing to thrive'  

those who lose their baby.  

 

The risk factors for postnatal depression are  

poor perceived supports during and after pregnancy,  

prior history of depression or other psychological problem, such as an eating disorder.  

Postpartum depression may be a misnomer as at least one third of women are already depressed 

during pregnancy and others do not develop symptoms until a year later.  

 

 Recovery from childbirth may take many months.  

Three months after the vaginal birth of their first child 20% of women still feel general discomfort 

in the vulvovaginal area  

50% still have some discomfort during sexual intercourse.  

The recovery time is longer if sutures are required, forceps are needed and other more extensive vaginal 

trauma occurs.  

 

Embryology 
ANTENATAL CARE: 
Good antenatal care provides the opportunity for women to ask questions about their pregnancy and 

childbirth, provides education about women's health, assesses the women's' mood throughout 

pregnancy, gives the woman choices about the events of pregnancy, such as, the choice to use analgesia 

and the types of pain relief available during childbirth.  

The choices must be given impartially so women are not made to feel guilty if they are unable to fit in 

with the prevailing fashions, for example, breast feeding. 

Significance of AB and UTI during pregnancy  
 

• Reasons for increased risk of UTI during pregnancy with Asymptomatic Bacteriuria include:  

• physiological dilatation of ureters and reduced bladder tone (throughout pregnancy; due to 
oestrogen effects)  

• obstruction of ureters by pressure from uterus at pelvic brim (later in pregnancy)  

• potentially serious maternal effects of UTI:  

• increased risk of spread to upper urinary tract and septicaemia  

• maternal fever, endotoxaemia/septic shock, adult respiratory distress syndrome (ARDS);  

• onset of premature labour due to production of inflammatory mediators and arachidonic acid 
metabolites (especially prostaglandins, which stimulate uterine contractions)  

• initiation or exacerbation of renal damage  

• increased risk of hypertension and anaemia  

• potentially serious fetal effects of maternal UTI:  

• prematurity  

• low birth weight  

• sepsis  
 

 

 

 

 

 



SCREENING FOR INFECTION IN PREGNANCY: 
Whether screening is cost-effective depends on many factors: 

• prevalence/incidence of infection –  

• incidence and severity of potential fetal damage or sequelae  

• likelihood of transmission of infection to fetus or infant  

• whether there is a suitable screening test : 

• sensitivity, specificity and predictive values of test  

• ability of test to distinguish current/recent or primary infection from past, chronic, or reactivated 
infection  

• type of specimen required and practicalities of routine collection, transport and storage 
(serum vs genital swab) - dependence of test result on specimen quality  

• cost of screening test and confirmatory test (if applicable)  
whether intervention is possible and safe, effective, acceptable and inexpensive;  
Infections for which routine screening is currently advocated : 

- syphilis  

- rubella  

- Hep B 

- HIV 

 

Immunology in the Urinary Tract 
NATURAL DEFENSES: pH of the urinary tract, its chemical content and periodic flushing 
 
…Host may respond by initiating a humoral immune response with the formation of antibodies in the circulation 
[IgM and IgG] and urine [IgA]. Leucocytes in the urine may begin to phagocytose the antibody-coated pathogens. 
COMPLEMENT MAY PLAY A PART if the plasma proteins make their way into the urine somehow. 

 
Microbiology 
-ITS E.Coli, alright?.. 

 
Pharmacology (drug names – how they act and where they act) 
Beta-lactam antibiotics for PREGNANT WOMEN 

Cephalexin (Cephalexin acid) 

Mechanism of Action Broad-spectrum beta-lactam Cephalosporin antibiotic.  

Dosage 1-4 g daily in divided doses  

  

Contraindication 

 

Bacterial infections of brain and spinal cord; Allergy to Penicillin or 

Cephalosporins;  

Side Effects 

 

Superinfection; Pseudomembranous colitis; GI upset; 

Hypersensitivity;  

FOR NON-PREGNANT UTI PATIENTS: 

Augmentin (Amoxycillin with K clavulanate) 

Beta-lactam (penicillin-like) antibiotic with beta-lactamase inhibitor (K clavulanate). 

Beta-lactam antibiotics interfere with the synthesis of the bacterial cell wall Peptidoglycan by preventing 

cross-link formation 

Dosage 250-500 mg every 8 hours with food.  

Contraindication Renal, Hepatic impairment; Leukaemia; Pregnancy; Labour; Lactation;  
 

If pyelonephitis suspected and patient acutely ill with high fever, broad-spectrum antibiotic given 
intraveneously initially +/- intraveous fluids (eg aztreonam, cefuroxime, ciprofloxacin or gentamicin) followed by 
7 days oral antibiotics. 
Secondary Care – in light of the result of urine culture and sensitivity testing and/or the clinical response may 
adjust treatment.  Resistant organisms may require co-amoxiclav or ciprofloxacin. 
 

 



Urinary Retention and Voiding DysfunctionUrinary Retention and Voiding DysfunctionUrinary Retention and Voiding DysfunctionUrinary Retention and Voiding Dysfunction                        
History of Presenting Illness        

- Urgency  gotta go NOW 

- Frequency (experts disagree on how often is too often) 

- Nocturia (more than 3 times) 

- Hesitancy (cant start going) 

- Terminal Dribbling (cant stop going) 

- Weak Stream (almost diagnostic of obstruction) 

If they are having to perform the Valsalva manoeuvre to urinate, its very likely 
that the obstruction is a crude mechanical one, originating from the prostate 

- Strangury (small stream gets through, followed by a painful desire to urinate again) 

- Pis-en-Deux (the need to go again right after you have gone) 

- Incontinence: 
    Stress Incontinence = loss of urine when pressure within the abdomen increases.  

= usually described as the involuntary loss of urine while coughing, sneezing, laughing, or  
= usually in women who have had several children 
= weakness in pelvic floor muscles is the aetiology 
Poor bladder support by the pelvic muscles results in the opening and descent of the 
urethra when abdominal pressure is increased. Types I, IIa, and IIb incontinence are 
progressive forms of this urethral "hypermobility." 
 Intrinsic sphincter deficiency (Type III incontinence) is another cause of stress 
incontinence due to a nonfunctional proximal urethra that remains open at all times.  
This may be due to surgery or just getting old.  

Urge incontinence involves the sudden sensation of a need to urinate with inability to get to  

a toilet before involuntary leakage occurs. At times, urine may leak without any warning. 
This is due to an overactive bladder that suddenly contracts without the patient's desire 
for it to do so. Usually the result of ineffective descending inhibition..  
 

Mixed incontinence is a combination of both stress and urge incontinence 

Overflow incontinence occurs when the bladder is so full that it leaks urine, or  

"overflows." This can happen when an enlargement of the prostate blocks the urethra  
Can also happen in situations where is bladder is too weak to contract and force the urine 
out, such as in diabetes or certain neurologic disorders.  

Environmental incontinence is when there just isnt a toilet anywhere near you, or you  

are just past the point of being able to use one.  

ASK ABOUT DRUGS: ones which affect the autonomic NS.   
  Alpha-1 noradrenaline receptors: 
    Pseudoephedrine can cause retention by acting as an alpha-agonist 

prazosin and terazosin are alpha-antagonists, reduce tone in the bladder neck so 

they are used to treat patients with prostatic enlargement and associated symptoms .  
 

  M-3 muscarinic acetylcholine receptors; block them and the sphincter will not move 
Ipratropium bromide = anticholinergic bronchodilator ; will cause retention in the elderly 

Antidepressants – also mainly dangerous only in the elderly 
Oxybutynin has some direct relaxant activity on smooth muscle as well as antagonising  

muscarinic receptors, having more potent anti-spasmodic effects than atropine in 
detrusor smooth muscle but possessing less anticholinergic activity than 
atropine. This drug is used to treat patients with " unstable " bladders which are 
thought to be due to increased bladder tone.  

Bethanechol, which is a synthetic stable analogue of acetylcholine, stimulates muscarinic  

receptors so it contracts the detrusor muscle and initiates micturition. It can be  
used to treat atonic bladders. 

Physical Examination          
- Assure yourself that there is nothing wrong with the external genitals 
- Look for signs of neurological damage eg. diabetic stigma 
- Look for scars of previous pelvic and abdominal surgery 
- Is there a palpable distended bladder? 
- IT WOULD BE CRIMINAL NOT TO DO A DIGITAL RECTAL EXAM 
 

Leakage of urine is a problem for 65% of 
women over the age of 65. 
 It affects 22% of man of the same age.  
 

DIFFERENTIALS: 

Bladder Cancer  
Bladder Stones  
Bladder Trauma  
Chronic Pelvic Pain  
Interstitial Cystitis  
Neurogenic Bladder  
Prostatitis, Bacterial  
Prostatitis, 
Tuberculous  
Prostatodynia  
Radiation Cystitis  
Urethral Strictures  
UTI 
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INVESTIGATIONS : need to rule out the scariest things first  
- URINALYSIS (blood with the above symptoms is bad news; may mean that  

a bladder cancer is growing over the urethra) 
- Nocturia with lots of urinary glucose may suggest diabetes 
- Leucocytes may indicate a UTI 

- Urinary Cytology: may be of use in trying to determine source of  
obstruction; abnormal cells will be reported. But its not as 
good as a proper cystoscopic biopsy. 

- CULTURE IT if suspecting UTI 
- EUC to exclude renal failure as the cause OR the consequence  

of urinary retention 
- FBC where the WCCs will be elevated in prostatitis 

- PSA is where the money is: it will be elevated in BPH, prostatitis,  

or prostate cancer- but not bladder cancer. 
International Prostate Symptom Score (IPSS): not quite an investigation,  

but an internationally validated means of seeing just how bad the problem 
is in terms of its effect on QOL. The score is a ratings system. Use it to 
gauge response to treatment. 

 

IMAGING :  its all a prelude to the biopsy.     
BLADDER ULTRASOUND:  how much are you retaining? Do we need to drain it ASAP? 
   AFTER voluntary voiding, do it again: WHATS THE RESIDUAL VOLUME? 

TRANS-RECTAL ULTRA SOUND (TRUS): best prostate imaging there is 

   Can also guide the biopsy needle 

CYSTOSCOPY – biopsies may be taken and the bladder walls can be imaged.  
    

URODYNAMICS – specialised labs run tests to dtermine the exact point at which the 

obstruction is, and /or what the cause of the incontinence may be. Bladder motility may be 
imaged in real-time using a radio-opaque dye. Not for the amateurs. 
IMAGING OF THE UPPER URINARY TRACT is indicated if the creatinine is high 

 
MANAGEMENT: Conservative         
  BPH and early-stage non-invading prostate cancer can be allowed to stew.  

Provided the symptoms are under control it will  not cause any further trouble;  
considering especially that the rate of growth is so slow and that most gentlemen  
with these problems present in their late 70s,  it is unreasonable to push for surgery. 
ONE STUDY: Of all men followed for 10 years, 40% died of causes other than prostate cancer. This study 
was performed prior to PSA screening. (i.e the presentations were later) 

 MEDICATIONS: 
   Alpha-1-blockers: in particular Alpha-1-a 
    Considerable component of BPH is smooth muscle proliferation;  

plus the bladder muscles hypertrophy and become hypertonic. 
To relax these means to decrease resistance to passage of urine  
and to improve distension of the bladder. 

Nonselective alpha-blockers include phenoxybenzamine.  
Selective short-acting alpha-1 blockers include prazosin, alfuzosin, and indoramin.  

Selective long-acting alpha-1 blockers include terazosin and doxazosin.  
Partially subtype (alpha-1a)–selective agents include tamsulosin. 

ANDROGEN ABLATION: mainly for the already-resected cancer; 
• Cyproterone acetate (Androcur, synthetic steroid, potent antiandrogen ) 

• Flutamide (Eulexin), nonsteroidal, pure antiandrogens.  

• Finasteride (Proscar, inhibitor of the 5-α-reductase enzyme that prevent the conversion of testosterone into 
dihydrotestosterone (DHT) which is the active form, the one  the prostate cells are so excited by.  

 



MANAGEMENT: Radical         
   TURP: risk of morbidity (18%) and mortality (0.23%). Not to be taken lightly. 
    This procedure is performed with regional or general anesthesia  

Itnvolves the placement of a working sheath in the urethra through which a hand-held  
device with an attached wire loop is placed.  
High-energy electrical cutting current is run through the loop so that the loop can be used  
to shave away prostate tissue.  
The entire device is usually attached to a video camera to provide vision for the surgeon.  
- A urinary catheter must be left in place until the bleeding has mostly cleared.  
- Also, the nerves associated with erection run along the outer rim of the prostate, and 

the high-energy current and/or heat generated by such may damage these nerves, 
resulting in impotence. 

-  

STAGING of Carcinoma of the Prostate:      
Gleason score:  determined by the glandular architecture within the tumor.  

- The predominant pattern and the second most common pattern are given 
grades from 1-5.  

- The sum of these 2 grades is referred to as the Gleason score.  
- This scoring method was found to be superior for predicting disease outcomes 

when compared with using the individual grades alone.  
Grades are based on the extent to which the epithelium assumes a normal 

glandular structure. A grade of 1 indicates a near-normal pattern, and grade 5 
indicates the absence of any glandular pattern (less malignant to more malignant). 
This scheme of grading histological features is highly dependent on the skill and 
experience of the pathologist and is subject to some degree of individual variation.  

 

MANAGEMENT revolves around PROSTATECTOMY and how many nodes to take. 

  FOLLOWING RESECTION: 
- Androgen ablation is in order 
- External beam radiotherapy (if side-effects allow; its mainly for 

the high-grade tumours which were resected with positive margins) 
 

EPIDEMIOLOGY           
Incidence of BPH increases with age  

- Men aged 60 years: 50%  
- Men aged 80 years: 88%  

Incidence of symptomatic onset is related to ethnicity  
- African american men: onset at age 60 years  
- Caucasian men: onset at age 65 years  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Indications for TURP: 
- acute urinary retention,  
- failed voiding trials,  
- recurrent gross 

hematuria, 
-  urinary tract infection,  
- renal insufficiency 

secondary to obstruction 
 

2-4 = low grade or well 

differentiated.  
 

5-7 I= moderate grade 
or moderately differentiated.  
 

8-10 =  high grade 
or poorly  differentiated. 

Autopsies of men in the eighth decade of life show hyperplastic changes in 
>90% and malignant changes in >70% of individuals 
 



 
 
MECHANISMS OF CONTINENCE AND INCONTINENCE    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FUNCTION OF THE PROSTATE:         

- Controlled by testosterone: prostate epithelium and stromal cells convert it into its 
active form.  

- STROMAL CELLS are the prostate farmers, they produce growth factors and regulate 
secretion. They seem to be responsible for BPH when they over-stimulate themselves and 
their neighbouring cells. 

- THE PROSTATE SECRETES FLUID: 20% of ejaculated volume 

Exactly what this achieves is uncertain. Theoretically some components of the 
secretion have a buffering and antimicrobial activity which helps protect your 
sperm from the surface-of-Venus-like environment of the vagina.  
- Zink, citric acid, polyamines (buffers?) 
- PSA (liquefactive proteinase) 

The seminal vesicles secrete the rest of the ejaculated volume. Their 
secretions are rich in fructose and this is convenient for the fructose-
eating sperm, who have no mitochondria.  

 
 

URGE 
incontinence 



Molecular Mechanisms of Prostatic Carcinogenesis    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INCREASING LEVELS OF 
ANDROGENS 

INCREASING LEVELS OF 
ESTROGEN 

Sensitization of of epithelial 
cells to DHT 

(?) by estrogen receptor beta; also 
seems to increase effect of growth 
factors 

RISK FACTORS: 
- Family history 
- BRCA-1 mutations 
- High androgen levels 
- African extraction 
- Fatty diet 
PROTECTIVE FACTORS: 
- Asian extraction 
- Selenium  
- Vitamin A 

Stromal cell Epithelial cell 

TESTOSTERONE 
Converted into DHT 
in both cells 

Autocrine + Paracrine 
growth stimulation 

ENLARGEMENT of the gland: 
~ 1 cubic centimetre per year 
Mainly in transitional zone 
(right over the urethra) 

Increased prostate cell longevity 

Reduced rate of apoptosis 

Worsening outflow obstruction; 
greater force required to void 

Detrusor Hypertrophy 

Hesitancy 

Large detrusor gets 
tired quickly; THUS: 

INCOMPLETE 
EMPTYING 

FREQUENCY 
+ NOCTURIA 

Urinary retention 

HYDRONEPHROSIS 

Acute Post-renal failure 

Rising PSA 

Breakdown of cell-cycle 
checkpoints, particularly 
reliance on androgens as 
growth promoters 

Development of Adenocarcinoma 

Perineural 
invasion 

Local 
Extension 

NEUROGENIC 
INCONTINENCE 

Hematogenous 
spread into 
paravertabral  veins 

METASTATIC 
INVOLVEMENT OF 
THE SPINE 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HISTOLOGICAL ZONES OF THE PROSTATE 
Central zone  
This surrounds the ejaculatory ducts and is thought to 
derive embryologically from the Woiffian ducts, similar 
to the seminal vesicle.' Tumour is rare in this area. 
Transition zone  
This is the area around the prostatic urethra and is the 
region involved in development of benign prostatic 
hyperplasia. 25% of prostatic cancer originates within 
the transition zone.  
Peripheral  
This is the largest glandular zone and 75% of prostatic 
cancer arise from this area. The peripheral and 
transition zones are thought to derive from the 
urogenital sinus mesenchyme.  
 

Prostate veins drain into the 
paravertebral system of veins; 
Hence the spinal metastasis 



Asthma and Atopic Eczema           Asthma and Atopic Eczema           Asthma and Atopic Eczema           Asthma and Atopic Eczema               
 

Presenting Signs and Symptoms: 
- Wheeze 
- Chest tightness 
- Shortness of breath 
- Rapid breathing 
- Dry or productive cough 

Especially characteristic if the symptoms are 
- Recurrent 
- Worse at night or early morning 

Obviously triggered by exercise, irritants, allergens or viral infection. 
 
Severe asthma may present with 

- Appearance of exhaustion and fear 
- Inability to speak 
- Lethargy due to hypercapnea 
- Obvious cyanosis (!red flag: heading for trouble!) 

- Palpitations due to tachycardia 
 

 

Differential Diagnosis 
- Chronic bronchitis, 
- emphysema, 
- pneumonia, 
- neoplasm,  
- cystic fibrosis, 
- localized obstruction of the airways,  
- infection/infestation,  
- laryngeal dysfunction,  
- gastoesophageal reflux 

 

History 
What to look for in the history: 
- Current symptoms:  

- severity (exercise limitation? Sleep disturbance? How often do they wake up at night?)  
- duration  
- aggravating factors- ALLERGY? Is there ECZEMA? Very important 
- Allergic rhinitis? Hay fever? Pt may not identify hay fever with allergy 

?Current medications unrelated to asthma?-beta-blockers or aspirin? 
- Pattern of symptoms (chronology of the illness over days/weeks) 
- Quality of Cough and any sputum thus produced 
- Present management and its perceived effect  

(eg, how often is the puffer used, how many puffs are needed, how long does a  
puffer last, how it is used (properly?), etc ) 

- Previous hospitalisation (due to a chest complaint? Allergic reaction? ICU stay?) 
- Home and work environment (?dust, pollen, pets, chemicals? Are they a florist or veterinarian? Current 

smoker or lives with smokers? Do the symptoms improve on the weekends? ) 
- Impact of disease on lifestyle (including ADLs, eg. cooking, cleaning, shopping, transport; as well as 

recreational activities, and work duties –i.e how much work/school is missed due to asthma) 
- Family history of atopy- rashes, asthma, anaphylaxis? 
 
 
 
 
 

NOTE- Do not rely solely on the presence of wheezing or 
other airway sounds to diagnose asthma. Airflow 
limitation in smaller airways can cause such severe 
obstruction that wheezing is not noticeable. Patients in 
this state usually have other physical signs reflecting 
severity, such as cyanosis, drowsiness, difficulty 
speaking, tachycardia, and chest hyperinflation. 

Grading of Dyspnoea: 
- I = on heavy exertion 
- II = moderate exertion 
- III = minimal exertion 
- IV = at rest 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



Findings on Examination  
 

VITALS: 
- RESPIRATORY RATE: ELEVATED 
- PULSE: ELEVATED 
- TEMPERATURE: Normal, ruling out Infection 

LOOK / FEEL: 
- Tracheal Tug:  displacement of trachea downwards with respiration 
- Use of accessory muscles 
- Intercostal + Subcostal Recession  

(deep grooves become apparent between ribs each time the patient inhales)  
- Respiratory Paradox  
- Liver may be appreciably below costal margin, esp. in young children 
- Eczema may be present  

AUSCULTATION  
- Audible wheeze. 
- Reduced air entry- bilaterally 

- bilateral inspiratory crackles and expiratory wheezes 

OXIMETRY decreased, suggesting poor ventilation 
 

Tests and Investigations 
Full blood count  

• EXPECTING NORMAL but run test anyway to eliminate infection 

• May have mild basophilia 
 

Chest X-ray  
• HYPERINFLATION is the ONLY EXPECTED SIGN; 

• May have some collapse or consolidation due to overabundance of secretions 
-  use the CXR to ELIMINATE ASPERGILLOSIS OR PNEUMONIA 

Below: pediatric CXR showing hyperinflation with partial collapse/consolidation of right upper lobe. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In a hyperinflated chest radiograph, 

more than six ribs can be seen  

above the diaphragm  

in the mid-clavicular line.  

There are also flat hemidiaphragms 

 



 
 

ALLERGEN SKIN TEST:  
1. Skin prick testing is most commonly performed on the forearm, although the back is sometimes used.  
2. The arm is first cleaned with alcohol,  
3. a drop of commercially-produced allergen extract is placed onto a marked area of skin.  
4. Using a sterile lancet, a small prick through the drop is made.  
5. This allows a small amount of allergen to enter the skin.  

If you are allergic, a small mosquito-like lump will appear at the site of testing over 15-20 minutes.  

        6. MEASURE THE  WELT for an objective record of the reaction  
Sensitivity and specificity is BETTER THAN R.A.S.T. 
Skin tests are slightly uncomfortable, but is usually well tolerated and accurate, even in small children and infants. 

 
NASOPHARYNGEAL ASPIRATE CULTURE:  
1. to determine which pathogen may have precipitated the attack, if rhinitis  (any U.R.T.) preceded asthmatic 

episode. Not very useful, as by the time the episode presents the horse has already bolted. 
2. To measure the number of EOSINOPHILS in nasal mucus:  

their numbers will INCREASE in an ALLERGIC REACTION 

 

RAST BLOOD TESTING: RADIOALLERGOSORBENT TEST 

= MEASUREMENT OF ALLERGEN-SPECIFIC IgE  

- In general, it is less likely to accurately detect allergies than the skin test, 

- only performed when skin testing is not easily available,  

- when skin condition prevent accurate testing  (eg.severe eczema or dermographism) 

- or when the patient is taking medications that interfere with accurate testing. (such as antihistamines or tricyclic 
antidepressants) 

  

LUNG FUNCTION TESTS           (unless patient is too young to conduct these tests) 

Spirometers measure vital capacity, forced vital capacity, and timed measurements such as the forced volume of air that 

can be expired in 1 second (FEV1), which is the best single measure of lung function for assessing airflow limitation or 
asthma severity.  

RV may be increased, as air has trouble escaping the lungs. 

In asthma  FEV1:FVC ratio <80%, may get as low as 20%, lower it is the worse the patient is,  

aim is to get them back to at least 50% 

Peak flow meters measure the peak expiratory flow (PEF), the fastest rate at which air can move through the airways 

during a forced expiration starting with fully inflated lungs.  

The PEF correlates well with FEV1. 

 Peak flow meters are small, portable, convenient, and inexpensive.  

Bronchial challenge: 
In diagnosing asthma there should be some evidence of bronchial hyper-responsiveness (BHR):  

 >20% decrease in FEV1 in response to inhaled bronchoconstrictor (methacoline or histamine)  

 >20% increase in FEV1 in response to broncho-dilator.  

The worse the BHR is the smaller the dose is for the % fall in FEV1. 

 

Note- there is no single measurable abnormality that defines asthma 
 
 

 

 

 

 

 

 



Management          3.02 
 
ACUTE PRESENTATION:         Acting Quickly  

 
 
THUS:  
for MILD ATTACK:          
- don’t admit to hospital,  
- give oxygen 8L/min (watch oximetry) 
- give nebulised bronchodilator 
- give oral corticosteroids 0.5 to 1.0 mg/kg.  
- OBSERVE REGULARLY  

 



 
 
 
 for MODERATE ATTACK:          
- Admit to hospital,  
- give oxygen 8L/min, (watch oximetry) 
- give nebulised bronchodilators: both Salbutamol and Ipratropium Bromide 
- give oral corticosteroids 0.5 to 1.0 mg/kg;  
- give IV steroids (250mg) 

- OBSERVE CONTINUOUSLY: rush to CXR if condition fails to improve 
  
For SEVERE ATTACK:           
- Admit to hospital, consider ICU 
- give oxygen 8L/min, (watch oximetry) 
- give nebulised bronchodilators: both Salbutamol and Ipratropium Bromide 

Intravenous bronchodilators IF NOT RESPONDING TO NEBULISER 

- give IV steroids (250mg), later switch to oral 

ADRENALINE only if anaphylaxis or respiratory arrest 

- OBSERVE CONTINUOUSLY: rush to CXR if condition fails to improve 

 

As per PBL case: 

- OXYGEN:  

- with face mask, 8Lmin 
 

- Salbutamol (bronchodilator)  
- 6 puffs via a small volume spacer and face mask every 20mins.  

 
- Ipratropium bromide (bronchodilator) 
- 4 puffs via a small volume spacer and face mask every 20 mins for 3 doses then every 4hrs.  

 
- Prednisolone 
- 1mg/kg orally  

 
PROGRESS 

Salbutamol reduced to hourly after 4hrs and to 4 hourly by 48 hours.  
Commence Prednisolone (daily).  

 

LONG-TERM MANAGEMENT 
AFTER ATTACK:  
- Discharge on 4 hourly Salbutamol and daily Prednisolone.  
cease Prednisolone after 3 days.  
cease Salbutamol after 1 week.  
commence inhaled corticosteroids (Fluticasone Propionate 200mcg/day). (���� Preventor) 
 
counsell Parents:  
- about avoiding passive smoke exposure,  
- dietary avoidance (increase omega –3 oils in diet), 
- potential for inhaled allergen avoidance.  
advise regarding potential ways of reducing risks of asthma and atopic disease in future siblings.  

-Main stay of management is avoidance of triggers and medications 

 – if these fail then consider immunotherapy – inject tiny amounts of the allergen (progress from frequent injections to 
monthly) seems to down regulate the immune response; i.e patient becomes desensitised  

 

 

 

 



The 6 Step Plan advocated by the National Asthma Campaign (NAC). The NAC states that the management aims in 

asthma are to: 

1. assess the severity of the patient's asthma - by taking a good history of symptoms, hospital admissions, 

medication requirements etc  

2. Achieve patient's best lung function - by giving medications to treat the underlying inflammation and the 

symptoms  

3. Maintain best lung function - by taking a careful history of attacks to identify trigger factors and then giving advice 

on how to avoid these factors  

4. Maintain best lung function - by optimising the medications to the correct doses of the appropriate medications to 

keep the patient well  

5. Develop an Action Plan - this is a step wise approach for the patient to follow if he or she develops symptoms or 

has a decline in peak flow measurements which herald the onset of an exacerbation. Early intervention with 

increased doses of medication can abort troublesome exacerbations.  

6. Educate and review regularly - it is important for the patient to understand as much as possible about 

asthma and how they can detect deterioration and increase their medications accordingly. Patient 

education is vital in giving the confidence to take a role in managing their disorder. 

Disease Definition 
• Asthma is a chronic inflammatory disorder of the airways that involves complex interactions among inflammatory 

cells, mediators, and the cells and tissues in the airways. The interactions result in airflow limitation from acute 
bronchoconstriction, swelling of the airway wall, increased mucus secretion, mucous oedema and airway 
remodeling. The inflammation also causes airway hyperresponsiveness. As a consequence, airflow is limited and 
exacerbations (or attacks) with coughing –tight and often non-productive, wheezing, chest tightness, and difficulty 
breathing occur. The airways become sensitive to stimuli such as allergens, chemical irritants, tobacco smoke, cold 
air, or exercise. The resulting airflow limitation is reversible (but not completely so in some patients), either 
spontaneously or with treatment. When asthma therapy is adequate, inflammation can be reduced over the long 
term, symptoms can usually be controlled, and most asthma-related problems prevented. 

 

Epidemiology 
• Asthma is both common, and increasing in frequency - particularly over the past 10 years. 
• Most common in Aust. and New Zealand than in any other population 

• Environmental/life style factors are presumably responsible for increases. Asthma leads to a loss in health 
care costs, lost productivity, and reduced participation in family life.  

• Prevalence is increasing, most rapidly among children, especially where urbanization is taking place. This may 
be linked to factors including housing with reduced ventilation, exposure to indoor allergens (such as domestic dust 
mites in bedding, carpets, and stuffed furnishings, and animals with fur, especially cats), tobacco smoke, viral 
infections (RSV in childhood), air pollution (nitrogen oxides), and chemical irritants.  

• This increase is potentially preventable, provided we can identify the risk factors, and develop effective strategies 
to reduce them. 

 

Aetiology 
- Approximately 20% of children will wheeze during the first year of life,  
- especially during a viral respiratory tract infection.  
- The majority of these wheezy infants do not have asthma, and cease wheezing during preschool age.  
- Those who continue to wheeze into school age almost certainly have genuine asthma, usually in association 

with other clinical atopy. This group generally have frequent recurrences of wheeze, plus considerable morbidity 
from their wheeze (such as troublesome cough and breathlessness, wheeze needing medical consultations, 
asthma medications, and hospital visits.) 

- A number of risk factors associated with infant wheeze and asthma have been identified. However, when 
considering these risk factors, the inherent difficulties in distinguishing genuine infant asthma from infants who 
wheeze, but do not have asthma must be recognized. Further, the important difference between factors that 
actually cause asthma ('inducers') and those that simply result in exacerbations of asthma - in those who already 
have the disease ('triggers') - must be noted. The major risk factors for infant wheeze and asthma include: 

 



 

Atopy in the infant  
Namely, an abnormal tendency to develop IgE antibodies to allergens. Atopy is dependent upon both genetic susceptibility 
and appropriate allergen exposure (timing & levels). Atopy can be detected by development of clinical atopy [atopic eczema, 
allergic rhinitis, or asthma] or by positive allergen skin prick tests (or RAST tests) to food (metabisulphite, MSG, aspirin) or 
airborne allergens. Atopy is the strongest identified risk factor for the development of asthma, with an odds ratio of 
approximately 10. 

• ASIDE: Atopic eczema: affects around 10% of the population. It usually starts in the first year of life, often on the face or 
alternatively affecting all the skin of the body (erythroderma). It often localises then to the extensor surfaces of the limbs before 
settling in the flexures. Involvement of the cubital and popliteal fossae is particularly common, and this often continues into 
adulthood. At the other end of the spectrum, the eczema may be generalised, and continue to be so throughout early life, and 
sometimes into adulthood. The main characteristic of atopic eczema is itch, and this will differentiate it from other common skin 
conditions such as psoriasis. It is usually outgrown around puberty, but in some the eczema continues into adulthood. It is rare for 
it to continue after the age of 50. Factors exacerbating  condition- allergy, infection. Contact with irritants, stress. Treatment 
includes avoiding exacerbating factors, topical corticosteroids, emollients such as oatmeal baths, antibacterial therapy, night 
sedation, immunosuppressives (refer to LT 3.02 by Penny).  

Positive family history of asthma  
Asthma in the off-spring is particularly likely if the mother has asthma. Whether this is due to maternal genomic imprinting, or 
simply an 'allergic' fetal environment is unclear. 

Exposure to maternal smoking  
The adverse effects of smoking are predominantly on the fetus, resulting in smaller lungs & narrower airway calibre, and a 
greater tendency to wheezing illnesses in infancy . 

Male gender  
The male predisposition is due to higher frequency of viral lower respiratory infections in males; a greater tendency to 
wheeze with viral infections (believed to be on the basis of relatively smaller airway calibre); and a greater tendency to 
develop atopy. 

High levels of indoor aero-allergens  
The major allergen in coastal regions of Australia is house dust mite (DerP1). In more arid regions the mould, Alternaria, is 
more relevant. 

Low birth weight / preterm delivery  
Infants born less than 2.5 kg or less than 37 weeks gestation are at greater risk of wheezing illnesses in infancy. Chronic 
lung disease of prematurity (or broncho-pulmonary dysplasia), represents the extreme example of this risk factor. 

Poor air quality/air pollution  
There is conflicting literature on the role of indoor & outdoor air quality on asthma (including PM10/particulates, ozone, SO2, 
& NO2). The current consensus is that while these agents may act as triggers of attacks, they do not cause asthma. 

Viral infection  
Respiratory viruses can trigger bouts of wheeze in normal infants, especially RSV, which causes annual winter epidemics of 
acute viral bronchiolitis. Those with anatomically small airways are likely to have increased wheeze during viral lower 
respiratory infections. Respiratory viruses are also the most common identifiable trigger of acute asthma in infants & young 
children with pre-existing asthma. 

Small (or excessively 'floppy') airways  
Infants born with relatively small calibre, or soft, collapsible airways, can be identified in the newborn period by measuring 
abnormally low flow rates on pulmonary function testing. Such infants are likely to suffer wheezing illnesses during infancy 
and have a favourable natural history with subsequent lung/airway growth. Epidemiology studies indicate this is the cause of 
approximately 50% of infant wheezing. With the exception of maternal smoking, an obvious problem with many of these risk 
factors is our current inability to remove or reduce them. 

Other factors appear to decrease the likelihood of asthma. These include: frequent infections in early infancy; a 

diet that regularly contains fish (especially oily fish); being born overseas, breast fed infants have fewer allergies; and 
belonging to indigenous populations.  

 

Prognosis 
The prognosis of asthma remains good with as many as 60%-80% of those who have the disease being able to lead 
normal lives without any significant disruptions.  
But between 10%-20% of patients continue to have severe attacks throughout their lives. Fortunately asthma is not a 
progressive disease. The mortality rate among asthma patients is low though it has been on the rise of late. 

 
 
 
 
 
 
 
 



PATHOGENESIS:          Mechanism 3.02 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Allergen diffuses through
mucosa

(most antigens are soluble
in water and are between

10 and 40 kDa)

Resident APC
endocytoses and

processes the antigen

APC presents antigen
on MHC class 2

molecule
TOGETHER WITH

co-stimulation signal
(B7)

T helper 0 cell
recognises the antigen
and costimulator signal,
becomes activated and

differentiates

Bacterial
antigen

Protein-like
antigen

Th 1 response:
- IL-2
- IFN gamma
- IL-3
- GM-CSF

Th 1 response:
- IL-4
- IL-5
- IL-3
- GM-CSF

IFN gamma blocks the
release of Il-4 and IL-5
…AND it activates
monocytes

IL-4 and IL-5
stimulate B-cells

to produce

 IgE

 IgE circulates until it is

ABSORBED BY MAST CELLS
(binds to Fc-epsilon receptor)

Allergen diffuses through
mucosa.

Mast cells detect antigen via
surface-bound IgE

IgE receptors are
CROSS-LINKED and thus

activated, triggering
degranulation and synthesis
of inflammatory mediators

DEGRANULATION:
Pre-formed mediators

- HISTAMINE

- SRS-A (LTC4, LTD4 etc)

- PAF

- ECF (eo. Chemotactic factor)

- HEPARIN

ARACHIDONIC ACID METABOLITES:
Late release mediators

(few hours)

- Thromboxanes A1 and A2 -By COX

- Prostaglandins (notably E2) -By COX

- Leucotrienes -by LOX

Arachidonic acid metabolites
cause activation and
chemotaxis of

- NEUTRAPHILS

- MACROPHAGES

- EOSINOPHILS

- BASOPHILS

- LYMPHOCYTES
Thus, practically every kind of
inflammatory cell.

 Sensory nerve : ITCH FLARE
Smooth Muscle Contraction
(thus, airway constriction)

Arteriole Dilation
Increased Vascular Permeability

Oedema

Clumping of platelets and
leucocytes

Eosinophil activation and
chemotaxis

Anti-clotting effects (?)



 

Pathophysiology of wheezing 
Wheezes = high pitched (~400Hz)continuous sounds superimposed on the normal breath sounds; the sound is 
continuous over 0.25 to 1.5 seconds of breathing 
 - as opposed to "crackles" which are a series of discontinuous "popping" sounds  
...Referred to as “adventitial” sounds.  
 
Wheezing is produced in the trachea or major bronchi:  
Air velocity is too low in the lesser airways 
The mechanism of this has been compared to the production of sounds by wind-instruments which use a 
vibrating veed to produce their sound (eg a clarinet)- this occurs when the airway lumen is narrowed to the point 
where the opposite walls are almost in contact.  
The acceleration of gas flow through the narrowed airway induces an oscillation of the airway walls. 
 
THUS: wheezing depends on degree of constriction and degree of airway “floppiness”   
THERE IS NO CORRELATION between intensity/pitch of wheezing and pulmonary function. 
INSPIRATORY wheezes (stridor) are a sign of more severe obstruction- usually heard better at the neck rather 
than chest. 
 
In auscultating, note 
- pitch  
- intensity 
- location 
- duration in the respiratory cycle (short or long)  

- relationship to the phase of respiration (inspiratory or expiratory) 
 
DYNAMIC narrowing of airways occurs at the point in expiration where the pressure inside the lumen is less then the 
pressure outside (thus, the airway buckles under outside pressure) 
 
equal pressure point theory - When a person takes a full breath in and then forcibly exhales there is a limit to the maximal 
flow that will be achieved at each lung volume. Near TLC the flow will be high and flow will decrease as lung volume is 
exhaled. Once enough effort is expended to reach flow limitation, any further effort will not lead to increased flow. One 
theory which helps to explain this phenomenon is called the EQUAL PRESSURE POINT (EPP) THEORY. The key 
elements involved include the pleural pressure or pressure outside the airways (Ppl) which is usually negative during 
relaxed expiration, tending to keep the lungs inflated, and the elastic recoil pressure of the lung tissue (Pst[L]) which tends to 
empty the lungs. The tissue forces driving relaxed expiration are the sum of these two values. If airflow resistance increases, 
these driving forces may be insufficient to produce airflow and expiration must become an active process; now Ppl becomes 
positive during expiration and the pressure within the alveoli increases. This pressure will progressively fall along the 
airways (referred to as "downstream") to reach a pressure of zero at the mouth. Downstream from the point where Ppl 
exceeds the intraluminal pressure, dynamic compression of the airways can occur, and wheeze is produced as a result of 
the dynamic narrowing of these larger airways. 
No theory explaining inspiratory wheezes has yet been proposed 

 

MECHANISMS OF SHORTNESS OF BREATH 
Humans can perceive several respiratory sensations:  
- localised irritation,  
- respiratory discomfort,  
- perception of position and motion.  
 
“Breathlessness” is rated differently by individuals. Investigators have also assessed 
respiratory sensations in different ways making comparisons between studies difficult 
THUS: one must be as precise as possible with the use of language, both in defining the 
experimental task to the subject and interpreting the results. 
  
 
 
 
 



Assessment of breathlessness  

• Indirect methods,  

• clinical interview,  

• questionnaires for assessing exercise limitation  

• exercise tolerance.  

• Direct methods,  

• scaling of respiratory mechanical events,  

• scaling of breathlessness ratio, linear scaling by visual analog, etc. 
 
Mechanisms of breathlessness  
The neurophysiological mechanisms are poorly understood.  
Exercise results in many simultaneous physiological changes which could be sensed.  
In disease, pathological changes may cause earlier activation of the same mechanisms or 
additional "abnormal" afferent neural activity. 

• CHEMICAL STIMULI: (hypercapnia, hypoxia, and acidosis). Triggered by low oxygen 
or high carbon dioxide in bloodstream. 

• PULMONARY RECEPTORS: (stretch, irritant, C-fibres) contribute VERY LITTLE to 
the senstion of breathlessness  

• RESPIRATORY MUSCLES: (perception of force/pressure, load, volume). THEORY: 
tension developed in the respiratory muscles can be sensed as inappropriate 
relative to the demand for ventilation. HOWEVER: paralysis studies suggest the 
role of these mechanoreceptors is not essential for sensation of SOB. 

• CENTRAL RESPIRATORY COMMAND: MOST IMPORTANT COMPONENT. 
Awareness of motor output to the respiratory muscles (via collateral discharge 
within the CNS) rather than afferent feedback from the muscles. 

 
 
Behavioural Sciences 

• The chronically or recurrently ill child –intra personal issues  
- regressive behaviour. 
- low self-esteem,  
- oversensitivity., 
- anxiety disorder.,  
- moodiness and depression, 
- denial/rebellion, 
- secondary gain ( favoritism in the family). 

• Family issues – authoritative parenting as most beneficial  
- neglecting, authoratarian or indulgent styles can be problematic 
• Parental compliance (giving medications to sick child) ranges between 11 and 89%  

 
 

Physiology  
Lung elastic recoil- decreases w/age, no known effects of height/race, no effects of gender in –vivo, diff. found in resp. 
tests likely related to greater resp. muscle strength in men 
Lung volumes- depends on distending pressure of lung volume. Height is best predictor of lung volume (taller =larger lung 
volume), however, size of alveoli same in lungs of differing sizes.  
-females have smaller lungs for height; however, the alveoli size is the same in both genders.  
-for a given height, there is a smaller lung volume in colored races (Indians having the smallest lung volumes among the 
races).  
 -C1xV1=C2x(V1 +V2) 
 

Respiratory Equations 
Diffusion = Vgas = A/T D(P1-P2)  WHERE: A=area. T=thickness P=pressure D-type of material   

MW-molecular weight.   D~Sol/√MW 
• 1/Dl= 1/Dm+1/σσσσVc 

 



Microbiology 
Acute asthma in kids is often the result of upper airway virus. 
Major viruses responsible for precipitating exacerbations of asthma are rhinoviruses and respiratory syncytial virus 
(RSV) 
- RSV infects over 95% of children by the end of their second winter.  
- About 40% of these children develop bronchiolitis, an acute lower respiratory infection characterised by 

tachypnoea, hyperinflation and crackles.  
- Babies who develop bronchiolitis severe enough to require hospitalisation  

have a high risk (around 50%) of developing asthma. 
 

- RSV-specific IgE has been found attached to nasopharyngeal cells in infants with RSV and wheezing. 
Other viruses less commonly implicated are parainfluenza viruses, enteroviruses and adenoviruses. 
In school age children, rhinoviruses are the commonest viral precipitant of asthma attacks. Rhinoviruses use ICAM-1, an 
intercellular adhesion molecule, as a cell receptor for attachment and entry.  
They also stimulate IL-8 production; thus causing inflammation and contributing to wheeze-generating airway narrowing 
 
Although other organisms such as Mycoplasma pneumoniae in school aged children, Chlamydia trachomatis in infancy, and 
Chlamydia pneumoniae may also cause wheezing, these are in fact extremely rare causes of acute exacerbations of 

asthma in prospective studies. Bacteria do not cause wheezing, and antibiotics are not routinely prescribed for 

acute asthma 
 
IN SUMMARY: 
Normal child responding to viral infection responds with TH1 cells, IFN gamma and IL-2. 

Atopic child responds with TH2 cells, thus IL-4, IL-5 and subsequently GM-CSF-eosinophilic infiltration of the airways  (and 

not the cytokines produced by TH1) and collectively which results in the observable granulocyte and monocyte infiltration. 
 
Hygiene Hypothesis –kids brought up in a more sterile environment are  more likely to develop asthma  

 

Immunology  of  HYPERSENSITIVITY 
Allergic reactions divided into four main types (Gell and Coombs Types I-IV).  
Type 1 – IgE mediated (uticaris) 
Type 2 – antibody mediated (auto-immune) pemphigus 
Type 3- immune complex (allergic vasculitis) 
Type 4 – delayed hypersensitivity (allergic contact dermatitis) 
 
On a clinical basis, reactions can be classified according to the time of onset of symptoms. Symptoms occurring within 
minutes of an immune reaction, it is called an immediate or early reaction. Symptoms starting after hours,  is a late reaction, 
and after days, it is delayed reaction. The responses to antigens do not usually involve only one type of hypersensitivity 
reaction, and the immune response is best considered as a sequence of events involving interactions between many cell 
types, antibodies and complement. 
 
The Type I immediate reaction is caused by IgE (and possibly IgG). Antigens which cause Type I reactions are called 
allergens. When the allergen reacts with IgE attached to the surface of the mast cell, the cell degranulates and releases 
chemical mediators (histamine, SRS-A, ECF, PAF) responsible for the symptoms. Type 1 reactions depend on the presence 
of specific IgE on high affinity receptors on mast cells. There are also IgE receptors of both low and high affinity on other cell 
types, including eosinophils and macrophages. 
The mechanisms responsible for the triggering and maintenance of allergic disorders:  IgE synthesis results from the 
collaboration between a subset of T helper (Th) cells which produce IL-4, but not IFN-gamma (Th2 cells). The Th2 cells, 
because of their ability to produce IL-5 as well as IL-4, are also responsible for the eosinophils often associated with 
hyperproduction of IgE in allergic subjects. In contrast, T helper cells which do not produce IL-4 (Th1 cells), or which 
produce high concentrations of IFN-gamma, do not support IgE synthesis; in fact, the IFN-gamma can suppress IL-4-
dependent IgE synthesis. 
The reasons for promotion of a prevalent Th2 response to environmental allergens (such as foods, HDM, animal 
dander, pollen etc) in atopic subjects are unknown, but almost certainly involve a genetic predisposition as well as 
environmental influences. 
Atopic diseases (diseases in which atopy is a common although not universal finding) include atopic dermatitis, immediate 
food hypersensitivity, asthma and allergic rhinitis. An interesting pattern is seen in the development of atopic disease in 
childhood with atopic dermatitis and immediate food hypersensitivity being prominent in infancy and asthma and allergic 
rhinitis becoming more prominent in the pre-school and school years. This corresponds to the pattern of allergen 
sensitisation with early and often transient responses to ingested allergens and a progressive increase of inhalant allergen 
sensitisation with increasing age. Evidence of IgE sensitisation to allergens can be demonstrated by either skin prick tests or 
blood tests (RAST - radioallergosorbent test). 

 
 
 



ATOPY 
NB eczema = dermatitis;  atopic eczema = endogenous eczema 
 
Epidemiology:  5% of population but occurs at some stage in childhood in 10-15% of kids 

 
Prognosis:  majority of children with early-onset atopic eczema will spontaneously imporve and clear before 

the teenage years, 50% clear by age of 6; a few will get recurrence as adults;  if onset is in late childhood or in 
adulthood chronic/relapsing course 
 
Clinical features:  itchy erythematous scaly patches esp. in flexures eg elbows, ankles, behind knees and 
around neck;  in infants starts on face before spreading to body;  very acute lesions may weep or exude and 
can show small vesicles;  scratching can produce excoriations (superficial loss of substance) and repeated 
rubbing produces skin thickening (lichenification) with exaggerated skin markings;  in patients with pigmented 
skin eczema often shows reverse pattern of extensor involvement and it may be papular or follicular in nature 
and lichenification is common, also post inflammatory hyper or hypopigmentation may occur which is often slow 
to fade after control of eczema outbreak. 
 
Associated features:  involvement of nail bed may produce pitting and ridging of nails;  skin of upper arms and 
thighs may feel roughened due to follicular hyperkeratosis  (keratosis pilaris);  palms may show very prominent 
skin creases (hyperlinear palms); dry, fish-like scaling of skin on lower legs (ichthyosis vulgaris) 
 
Exacerbating factors:  strong detergents, chemicals, woollen clothes, infection (of skin or systemic), teething 
in young kids, anxiety/stress, cat  and dog fur, house dust mite?, food allergens (eg dairy in infants under 12 
months old) 
 
Complications:  broken skin frequently becomes secondarily infected by Staphylococcus aureus or in neck 

and groin Steptococci sp. can colonize eczema;  clinical signs of such infection are crusted, weeping, impetigo-
like lesions; cutaneous viral infections (eg viral warts, molluscum) are often widespread in atopic eczema 
usually caused by scratching – such infections can occasionally be very severe or even fatal;  signs of such 
viral infection are multiple small blisters or punched-out crusted lesions associated with malaise and pyrexia 
and needs treatment  by oral aciclovir or IV aciclovir if severe;  conjunctival irritation and less commonly 
keratoconjunctivitis  and cataract  can occur;  retarded growth in children with chronic, severe eczema 
 
Investigations:  diagnosis is clinical;  radio-immunoabsorbent assay of blood will show high serum IgE levels 
and possibly peripheral blood eosinophilia 
 
Treatment:   
GENERAL  
- avoid irritants (eg soaps, cats),  
- wear cotton clothes,  
- avoid overheating/overdressing,  
- diet controls (eg dairy-free for those under 12 months old with known allergy, under medical supervision 

and with appropriate supplements) 
 
TOPICAL –  
- topical steroid* twice daily when needed  
- + emollient frequently (eg. oat soap) 
- + bath oil and soap substitute (eg aqueous cream) 
 
* NB steroids used on face should be MILD (<2.5% hydrocortisone); 
 steroids used on body should be no greater than <.025% bethamethasone valerate in adults but young 
children should only use MILD steroids;  
- in severe outbreaks, potent steroids (<.1% bethamethasone valerate) may be used  

for no more than 10 days in adults only;   
- treatment of palms and soles (not dorsal surfaces) may require more potent steroids as the skin is thicker;   
- regular use of emollients may lessen need for steroids;   
- only use steroids on inflamed skin;   
- use sufficient to leave a glistening surface on skin;   
- use weaker steroids in flexures (eg groin, under breasts) as apposition of the skin at these sites occludes 

the treatment and increases absorption 
EDUCATION and EXPLANATION to patient 



 
ADJUNCT THERAPIES – 

- sedating antihistamines,  
- occlusive bandaging (to prevent scratching),  
- oral antibiotics and/or antiseptic baths for bacterial infection 
 
MORE AGGRESSIVE TREATMENTS –  

- ultraviolet phototherapy,  
- cyclosporin  

(selective immunsuppressant that inhibits IL-2 secretion by T lymphocytes – beware renal damage and 
hypertension),  

- azathioprine (immunosuppressant) 
 

 
 
Pharmacology of BRONCHODILATORS and CORTICOSTEROIDS 

 

Bronchodilators: 
β2-adrenoceptor agonists 
 
 
 
 
 
 
These drugs are physiological antagonists that dilate the bronchi by direct action on the β2-adrenoceptors on the smooth 
muscle causing relaxation of the bronchial muscle. The relaxation of the muscles occurs by increasing intracellular cAMP, 
which activates a protein kinase inhibiting muscle contraction by phosphorylating and inhibiting myosin-light chain kinase. 
They also inhibit mediator release from mast cells, the release of TNFα by monocytes and they may increase mucus 
clearance by action on cilia. They are used to treat asthma and chronic obstructive lung disease. 

β2-adrenoceptor agonists are usually given by inhalation of metered dose of aerosol, powder or 
nebulised solution although they can be given by injection or orally.  
 
Types of β2-adrenoceptor agonists are used in asthma: 

(a) Short acting (salbutamol and terbutaline)- inhaled drugs where the maximum effect is in 30 mins 

with a duration of 4-6 hrs; consequently they are used as needed to control symptoms. 
(b) Longer acting (salmeterol) – inhaled drug with a duration of 12 hrs so are given on a regular basis as 

adjunctive therapy for patients whose asthma is not controlled by glucocorticoids 
(c) Ipratropium – inhaled muscarinic antagonist and moderately effective bronchodilator reduces reflex 

vagal bronchoconstriction from histamine stimulation of sensory receptors in the airways. 
(d) Rimeterol (shorter duration than salbutamol), pibuterol, retrotelol and bambuterol (prodrug of 

terbutaline) are now available.  
 
Adverse effects of β2-adrenoceptor agonists include tremor, β2-agonist tolerance (reduced by steroids, nervous 
tension and tachycardia. 
 
Nonselective β2-adrenoceptor agonists (adrenaline and isoprenaline) which act on both β1 and β2 receptors are 
no longer used. β2-adrenoceptor antagonists (propranolol) annul  the effect of compensatory endogenous 
adrenaline and can cause wheezing in asthmatics and precipitate a serious attack. 
 
Xanthine drugs 
These are pharmacologically active naturally occurring methylxanthines- theophylline (1,3 dimethylxanthine or 
aminophylline used medically), threobromine (in cocoa) and caffine.  
Xanthines are bronchodilators but do not prevent bronchial hyper-responsiveness. They can cause 
increased alertness, tremor, nervousness, gastrointestinal problems (nausea, vomiting and anorexia), interfere 
with sleep, stimulate respiration and the heart, cause vasodilation (some cause vasoconstriction of cerebral 
blood vessels) and have a weak diuretic effect involving increased glomerular filtration rate and reduced tubal 
reabsorption. 
 
The way in which these drugs produce effects in asthma are unclear. Theophylline inhibits 

phosphodiesterase (PDE) and increases cellular cAMP levels which causes muscle relaxation.  

Activation of  
β2-adrenoceptor 

Increase  of 
intracellular 
cAMP 

Phosphorylation by 
cAMP of a  

protein kinase 

PROTEIN KINASE  
Inhibits and phosphorylates 
myosin-light-chain Kinase,  
THUS:  
Muscle relaxes (cannot contract) 



 
Xanthine drugs are given orally in sustained release preparations or by slow IV injection of a loading dose 
followed by IV infusion for treatment of status asthmaticus. Theophylline is well absorbed by the GIT and 
metabolized by the liver and has a plasma half life of about 8 hrs. The half life is prolonged in liver disease, 
cardiac failure, viral infections and decreased in heavy cigarette smoking and drinking. Theophylline plasma 
concentration is decreased by drugs that increase P450 enzymes (rifampicin, phenobarbital, phenytoin, 
carbamazepine) and its serum concentration is increased by drugs that inhibit P450 enzymes (Oral 
contraceptives, erythromycin, ciprofloxacin, calcium channel blockers, fluconazole and cimetidine). 
 
Theophylline is used as a second line drug in asthma (in addition to or as an alternative to steroids and other 
anti-asthmatic agents in patients not responding to β2-adrenoceptor agonists. It is also used to reduce 
symptoms in chronic obstructive pulmonary disease. 
 
 
Histamine H1 receptor antagonists (Antihistamines) 
Histamine H1 receptor antagonists are not used for therapy even though mast cell mediators play a role in the 
immediate phase of allergic and exercise induced asthma.  
The antihistamines are used to treat allergic conditions such as hayfever, insect bites and stings, urticaria, drug 
sensitivity reactions and pruritis. Some non-sedating antihistamines (because they don’t cross the blood 
brain barrier) ie loratidine have been effective in clinical trials in mild atopic asthma. 

 
Muscarinic receptor antagonists 
These drugs are often called parasympatholytic because they selectively block the effects of the 
parasympathetic nerve activity. They are competitive antagonists with a chemical structure containing an ester 
and basic groups in the same relationship as acetylcholine but they have an aromatic group instead of the 
acetyl group. Atropine and hyoscine are alkaloids(tertiary ammonium compounds) found in plants and are lipid 
soluble so can pass the blood-brain barrier.  
 
Ipratropium is used as an inhaled antiasthmatic, with a max effect after 30 mins lasting 3-5 hrs, it relaxes 
bronchial constriction caused by parasympathetic stimulation especially in allergic and irritant asthma. 
Ipratropium is a quaternary derivative of N-isopropylatropine and it does not discriminate between muscarininc 
receptor subtypes. It may block M2autoreceptors on cholinergic nerves increasing acetylcholoine release and 
reducing the effectiveness of its antagonism at the M3 receptors on smooth muscle. It is not effective against 
allergen challenge but inhibits the augmentation of mucus secretion in asthma and may increase mucociliary 
clearance of bronchial secretions. It has no effects on the late inflammatory phase of asthma. 
 
 

Anti-inflammatory agents: 
Glucocorticoids 
Glucocorticoids are used in management of chronic asthma rather than in acute.  
- decrease the formation of cytokines, particularly Th2 which recruit and activate eosinophils and promote 

production of IgE and the expression of IgE receptors.  
- inhibit the generation of the vasodilators PGE2 and PGI2 by inhibiting induction of cyclooxygnease 2.  
- inhibit production of spasmogens LTC4 and LTD4 -Because they also induce lipocortin  
- decrease synthesis of LTB4 and PAF (leukocyte chemotaxins) reducing recruitment and activation of 

inflammatory cells.  
- inhibit the allergen induced influx of eosinophils into the lung  
- upregulate β2-adrenoceptors,  
- decrease microvascular permeability  
- reduce mediator release from eosinophils.  
The reduction in production of IL3 (regulates mast cell production) may explain why long term steroid treatment 
reduces the early phase response to allergens and prevents exercise induced asthma. 
 
The main drugs used are beclomethasone, budesonide and fluticasone given by a metered dose 
inhalation with the full effect occurring several days after commencement of therapy. In chronic or severe and 
rapidly deteriorating asthma a short course of a reduced dose of oral glucocorticoid (prednisolone) combined 
with the inhaled steroid is used. In status asthmaticus hydrocortisone is given IV followed by oral prednisolone. 
 
Side effects include oropharyngeal candidiasis (thrush), dysphonia (voice problems) from using inhaled steroids 
but these can be reduced by using a spacer. Other side effects include adrenal suppression. 



Steroids and Bronchodilators for COPD         
 
Bronchodilators: 
General guidelines:  

- Training in inhaler technique is essential. 
- On average, 80% of inhaled drug will settle on the oropharynx mucosa 
- Which drugs you use depends on individual response. 
- Use long-acting drugs where possible. (i.e salmeterol) 
- Use of two or three drugs together is better than either one used alone. 
- This is especially true for a [B2-agonist +  anticholinergic] combo  

BUT: polypharmacotherapy is expensive. 
THUS: Use just one drug when side effects are not the limiting factor: 
i.e increase the dose of whatever they are already on. 

 
Beta-2-agonists: Eg. salbutamol (short)  terbutaline, salmeterol (long acting) 

Action: impersonate noradrenaline at the beta-2 receptor. Dose response is log-linear:   
doubled effect is achieved only by a 10-fold increase in dose  

Effects: bronchodilatation, enhancement of mucociliary clearance,  inhibition of cholinergic transmission,  

enhances vascular integrity and inhibits mast cell mediator release. Last from minutes to 12 hour 

Side effects: Tremor, tachycardia, vasodilation, hyperglycaemia, hypokalaemia, hypomagnesaemia. 
Indication: Use as needed with mild COPD (FEV1 >80%); Use regularly with severe COPD (FEV1 <80%) 

 
Anticholinergics: eg. Ipratropium (Atrovent), tiotropium, oxitropium (long acting) 

Action: competitive muscarinic acetylcholine receptor antagonists. Most potent at inhibition of bronchial receptors  

less so of  salivary receptors, and minimal effects on cardiac and urinary bladder receptors 

Effects: bronchodilation; lasts about 2-4 hrs 

Side effects: dry mouth due to effects on the salivary glands. Otherwise systemic effects are negligible with  

 an inhaled dose (sometimes: palpitations, nervousness, anxiety, headache, nausea) 
Indication: Use as needed with mild COPD (FEV1 >80%); Use regularly with severe COPD (FEV1 <80%) 

       

Methylxanthines: theophylline (Oral formula), aminophylline (Intravenous formula)  
Action: poorly understood, probably involves competitive inhibition of adenosine receptors 

Effects: bronchodilation, improves diaphragmatic contraction, increases rate of mucociliary clearance,  increases  

rate and force of cardiac contraction,  lowers blood pressure, increases rate of urine production, increases renal 
blood flow, and has some anti-inflammatory effect.  

          Side effects: nausea and diarrhoea at high therapeutic levels;  cardiac arrhythmias and fits when plasma  

  concentration exceeds recommended range. Normal doses produce some caffeine-like CNS stimulation.  

Indication:  Use when aerosol therapy is impossible or unavailable or the patient is refractory to  
inhaled bronchodilators. Because of potential

 
toxicity, inhaled bronchodilators are preferred when 

available. Avoid using in liver disease.  It interacts with anti-epileptic drugs, allopurinol, 
erythromycin, cimetadine.  

 
Inhaled corticosteroids: beclomethesone, budesonide, fluticasone and others. 

Action: combine with intracellular receptors, produce many effects (eg. inhibit phospholipase A2,  

suppress immune system, etc etc) 

Effects: DO NOTHING TO STOP RESPIRATORY FUNCTION FROM DECLINING. 
Reduce frequency of exacerbations, improves respiratory function (sometimes) 

          Side effects: Hoarseness, mouth candida infections, Cushings syndrome with prolonged use.  

Indication:  ONLY ever use these when the patient has moderate to severe SYMPTOMATIC COPD, 
OR when the patient regularly presents with acute exacerbations 

  ALSO you need to demonstrate that there is a benefit:  
THUS do a trial of 6 weeks to 3 months, with regular spirometry. If FEV1 / FVC improves, continue. 

Oral corticosteroids: useless and dangerous. 
a side effect

 
of long-term treatment with systemic glucocorticosteroids is steroid myopathy which contributes to 

muscle weakness, decreased
 
functionality, and respiratory failure in patients with advanced

 
COPD.  

 

COPD defined as “irreversible airflow limitation” 
Diagnosis rests on spirometry findings: 

= FEV1/FVC  is less than 70% of predicted 

mild COPD          =  FEV1 still over 80%,  
moderate COPD  =  FEV1 between 30% and 80% 
severe COPD     = FEV1 below 30% 

IN BRIEF: 
- Use long-acting ones 
- Use one drug unless limited by 

side-effects 
- Beta 2 agonist + ipratropium 

= best combination ever! 
- Avoid theophylline unless you 

have a good reason to use it 
- Steroids only for far gone 

symptomatic COPD 
- NEVER give chronic oral steroids 
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OTHER PHARMACOTHERAPY for COPD       
Vaccines. Influenza vaccines can reduce serious illness and death in patients with COPD by approximately 50%  

- should be given once (in autumn) or twice (in autumn
 
and winter) each year  

alpha1-Antitrypsin augmentation therapy. Young patients with severe hereditary 1-antitrypsin deficiency and established  
        emphysema

 
may be candidates for 1-antitrypsin augmentation therapy.  

- However,
 
this therapy is very expensive and is not available in most countries.  

Antibiotics: not recommended other than in treating infectious exacerbations of COPD and other bacterial infections  
Mucolytic (mucokinetic, mucoregulator) agents. (ambroxol, erdosteine, carbocysteine, iodinated glycerol): 

- overall benefits seem to be very small. Very few patients will benefit (NNT very large) 
Antioxidant agents. Antioxidants, in particular N-acetylcysteine, have been shown to reduce the frequency of exacerbations.

 
 

- could have a role in the treatment of patients with recurrent
 
exacerbations, but jury is still out.  

Immunoregulators (immunostimulators, immunomodulators). One study only, crap evidence. 
- decrease the

 
severity (though not in the frequency) of exacerbations -

 
but these results have not been duplicated. 

Antitussives. Cough has a significant protective role. NEVER USE ANTITUSSIVES! 
Vasodilators. inhaled nitric oxide can worsen gas exchange because of altered hypoxic regulation

 
of ventilation-balance and thus  

is
 
contraindicated.  

Narcotics. Narcotics are contraindicated in COPD because of their respiratory depressant effects and potential to worsen  
hypercapnia.

 
Clinical studies suggest that morphine used to control dyspnea

 
may have serious adverse effects and its 

benefits may be limited
 
to a few sensitive subjects. Codeine and other narcotic

 
analgesics should also be

 
avoided.  

Others. Nedocromil, leukotriene modifiers, and alternative healing methods (e.g., herbal medicine, acupuncture, homeopathy)
  

have not been adequately tested in COPD patients and thus cannot
 
be recommended with a straight face.  

 
Managing stable COPD: data from RCTs      
COPD requires a stepwise increase in treatment, depending on the severity of the disease. 
1. EDUCATION: improves ability to cope with illness  

Also improves chances of smoking cessation 
Also helps patient recognise and cope with acute exacerbations 

2. SMOKING CESSATION reduces rate of decline in lung function 

3. EXERCISE: All patients with COPD benefit from exercise training programs,   

Improves exercise tolerance and symptoms
 
of dyspnea and fatigue 

4. HOME OXYGEN: > 15 hrs per day: increases survival if chronic respiratory failure. 
5. PHARMACOTHERAPY to improve symptoms: DOES NOT MODIFY DISEASE PROGRESSION 

- Bronchodilators = central to symptom management 
- Beta-2-agonists 
- Anticholinergics 
- Theophylline 

- Avoid corticosteroids unless 
- Documented spirometric response to steroids 
- <50% FEV1/FVC and repeated exacerbations 

- AVOID CHRONIC STEROIDS: unfavourable risk-vs-benefit  ratio 
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Cystic Fibrosis and Pseudomonas       Cystic Fibrosis and Pseudomonas       Cystic Fibrosis and Pseudomonas       Cystic Fibrosis and Pseudomonas           
Detailed History of Presenting Illness (HPI)      
1

st
 time: 

diagnosed with cystic fibrosis (sweat chloride test) after presenting with  
- chronic cough  
- abdominal pains 
- salty sweat 
Subsequent Presentation: USUALLY RELATED TO INFECTION or COMPLICATION 

• difficulty maintaining body weight.  

• Weight loss despite use of enteral feeding at night. 

• frequent abdominal pain, cramps and bouts of diarrhoea.  

• Recurrent chest infections and hospitalisation  

• recurrent pneumothoraces  

Typically: 
- Cough 

- Greenish Sputum 

- Haemoptysis (!! Red Flag !! ) 
 

List of Differential Diagnoses (DDx)        
In a new CF case scenario: a positive sweat chloride test is unambiguous. 
All newborns are now screened  for CF. 
In a known CF patient, the following pathogens must  be considered: 
in newly diagnosed CF patient 
- Staph. aureus,  
- Strep Pyogens 
- Haemophillus Influenzae  
in teenage CF patients 
- Pseudomonas aeruginosa  
- Burkholderia cepacia  
 

List Pertinent Findings on History (Hx)       
- !! Get Vaccination Hx !! 
- low grade fever, 

- increasing cough with sputum  

- worsening shortness of breath 
- episodic haemoptysis 
- sputum darkening and thickening over recent days 

- Normally coughs up 1-2 cups of light green sputum daily  

- Sputum production is greatest in morning after Pt. has physiotherapy  

- Occasional past episodes of streaky blood in sputum  

- Progressive exercise intolerance over several years worsening over recent months.  

- Exercise capacity reduced to walking around the house  

 
List pertinent findings on Examination (Ex)      

• Receiving oxygen through nasal prongs  

• Peripherally cyanosed but not centrally  

• Gross clubbing of digits  

• Use of accessory muscles for breathing  

• Talking in short sentences only  

• HIGH RESPIRATORY RATE  

• Probably mild thoracic kyphosis  

• Chest size increased in the A-P diameter  

• Chest expansion markedly reduced bilaterally  

• Percussion note equal bilaterally  
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• Vocal fremitus and resonance equal bilaterally  

• Breath sounds vesicular posteriorly,  

with coarse crackles and high pitched inspiratory and expiratory wheezes present throughout lung 
fields - not cleared with coughing  

4 

Cardiovascular Examination  

• Expect a RAPID PULSE  

 

Abdominal Examination: 

- Expect splenomegaly and possible epigastric tenderness  

 
Tests and Investigations          
Investigating CF: 

• At birth children appear normal.  
15% patients are diagnosed 24hours after birth from meconium ileus.   
7% diagnosed > 18yrs 

• Suspect CF? ���� All newborns are now screened  for CF.   

= Immunoreactive trypsin / DNA analysis (10% misses.) 
Infants with cystic fibrosis 1 to 2 weeks of age show increased levels of 
immunoreactive trypsin in the plasma in the neonatal heal-prick test.  

- The test is positive if immunoreactive trypsin is greater than 80 mcg/litre.  
- It currently the best screening test for cystic fibrosis  

- It cannot be done after the first few weeks of life since it falls as pancreatic insufficiency 
develops. 

OR = Sweat test (>60mmol/L NaCl) 
Area of the skin (usually the forearm) is made to sweat by using a chemical called pilocarpine and applying a mild electric current 
To collect the sweat, the area is covered with a gauze pad or filter paper and wrapped in plastic. After 30 to 40 minutes, the plastic is removed, 
and the sweat collected in the pad or paper is analyzed. Higher than normal amounts of sodium and chloride suggest that the person has cystic 
fibrosis 

May not work well in newborns because they do not produce enough sweat.  

Investigating the Cause of Haemoptysis:         
 

 

 

 

 

 The heart size is normal. There are marked 

changes of bronchiectasis present throughout both 

lungs. A large bullous air space is present at the 

left apex which remains unchanged from 2 months 

ago. No definite area of infective focus can be seen. 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

STEP 1 IS CHEST X-RAY!! 



GAS EXCHANGE: ABGs  
Expecting: 

- LOW O2 

- LOW SATURATION (<90%) 

- HIGH CO2 

- ACIDIC pH 

- ELEVATED BICARBONATE 

ALL OF WHICH IS CONSISTENT WITH COMPENSATED RESPIRATORY ACIDOSIS 

 

SERUM BIOCHEMISTRY:  testing liver + kidney function 
- In CF, expecting: 

- ELEVATED LIVER ENZYMES  

- Will influence treatment if elevated beyond reasonable range 

ALSO: consider coagulation tests in hemoptysis 

 
HEMATOLOGY:  FULL BLOOD COUNT 

- Expecting all normal except ELEVATED ESR due to continuous infective process 

 
RESPIRATORY FUNCTION TEST: SPIROMETRY 

- Expecting to see FEV1, FVC, and FEV1/FVC that ARE DANGEROUSLY LOW 

- All findings well below the expected range  

 

MICROBIOLOGY  ����  SPUTUM CULTURE 
Absolutely Necessary: need to know pathogen, sensitivities, resistances.  
Nowhere as useful as in CF where pathogens are multi-resistant. 
���� GRAM STAIN 
���� SUSCEPTIBILITY CULTURES 

  
 

Management            
Goals:  

1. Delay/prevent disease progression (promote secretion clearance, control lung infection) 
2. Attain optimal growth & nutrition (prevent intestinal obstruction, adequate nutrition) 

3. Long term care: (not cure ����there is no cure ) 
4. Psychosocial: Maintain Q of L child/ family, encourage independence, support 

 
 

1. Delay / prevent disease progression          

A. Promoting secretion clearance (daily removal)   ���� Its ALL about the mucus 
o Physiotherapy: encourage self-physio 

� Postural Drainage w/ percussion/ vibration:  

• (position lobe/ aided by gravity/ percuss with cupped hand)  
o Cannot do this to infants 

� Forced expiratory technique (FET):  
o ½ huffs followed by breathing control,  
o HOWEVER: FET alone will lead to desaturation 

� Active cycle of breathing technique: Sequence of: 
o Breathing control 
o Thoracic expansion: 3/4, (w/ or w/o percussion/ vibration) 
o Breathing control 
o FET 

� Positive exp. Pressure: 

•  Back pressure on expiration to  
o increase collateral aeration of alveoli  
o reduce compression of airway 

� Flutter valve:  
o Oscillatory ball inside device providing back pressure and resonance to 

aid in shifting mucus 
� Exercise:  

o improves general fitness,  improved ventilation/ mucus clearance 



o Medications:  
� DNAse: 

- large amounts of DNA in purulent secretions contribute to its viscosity 
- inhaled DNAse breaks down DNA in sputum; � improved clearance 

� Hypertonic Saline:  
- delivered intermittently during physio, shown to THIN MUCUS  
- hydration of airway� improved clearance,  
- HOWEVER: trigger asthmatic response, 

-  need to keep taking in order to improve. 
� Acetylcysteine (Mucomyst):  

- Breaks down DNA,  
- HOWEVER: not shown to improve lung function 
- Low compliance due to bad smell. 

� Bronchodilators: 
- Increase airway diameter; thus improve clearance 
- (B2 agonists, short/ long acting, alternative: Anticholinergic, short/long acting) 

� Anti-Inflammatory drugs:  

• Corticosteroids: Inhaled/ oral / I.V, contra’s: doesn’t improve irreversible 
component of lung function, risk of osteoporosis, bruising, cataracts, glaucoma 

• NSAID’s: Ibuprofen high dose shown some benefits 
 

B. Control lung infection (aggressive treatment):  
o Antibiotics: chosen on sputum sensitivities 

� Oral, inhaled, I.V  
� I.V anti-Pseudomonas therapy (“tune-up’s)  

as lung deteriorates and exacerbations accumulate 
 

Respiratory Complications of Lung Infection 

• Haemoptysis:  
o Small volume:  

o treat lung infection, assess coagulation and vit K status 
o Massive volume:  

o Bronchial artery embolisation (!! Drastic measure!! ) 

• Respiratory Failure:  
o Med’s:  

� O2 supplementation: Nocturnal O2 therapy  
� nasal assisted ventilation,  
� Positive Airway Pressure  
� HOWEVER all these measure show no affect on mortality 

o Surgery: Lung transplant: the only treatment thus far,  
� 2-year survival >60%  
� transplanted lungs don’t have CF 
� BUT: !! graft rejection !!  

• Pneumothorax: 
o  if < 10% of lung collapse: observe w/o intervention 

• Atelectasis: reduction or absence of air in part or all of a lung, 
o ���� thus a reduction of lung volume 
o Chest physio, antibiotics 

 
 

2. Attain optimal growth & nutrition (prevent intestinal obstruction, adequate nutrition) 
� Gastroenterologist/ dietician: 
� Nutritional assessment and advise 

• Medications: 
o High calorie/ fat/ protein diet 
o Pancreatic enzyme supplements before all meals 
o Vit A, D, E, K. 
o PEG tubes need to be considered if weight loss continues  

despite aggressive intervention. 
 

 
 
 
 
 



3. Long term care: (not cure)          
� Regular check-up’s:  

• Symptoms/ signs 

• Growth 

• Lung function 

• Sputum 
� Prompt recognition & treatment deterioration 
� Med/ compliance review 
� Reinforce multi-disciplinary team approach 

 

4. Psychosocial:             
Social worker/ Physician 

• Maintain Q of L child/ family,  

• Education of child/ family 
� encourage independence, thus: 
increased compliance,  
reduced deterioration 

Support of child/ family: guilt, denial, stress associate 
 
 
Lung Transplantation            

- Lung transplantation is the final therapeutic option available for people with CF. 
-  3 yr survival is about 60%. 
- Indications for transplantation are patients under 60 years and a life expectancy of < 18mths.   
- No underlying cancer, systemic disease.   
- Mortality of  CF lung transplant patients with Burkholderia cepacia infection is significantly 

higher than lung transplant patients without Burkholderia cepacia infection. 
 

 
Disease Definition            
Cystic fibrosis (CF) is a monogenetic disorder that presents as a multisystem disease. The first signs and 

symptoms typically occur in childhood, but about 7% of patients in the United States are diagnosed as 

adults. This disease is characterized by chronic airways infection that ultimately leads to bronchiectasis 

and bronchiolectasis, exocrine pancreatic insufficiency and intestinal dysfunction, abnormal sweat gland 

function, and urogenital dysfunction.  Patients usually die of respiratory failure. 
 
Epidemiology             
- Incidence : 

1 in 3000 Europeans, 
- 1 in 17 000 Africans ,  
- 1 in 90, 000 Asians 

- Autosomal recessive disorder 1:22 people of European descent are carriers 
Age of onset: genetic disorder present from birth 
Sex prevalence: males same as  females 

 
Aetiology             
Results from mutation of CFTR gene.   
Resulting in 5 different classes of abnormalities in the CFTR protein(see cell biology for details.) 
Mild mutant alleles are dominant over the severe mutant alleles and convey pancreatic sufficiency. 
 
Prognosis             
50 years ago, median survival <10years  
Now,       @1993 
Australia - median survival 34 years   North America – median survival 28.9 years 
Females 27 years    Females 27.3 years 
Males 41 years     Males 29.6 years 

Over 95% CF die from respiratory failure 

 
 



 

Predictors of mortality in CF patients 
Poor prognosis 

Low FEV1 Pneumothorax 

Low Sa O2 during 12min walk Haemoptysis 

High HR Cor pulmonalae 

Young age Low blood Hb 

Female Airway hyperactivity 

Low plasma albumin Smoke exposure 

Infections with P. areuginosa, Staph. aureus, Burkohlderia cepacia 

 
Pathophysiology  
In lungs 

- Blocking of Cl
-
 ions moving out to lumen, raised Na

+
 absorption from lumen and subsequent drawing in 

of Cl
-
 from lumen due to CFTR’s inhibitory regulatory function of Na

+
 channel activity.   

- Depletion of periciliary layer of water resulting in thickening of mucus.   
- Failure to clear mucus.   
- Site for colonization by bacteria.   
- Chronic infection. 

 
In sweat glands, 

- Inability of sweat duct epithelia to reabsorb Na
+
 and Cl

-
 ions from sweat secreted.   

- Therefore, sweat is highly salty. 
 
Pancreas 

- Absence of CFTR in apical membrane of pancreatic ductal epithelium.  
- Failure to secrete Na, HCO3, and water.  
- Retention of enzymes in pancreas,  
- Destruction of pancreatic tissue.  
- Beta cells usually spared but with age, type I diabetes may result.   
- Malabsorption of proteins and lipids due to decrease digestion.   
- Fatty stools.  
- Fat soluble vit. E, K, A deficiencies.   

 
GIT 

- Lack of Cl
-
 and water secretions in intestinal epithelium.  

- Failure to flush mucins in crypts.  
- Excessive absorption of liquid in distal intestines.  
- Leads to dessicated intraluminal contents and obstruction of small and large intestines.   

 
- Meconium ileus- Obstructed bowel due to impacted, tenacious meconium, no air-fluid levels (probably 

due to adherent bowel contents).  Occurs in newborns and there is an adult equivalent. 
 
Genitourinary system 

- Late onset of puberty for males and females.   
- This is a secondary effect of chronic lung disease and inadeaquate nutrition.  
- 20% of females are infertile and 95% of males are azoospermic.  
- Congenital bilateral absence of vas deferens – 97% of CF males have this.   
- Accounts of 1-2% of male infertility. 

 
Basic Sciences and Comparitive Diseases       
The CFTR protein is a single polypeptide chain containing 1480 amino acids that appears to function both as a 
cyclic AMP-regulated Cl- channel and, as its name implies, a regulator of other ion channels.  
The fully processed form of CFTR is found in the apical membrane in normal epithelia. Biochemical studies 
indicate that the F508 mutation leads to improper processing and intracellular degradation of the CFTR protein. 
Thus, absence of CFTR at appropriate cellular sites is often part of the pathophysiology of CF.  
However, other mutations in the CF gene produce CFTR proteins that are fully processed but are 
nonfunctional or only partially functional at the appropriate cellular sites. 
 

 

 
 

 

 



Figure 257-1: Cellular metabolism of the CFTR protein.  

In a normal cell (left), CFTR is synthesized in the rough 

endoplasmic reticulum (RER), is glycosylated in the Golgi 

apparatus, and functions as a Cl- channel and regulator of 

other ion channels when located in the plasma membrane.  

Two possible outcomes of mutations in the CF gene 

are shown (right).  

- (1) If a mutation disturbs protein folding, e.g., the F508 

mutation, CFTR is degraded intracellularly so that no protein 

is transported to the plasma membrane.  

- (2) With other mutations, the abnormal protein is processed 

and trafficks to the plasma membrane but functions 

abnormally at that site. 

 
Biochemistry             
Classes of CFTR mutations. 
Class I – defective protein; no protein synthesis (! SEVERE !) 
Class II – defective protein processing; trafficking abnormalities 
Class III – defective regulation of CFTR protein – 2

nd
 messenger system or defect in binding/hydrolysis of ATP 

Class IV – defective conduction through channel 
Class V – reduced protein production by nucleus 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CFTR protein is a cyclic AMP-activated Chloride Channel:  
Also: 
- Regulates the CONSTRUCTION of the epididymis 
- Begets Na

+ 
channels in the lung 

- regulates immune response 

 



Cell biology             
Sweat Gland 
Normal biology. 
Primary secretion:  
by sweat end piece cells (glands)– secretion 
of Na

+
 and Cl

- 
ions from secretory cells into 

sweat duct to be excreted.   
Contains Ca

2+
 -activated Cl

- 
channel on apical 

membrane and Na
+ 

/2Cl
-
/K co transporter and 

Na
+
/K

+
 ATPase pump on basolateral 

membrane of cell. 
Transport of 3 Na

+
 ions through the Na

+ 
/2Cl

-
/K 

co transporter leads to the secretion of 6NaCl
 

and hydrolysis of 1 ATP. 
Activation of secretion is by acetylcholine 
which increases Ca

2+  
entry into cells and Cl

- 

channel opening. 
Secondary Modification:  
by ductal epithelium– Reabsorption of Na

+
 

and Cl
- 
ions from the ductal epithelium into 

cells 
 
Cystic Fibrosis biology. 
Primary secretory products normal 
Secondary modification is impaired.  CFTR channels on apical side of ductal epithelium not functioning properly.  
Resulting in high concentration of Na and Cl

- 
ions in ducts – high salt content of sweat. 

 
Sweat end piece cells (glands) contain Cl

- 
channels which are Ca

2+
 -activated.  Therefore no abnormality in primary 

secretion in CF. 
Ductal epithelium contains CFTR channels.  These are activated by protein kinase A and cAMP. Abnormality in 
secondary modification due to CRTR mutation in CF. 
 
CFTR protein – two 6 transmembrane proteins linked together by R domain.  R domain is phosphorylated by 
protein kinase A which is activated by camp.  This Cl

- 
 channel is thus activated by protein kinase A. Each 

trasmembrane protein is also bound to a nucleotide binding domain (NBD) which binds ATP.  ATP binding 
regulates channel opening.  When ATP in cells increase, channel opens.  Sweat secretion costs ATP.  For every 
6 Cl

- 
ions, 1 ATP is used. 

 
 

 
 
Clinical features of CFTR mutation 
Respiratory 
Chronic obstructive lung disease, recurrent bronchitis, bronchiectasis, nasal polyps 
 
Gastrointestinal 
Pancreatic insufficiency, meconium ileus, diarrhoea, biliary cirrhosis. 
Pancreatic sufficiency is preserved in 10-15% of CF patients 
 
Reproductive 
Male infertility due to CBAVD, subfertility in females  
blocking of vas deferens, seminal vesicles and epidymuis result in obstructive aspermia 
 
Signs and symptoms of inadeq ventilation- clubbing, cyanosis 
 Pancreas- inability of pancreas to secrete enzymes to breakdown fats which can  
result in diabetes and/or pancreatitits 
 
GIT: probs due to inability to absorb nutrients, mucus plugging of intestines 
 
Hepatosplenomegaly - from thick secretions blocking ducts and causing  
inflammation - to fibrosis 
 
Osteoporosis- poor absorbtion of vit D and calcium 
 
 Arthropathy -- noted in lower limbs and fingers starting in adolescence, tends  
to be non- destructive, may be accompanied by fever and erythema nodosum 

 

Frusemide – inhibits action of Na
+ 
/2Cl

-
/K

+
 co-transporter.  Inhibiting secretion. 

Ouabain – blocks action of Na
+
/K

+
 ATPase pump. Inhibiting secretion 

Amiloride- diuretic.  Blocks Na
+
 channel on lumen side of epithelial cell.  Therefore no reabsorption of Na

+
 occurs.  Water remains in 

lumen of sweat duct. 



Genetics              
The CFTR ( cystic fibrosis transmembrane conductance regulator )gene is found on chromosome 7q13 
consisting of 27 exons over 250kb of DNA. 
Most common mutation (>75%) is delta F508 in Northern Europeans: 

- resulting in ineffective synthesis of protein.  
- >800 other less common mutations (2%) 

Variation in the mutations make DNA dianosis and screening for CF very difficult.  
 
Phenotypic variants 
Genetic heterogeneity results in clinical heterogeneity in which multiple CF related phenotypes can be explained by 
different types of mutations which are present. Eg. Congenital bilateral absence of vas deferens, bronchiectasis 
or pancreatitis. 
 
Genotype: Phenotype variations 
Severe mutations correlate with pancreatic insufficiency but do not correlate well with pulmonary disease/ 
Mild mutations confer pancreatic sufficiency 
Intrafamilial variations exist even with same genotype 
Splicing variants have variable effect. 
 
CFTR splicing variants  
Intron 8 5T sequence causes removal of exon 9 which decreases amount of normal CFTR produced.  If >25% of 
CFTR is normal, lung function will be normal. 
 
Mutational analysis –  
by positional cloning( isolating the gene before discovering function of it’s protein by linkage analysis).  
- 80% detection rate of CF.   
- Mutation type is dependent on ethnicity.   
- Only test for carrier status if indication exists. 
Mutational scanning – to find mutations in CFTR gene. Time consuming and costly.   
Importance of taking thorough family history. 

 
Hardy Wienberg Equation 

 p2 +2pq +q2 = 1 
p

2
=incidence in population   In Northern European population, incidence=1/2500= p

2
 

p= frequency of mutant allele      p = 1/50 
q= frequency of normal allele      q = 49/50 
2pq= carrier frequency      Carrier freq, 2pq = 1/25 

 
Behavioural Sciences:           
 
Uncertainty in illness 
Patient features associated with uncertainty 

• Lack of adequate information 

• Information overload 

• Individual response to stress 
 
Stress Schema 

1. Stressor exposure 
2. Appraisal 
3. Stress response 

 

Search of Homeostasis 
1. Adaptive/Maladaptive Coping  
2. Problem focused coping 
3. Emotion focused coping 
4. Coping styles 

 
Defense coping styles 

1. Adaptive eg. Humour 
2. Rationalization eg. Withdrawal 
3. Maladaptive eg. Projective identification 
4. Pathological eg. Delusional beliefs 

 
 
Cystic Fibrosis NSW 

Support services for patients and families of CF 
Counselling support for families and patients 
Financial assistance 
Youth programs – however, outings have been limited due to need to limit spread of infection from patient to patient 
Fertility clinics for men and women – IVF centres 
Transplantations 
Terminal stage support 
 
 



Pathology: MECHANISM of PATHOGENESIS       3.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INITIAL MUTATION OF CHLORINE CHANNEL (affects Type II  alveolar cell) 
Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) gene - locus at chromosome 7q13 

MOST COMMONLY: deletion of Phe @ nucleotide binding site  
(resulting in CFTR never making it to the membrane) 

Secondary modification of 
sweat is impaired;  

thus MORE SALT IN SWEAT 

Decreased absorption of Cl,  
thus  

Increased absorption of Sodium  
Thus 

INCREASED ABSORPTION OF 
WATER FROM ALVEOLAR LUMEN 

 

Increased MUCUS VISCOSITY 

Decreased MUCUS CLEARANCE 

Pseudomonas Aeruginosa 
Colonises the poor wretch’s lungs 

taking advantage of impaired clearance 

In the thickened mucus and alginate slime, 
A MICROBIAL BIOFILM IS FORMED 

- is thick slime, made up of  
- 10% to 20% bacteria  

- 80-90% mucoid alginate 
ALGINATE:  an unbranched linear polysaccharide 
Penetrated by minute anastomosing water 
channels, a primitive circulation  
= has been a bacterial defence mechanism 
since the Pre-Cambrian 

Advantages of Biofilm: 

- Conveys protection from cough clearance 
- Protects from antibodies, antibiotics, 

 and phagocytes 
 

Increased water absorption 
causes pancreatic ducts to 

become clogged with mucus 
=hence, PANCREATIC 

INSUFFICIENCY 

Lipopolysaccharide  
 is detected by 

TOLL-LIKE RECEPTORS 
 on epithelial cells, plus 
MACROPHAGES and 
NEUTROPHILS 

 

CIRRHOSIS of the LIVER 
Results from hepatobiliary canaliculi 
becoming blocked with thick mucus  

+ PORTAL HYPERTENSION 
due to liver disease 

-results in SPLENOMEGALY as spleen 
is inflated by increased blood pressure 

Defective CFTR 
fails to regulate the 
development of a 

Vas Deferens; 
THUS: STERILITY 

+ ASPERMIA   

Acquisition of  
ANTIBIOTIC RESISTANCE  
CF patients continuously exposed to 
multiple combinations of antibiotics 

Immune Response ensues 
Neutros and Macros arrive into 
the alveolar lumen  
-destroying the basal lamina 
in the process  
Thus weakening the bronchus 

REACTIVE OXYGEN SPECIES 
- Effect a phenotype switch, 

causing the pseudomonas to 
produce copious amounts of 
alginate slime 

continuous coughing and 
recurrent infections  cause the 
weakened damaged bronchus to 
balloon out, forming saccular air 
spaces  

=BRONCHIECTASIS,  
=very specific finding for CF 
a perfect situation for bacterial 
colonies to prosper 



Pharmacology             
*CF sufferers are among the MOST MEDICATED PATIENTS, with up to fifty pills per day* 
 
To relieve Bronchoconstriction: 
- Bronchodilators– beta agonists, anticholinergics.  
-  Both can be used together to get additive effect. 
- Eg. Salbutamol  
 
Inflammatory stage of illness: 
- Anti inflammatory drugs may be of some use 
- Eg. Aspirin,  selective COX2 inhibitors 
 
Frusemide – inhibits action of Na

+ 
/2Cl

-
/K

+
 co-transporter.  Inhibiting secretion. 

Ouabain – blocks action of Na
+
/K

+
 ATPase pump. Inhibiting secretion 

Amiloride- diuretic.  Blocks Na
+
 channel on lumen side of epithelial cell.  Therefore no reabsorption of Na

+
 occurs.  

water remains in lumen of sweat duct. 
Antibiotics  
– empirical(treat without susceptibility testing) therapy usually employed first. 
- combination antibiotic therapy is usually employed.  The combination of antibiotics used depends on the 

doctor’s experience, hospital guidelines and microbiology lab. testing.   

- Antibiotics usually given for longer than normal  
- and in higher does than other respiratory diseases.   
- IV and inhalation routes used.  
- Cephalosporins, quinolones, aminoglycosides used. 
Oxygen therapy given to manage respiratory failure.   
- Nocturnal oxygen therapy usually with BPAP.  
Dnase  
- to breakdown DNA in mucus filled lung airways to thin the mucus.  
- Enable ciliary action of airway epithelium to remove mucus.   
Hypertonic saline 
- is also used to thin the mucus by osmosis of water out from epithelial cells into lung airway lumen. 
Oral pancreatic enzymes 
- Pancreatic insufficiency treated by taking oral pancreatic enzymes before all meals. 
- Pancreatic Enzymes – pancreatase. 

Physiology              

Info re. Stretch, pain, touch is transmitted from the lower respiratory tract by the afferent fibres in the autonomic nervous system 
Innervation of pleura::  

• Parietal pleura:  

• Costal pleura: intercostal nerves 

• Diaphragmatic pleura: phrenic nerves, lower intercostal nerves 

• Mediastinal pleura: phrenic nerve 
• Visceral pleura: vagus nerves and sympathetic trunks form the pulmonary plexuses 
Innervation of LUNGS: vagus nerves and sympathetic trunks 
THUS, VISCERAL PLEURA SHARES THE INNERVATION OF THE LUNGS. 
What is the cough reflex? 
Cough is an important normal protective reflex activity 
  Cough receptors most numerous at the carina and points of bifurcation of bronchial tree.   

- Rapidly adapting receptors, RAR ( irritant receptors), main mediators of cough.   
- Stimulated by mechanical, chemical and inflammatory stimuli.   

- Sensitivity to these stimuli vary according to site of stimulation.   
 afferent nerves, (trigeminal, glossopharyngeal, superior laryngeal, vagus)  

- Unmyelinated C fibres cause direct inhibition of cough through gating mechanism.  
- Bronchial C fibres indirectly induce cough by neurogenic inflammation through release of inflammatory 

mediators including bradykinin and tachykinins which stimulate RARs.   
- Pulmonary C fibres and slowly adapting receptors regulate cough. 

a poorly defined cough center, @ medulla oblongata  
- Stimulation is via myelinated fibres to cough centre in medulla oblongata. 

efferent nerves: (recurrent laryngeal nerves, vagus, corticospinal tract + peripheral nerves) 
effector muscles.  
Reflex begins with deep inspiration, followed by glottic closure, diaphragmatic relaxation, and thoracic and abdominal 
expiratory muscle contraction. About 0.2 seconds after glottis closure, it reflexively opens with resulting turbulent expiratory 
flow.  
 
Posterior wall of airway invaginates and causes shearing of mucus. Positive pleural pressure generated up to 100-300 mm Hg; 
peak flows of 12 L/sec  
 
 

Chronic cough (>3 wks)– due 
to chronic bronchitis, asthma, 
post-nasal drip, gastro-
oesophageal reflux or 
bronchiectasis. 
 
Acute cough =  (< 3wks) 



Microbiology             

 
COMMUNITY ACQUIRED PNEUMONIA 

 

TYPICAL 

MICROORGANISM CLINICAL & 
RADIOLOGICAL 

MICROBIOLOGICAL 
DIAGNOSIS 

Streptococcus pneumoniae Lobar pneumonia Gram stain sputum; culture 
sputum and blood 

Haemophilus influenzae  Ditto 

Staphylococcus aureus Post-flu, IV drug use Ditto 
X-ray shows abscesses 

 

ATYPICAL 

MICROORGANISM CLINICAL & 
RADIOLOGICAL 

MICROBIOLOGICAL 
DIAGNOSIS 

Legionella pneumophila 
(and other species) 

“Damaged” lung (e.g. smokers) Immunofluorescence of sputum 
for Legionella antigen; culture 
of sputum on BCYE media; 
serology (by 
immunofluorescence) 

Mycoplasma pneumoniae Adolescence Serological: 
1. cold agglutinins (not specific) 
and 
2. complement fixation 

Chlamydia psittaci 
 
Chlamydia pneumoniae 
(TWAR agent) 
 
Chlamydia trachomatis 

Contact with birds 
 
 
 
 
Neonates only 

ALL SEROLOGICAL (by 
complement fixation) 

Mycobacteria M.t.b: cavitatory disease etc. Acid Fast Bacilli  
Culture on L-J media 

VIRAL 
 
Adenovirus 
Influenza A 
Herpes varicella/zoster 
Respiratory Syncitial Virus 

 ALL SEROLOGICAL (by 
complement fixation) 
 
 
 
 
Immunofluorescence for 
antigen in nasopharyngeal 
swab 

 
 
Bacterial causes of lower respiratory tract infections in CF patients 

 
Staph. aureus, Haemophillus Influenzae in newly diagnosed CF patient 
Pseudomonas aeruginosa and Burkholderia cepacia in teenage CF patients 
50% CF patients with Aspergillus fumigatus ( fungi ) 
 
Many of the bacteria are resistant to multiple antibiotics.  Therefore use of MCBT ( multiple combination bacterial 
testing) is done in severe cases of respiratory failure to treat infection. 
 
 
 
 
 
 
 
 
 



Emergency care for Acute Respiratory Failure     
  Worry values:  

 
 

 
 

PaCO2 of more than 
50mmHg  + pH of < 7.35 

PaO2 of less than 
60mmHg oxygen 
 (while on oxygen) 

Alveolar����capillary transport 
of CO2 is only affected in 
VERY SEVERE DISEASE 
(diffuses readily and rapidly) 
� tightly controlled by 
respiratory centre of the brain 

PaO2 = Limited influence on 
breathing (significant 
hypoxia required)  

WHY IS IT LIKE THAT? Either… 
- Failure of Ventilation 

Respiratory pump failure, eg.  
chest wall problems, flail chest etc. 
lung compliance problems 

- Failure of Oxygenation 
Non-ventilated alveoli with enough 
arterial supply, eg. lung collapse 
ORA Non-perfused alveoli with enough 
ventilation, eg. pulmonary embolism 

- Combination of the two 
Eg. asthma 

HOW DO YOU KNOW WHERE THE PROBLEM IS? 
 ����BLOOD GASES WILL TELL YOU HOW TO TREAT 
PaCO2 = is the patient able to exhale enough CO2?  
PaO2 = is the patient able to get enough O2 in? 

ASSESS HYPOXIA FIRST as this is the one most likely to kill them quickly 

HYPERCAPNEA 
- BIPAP : support respiratory effort through 

the inspiration phase 
- Patient must be breathing spontaneously 
- Must have adequate tidal volume 
- Glasgow coma scale 14 or above 
- May need to give fluids IV tol maintain 

blood pressure above 100 systolic 
End-Expiratory Pressure keeps the alveoli 
open for improved gas exchanges, therefore 
sats imrove 

 

HYPOXIA 
- Increase the oxygen delivery by mask 
- CPAP 

- Patient must be breathing spontaneously 
- Must have adequate tidal volume 
- Glasgow coma scale 14 or above 

- May need to give fluids IV tol maintain blood 
pressure above 100 systolic 

- May agitate patient: if so, reduce PEEP 
- If sats still crap, increase PEEP 

 

Patient is still in respiratory distress? 
INVASIVE MECHANICAL VENTILATION: intubate them 

Primary goal is to oxygenate 
Secondary goal is to avoid barotrauma ( leads to pneumothorax and ARDS) 
� so don’t let pressures rise above 30 (watch the ventilator dial) 
Tertiary goal is to normalise CO2 

CONTROL CARBON DIOXIDE BY REDUCING VENTILATION 
CONTROL OXYGENATION BY ADJUSTING OXYGEN FLOW RATE 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



HCO3: bicarb,  the metabolic alkali; tries to 

compensate for CO2 derangements.  

Takes 12-24 hours to spring into action. 

To compensate for low pH, the bicarb 
should RISE, though it takes a while. 

         HIGH BICARB: COMPENSATED 

         LOW BICARB: UNCOMPENSATED 
        

The cause of acidosis here is probably the kidneys. So it 
is folly to look at the bicarb, because the mechanisms of 
its making have gone haywire. The compensation of 
anything METABOLIC must come from the lungs. 
THUS: 

Low PCO2, Low pH = COMPENSATED 
(to compensate for metabolic acidosis, the lungs 

attempt to dump CO2 into the wind) 

Normal PCO2, Low pH = UNCOMPENSATED 
(for some reason the lungs arent even trying to 

help the struggling kidneys)  

    
Since loss of CO2 is your problem here, its likely that it 
happened fast and the bicarb has not had any chance to 
compensate for it. BUT- if its a chronic issue, then the 
bicarb will reduce. THUS:      

Low PCO2, Normal bicarb =  UNCOMPENSATED

  

         LowPCO2, High bicarb = COMPENSATED 

 

Hmm, there seems to be a whole lot of metabolic alkali 
in the blood. Perhaps a stupid intern has infused too 
much sodium bicarb into an acidotic patient. Nevermind. 
The bicarb will be elevated. This can only be 
compensated by respiratory means, so look ye to the 
CO2 and see what its doing:      
  

High bicarb,  Normal PCO2 =   

=UNCOMPENSATED 

         High bicarb, , High PCO2 = COMPENSATED 
 

Arterial Blood Gas Interpretation   
 

1) Acidaemia or alkalaemia?   
pH must be between 7.35 and 7.45. 

LOWER  = acidosis.  
You either have too much acid (eg. CO2 retention) or you lost a lot of alkali 

HIGHER = alkalosis.   
Youve either lost a lot of acid, eg. with vomiting, or you got a lot of alkali on board. 

         NEITHER = mixed disorder or well compensated  
(eg. despite your CO2 retention, you managed to generate enough  
bicarbonate to keep you pH inside the normal rangeSTILL ABNORMAL !!) 

 

2)  RESPIRATORY OR METABOLIC?... 

PCO2: the respiratory acid;   

should match what  the pH is doing if its a respiratory cause. 

   

 
HIGH PCO2 and LOW pH 

Its probably the CO2 making things that acidic.  

  = RESPIRATORY ACIDOSIS 

   
 
LOW PCO2 and LOW pH  

Its very strange, becasue normally the lungs will compensate 
for acidosis by breathing off some of the CO2. So it seems 
they have, because the CO2 is low. But the pH is still low- 
because there is not enough CO2 to compensate for the drop 
in pH (even if you huff away ALL of your CO2, you’ll still be 
acidotic) – so the lungs arent at fault, and its probably  

= METABOLIC ACIDOSIS 

  

 
 
LOW PCO2 and HIGH pH 

Makes sense- no CO2 means no acid in the bloodstream, and 
thus the pH shifts into the alkaline range. This happens when 
you hyperventilate.   

= RESPIRATORY ALKALOSIS 
 

 
HIGH PCO2 and HIGH pH 

So despite the high CO2, you still havent got enough acid in 
you to drop your pH back into the normal range. Theoretically 
if you kept pumping CO2 into the blood, you would eventually 
be able to balance out the alkali. HOWEVER in reality your 
PCO2 cannot go much higher than about 55. At this level, the 
respiratory centres of the rain will stimulate breathing, and you 
will start to lose CO2.  

= METABOLIC ALKALOSIS 

    
      
 
 
 

                               ...And IS IT COMPENSATED? 

Compensation of RESPIRATORY 

problems must come from the kidneys 

(metabolic compensation) because the 

diseased lungs surely cant take care of it 

any more. Likewise, metabolic problems 

must be handled by respiratory 

compensation. ONE ORGAN DOES 

WHAT THE OTHER CANNOT. 

...There is also BASE EXCESS:  
       excess or deficit  (positive or negative base excess)points to  METABOLIC causes 
       normal base excess points to short-term RESPIRATORY causes 
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Mechanism of Tuberculosis                                                                   
The Vehicle of Consumptive Illness: Mycobacterium Tuberculosis, "Captain among these Men of Death" (John Bunyon 1660)

- Rod-shaped (bacillus)
- Gram-Positive but not surrounded by peptidoglycan envelope, not even a cell wall

- Obligate Aerobes love the apex of lung, where the pO2 is highest

- Facultative Intracellular Pathogens living in macrophages

- Slow-growing with a generation time of 12 to 18 hours

- Hydrophobic with a high lipid content in the cell wall. Because the cells are
hydrophobic and tend to clump together, they are impermeable to the usual stains

- "Acid-fast bacilli" because of their lipid-rich cell walls, which are

relatively impermeable to various basic dyes unless the dyes are combined
with phenol. Once stained, the cells resist decolorization with acidified organic
solvents and are therefore called "acid-fast”

- Originally before multicellular life, the mycobacteria developed as intracellular pathogens
who lived in amoeba parasitically, training for future battles with our macrophages.

- Became a human pathogen roughly 6000 BC, when we domesticated cattle. M.bovis jumped

across species to the first humans who fraternised with cows. LET THAT BE A LESSON.

Shamelessly torn from “The secret lives of the pathogenic mycobacteria,
by Cosma et.al, Annual Review of Microbiology. 2003.Vol.57 pg. 641

Fail-safe host entry system: any number of receptors used

Intracellular survival

Å MACROPHAGE Æ

DROPLET TRANSMISSION:
Only require about 5 bacteria to penetrate…

M. Tuberculosis

USING THE
MACROPHAGE’S
OWN RECEPTORS
to gain entry:
complement receptors
fibronectin receptors
mannose receptors
all of which induce
phagocytosis

phagosome

endocytosis

Alkalinisation of the
phagosome (less
caustic environment),

LYSOSOME
Full of nasty
chemicals: acidic
hydrolases etc…

Prevents fusion of
phagosome and
lysosome

INDUCTION OF MACROPHAGE-
SUPPRESSING CYTOKINES:

TGF-beta
Interleukin-10
Reduce macrophage activity,
counteract production of lytic
molecules and proteases

M. Tuberculosis

Reactive oxygen species
scavengers released,
reducing oxidative
damage to the M.Tb

Eventually the
phagosome breaks…
Mycobacteria spew
forth and replicate
inside the macrophage,
eventually rupturing it
and spreading into
surrounding tissues

1 week post infection:
despite impaired monocyte
function, some mycobacterial
components do get presented by
APCs at the hilar lymph nodes,
which then ENLARGE
ÆÆ

 HILAR LYMPHADENOPATHY

Because these are
intracellular parasites,
humoural immunity is
useless..
BUT the macrophages
can still secrete IL-12,
to activate T-H1 cells

T-helper 1 lymphocytes
Are crucial to the defensive
mechanisms: they activate the
dumbfounded macrophages with
interferon-gamma; a cascade of
responses results in
GRANULOMA FORMATION

GRANULOMAE
Macrophages transform
into “epitheliod” cells,
palisading around the
central area of M.Tb
infection. This are
becomes avascular and
necrotic, hence
CASEATING
NECROSIS

T-cell Cytokines
Are all responsible for the
constitutional symptoms
of TB, including
ANOREXIA
WEIGHT LOSS
PYREXIA
NIGHT SWEATS

A large area of confluent granulomae places
stresses on the healthy lung, and the inflammatory
response causes a chronic dry cough.
CONTINUOUS COUGHING CAN CAUSE
BRONCIOLAR RUPTURE AND HENCE

HAEMOPTYSIS
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Pneumonia and Otitis Media            Pneumonia and Otitis Media            Pneumonia and Otitis Media            Pneumonia and Otitis Media                
Detailed History of Presenting Illness (HPI) 
PNEUMONIA 

- Fever 
- Rigors (chills) 
- Cough 
- Wheeze 
- Tachypnoea 
- Pleuritic chest pain 

OTITIS MEDIA 
- Pain in Ear 
- Exudate from ear (if tympanic membrane integrity is compromised) 
- Low-grade fever 
- Poor appetite 
- Irritablily 
- Usually v. young (<2 y.o) 

 

Differential Diagnoses (DDx) 
PNEUMONIA DDX 

Bacterial or Viral Pneumonia: 

- Recurrent Lower Respiratory Tract Infection due to immune suppression 
- Tuberculosis 
- Pertussis (whooping Cough , respective of age group) 

 
NON-INFECTIOUS CAUSES THAT CAN PRESENT AS PNEUMONIA: 
- Congestive Heart Failure, 
- pulmonary infiltrates with eosinophilia, 
-  pulmonary hemorrhage,  
- Goodpasture's syndrome, (hypersensitivity, basement 

membrane antibodies) 
- pulmonary embolism,  
- neoplastic disease,  
- radiation injury,  
- inhalation injury, 
-  pulmonary contusion,  
- bronchiolitis obliterans with organizing pneumonia 

(BOOP),  

- Wegener's granulomatosis (diffuse connective 
tissue disease, aetiology unknown) 

- collagen-vascular disorders  
- (including rheumatoid lung disease, SLE, 

scleroderma), 
-  amyloidosis,  
- sarcoidosis, 
-  interstitial pneumonitis (e.g., farmers, bird 

breeders),  
- drug reactions (e.g., hydrochlorothiazide, 

asbestos, silicosis, bleomycin etc.)  

 
OTITIS MEDIA DDX 

- pharyngitis, 
- dental disease,  
- temporal mandibular joint (TMJ) disease,  
- external otitis 

Pertinent Findings on History (Hx) 
PNEUMONIA  

- History of crowded living conditions 
- Previous chest infections 
- Previous antibiotic treatment 
- Travel overseas 
- Duration of symptoms 

OTITIS MEDIA 
- Tympanic membrane previously perforated? 
- Recurrent ear infections with purulent discharge? 

- Recurrent / frequent upper respiratory tract infections 
- Recent paroxysms of swimming in stagnant water 

 
 

!! SUDDEN ONSET = BACTERIAL!! 
!! GRADUAL ONSET = VIRAL!! 
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Findings on Examination (Ex) 
PNEUMONIA 

VITALS:  
Temperature  ���� Elevated 
BP   ���� less than 60 diastolic ���� !! DANGER !! 
Pulse   ���� increased due to cardiac compensation 
Resp Rate  ���� increased (if over 30, ���� !! DANGER !! ) 

 
Observation: 

- Cyanosis  
- Dyspnoea + cough + wheezing 
- Unwell but active / irritable (in infants) 
- Mucopurulent discharge from nose if URTI preceded pneumonia 

Palpation: 
- Chest expansion reduced on affected side 
- INCREASED vocal fremitus on affected side 

Percussion: 
- DULL percussion 

Auscultation: 
- BRONCHIAL breath sounds 
- INCREASED vocal resonance 
- Medium, late or Pan-inspiratory crackles as pneumonia resolves 
- Pleural Rub may be present 

 
OTITIS MEDIA 

Observation: 
- Redness � CHECK TONSILS!!  ADENOIDS?   WALDEYERS RING?… 
- Serous or purulent exudate from the ear 
Otoscopy:  

 

 Above: NORMAL              Above: Schematic Anatomy         Above: Acute Otitis Media 

Otitis media is defined by an abnormal tympanic membrane (TM).  
Four aspects of the tympanic membranes: 
- Position (full, bulging, retracted). 

-  Color (red, yellow, or white).  

- Translucency (opaque, poorly visualized landmarks). 

-  Mobility (moves poorly when either positive or negative pressure is applied). 

Differentiating normal from abnormal  

A normal TM will be  
- in a neutral position  
- with a pearly gray color,  
- with easily visible landmarks (translucent),  
- with good mobility to both positive and negative pressure.  

A TM that has fluid or pus behind it will be  

- dull or full appearing,  
- with an abnormal color (yellow, red, or occasionally blue),  
- without landmarks,  
- without normal mobility.  

!!! CONE OF LIGHT ALWAYS FACES ANTERIORLY !!! 



 
Tests and Investigations: PNEUMONIA 
CHEST X-RAY: Looking fro CONSOLIDATION and/or EFFUSION; lobar consolidation = pneumonia 

Above: pediatric X-ray with Rt mid lobe involvement Above: typical Rt lower lobe pneumonia 

 
BLOOD TESTS: 
PULSE OXYMETRY 
- Expecting lower than 95%, due to air flow disruption to an entire lobe. <85% = HOSPITALISE! 
FBC 
- Expecting elevated WBCs due to inflammatory process (IF BACTERIAL), 
- …or WBCs grossly low due to neutropenia/immunocompromise which precipitated infection 
- Hematocrit under 30% 
LFT 
- Hope for normal; will affect the nature of antibiotics used 
SERUM BIOCHEMISTRY 
- SODIUM:   should be LOW 
- POTASIUM:  should be LOW 
- CREATININE: bad sign if abnormal ( = muscle tissue destruction OR kidney malfunction) 
- Blood Urea Nitrogen: kidney function: IF ELEVATED, !! DANGER !! kidney failure may ensue 
SEROLOGY (not so useful in community acquired Pn.) 

M. pneumoniae infection: 
A single IgM antibody titer of >1:16, a single IgG antibody titer of >1:128, or a fourfold or greater rise in the IgG titer 
obtained by indirect immunofluorescence is diagnostic.  
C. pneumoniae infection: 
A single IgM antibody titer of 1:20, a single IgG antibody titer of 1:128, or a fourfold or greater rise in the IgG titer 
obtained by micro-indirect immunofluorescence is diagnostic. 
 
 A single Legionella antibody titer of 1:256 or a fourfold rise to a titer of 1:128 suggests acute legionellosis. A highly 
sensitive and specific urinary antigen test is available to detect L. pneumophila serogroup 1 in patients with 
pneumonia; this organism accounts for ~70% of L. pneumophila infections.  

 
BLOOD CULTURE 
- Culture at aerobic and anaerobic conditions, test discovered organisms for antibiotic resistances 
Bacteraemia is RARE (10%to30%) but DANGEROUS in pneumonia. 

Positive blood or pleural fluid culture is generally considered diagnostic of the etiology of pneumonia.  

 
SPUTUM MICROBIOLOGY 
If you can’t get a good sample from an infant or a demented elder… ���� FIBREOPTIC BRONCHOSCOPY (?..) 
CULTURE FOR RESISTANCES !! VITAL !! 
  

 



Tests and Investigations: OTITIS MEDIA 
EXUDATE CULTURE is difficult to obtain ( contamination ) 

25% are culture negative (viral) + another 25 percent of cases of culture positive AOM will  

resolve spontaneously and have no benefit from antibiotic therapy 
THEREFORE organism is usually guessed by community prevalence (?..) 
BUT: If there is no response to antbiotics, need to perform TYMPANOCENTESIS  
(complications justify it: OM may result in meningitis, facial nerve involvement, sensorineural hearing loss etc.)  

 
Disease Definition 

• Respiratory pathology: Existing risk factors (crowding, nutrition, poor living conditions) predispose to high rates of 

bacterial upper airway carriage in Aboriginal children. This increases rates of bacterial pneumonia. Recurrent 

pneumonia (particularly adeno-viral infection) predisposes to (long term) development of bronchiectasis and chronic 

lung disease.  

• Ear pathology: Enlarged adenoids/tonsils lead to blocked eustachian tubes.  
 

How is this diagnosis made ? 
PNEUMONIA: 

POSITIVE BLOOD CULTURE is diagnostic 
POSITIVE SPUTUM CULTURE is diagnostic 
CHEST X RAY with characteristic lobar consolidation is diagnostic (NOT SO for bronchopneumonia) 
Blood tests consistent with INFECTIOUS ILLNESS  
Serology studies show elevated specific IgG or IgM antibody titres ( � is diagnostic) 

OTITIS MEDIA: 
 Diagnosed on history of URTI, inflamed tonsils ?tympanocentesis  and otoscopy 

 
Management ####################################### 
PNEUMONIA: 
���� OXYGEN THERAPY: use if pulse oxymetry below 95% 
PHARMACOTHERAPY:       !! MAKE DECISIONS BASED ON CULTURE SENSITIVITIES !! 

 
Non-severe Pneumonia: 

- Amoxycillin 500mg tds or Erythromycin 500mg qds orally.  

- The combination of both drugs may be appropriate in some cases. 
 
Severe pneumonia: 

- 2 or more criteria defining severe pneumonia: 

- Elderly Patient 

- Respiratory rate > 30.  

- Diastolic BP < 60 mmHg.  

- New confusion.  

- Multi-lobar involvement.  

- Plasma urea > 7 mmol/L.  

- Hypoxaemia – Pulse Oxymetry less than 90% 
- If organism unknown:  
- Cefuroxime 750mg tds iv & Erythromycin 500mg qds iv (Legionella suspected 1g qds)  
- Review need for iv therapy daily.  
- When able to take oral treatment:  
- Amoxycillin 500mg tds  
- Erythromycin 500mg qds - in penicillin sensitive patients / Mycoplasma pneumoniae. 

- Review clinical response & length of antibiotic course after 5 days therapy. 
 
Unusual pneumonias: 

- M. pneumoniae Treat as severe pneumonia (follow with oral macrolide antibiotic)  
- Staph aureus Add Flucloxicillin 2g qds iv (prolonged treatment usually required)  
- Legionella pn.. Treat as severe pneumonia (prolonged treatment ie 3 weeks usually required).  
- Psittacosis Oral doxycycline 200mg od (with food).  
- Plus amoxycillin 250mg tds orally.  

- Aspiration Cefuroxime 750mg iv tds plus metronidazole 500mg tds iv.  



Hospital acquired: 
- Discuss with Microbiology / Infectious Diseases Unit. 
- Treatment decision is dependent on a number of factors ie age, medical problems, admission length, etc. 
- Sputum cultures are effective in confirming that appropriate antibiotic therapy is being used. 
- Mild disease: Consider one of - oral amoxycillin / cefaclor / quinolone. 

- Severe disease: Cefuroxime 750mg tds iv + metronidazole 500mg iv 8-hourly. 
 
OTITIS MEDIA: 
Discharging ear gently syringed twice daily and antibiotic ear drops instilled following syringing  

USE BETA-LACTAMS unless otherwise indicated. 

Treatment efficacy:  
PLACEBO: 81% of infections resolve within 1 week  
Antibiotics: 94% of infections resolve within 1 week  
 

High Risk factors for Treatment Failure  

A. Otitis Media within the last month  

B. Antibiotic within the last month  

C. Day Care attendance  

D. Bilateral Otitis Media  

E. Age less than 2 years old  

F. Age at first Otitis Media less than 6 months old  

G. Over 3 episodes Acute Otitis Media in last 6 months  

 
Prognosis 
OTITIS MEDIA: With antibiotics 94% of infections resolve within 1 week 

Persistence of Middle Ear Effusion  

At 2 weeks:  70% have persistent effusion  

At 4 weeks:  40%  

At 2 months:  20%  

At 3 months:  10% 

PNEUMONIA:  

Most patients will respond to treatment and improve within two weeks.  

Elderly or debilitated patients who fail to respond to treatment may die from RESPIRATORY FAILURE 

- The overall mortality rate in developed countries is 5 percent. 

Factors that influence prognosis = MAINLY COMORBIDITIES 

• age extremes, especially younger than 1 year and older than 60 years of age; 

• involvement of more than 1 lobe of the lungs; 

• leucocytosis (>5000 per ml) 

• associated comorbidities eg diabetes, cirrhosis, heart failure, uraemia, etc. 

• Meningitis or endocarditis 

 

  

 

Epidemiology: Pneumonia 
Incidence in US, per 1000 per year: 
0-5 yrs     �      30-45 
5-9 yrs     �      16-20 
10-16 yrs � 6-12 
 
Australia: 0-2 yr olds:  
Non aboriginal � 10 

Aboriginal � 193  (!) 
 

 



Epidemiology: Otitis Media 

RESPIRATORY INFECTIONS ARE THE COMMONEST IN VERY YOUNG OR VERY OLD 
95% of them are Upper respiratory tract infections  (max 2-4 y.o)  

o Colds (most common infectious illness) 

o Otitis media (2
nd

 most common, max infant/ child)  
� Etiology: Virus (Resp viruses), Bacteria (Haemophilus influenzae, Strep pneumoniae 

(pneumococcus) attach to nasopharyngeal epithelia receptors via adhesins on fimbriae, pili 
etc), co-infection (↑ chance of persistent infectn)  

� [NB Part of norm flora of URT (includes Staph (coag –ve, and aureus), Viridans strep, 
Neisseria spp, Haemoph spp, Strep. Pneumoniae)] 

Complications: 
� Glue ear/ mild hearing loss:  

• commonest cause of “mild” hearing loss in children (25-50dBHL) 

• (Persistent middle ear effusion� ↓ conductn of sound to cochlea (conductive 
hearing loss)�mild hearing loss� inattentn/poor performance in school kids) 

� Perforation of the tympanic membrane 
� Otorrhoea (purulent discharge from the ear) 
� Cholesteatoma: chronic otitis media�a mass of keratinizing squamous epithelium and 

cholesterol in the middle ear, with squamous metaplasia or extension of squamous 
epithelium inward to line an expanding cystic cavity that may involve the mastoid and erode 
surrounding bone 

 
Aetiology: PNEUMONIA 
Age-specific pattern of infection: CHILDREN 

Less than 2 yrs old: RESPIRATORY VIRUSES 
Over 2 yrs old:  VIRUSES LESS IMPORTANT, MYCOPLASMA MORE IMPORTANT  

   !! PNEUMOCOCCUS 2
nd

 most common !! 
   6-18 yrs old: MYCOPLASMA + PNEUMOCOCCUS 

ADULT STATISTICS: !! 42% are Pneumococcal !!  

  10% mortality from community-acquired P.- 6ths most common cause of death in the US 

!! MOST COMMON INFECTIOUS CAUSE !! 

 

OTHER PATHOGENS: 
Most Common: S.Pneumoniae 

    H. Influenzae 

    M. Pneumoniae 

    Resp. Viruses  

 
Aetiology: OTITIS MEDIA 
USUALLY  a consequence of UPPER AIRWAY INFECTION in children 
More so in children because of ANATOMICAL characteristics of their eustachean tube: 
- MORE STRAIGHT AND HORISONTAL than in adults  

HIGH RISK GROUPS: 

- Children with cleft palate have abnormal Eustachian tube function and thus a greatly increased risk 

of otitis media. 

- Immotile Cilia Syndrome  
- Children who live with smokers (impaired ciliary clearance) 

- Respiratory viruses (impaired ciliary clearance) 

- When viruses and bacteria coinfect the middle ear,  
children are more likely to develop persistent infection.  

- Early age of first infection MAY RESULT IN PERSISTANT INFECTIONS 

- Aboriginal children are thus more prone to O.M. because of HEAVY AND EARLY exposure 

Breast-feeding protects against otitis media 

 
 



Microbiology & Pathology: the MECHANISM        3.06 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PATHOGEN 
= normal URT flora = 
Gram +ve coccus  

ATTACHMENT  
By polysaccharides 

To epithelial receptors 

PREDISPOSING RISK FACTORS  
- Viral infection 
- Impaired Immunity 
- Unvaccinated  
- Young age (immature immunity) 
- Crowded living conditions 
- Smokers at home 

 

COLONISATION  
Of upper airways 

Particularly 
NASOPHARYNX 

Thick Polysaccharide 
Capsule  

Prevents phagocytosis 

An Odyssey up the 
eustachean tube 

OTITIS MEDIA 

Multiplication in the Alveolus  
 

INFLAMMATORY EXUDATE 
Neutrophils, extravasated 

blood proteins  
 

Reactive Oxygen species + 
Proteases  (esp. elastase, 

collagenase etc ) 
 

Lipotechoic Acids 
stimulate 

macrophages  

Macrophages 
Release IL-1, TNF α  

FEVER AND CHILLS  

DYSPNOEA  

CONGESTION  
Leading to 

CONSOLIDATION  

PLEURITIS  RED HEPATISATION 
Alveoli filled up with exudate, 

extravasated RBCs and 
neutrophils   MACROPHAGES 

CANNOT DIGEST 
Lipopolysaccharide 

Therefore: LPS released 
from lysosomes into 

bloodstream 
= HIGHLY 

IMMUNOGENIC !! 
binds antibody, 

activates macrophages 

Massive TNF and IL-1 
release  

Increased Endothelial 
Permeability  

OEDEMA and therefore 
Decreased Blood Volume  

SEPTIC SHOCK  

Bacteraemia  
As bacteria slip 

into bloodstream 

DEATH  

GREY HEPATISATION 
(RBCs lyse)  

EXUDATE coughed up 
or phagocytosed by 

macrophages  

FIBRIN resolves or 
organises into 
COLLAGEN 

FIBROTIC CHANGES 
? bronchiectasis 

?Pleural adhesion 

IMPAIRED CLEARANCE 
Predisposes to future infection  

LUNG EPITHELIUM DAMAGE 
 



 Basic Sciences and Comparative Diseases ���� 
Behavioural science 

ABORIGINAL HEALTH:  

Life expectancy at birth, (overall measure of health status)  

56.9 years for Indigenous men  

61.7 years for Indigenous women,  

compared with 75.2 years and 81.1 years, respectively, for non-Indigenous men and women. 
 
In 1997, fewer than 31% of Indigenous students remained in Year 12, compared with over 72% of non-Indigenous students.  
 
In the 1996 Census, while Indigenous people made up only 2.1% of the Australian population, they accounted for 19% of the 
adult prison population, and 41% of the inmates of juvenile corrective institutions (and the proportion of young Indigenous 
people in detention has increased further since the introduction of the mandatory detention laws in Western Australia and the 
Northern Territory) 
 
 The unemployment rate for all Indigenous Australians is likely to increase from 39% to 47% by the year 2006. 
 
Indigenous households are more likely to be overcrowded, but, despite this, have a lower median weekly income.  
Other measures of social disadvantage also show an over-representation of Indigenous people."  
 

Respiratory tract Infections in Indigenous Children: 

- Pattern of infection similar to developing countries (but lower mortality) 

In central Australia Aboriginal children have the highest attack rate for invasive pneumococcal 

disease that has been reported anywhere in the world.  

Known risk factors: 

- poverty,  

- crowding  

- poor living conditions 

- malnutrition 

- early colonisation of the nasopharynx with pathogens such as Streptococcus pneumoniae and 

Haemophilus influenzae. Acquisition occurs in the first 1-2 months of life in remote areas. 

 

Wasting and stunting - indices of undernutrition  
 
Wasting is weight < 3rd centile for age for the reference population. 
 approximately equivalent to < 80% of standard weight for height (ie the weight on the 50th centile for a child of that height). 
= a sign of acute undernutrition  
 
Stunting, or low height for age ie < 3rd centile for the reference population;  
approximately equivalent to < 90% of standard height for age 
 =  a sign of chronic undernutrition. (poor skeletal growth) 
 
Malnutrition amongst Aboriginal Children  
…is regularly documented in Aboriginal children since the 1960s.  
- approximately 20% of young Aboriginal children in the Northern Territory were malnourished  

- ~12% were wasted,  
- 3% were stunted  
- 5% were both wasted and stunted  

 
Low Birth Weight  
Low birth weight is more common among Aboriginal babies than non-Aboriginal babies. 
12% of babies born to Aboriginal women are of low birth weight (ie < 2,500g)  
compared with ~ 6% of babies born to non-Aboriginal women.  
associated with a number of maternal factors:  
- maternal undernutrition, 
- urinary tract infections,  
- anaemia,  
- diabetes, 
- hypertension,  
- smoking,  
- alcohol consumption 
- lack of regular antenatal supervision.  
 
 
 
 



 

Pharmacology of ANTIBACTERIAL AGENTS: 
With loud thanks to Medical Pharmacology At  A Glance, 1997 3rd

 ed. M.J. Neal 
 
* GRAM STAIN: 

Reflects important differences in cell wall structure:  

Depending on retention or not of methyl violet after washing with acetone 
+ve = peptidoglycan slime 
-ve =  LPS and double-layered phospholipid wall 

 

ANTIBIOTICS INHIBITING NUCLEIC ACID SYNTHESIS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
SULFONAMIDES: 
- Interfere with FOLIC ACID SYNTHESIS  
- Are negated by presence of pus and some local anaesthetics eg. procaine. 
- Concenrated in the urine (but may crystallise due to low solubility) 
- NOW MAINLY USED TO TREAT Urinary Tract Infections. 
- BACTERIOSTATIC 
 

TRIMETHOPRIM: 
- Mimicks FOLIC ACID;  
- 50,000 more affinity for inhibiting bacterial dihidrofolate reductase than for the human enzyme.  
- Synergistic with sulfonamides (particularly sulphamethoxazole) 
- Excreted in the urine 
- USED MAINLY vs. RESPIRATORY INFECTIONS and UTI (poor effect on pneumococcus and S.pyogenes) 
- BACTERIOSTATIC 
 

QUINOLONES: 
- Inhibit DNA gyrase, thus no supercoiling of bacterial DNA. Eucariotic cells have no DNA gyrase.  
- Good penetration into tissues, low toxicity, effective when given orally. BROAD SPECTRUM.  
- Concenrated in the urine 
- BACTERIOSTATIC AND BACTERICIDAL 
 
5-NITROIMIDAZOLES: 
- Upon entry into bacteria, Reduced into active intermediates which damage DNA and interfere with synthesis  
- Effective vs. ANAEROBES and some PROTOZOA- BROAD SPECTRUM 
- BACTERIOSTATIC AND BACTERICIDAL 
 
 
 
 
 
 



ANTIBIOTICS INHIBITING BACTERIAL CELL WALL SYNTHESIS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BETA LACTAM ANTIBIOTICS: 

PENICILLINS 
- Interfere with synthesis of bacterial wall PEPTIDOGLYCANS: 
- by preventing cross-linkage between linear peptidoglycan polymers 
- MAINLY USED FOR GRAM-POSITIVE BACTERIA: 
- GRAM NEGATIVE bacteria have an outer phospholipid wall which may hinder penicillin penetration 
- Often given with a beta-lactamase inhibitor  
- POOR PENETRATION INTO THE BRAIN! 
- Mainly excreted in the urine 
- BACTERICIDAL 

 

CEPHALOSPORINS: 
Very similar to penicillins in structure and action (i.e beta-lactam ring is primary active component) 
- Mainly excreted in the urine 

- BACTERICIDAL 
- PENETRATE Blood-Brain Barrier THUS useful in meningitis 
 
VANCOMYCIN: 
Inhibits the release of building-block peptide from carrier molecule, thus halting the synthesis of peptidoglycans 

- NOT absorbed orally!  
- BACTERICIDAL 
 
 
 
 
 
 
 
 
 
 



ANTIBIOTICS INHIBITING PROTEIN SYNTHESIS 

..Are SELECTIVELY TOXIC TO BACTERIA: 
Bacterial ribosimes have a 50S subunit and  30S subunit,  
while mammal ribosomes have a 60S subunit and a 40S subunit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TETRACYCLINES 
- Inhibit protein synthesis by competing with tRNA for the activation site (the 30S subunit) on the ribosome 
- Absorbed well into macrophages therefore good for Rickettsia and Chlamydia and other intracellular pathogens 
- !! Cause DISCOLOURATION OF NEW TEETH !! therefore not given to under 8 yr. olds 
- BROAD SPECTRUM 

- BACTERIOSTATIC AND BACTERICIDAL 
 
AMINOGLYCOSIDES 
- Interefere with protein synthesis by altering base-pairing properties of bacterial tRNA : 
- THUS misreading of mRNA occurs: NON-FUNCTIONAL PROTEINS PRODUCED, which cause cell death 
- ALL AMINOGLYCOSIDES are potentially TOXIC 

- BACTERIOSTATIC AND BACTERICIDAL 
 
CHLORAMPHENICOL 
- Inhibits transfer of the new amino acid to the growing peptide (transpeptidation) at the 50S subunit 
- Penetrates everywhere including the brain, thus VERY GOOD FOR Haemophilus Influenzae MENINGITIS 
- SERIOUS SIDE EFFECTS: bone marrow aplasia, RBC + WBC suppression, encephalopathy, optic neuritis. 
- � WILL ALMOST CERTAINLY KILL NEONATES who cant metabolise it ( “grey baby syndrome”) 
- BACTERIOSTATIC AND BACTERICIDAL 

 
 

MACROLIDES 
- Inhibit translocation of the peptide chain from the active peptide-building (A) site to the waiting (P) site (50S) 
- THUS: no new peptide is built because the old peptide is stuck at the A-site. 

- Mainly Gram-POSITIVE bacteria, like the pennicillins. 
- POOR PENETRATION OF BLOOD-BRAIN BARRIER  
-  UNLIKE PENICILLINS the macrolides are effective vs. WEIRD PATHOGENS eg. Mycoplasma and Legionella 
- BACTERIOSTATIC AND BACTERICIDAL 
 
 
 
 
 



Physiology: 
Functional Anatomy of the Ear 
normal range of hearing is from 15Hz to 15,000Hz 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(above picture is resized laterally to compensate for stupid scanner dysfunction and book thickness) 

In Summary… 

• The outer and middle ears are air filled spaces  

• the inner ear is fluid filled.  

• The inner ear is the site of neural transduction of sound.  

• The eardrum (tympanic membrane) = the boundary between the outer and middle ear.  

• The eustachian tube equalises pressure 
The general function of the ear is to transduce acoustic (mechanical) energy into neural signals.  
 



Frequency range of human hearing is matched to the frequency content of sounds of 
biological interest to humans (eg communication sounds) 
The human ear has the largest sensitivity around 1000-4000 Hz, the range for normal speech. 
As the middle ear is a mechanical system it has a resonant frequency which is around 1000Hz. As a result it transmits the 
middle range of frequencies to which humans are sensitive more effectively than low and high frequencies. 
 

Compensation for fluid/air interface at the inner ear: 
Fluid is much less compressible than air:  

THUS most of the sound energy would be reflected at the air-water  

The middle ear compensates for this impedance mismatch using three different mechanisms:  

- Lever action of the middle ear bones,  

- area differences between the tympanic membrane and the stapes foot plate  

- buckling motion of the tympanic membrane. 
-  
The resonance of a mechanical system is determined by its mass and stiffness.  
THUS: changes in mass or stiffness of middle ear will influence transmission into the inner ear. 
- Increase in stiffness increases the resonance frequency and causes a decrease in the 

transmission of low frequencies.  
- Increase in the mass decreases the resonant frequency and the transmission of high 

frequencies.  
- A combination of the two causes an overall reduction in transmission. 
 
If the Eustachian tube fails to open or becomes blocked then a negative pressure builds up in the middle 

ear as the mucosa lining the cavity absorbs the trapped oxygen. The negative pressure results in a painful 

inward distension of the tympanic membrane and an increase in stiffness of the middle ear mechanics. 

Prolonged periods of negative pressure can also be accompanied by a build up of fluid in the middle 

ear and can result in conductive hearing loss of up to 40-50dB. 

 
Deafness 
Hearing loss is measured in decibels hearing loss: 

at frequencies from 125Hz , 250Hz, 500Hz, 1kHz, 2kHz, 4kHz, 8kHz 

- A whisper reaches 30dBHL;  

- normal conversational voice, 70dBHL,  

- shouting, 90dBHL.  

3 types: 
- Conductive from loss of transmission to cochlea 

- Eg. “glue ar” from otitis media, tympanic drum perforation, otosclerosis 

- Sensory from loss of sensory structures eg. hair cells 
- (eg. Presbyacusis, noise induced hearing loss, Meniere's disease). 

- Neural from auditory nerve dysfunction 
 

SPECTRUM OF SEVERITY: 

Mild hearing loss 25-50 dBHL  
- causes minimal problems in an adult but may lead to inattention and poor performance in school age children.  

Moderate hearing loss 50-70 dBHL  
- a social inconvenience and requires treatment surgically or using a hearing aid 

Severe hearing loss 70-90 dBHL  

- prevents the acquisition of normal speech communication skills in children and urgently requires amplification 
using a hearing aid. 

Profound hearing loss (deafness) 90 dBHL or worse  

- often prevents a child from acquiring speech even using the best hearing aids available. 

- Early fitting of cochlear implant will improve prognosis 

 

 

 

 



 

PRESBYACOUSIS: aka. ”old age hearing loss” 
Is progressive high frequency sensory hearing loss. 

!! Affects 33% by age 65 !! 

easily managed with hearing aids 

 

Noise induce hearing loss (NIHL)  
is a non-progressive high frequency sensory loss often peaking at 4kHz.  

CAUSED BY:  

- Noise levels in excess of 90dBA over 8 hours,  

- 93dBA over 4hours,  

- 96dBA over 2 hours,  

- and so on (every 3 dBA after 90 halves the duration of exposure) 

 

 

IMMUNISATION: 
- more than 80% of the world's children are immunised for diphtheria, tetanus, pertussis, measles, poliomyelitis 

and tuberculosis. It is expected that poliomyelitis will be eliminated globally by the year 2005.  
- Deaths from tetanus, diphtheria and polio are now extremely rare in Australia.  
- Since the introduction of conjugated Haemophilus influenzae type b (Hib) vaccines in 1993, the number of 

cases of Hib meningitis and epiglottitis has fallen by over 90%.  
- However, measles, rubella and pertussis continue to occur 
 

the IDEAL VACCINE: 
stable, 
safe, 

administered orally in a single dose at birth, 
100% effective, 

reasonably priced 
protective for a lifetime 

 
 
ACTIVE IMMUNITY: 
Induction of memory cells 
 
PASSIVE IMMUNITY: 
Introduction of specific immunoglobulins 
 

Inactivated vaccines produce their protective effect by stimulating the production of antibodies 
- In general, inactivated vaccines require a series of doses before inducing long-term immunity 
 

live attenuated vaccines induce the production of both protective antibody and cell-mediated immunity 

- induce long-term immunity in more than 90% of recipients after a single dose. 
 

infants respond less well immunologically to vaccines than older children and adults, and therefore  

require earlier booster doses of vaccines 
 
Vaccination strategies and schedules 
BENEFITS DEPEND ON:  
- the severity of the disease in the population 
- the efficacy of the vaccine  
- the vaccination rate required to contain, eliminate or eradicate the infection. 
 
Cost benefits of vaccination: COST OF VACCINE vs. MONEY SAVED ON TREATING THE DISEASE 
The cost benefits of the vaccines presently included in the routine infant schedule are very high  
(about $14 saved for every $1 spent in the USA). 
 

Safety, side effects and adverse events 
No vaccine is 100% safe or 100% effective.   
Adverse neurological sequelae are the reactions which are likely to be of most concern.  
 
Disease surveillance 
Most vaccine-preventable diseases are sufficiently serious to be mandatorily notifiable in Australia.   
 
 



ACUTE ABDOMEN :  PANCREATITIS        
SYMPTOMS: 
- Pain which is eventually VERY SEVERE 
- Epigastric or LUQ 
- MUCH WORSE AFTER EATING!! 
- Better by leaning forward 
- May be nauseous, light-headed, anaemic 

SIGNS: 
- EXQUISITE EPIGASTRIC TENDERNESS 
- Possibly positive rebound 

- Signs of SHOCK !! 

 
PROGNOSTIC FACTORS          

Early multiorgan failure from shock = 50% mortality 
Mild disease = <5% mortality 
Late infected necrosis = WILL KILL YOU 

       If youre over 55, with WCC over 16 and rising LFTs, youre prognosis is very poor 
 
PATHOPHYSIOLOGY OF SHOCK FROM PANCREATITIS     
 
 
 
 
 
IMMEDIATE MANAGEMENT:         
Goal is to arrest progression before the development of systemic symptoms: 
- Na+, Cl-, K+ and H+ are lost through vomiting: NEED TO REPLACE 

- Thus give oxygen, normal saline, analgesia,  
- Put in a central line 
- Urinary catheter to watch output: if acutely dropping,  WORRY! 
- Replace fluids 

RUN TESTS: 
- FBC 
- LFTs 
- EUC + CMP(watch potassium and calcium)  
- AMYLASE / LIPASE  

: not specific or sensitive; 20% of cases have normal results 
UNLESS: good pancreatitis history and levels elevated to over 1000 !! 

   LIPASE MAY BE MORE SENSITIVE… 

 
SURGICAL MANAGEMENT:          

NECROSECTOMY: scoop out the abscess, if… 
- Clinical deterioration, AND 
- Bacteriological proof of infection 

High intraoperative mortality (~40%), due to Hemorrhage of splenic artery 

 (the one that runs almost through the pancreas) 
= caused by inflammation, which weakens the vessel wall and produces 
a PSEUDOANEURYSM which often bursts in the surgeons hands.  

 

 

90% caused by alcohol and gallstones 
the other 10% : 
- Hypercalcemia 

- Drugs: 

- Sodium valproate 
- Salicylates 
- ACE inhibitors 
- Azathioprine 

- Tumour 

- Mumps or coxsackie virus 

- Vascular anomaly 

- ERCP complication 

- Scorpion bite 

vomiting 

PANCREATITIS 

dehydration visceral hypoperfusion Gram-neg. translocation into 
the ischaemic gut wall 

Bacteremia  Septic shock 

GALLSTONE PANCREATITIS 

Have to do ERCP within 48 
hrs; 
STILL PROGRESSING? �  
do a contrast CT;  
may have become necrotic 
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COMPLICATIONS:            

- Necrosis and infection in the remains of the pancreas 
- Fluid at the operating site � increased intrabdominal pressure � 

� abdo compartment syndrome 
- Colonic necrosis, inflammation and subsequent colonic artery thrombosis 
- GI haemorrhage 
- Respiratory failure 
- Renal failure: 

- PRE due to hypovolemia 
- INTRA due to ischaemic tubular necrosis 
- POST due to pressure obstruction by abdominal compartment syndrome 

- Hyperglycaemia (effectively, diabettis mellitus type 1) 
- Hypocalcemia 

PSEUDOCYST:    (fake cyst - wall is not lined with epithelium) 
Not cyst- instead a pocket formed by fibrin sheaths and adjacent organ walls; 
filled with necrotic filth.  

- 35% of cases will go on to develop pseudocysts after pancreatitis 
- Takes about a month to develop.  
- 50% resolve in 3 months 

  SYMPTOMS:  
pain (radiates to back) + gastric outlet obstruction 

 SIGNS: epigastric tenderness 
 Investigate with ultrasound and CT scan.  

Management: drain it before it becomes infected!  
- Endoscopy or US-guided  

 
   

 



Idiopathic Pulmonary Fibrosis        Idiopathic Pulmonary Fibrosis        Idiopathic Pulmonary Fibrosis        Idiopathic Pulmonary Fibrosis            
Detailed History of Presenting Illness (HPI) 

• Several years history of  increasing exertional breathlessness, limiting activities 

• Severity: cannot climb one flight of stairs without stopping.  

• 2 years history mainly non-productive cough  
occasionally productive of small amounts of greyish-white sputum in the mornings.  

• Vague occasional left posterior chest pains of only mild severity with no clear precipitants.  

• Other symptoms include  
• tiredness,  

• lethargy,  

• weight loss, over 2 years, with a normal appetite.  

• SMOKING and ALCOHOL HISTORY  
 

Pertinent Findings on History (Hx) 
Past medical: 
- History of pleurisy (inflammation of pleura, sharp pain on breathing) 
- History of pleural effusion  
- bleomycin chemotherapy. (may result in pleural fibrosis) 
- Chronic bronchitis (episodes of fever and cough productive of yellow-green sputum)  

- diagnostic criteria for C.B. = productive cough for 3 months in 2 years 

Past personal: 
- OCCUPATIONAL HISTORY IS CRUCIAL: 

- Occupations at risk include: 
- Navy Engineering 
- Mining (Coal, Beryllium, Asbestos, Silicon)  
- Building 
- Rail road maintenance 

Must discover 
- Duration of exposure 
- Length of shifts 
- Attempts to reduce exposure 
- Time elapsed since exposure 
- The EXACT functions performed in the workplace (.e a mere job title is not enough) 
- Any workmates with similar illness or filing compensation claims 

- Family History: 
- Relatives affected by a pneumconiosis or mesothelioma 

- History of cancer in family suggesting familial susceptibility 
  

Pertinent findings on Examination (Ex) 
- Cyanosis  

- Finger clubbing 

- Wasting due to chronically increased respiratory effort 

- Use of accessory muscles 

- Increased respiratory rate 

- NIL CVS ABNORMALITIES 

- Chest expansion decreased symmetrically at both lung bases 

- CHANGES ARE USUALLY BILATERAL (bibasal) 

AUSCULTATION: 

- Breath sounds are vescicular 

- End-inspiratory crackles in both lung bases  (PATHOGNOMIC OF FIBROSIS) 

(silicosis usually has end-inspiratory crackles at the APEX of lung) 
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Differential Diagnoses (DDx) 
- Pneumoconiosis 
- Hypersensitivity pneumonitis 
- Asthma 
- Emphysema 
- Neoplasm of lung 
- Infectious lung disease 

 
Tests and Investigations  
Chest X-ray  
- Example below: Anterior view 

- bilateral interstitial shadowing, more pronounced in the bases;  

- blunting of costophrenic angles, may be more marked on one side (shown here: Rt side) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
chest radiograph may show irregular or linear opacities, usually first found in the lower lung fields. 

When the disease is extensive, opacities may be seen in the middle and upper lung fields 

Also seen, but not expected: 

 indistinct heart border  

ground glass appearance  

***Thickening or calcification along the lower lung fields, the diaphragm, and the cardiac 

border characterizes pleural plaques. 

 

 

 

 



Lateral X-ray of he chest: 

RESPIRATORY FUNCTION TESTS: 
Spirometry: lung volumes REDUCED ACROSS THE BOARD 

Expected: a reduction in total lung capacity, vital capacity (FVC), and residual volume (RV).  

- The FEV1/FVC ratio is normal or increased, expected normal ratio is ~ 80% 

- there is a resting hypoxemia with  

- normal carbon dioxide tension  

- normal blood pH.  

- carbon monoxide diffusing capacity is usually reduced by 30% to 50%. 
Overall, DIAGNOSTIC OF RESTRICTIVE LUNG DISEASE- reflecting STIFF UNCOMPLIANT LUNGS 

 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ARTERIAL BLOOD GAS BIOCHEMISTRY on room air: 
Consistent with moderate / severe hypoxaemia and reduced gas exchange. 

- pH: Alkaline (higher then the normal 7.40;  acceptable range = 7.35-7.45) 
- PaCO2: Normal (expected: ~40mmHg;  range = 35-45) 
- PaO2: VERY LOW (expected: 74-100mmHg;)  
- Bicarbonate: Normal levels (expected range = 22-26 mmol/L) 
- Base Excess: Normal levels (expected range +2 to –2) 
- A-a D O2 : ( Alveolar-arterial Oxygen tension difference): VERY HIGH 

(expected: 11-27 mm Hg; increased difference means drop in perfusion) 
- O2 Hb Saturation (SaO2) is DANGEROUSLY REDUCED (normal range = 97-99%) 

(below 90 = something is very wrong) 
- Venous Admixture: INCREASED (this means some venous blood from the Rt ventricle is 

being passed along non-perfusing capillaries; thus it makes it out of the lung without being 
oxygenated; THEREFORE it points to ventilation-perfusion mismatch where V= abnormal) 

EXPECTED = no more then 10% 

 
SERUM BIOCHEMISTRY: 
Test for  

Antinuclear factor (antibody); to eliminate SLE or other autoimmune disorders 

   Absence of ANF excludes autoimmune disease. 

Rheumatoid factor, to exclude occult rheumatoid arthritis. Absence excludes.  

 

HIGH-RESOLUTION THORAX CT  
showing widespread micronodular 
fibrosis with areas of honey combing, 
especially in the bases.  
No hilar mediastinal lymph node 
enlargement  
No pleural effusions or masses. (rules out 
mesothelioma which most commonly 
originates @ pleura)  
There is reactive lymphadenopathy.  

 
         NOTE ON CT INTERPRETATION: 

ALWAYS looking from beneath, as if 
standing at the foot of the patients bed. 
THEREFORE your right is the patients left. 
 

EXERCISE TOLERANCE TEST 
Expected: Moderate reduction in 

maximum work load in association with 

progressive arterial O 2 desaturation. 
- CRUCIAL FOR OBJECTIVE 
EVALUATION OF FUNCTIONAL 
IMPAIRMENT 
 



 Asbestotic lung. The x-ray on the left shows typical calicified pleural  
plaques (A). The high-resolution computerized tomography on left shows  
them clearly, in cross-section (B).  
 
PATHOLOGY STUDIES: Bronchoscopic tour-de-force 

bronchoalveolar lavage (BAL): 
- increased effector cell count (350 x 10 

3 
/mL fluid; Normal range 100-150 x 10 

3 
/mL fluid),  

- with neutrophil predominance (24%; Normal range is  less than 1%)  

transbronchial biopsy (TBB) and microscopy: 
diffuse interstitial inflammation and foci of mild interstitial fibrosis. One asbestos body seen. 

Stains for  

bacteria, negative (infectious cause eliminated) 

acid-fast bacilli, negative (eliminates M.tuberculosis) 

fungi negative; (eliminates Aspergillus) 

no evidence of malignancy. (eliminates neoplasm) 

Results consistent with idiopathic pulmonary fibrosis, asbestosis, or drug-related interstitial fibrosis.  

 
  

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are aggregates of inflammatory cells in the lung, mainly macrophages (m) with granular cytoplasm.  

A few of these contain asbestos bodies (asbestos fibres coated with haemosiderin, resulting in a deep 

brown colour). One of these (arrows) exhibits a typical beaded appearance and a slightly swollen upper 

end.  There should also be lymphocytes, plasma cells and neutrophils present in the alveolar spaces. 



OTHER INVESTIGATIONS: 
FBC, biochemistry and liver function tests = normal. Needed to determine comorbidities which may 

impact on management decisions  

 

How is this diagnosis made ? 
The clinical, physiologic, and radiologic findings of asbestosis are not specific and can be seen in diffuse 

interstitial fibrosis of other causes, 
Basal crackles at end of inspiration are diagnostic of pulmonary fibrosis, and consistent (BUT NOT 
DIAGNOSTIC) of asbestosis 
RESTRICTION discovered on spirometry confirms fibrosis.  
Microscopy should reveal no infectious or neoplastic agents; instead there should be several asbestos amphiboles 
with hemosiderin coating. 
History (esp. occupational) plays the MOST VITAL ROLE in diagnosis – exposure to asbestos is a big clue. 

 
Disease Definition 
Previous exposure to asbestos with inhalation of inorganic particles which induce interstitial inflammation 

in the lung parenchyma with accumulation of inflammatory cells in alveolar walls leading to fibrosis. 

Thickening and fibrosis of alveolar walls disrupts gas exchange unit leading to hypoxia. Fibrosis stiffens 

the lung parenchyma leading to lung restriction and reduced compliance causing breathlessness. Chronic 

inflammation in the lung with inflammatory cytokines results in systemic symptoms.  

 
Management 
THERE IS NO CURE. 

- Manage symptoms and aim for return to functional normality 

- Assessment of / assistance with activities of daily living (occupational therapy, physiotherapy, and 

community nurse) 
- Diuretics and Oxygen for end-stage cor pulmonale  
- CORTICOSTEROIDS to reduce macrophage-mediated inflammatory process (i.e. halt  or slow fibrotic change)- 
- -approx. 1mg/kilogram for 2 months. 
- -ONLY HELP 15-20% of pts 
- ACE inhibitors to manage hypertension 
- Cessation or assistance with of aggravating tasks requiring exertion (may mean retirement on pension) 

Refer to the Dust Diseases Board for disability pension and worker's compensation assessment. 

- Refer to specialist unit for assessment of suitability for lung transplantation.  

- domiciliary O 2 therapy a (via O 2 concentrator) to improve oxygen saturation. 

- IMMUNISE for pneumonia and influenza 

- ADVISE to quit smoking, if relevant. 

FOLLOW UP: 

- Regular chest X-rays and pulmonary function testing to monitor progression. 

Prognosis 
The outcome of asbestosis depends upon the duration and extent of the exposure; 

mesotheliomas have a poor prognosis with 75% of those affected dying within 1 year.  

Regression of the disease is rare. 

 
Epidemiology 
1.3 million American employees in construction and general industry alone face significant asbestos exposure on the job.  
Asbestosis is reported to have killed 876 Americans from 1979 to 1992 and has been increasing since then.  

Smoking, asbestos exposure and lung cancer 

Exposure Relative risk 
Non smoker 
No asbestos exposure 

1 

Smoker 
No asbestos exposure 

11 

Non smoker 
Asbestos exposure 

5 

Smoker 
Asbestos exposure 53 



Prevalence of mesothelioma  in workers who have had heavy exposure over extended periods is about 2 to 3 % and has been 
reported to approach 10 %. 

More than 80 % of mesotheliomas may be associated with asbestos exposure. 
 
Pathophysiology, Aetiology and Pathology 
INFLAMMATION IN THE LUNG: 
Most often due to inhaled particles: 
OBSTACLES to inhalation are 

- Nasal conchi (trap particles) 
- Mucous secretions 
- Ciliary escalator  
- Alveolar macrophages  

(may either digest the particle, be moved to a bronchiole for clearance by the mucociliary raft or the macrophage 
may enter the interstitial space, from where it may enter the lymphatics.) 

Inflammatory and immune effector cells normally account for <7% of the total lung population  
They consist of  
- macrophages (93%), lymphocytes (7%),neutrophils and eosinophils (<1%). 
- Neutrophil infiltration is usually the result of macrophage activation 

(macrophages produce IL-8 which is chemotactic to neutrophils) 
Size of particles:  

- >10 micrometers are deposited in the upper airways, 
- 3-10 micrometers lodge in the trachea and bronchi,  
- 1-5 micrometers particles (eg bacteria) can make their way to the alveoli, 
- smaller particles may remain suspended in air and can be exhaled. 

Properties of particles relevant to pathogenesis: 
- Solubility  
- Surface Area 

- Free Radical Availability 
ASBESTOSIS 
Asbestosis is defined as bilateral diffuse interstitial fibrosis of the lung parenchyma caused by asbestos fibres. 
Except for a history of exposure to asbestos, asbestosis resembles the other forms of diffuse interstitial fibrosis. 
Fibres of asbestos tend to accumulate preferentially in the lower lobes and adjacent to the visceral pleura. Fibrosis is 
usually more prominent in these regions. 
PATHOGENESIS  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Classical Complement Pathway: 
Activated by IgG (direct opsonin) 
Or IgM (a more potent complement 
activator than IgG by 20X, but not 
able to opsonise  directly ) 

 

Immune Complexes 

 
Complement 

 
Inhaled Particles (Asbestos) 
 

 

Activated T-
lymphocytes 

 C3a 

C5a 

C3b 

Resident 
Macrophage 
Activation 

 PDGF 

 

FGF 

 

Transforming GF β 

 
Activation  
recruitment and 
adhesion of  
FIBROBLASTS 

FIBROSIS: 
- Reduced Tidal Volume 
- Reduced diffusion across 

thickened membrane 
- Hypercapnea 
- Cyanosis 
- Hypoxic muscle cramps 
- Fatigue from respiratory 

overexertion 

 

Neutrophil activation 
and chemotaxis 

 

Production of proteolytic 
enzymes  
Eg. ELASTASE 

 

Degradation of basal 
lamina 

 

Deposition of 
collagen into 
lung interstitial 
tissue and pleura 

 

Metaplasia of some respiratory 
epithelium cells:  
Type 2 cells replace Type 1 

 



 
Physiology 

Compliance of the Chest Wall and the Lungs 
Lung Compliance: how easily the lungs expand under distending pressure. 

Lung Elastance is the resistance to this pressure, i.e the tendency of the lungs to collapse like an empty balloon 
elastic recoil pressure = the distending pressure that must be applied to produce any particular lung and chest wall volume 
Distending Pressure = transmural pressure = DIFFERENCE BETWEEN ALVEOLAR AND PLEURAL 

 
elastic effects of fibrosis and emphysema.  
 Stiffness  Compliance  Elastance  Restrictive  

Fibrosis  Increased Decreased Increased Yes 

Emphysema  Decreased Increased Decreased No 
 

Compliance reflects passive elastic properties so it is measured under "static conditions" (ie during relaxation of the respiratory muscles and 
with no airflow). To measure compliance the subject inhales to total lung capacity and then exhales slowly to residual volume, stopping every few 
hundred millilitres to relax against an occluded mouthpiece.  

 
 
Lung Compliance Diagram: total resp. system 
Compliance is the slope of this curve.    Below: Rahn diagram (components of the respiratory system  

curve to the left 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ELASTIC PROPERTIES OF THE LUNG: 
- Conveyed by :  
- Elastin and Collagen: Fibres mesh  

so that they can slide past each other. 
- Surfactant: lowers the surface tension 

(thus makes the alveoli easier to expand) 
 
THE LUNG IS MORE DIFFICULT TO EXPAND AT FULL LUNG CAPACITY (curve is less steep)  
This also explains the difference in regional ventilation: 

- Lungs are more compliant at smaller volumes,  
- Volume at the base is smaller (because the base is compressed by the diaphragm) 
- The pressure on the apex is the same as on the base 
- Thus, the base has greater initial compliance than the apex (thus more air flows into the base) 

 
Chest Wall Compliance: 
- The chest wall has elastic properties: if the sternum were cut the ribcage would spring open 
- INSPIRATION: chest wall recoil helps expand the chest UNTIL 2/3rds of Total Volume: 

- At Two Thirds of TLC: chest wall reaches its resting position 
- Thus more pressure is needed to expand past this point 

- EXPIRATION: below the resting position, the thorax is  
being compressed by difference of pleural and 
 atmospheric pressures; thus inflation pressure is 
 negative. 

 
 
 
 



HYSTERESIS: 
the difference in compliance  
between inspiration and expiration; 
= PRESSURE REQUIRED TO INFLATE IS GREATER 

THAN PRESSURE REQUIRED TO DEFLATE 
I.e for the same pressure, the lung volume at inflation 
 will be smaller then the lung volume at deflation  

- Because surface tension at the alveolus 
 contributes to elastic recoil 
 
 
 

           Above: Hysteresis 

  Gas Exchange Unit  
STRUCTURE: 
The pulmonary acinus is defined as that portion of lung distal to the terminal bronchiole, 
comprising the respiratory bronchiole, alveolar ducts, alveolar sacs, and alveoli.  
This is the anatomic unit that takes part in the gas exchange process. 

 

Adjacent alveoli frequently abut, and the resulting tissue between the two airspaces is termed 
the interalveolar septum, which includes the connective tissue and capillaries sandwiched 
between the two layers of lining epithelium. 
 
MECHANISMS OF SHORTNESS OF BREATH 
Humans can perceive several respiratory sensations:  
- localised irritation,  
- respiratory discomfort,  
- perception of position and motion.  
“Breathlessness” is rated differently by individuals. Investigators have also assessed respiratory 
sensations in different ways making comparisons between studies difficult 



THUS: one must be as precise as possible with the use of language, both in defining the experimental 
task to the subject and interpreting the results. 
Assessment of breathlessness  

• Indirect methods,  
• clinical interview,  

• questionnaires for assessing exercise limitation  

• exercise tolerance.  

• Direct methods,  

• scaling of respiratory mechanical events,  

• scaling of breathlessness ratio, linear scaling by visual analog, etc. 

 
Mechanisms of breathlessness  
The neurophysiological mechanisms are poorly understood.  
Exercise results in many simultaneous physiological changes which could be sensed.  
In disease, pathological changes may cause earlier activation of the same mechanisms or 
additional "abnormal" afferent neural activity. 

• CHEMICAL STIMULI: (hypercapnia, hypoxia, and acidosis). Triggered by low oxygen or 
high carbon dioxide in bloodstream. 

• PULMONARY RECEPTORS: (stretch, irritant, C-fibres) contribute VERY LITTLE to the 
senstion of breathlessness  

• RESPIRATORY MUSCLES: (perception of force/pressure, load, volume). THEORY: 
tension developed in the respiratory muscles can be sensed as inappropriate 
relative to the demand for ventilation. HOWEVER: paralysis studies suggest the role of 
these mechanoreceptors is not essential for sensation of SOB. 

• CENTRAL RESPIRATORY COMMAND: MOST IMPORTANT COMPONENT. 
Awareness of motor output to the respiratory muscles (via collateral discharge within 
the CNS) rather than afferent feedback from the muscles. 

 

 
Biochemistry 
 

COMMON FORMS OF ASBESTOS  

Form  
Chemical 
Formula  

Shape 

chrysotile  
(accounts for 90% of asbestos in 
products) 

3MgO-2SiO2-
2H20 

white, curly  
(serpentine family) 

amosite  (FeMg)SiO3 
Brown or gray, straight (amphibole 
family) 

crocidolite  
Na2O-Fe2O3-
3FeO-8SiO2-
H2O 

blue, straight  
(amphibole family) 

Today only chrysotile - so called "white asbestos" - is mined and incorporated into products. However, 
since asbestos is indestructible, older buildings and products (pre-dating 1970s) may also contain some 
amosite (brown/off-white) or crocidolite (blue) asbestos. 
 
Genetics 
Asbestosis is often associated with an activation of several genes, including c-fos, c-jun, and c-myc,  

which are commonly involved in causing cancer, inflammation, and cell proliferation. 
 
 
 
 
 



Transport of Oxygen and Carbon Dioxide 
OXYGEN TENSIONS FROM ALVEOLI TO MITOCHONDRIA 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
Figure 1.  The transport of oxygen in higher organisms requires the presence of concentration gradients at several 
sites, with the oxygen tension progressively falling from the lung alveoli to the mitochondria in the peripheral tissues 
where oxygen is consumed. 
 

Although oxygen tension falls in several places, 

 the greatest fall in oxygen tension occurs across the systemic capillaries. 
Mixed venous partial pressure of O2 (PvO2) is normally 40 mmHg.  

The existence of an end-capillary gradient PO2 in some peripheral tissues is indicative of  

diffusion limited transport.    The total body oxygen stores are cells, blood and lungs. 

 

 
MYOGLOBIN is a protein which binds oxygen for storage; it contains 1 haem group (binds 1 molecule of O2) 

It is present in red skeletal muscle. 
 
Myoglobin dissociation curve. 

    
 
 

 
 
At venous PO2 levels, myoglobin is nearly fully saturated. 
At mitochondrial PO2 levels, a small fall in PO2 causes 
myoglobin to release most of its oxygen for use (steep part of 
curve). 

 

 

 

Oxygen is carried in blood in 2 forms: 
Dissolved in plasma.  Normally insignificant. (less than 1%) 
Bound to haemoglobin in red blood cells.    One molecule of haemoglobin can bind 4 molecules of O2. 
 

PARTIAL PRESSURES: 
Dalton’s Law:The partial pressure of a mixture of gases equals the sum of partial pressures of each gas. 
1kPa = 7.5 mmHg  

Patm   =  PO2 + PN2 + PCO2 + PH2O 
Air in the lungs is warmed and humidified; therefore PH2O is taken as 47mmHg (100% humidity, saturated air) 
Oxygen = 21% of air; thus PO2 = 0.21 x (760 – 47) = 150mmHg at 37degrees. 
When breathing 100% O2  PaO2 = 600 mmHg 
Even breathing 100% oxygen (to give an alveolar PO 2 of ~600 mmHg), will only result in 2.0ml O 2 / 100ml blood.  
 
O2 Saturation. 
The percentage of haemoglobin which has bound oxygen. Normally ~ 97.5% 

1g of haemoglobin can bind 1.39 ml O2 

Normal blood has ~15gm Hb / 100ml blood.  

Therefore, the oxygen carrying capacity of normal blood is ~20.8ml O 2  per 100ml blood 

 



The amount of oxygen carried by Hb increases rapidly up to a PO 2 of around 50 mmHg.  

Above this the curve flattens off.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
O2 dissociation curve (solid line) for pH 7.4 PCO2 40  mmHg and 37°C.  The total blood O2 content is also shown for a haemoglobin 
concentration of 15 g/100 ml of blood. 

The shape of this curve has a number of physiological advantages: 

Flat upper part = loading of Hb with O 2  is the same even when alveolar PO 2 falls somewhat. 

Steep lower part means that large amounts of O 2 are unloaded in the peripheral tissues for only a small 

drop in PO 2 (the PO 2 is much much lower in the tissues) 

 P50  is the pressure required to saturate half of the binding sites 

The curve shifts LEFT when Hb affinity for Oxygen is LOW 

Curve shifts RIGHT when Hb affinity is HIGH 

 

Hb affinity for oxygen is reduced by  

- increases in temperature,  

- H+ concentration,  

- PCO 2  

- 2,3-diphosphoglycerate (DPG) concentration in red blood cells. (a by-product of red cell metabolism)   

 

This means that more O 2 is unloaded for a given PO 2 , effectively increasing oxygen delivery to tissues 

that are acidic, hot and hypercarbic (eg exercising muscle).  

Increasing PCO2 causes a decreased blood pH (acidosis). 
Acidosis promotes oxygen unloading. 
Alkalosis inhibits oxygen unloading. 
This effect of PCO 2 on Hb affinity for O 2 (where an increase in PCO 2 reduced Hb affinity for O 2 ) 

 is called the Bohr effect.  

 

SHIFTS IN OXYHEMOGLOBIN DISSOCIATION CURVE have little effect on Hb loading in the 

alveoli because the curve at high PO2 is still fairly flat no matter how far the curve shifts. 
 
Anaemia will decrease the oxygen carrying capacity of blood without independently altering the P50 of blood. 
Polycythaemia will increase the oxygen carrying capacity of blood without independently altering the P50 of blood. 
 

Carbon Monoxide binds haemoglobin at the oxygen binding sites to form carboxyhaemoglobin.  It has 

approximately 210 times the affinity of oxygen. 

 

 

 

 

 

 

 

 

 

 



 
 
CARBON DIOXIDE STORES 

 
Carbon dioxide is carried in the plasma in two forms. 

Dissolved CO2.  At PvCO2 = 45 mmHg the dissolved CO2 concentration is 3.4 mL/dL. 
Carbamino compounds.  Plasma protein concentration is about 7%.  CO2 binds the amine groups 
of plasma proteins to form carbamino compounds.  The hydrogen ions formed are buffered by 
plasma proteins. 

R - NH CO R - NH - COO H2 2

- +
+ ⇔ +  

Plasma has little carbonic anhydrase so CO2 forms little carbonic acid in plasma. 
Carbon dioxide is carried by the red blood cell in three forms. 

Dissolved CO2.  CO2 can cross the red cell membrane and dissolve in RBC water. 
Carbamino compounds.  Approximately 30% of RBC contents is haemoglobin.  CO2 can form 
carbamino haemoglobin on amine groups.  The H

+
 released by this reaction is buffered by histidine 

residues (imidazole group) on the haemoglobin itself. 
Bicarbonate.  Carbonic anhydrase is present in RBCs and catalyze the formation of carbonic acid 
which dissociated to hydrogen ion and bicarbonate.  The H

+
 is buffered by haemoglobin. 
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HCO 3 diffuses out of the red cells, but H+ cannot 

so Cl moves in to maintain electrical neutrality.  

90% of arterial CO2 stores are carried as HCO
3−

  

5% of the stores carried as dissolved CO2 

5% of the stores as carbamino compounds. 
 
Of the CO2 added in systemic capillaries,  

60% is added as HCO
3−

 ,  

30% is added as carbamino compounds and  
10% is added as dissolved CO2. 
 
The comparison of CO2 and O2 dissociation curves���� 
CO2 content is far higher than O2 content at physiological 
partial pressures. 
 
 

 
 
Haldane effect:  
Some of the H+ binds to reduced Hb (which is less acid than oxygenated Hb).  

Therefore, reduced Hb assists the loading of CO 2 whereas oxygenated Hb assists in the unloading of CO 2 

(facilitating transfer to the lungs). This is called the Haldane effect.  

Thus:  
 Increasing O2 tension decreases the affinity of haemoglobin for CO2.  As a result the CO2 “dissociation 
curve” shifts downward. 

 
High PO2 promotes CO2 unloading in the lungs. 
Low PO2 promotes CO2 loading in the periphery 

 
An increase in PCO2 results in respiratory acidosis. 
An decrease in PCO2 results in respiratory alkalosis. 

 
The effect of altered PCO2 on pH depends on whether the bicarbonate buffer system acts alone or in concert with 
other buffer systems. 



 
IN BODY FLUIDS: 
CSF.  The bicarbonate buffer system works alone and PCO2 has a larger effect on pH. 
Blood.  Haemoglobin buffers H

+
 changes in addition to HCO3

-
. Thus, changes in PCO2 have somewhat blunted effect on pH. 

 

The lungs excrete 100 times more acid than the kidneys each day 
 

pH and the Arterial Blood Gases 
ABG analysis measures the partial pressures of O 2 and CO 2 in arterial blood. (not quantity- pressure!) 

Optimally a sample volume of 2.5 to 3 mls is required in the adult. 

Usually taken from a peripheral artery (eg radial, brachial, femoral),  

Taken when the patient  

- is relaxed at the time of the procedure 

- is in a steady state (usually at rest)  

- has been inspiring a constant, known level of oxygen for at least fifteen to twenty minutes.  

Use local anaesthetic to prevent hyperventilation 

 The blood is collected into a pre-heparinised syringe that is sealed air-tight after sampling. The sample is 

transported (on ice) immediately for laboratory analysis. 

The concentration or fraction of oxygen in the inspired air (FiO 2 ) should be noted when the ABG 

sample is collected (eg room air = 0.21), remembering that the FiO 2 delivered by nasal prongs or a mask 

apparatus is unreliable and non-constant.  

 

 

NORMALS: 
PaO 2   =   90 to 100 mmHg,  
PaCO 2   =   35 to 45 mmHg 
arterial pH  =  7.34 to 7.44 
Base Excess     =         +1 to -1 mmol/l 
Bicarbonate      =         25 to 35 mmol/l 
SaturationO 2   =         94 to 99% 

 

Conclusions may be drawn about the chronicity of any derangements in PaO 2 or PaCO 2 and the relative 

contributions of metabolic and respiratory components to the measured ABG profile.  

 

A-a DO 2 :  

the difference between the oxygen tension in alveolar gas (PAO 2 ) and the oxygen tension in arterial 

blood (PaO 2 - obtained from the ABG sample). 

Even in normal healthy individuals this difference is 5 to 15 mmHg, and increases with age.  
PAO 2 is not easily measured, and so must be calculated using the simplified alveolar gas equation which takes into account the partial pressure 
of oxygen in inspired air (PiO 2 ), the patient's metabolic state reflected by the respiratory quotient (R - the ratio of CO 2 production to O 2 
consumption) and the PACO 2 - the other major gas being "exchanged" in the alveolus. Because of the nature of CO 2 , its diffusion across the 
alveolar membrane and its carriage in blood in a dissolved form (rather than being bound to a carrier molecule like haemoglobin), the PACO 2 is 
usually taken to be equal to the PaCO 2 - obtained from the ABG analysis. The PiO 2 should take into account the saturated water vapour 
pressure (PH 2 O) of gas at body temperature. At 37 

o
 C this is approximately 47 mmHg. If the FiO 2 and the barometric pressure (PB) are known, 

PiO 2 may be calculated using the formula:  
 
 PiO 2 = FiO 2 x (PB - PH 2 0)  
 
The simplified alveolar gas equation is given by: 
 

PAO 2 = PiO 2 - (PaCO 2 / R)  
 
To be precise, R should be measured by calculating O 2 consumption and CO 2 production for a period of time. The normal range is between 0.7 
and 1.0; for quick clinical calculations of the A-a DO 2 , a value for R of 0.8 is usually used. Similarly, a PB of 760 mmHg is usually used for quick 
clinical calculations at or near to sea-level.  
The A-a DO 2 is then given by:  

A-a DO 2 = PAO2 - PaO 2  

Elevations in the A-a DO 2 reflect  

- shunting of cardiac output,  

- impairment of diffusion across the alveolar membrane  

- mismatching of ventilation and perfusion (also termed V/Q mismatch or V/Q inequality).  

 



INTERPRETATION OF ABG TESTS: 

Above: the relationship between plasma [HCO3
-
], pH and PCO2  

A buffer line runs from A to B; this is because any change in PCO2 will produce an equivalent change in HCO3
-
 because of bicarbonate buffering.  

Point N = the normal  
Lines running perpendicular to A-B are the constant PCO2 levels  

 
 
 
 
 
 
 
 
 
 
 
 
 



Pathology 
Causes of Fibrotic Lung Disease 
this is a group of diseases of lung parenchyma which may result in pulmonary fibrosis 
clinicians recognise ILD as a syndrome with the following clinical features: 
- exertional dyspnoea  
- cough  
- rapid shallow breathing pattern  
- bilateral coarse crackles on auscultation.  
- bilateral interstitial infiltrates on chest x-ray and high resolution CT scan (reticulo-nodular or ground glass 

patterns) 
- RESTRICTION defect (reduction in all lung volumes, normal or high FEV1/VC ratio) 
- impaired gas exchange (hypoxaemia, V/Q mismatching at rest) 
- clubbing and development of right heart failure (late signs)  
- reduced DLCO (diffusing capacity 

- histopathologic features of inflammation and fibrosis of the pulmonary parenchyma on biopsy.  
 
FIBROTIC LUNG DISEASE IS BROADLY CLASSIFIED INTO SIX GROUPS: 
 

1. Idiopathic pulmonary fibrosis (cryptogenic fibrosing alveolitis)  
2. Granulomatous diseases  

• Unknown cause  

• Sarcoid  

• Histiocytosis-X  

• Known causes  

• Hypersensitivity pneumonitis (extrinsic allergic alveolitis)  
3. Collagen-vascular/connective tissue disease  

• Scleroderma, rheumatoid arthritis  
4. Inhalational Causes  

• Occupational  

• Asbestosis  

• Silicosis  

• Coal-workers pneumoconiosis  

• Environmental gases and fumes  
5. Inherited Causes  

• Tuberous Sclerosis, Neurofibromatosis  
6. Other Specific Entities  

• Drug Induced eg chemotherapeutic agents (including Bleomycin), nitrofurantoin, methysergide  

• Alveolar proteinosis  

• Lymphangitic carcinomatosis  

• Idiopathic pulmonary haemosiderosis  

• Eosinophilic lung diseases.  
 
 
 
These diseases are ‘restrictive’ lung diseases – ie no airway obstruction (and no wheeze)  
- total surface area of gas exchange is reduced hence symptoms  

- dyspnea 
-  tachypnea 
-  shallow breathing 
-  eventual cyanosis and cardiac sequelae of chronic hypoxia 

(notably secondary pulmonary hypertension and right-sided heart failure (cor pulmonale) 
 

Diffuse interstitial lung disease is most commonly of environmental aetiology (25%),  
sarcoidosis (20%), 
idiopathic pulmonary fibrosis (15%) 
collagen vascular diseases (10%). 

 
 
 
 
 
 



Behavioural science 
Occupational disability and impairment 
- A disability is not the same as an employment handicap 

- Primary disability = the impairment eg. lost limb 

- Secondary disability = psychological sequelae of primary disability 
 
TAKING AN OCCUPATIONAL HISTORY: 
A job title is not adequate, a full description of what the job entails is a bare minimum.  
- What do you/did you work with?  
- Could you please describe exactly what you do?  
- What hours do you/did you work? (shift work may confuse a possible association)  
- When did your problem first start?  
- Has anyone else at work had similar problems?  
- Do you/did you notice any change in your symptoms at weekends or on holidays?  
- Have there been any spills or accidents at work recently?  
- Do you use any mask (gloves/ eye shields/ earplugs)?  
- Do you smoke or drink alcohol? (or any other substance use) 
is important to try and determine the duration and intensity of exposure. 
1. How was the task done e.g. was an adhesive applied with a paint brush while the patient leant over it?  
2. Was the dust concentration so bad that one could not see clearly through it, or the noise so loud that communication was difficult? 
3. If control of exposure to a chemical appeared poor, what sort of quantities of it were handled?  
4.  Was there any attempt at segregating harmful tasks, or providing local exhaust ventilation?  
5. Special questions are warranted in relation to personal protection. Eg What kind of mask? What colour, shape? How long was it worn for? 
 

Epidemiologic 

criteria for 

causality: 

 

 Clinical Questions: 

Temporality When in relation to exposure do / did the symptoms start? 

Reversibility Do the symptoms improved when no longer exposed e.g. on holiday? 

Exposure-
response 

Are the symptoms especially worse when undertaking tasks or in areas with 
high exposures? 

Strength of 
association 

Do other workers / patients suffer from similar symptoms associated with the 
same exposures? 

Specificity 
What other exposures / causal factors could be responsible for the same 
symptoms? (Smoking perhaps?) 

  

 Other data, or information processing: 

Consistency 
Are there other reports of the same symptoms associated with or caused by 
the same exposure?  

Analogy 

Even if there is no evidence to hand of identical exposures or circumstances 
resulting in the same symptoms, have similar agents/ chemicals of similar 
structure been implicated in the same symptoms of for example ... dermatitis, 
... or asthma. 

Biological 
plausibility 

Do the symptoms 'add up' in terms of what is known about the mechanisms of 
disease? 

  

Note: judgements in relation to the above should be made 'in the round'. For example: Just because a worker complaining of shortness of breath 
happens to be a smoker does not necessarily mean that his symptoms can be ascribed to smoking.  

Occupational injury and disease has been estimated to cost the nation about $40 billion per year, with 3000 deaths per year due to injury and 
disease and about 700 000 disabling injuries per year related to work. 

 
 
 
 
 
 
 
 
 



Pharmacology (drug names – how they act and where they act) 

Corticosteroids 

Prednisone (Prednisolone) 

Mechanism of 

Action 

Prednisone is inactive, converted to Prednisolone; Powerful anti-

inflammatory and immunosuppressant, acts on almost every pro-

inflammatory cell and agent in the body.  

Dosage 20-40 mg daily max 80 mg  

Other Uses 
Steroid responsive conditions; Severe acute asthma (status asthmaticus) 

attack prophylaxis;  

Contraindication 
Active infections; Live vaccines; Prolonged use and high doses; 

Postmenopausal women; Cardiac, renal, hepatic impairment;  

Side Effects 

Diminished infection response; Decrease of endogenous glucocorticoid 

synthesis; Cushing's syndrome; Osteoporosis; Psychosis; Cataracts; Other 

metabolic side effects.  

Risk in Pregnancy A 

 
Beclomethasone 

Mechanism of 

Action 
Inhalatory corticosteroid. Mechanism of actions same as for Prednisolone.  

Dosage 50-200 mcg 2x daily; Response-dependent 

Other Uses Prophylaxis and prevention of Asthma, including exercise-induced Asthma 

Contraindication TB; Pulmonary infections; Abrupt withdrawal; monitor lung Fx 

Side Effects 
Less common than with oral steroids; Oropharyngeal candidiasis (thrush); 

Dysphonia; Adrenal suppression (large doses); Other systemic effects; 

Risk in Pregnancy B3 

 

Beta adrenoceptor antagonists 

Metoprolol, Atenolol (longer half-life) 

Mechanism of 

Action 

Beta-1 Adrenoceptor Antagonist, decrease in exitability of myocardium -> 

decrease Heart Rate and Cardiac Output.  

Dosage 50mg x3 daily  

Other Uses Hypertension; Angina; Migraine Prophylaxis;  

Contraindication 
Bronchospasm; RVFailure due to Pulmonary HT; RVHypertrophy; Sinus 

Bradycardia;  

Side Effects 
Hypotension; Bradycardia; Cold Extremities; Headache; 

Bronchoconstriction; Hypoglycaemia;  

Risk in Pregnancy C 

 

ACE Inhibitors 

Captopril 

Mechanism of 

Action 

Blocking Angiotensin II formation -> Prevention of Vasoconstriction 

characteristic in Hypertension  

Dosage 25mg x2 daily 

Other Uses 
High Blood Pressure; Heart Failure; Post-MI Survival; Diabetic 

Nephropathy; 

Contraindication Hx of Angioedema;Ppregnancy; 

Side Effects Hypotension; Angioedema; Hepatic Impairment; Dry Cough;  

Risk in Pregnancy D 

 

 



Pulmonary Tuberculosis                      Pulmonary Tuberculosis                      Pulmonary Tuberculosis                      Pulmonary Tuberculosis                          
Detailed History of Presenting Illness (HPI) 
- Chronic productive cough (occasional haemoptysis) – HAEMOPTYSIS = RED FLAG 

 resistant to Amoxicillin if previously treated for bronchitis with antibiotics  
- Recent onset of night sweats. 
- >5kg weight loss. 

 
List of Differential Diagnoses (DDx) 
- chronic bronchitis 
- pneumonia 
- TUBERCULOSIS 
- Lung cancer 
- asthma 

 
List Pertinent Findings on History (Hx) 
Need to check level of English (Interpreter required?) 
- Duration of cough complaint  
- Productive?  
- What colour is it? HAEMOPTYSIS?  
- wheeze? 
- short of breath? At rest? Duration? Severity?  
- How much activity can be sustained before shortness of breath puts a stop to it?  
- Chest pain? Exacerbated by coughing or movement? 
- Duration of nightsweats?   
- Reason to explain weight loss eg diet, loss of appetite?  
- Over what period did the weight loss occur? 
- Fatigue? 
- Joint pain? 
Past Hx  
- any previous respiratory illnesses?  eg  pneumonia, TB, chronic bronchitis, asthma. 
- Recent Chest XRay? Previous CXR? 
- ever been vaccinated against TB (BCG)?  
- Ever had a MANTOUX TEST? 
- ever had these symptoms before? 
- had a recent cold? 
- ever been treated with oral steroids?  NB oral steroids may predispose patients to tuberculosis. 
 
SHx (Social History) 
• Occupational history:  
   (Important to note exposure to dust in mining industries and factories eg asbestos, coal, silica). 
- Has anyone at the workplace been diagnosed with TB? 
- Smoking? How many cigarettes/day? How many years? Previously? (�?Lung Ca?) 
- Alcohol? Amount/day? 
 
FHx (Family History) 
- any family Hx of respiratory disease? eg asthma, cystic fibrosis, lung ca… 
-  Is there any family history of infection with tuberculosis? 
- Anyone in family currently unwell or have the same symptoms ie cough, weight loss, night sweats? 
- Were you born in whatever country your from? 

The incidence of TB in immigrants from the Asian subcontinent is  
40 times as  common as in the native white population. 

 
 
List pertinent findings on Examination (Ex) 

• Weight (kg)- WOULD BE NICE TO MONITOR LOSS 

• TEMPERATURE: FEVER??  

• Observation: dyspnoea; chest expansion; breathing pattern; cyanosis; clubbing(!!); cachexia. 

• Auscultation (breath sounds and air entry, added sounds) (cardiac) 

• Percussion: areas of CONSOLIDATION? 
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• Cough (dry/moist; effective/ineffective; productive/non-productive) 

• Sputum (colour- purulent? haemoptysis? amount; consistency) 

• Presence of erythema nodosum? (tender red nodules usually on the shins) 

• Lymphadenopathy? (especially hilar and paratracheal lymph nodes) 

• Extrapulmonary signs of TB (eg GIT, GUT – kidneys, CNS, skeletal system, skin, eyes, pericardium) 

 
Tests and Investigations  

• CHEST X RAY –looking for areas of consolidation 

BELOW: marked pleural thickening over the right upper lobe with consolidation in the underlying lung. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

• CT Scan (if necessary) 

3 consecutive MORNING SPUTUM CULTURES: 
• Mycobacterial sputum culture (to isolate and identify M. tuberculosis) 

- on Ogana or Lowenstein-Jensen medium(contains MALACHITE GREEN  
which inhibits other bacteria) for 4-8 weeks (grows slowly) 

                                                        OR 
- liquid culture – eg Baltec (Becton-Dickinson) which has a shorter culture time (2-3 weeks) 

(this has replaced traditional methods above) 

-NEED THIS TO TEST FOR ANTIBIOTIC SENSITIVITY+RESISTANCE 
 
 
 



 

• Sputum staining (acid and acid-fast bacilli (AFB) microscopy) 
- auramine-rhodamine staining and fluorescence microscopy is used in most modern laboratories.  
- light microscopy of specimens stained with Ziehl-Neelsen dyes  
(traditional method – more time consuming)- mycoplasma stain RED 
      normal bacteria stain BLUE 

 

• Fibreoptic bronchoscopy with washings from the affected lobes is useful if no sputum is available. 
Transbronchial biopsies may also be obtained for histology and microbiological assessment. 

• Biopsies of the pleura, lymph nodes and solid lesions within the lung (tuberculomas) may be 
required to confirm the diagnosis. 

• Skin testing (MANTOUX)– used for screening (is of limited value in diagnosis because of low sensitivity 
and specificity)- BUT in active TB, the skin lesion will be enlarged 

FULL BLOOD COUNT: 

 Lymphopenia may be detected as lymphocytes infiltrate the granulomae 

 mild anaemia for a variety of reasons, hopefully not haemoptysis 

 ESR (Erythrocyte sedimentation rate)(how long erythrocytes take to reach the floor of the test 

cylinder, in mm/hr)= non-specific indicator of the presence of disease; ill RBCs tend to clump and 

thus descend faster � THIS WILL BE ELEVATED IN TB 

 
ALSO: TEST RENAL AND LIVER FUNCTION 
 to see how well the Pt. will cope with the heavy load of antibiotics 

 

How is this diagnosis made ? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disease Definition 
Mycobacterium tuberculosis infection in right lung. Previous infection with Mycobacterium tuberculosis 

is normally controlled by T lymphocyte response. Failure of this process leads to reactivation of infection, 

chronic granulomatous inflammation in the lung and active tuberculosis leading to cavitating caseous 

necrotic foci in the lung parenchyma. 

 



 
Management 
Primary Goal = ISOLATION IN THE HOSPITAL- TB is droplet-transmissible 
TREATMENT: 

 Usually, a COMBINATION of 3 – 4 antimycobacterial drugs  

 OVER A LONG PERIOD ~6 to 12 months 

 

New Measure: “DOTS” = Directly Observed Therapy Short-course 

-where a practitioner observes the patient as they take their antibiotics for a  few days a week 
THUS � BETTER COMPLIANCE 
Why its so hard: 
 Organisms are SLOW-GROWING 
 Organisms are INTRACELLULAR 
 Infected cells are SEQUESTERED WITHIN GRANULOMAS 
 Numerous varied antibiotics = reduced risk of emergence of RESISTANT STRAINS  
 Synergism of drug combination leads to improved outcome 
 
antibiotic combination: isoniazid, rifampicin, ethambutol and pyrazinamide (streptomycin if drug resistant) 
…along with vitamin B6 (pyridoxine).  

WHY? Isoniazid, Hydralazine and Penicillamine produce Vit. B6 deficiency. 

 

DISCHARGE FROM HOSPITAL WHEN TMT REGIME IS ESTABLISHED 

 

Epidemiology 
TB CAUSES 25% OF ALL PREVENTABLE ADULT DEATHS IN THE DEVELOPING WORLD 
8-10 million new cases each year, world-wide 
ALSO...watch your ZOO MONKEYS: damn dirty humans transmit  their TB through bars of cages 

 
Aetiology 
TRANSMISSION AND PATHOGENESIS: 

PRIMARY INFECTION: very FEW bacteria are required to infect (by AEROSOL DROPLETS) 
  M.tb are ingested by Alveolar Macrophages where they inhibit lysozyme production 
  (i.e they gestate inside the macrophagi) 

Mycobacterium tuberculosis, has lipoarabinomannan (LAM) – a major 
heteropolysaccharide similar in structure to the endotoxin of gram negative bacteria which 
inhibits macrophage activation by interferon-gamma and stimulates macrophages to 
secrete TNF-alpha (which causes fever, weight loss and tissue damage) and IL-10 (which 
suppresses mycobacteria-induced T-cell proliferation).  M. TB  also synthesises M. TB 
heat-shock protein which may induce an autoimmune reaction in some cases. 

 THEN:  MACROPHAGI MIGRATE to regional nodes, and disseminate into the tissue. 
After 4-6 weeks aT-cell (CD4+) response develops- they activate and stimulate 
macrophages with INTERFERON GAMMA (which causes granulation) 
����THIS IS THE PRIMARY RESPONSE; it usually controls the infection. 
The macrophagi with M.tb inside are sequestered within fibrous TUBERCLES 
(often microscopic tiny granulomas)- which eventually heal and calcify 

  HOWEVER: immunocompromised people may fail to control the infection and develop 
   PROGRESSIVE PULMONARY DISEASE-with destructive granulomas and cavitation 
  Or DISSEMINATED (“milliary”) TUBERCULOSIS- lesions in numerous organs,  

leading to multi organ system failure 

SECONDARY INFECTION: is the development of progressive but localised disease 
  -MANY YEARS AFTER THE PRIMARY EPISODE- affected persons have no Hx of contact 
  -why? –because some M.tb may remain active within tubercles 
  OFTEN a consequence of a steady decline in immune function eg. old age 

  MOST COMMON SITE = APEX OF LUNG (highest O2 Tension) 
 

*the GHON FOCUS is the complex of one fibrotic bundle in the lung and one 
associated calcified hilar node- this is visible on X-ray and indicates  
a primary infection by TB 

 
 



PATHOLOGY 

CHRONIC INFLAMMATION: 
BY DEFINITION a process where TISSUE DAMAGE IS CONCURRENT WITH ATTEMPTS AT REPAIR 
it either 
- Follows ACUTE INFLAMMATION which never becomes resolved: 

- This is called CHRONIC SUPPURATIVE INFLAMMATION 
- Ultimately results in FIBROUS SCARRING 

- Or begins as a DISTINCT PROCESS from the outset (low-grade smouldering immune response) 
- Usually occurs when the body is infiltrated by pathogens which are  

- poorly immunogenic eg. M.tb 
- persistent (eg. M.tb) 
- INSOLUBLE PARTICLES eg asbestos or silica 
- Or is the result of continuous hypersensitivity reactions eg. allergy or 

autoimmune disease 
Tissue damage is resolved through: 

1) Resolution: Dead cellular material and debris are removed by phagocytosis (mainly by macrophages) and 
the tissue is left with its original architecture intact.  

2) Regeneration: Lost tissue is replaced by proliferation of cells of the same type, which reconstruct the 
normal architecture.  

3) Repair: Lost tissue is replaced by a fibrous scar which is produced from granulation tissue.  
Repair: 
The process of repair results in formation of a fibrous scar from granulation tissue. The steps in this process  
(also termed organisation)are as follows: 

4) Phagocytosis of necrotic debris and other foreign material by macrophages.  
5) Proliferation of blood vessel endothelial cells and fibroblasts at the edges of the damaged area.  
6) Angiogenesis: Endothelial cells grow into the damaged area, initially as solid buds from these adjacent 

blood vessels. The solid buds then canalise to form an abundant network of delicate, thin-walled capillaries.  
7) Fibroblasts migrate into the damaged area along with the capillaries to form a loose connective tissue 

framework. This delicate fibrovascular tissue is granulation tissue.  
8) The new capillary vessels anastomose to establish a blood circulation in the healing area and 

differentiate towards arterial and venous types as necessary. Fibroblasts produce collagen , giving the 
healing tissue mechanical strength.  

9) Eventually a mature scar consisting almost entirely of dense collagen is produced. It is a general rule 
that the volume of scar tissue produced is always less than the bulk of the tissue it is replacing.  

Scar contraction can distort the tissue enough to interfere with function. For example, scarring of tubular 
structures such as the intestines can produce stenosis of the lumen and obstruction; scarring of the skin around 
a joint can produce contractures and immobility.  

The above stages of scar formation do not have to occur in strict sequence and different parts of a developing 
scar are in general at different stages at any given moment. 
GENERAL FEATURES OF CHRONIC INFLAMMATION: 

- INFILTRATION by MACROPHAGES, LYMPHOCYTES and PLASMA CELLS 
- GRANULATION tissue 
- FIBROSIS and TISSUE DESTRUCTION 
- REGENERATION 

MACROPHAGES migrate into tissues early and remain if problem is not resolved; 
   -WILL CONTINUE to produce cytokines etc and thus AGGRAVATE the inflammation 

LYMPHOCYTES  are attracted by macrophage cytokines and will in turn produce  
MACROPHAGE ATTRACTING CYTOKINES and  
PLASMA CELL ATTRACTING CYTOKINES  

PLASMA CELLS produce antibody and aggravate inflammation eg. R.A. 
GRANULATION TISSUE consists of  

- Proliferation of FIBROBLASTS 
- Small blood vessels stimulated by fibroblasts 
- suppurating pus-filled cavities are lined with granulation tissue  

(pyogenic membrane) 
FIBROSIS AND TISSUE DESTRUCTION is characteristic of chronic inflammation 

 REGENERATION may result in overgrowth; is most common in EPITHELIAL TISSUE 
 

FEATURES OF CHRONIC GRANULOMATOUS INFLAMMATION: 
- SMALL (0.5 to 2 mm) collections of MODIFIED MACROPHAGES: called EPITHELIOID CELLS 

(usually surrounded by a rim of lymphocytes)- this results in GRANULOMA FORMATION 
- EPITHELIOID CELLS have abundant cytoplasm, are pale pink, and are less phagocytic 
- MULTINUCLEATE GIANT CELLS are formed by the fusion of numerous epithelioid cells- may reach enormous 

size and have up to 50 nuclei 
- TYPE found in TB is the Langhans Giant Cell (horse-shoe shaped pattern of nuclei) 

. LYMPHOCYTE PRODUCTS induce these types of macrophage modification 



  
   

    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
ABOVE: areas of caseous necrosis; pallisading epithelioid macrophages 

BELOW: giant cell containing tubercle bacilli 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Basic Sciences and Comparitive Diseases 
 
 



 
Relevant anatomy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Right lung: 3 lobes:  

• Right upper lobe  

• Right middle lobe  

• Right lower lobe  
 
 
 

Left lung: has two lobes:  

• Left upper lobe  
(includes lingula which 
anatomically corresponds  
to the middle lobe on  
the right lung)  

• Left lower lobe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bare Minimum of Functional Respiratory Anatomy: 
Air enters through the external nares. 

Conchae @ nose: increase nasal surface area create turbulent flow 
Paranasal Sinuses: reduce skull weight, produce mucous, influence voice quality 

Just inside the nares the nasal hairs  trap large dust particles 
In the nasopharynx cilia sweeps remaining particles towards the pharynx to be swallowed 



 Capillary networks in the nasopharynx WARM AND HUMIDIFY the air  
PHARYNX is a common pathway for digestive and respiratory systems 
LARYNX includes the thyroid cartilage, cricoid cartilage, and the epiglottis 
TRACHEA begins immediately inferior to the cricoid cartilage 
 - DIVIDES AT T5 (carina) 
 -Is lined with PSEUDOSTRATIFIED COLUMNAR EPITHELIUM-  
    - numerous GOBLET cells and cilia for debris clearing 
PRIMARY BRONCHI  are lined with pseudostratified columnar epithelium 

Are supported by C-shaped cartilage rings, like the trachea 
SECONDARY+ TERTIARY BRONCHI are very similar but smaller 
ALVEOLAR DUCTS and ALVEOLI are lined with SIMPLE SQUAMOUS EPITHELIUM (1 layer of cells) 

HISTOLOGY 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Behavioural science 
Effective Health care of Immigrants 
 Affected by language, communication and cultural problems 

Migrant Acquiescence: the tendency of migrants to smile and nod, never questioning the authority which 
they don’t understand. 
THUS:-difficult to obtain informed consent 
AT RISK are the YOUNG, the OLD and the RECENTLY ARRIVED 

 
Immunology 
Systemic Responses to Infection: 
Cytokines that exert a systemic effect are produced chiefly by MACROPHAGES 

THESE ARE: 
- TNF (stimulated by m.tb) 
- Il-1 (stimulated by m.tb) 
- Il-6  
ACUTE CHANGES: 
- FEVER (TNF and IL-1 effect the hypothalamus, raising the homeostatic set-point) 
- ACUTE PHASE RESPONSE:  

- Liver is switched from producing ALBUMIN to producing inflammatory serum proteins  
- SUCH AS: 

- Complement components 
- C-Reactive Protein (CRP) 
- Fibrinogen 

The Acute Phase Response proteins are a good marker of inflammation 

- BONE MARROW: switched by Granulocyte Colony Stimulating Factor (GCSF)  
to produce MORE NEUTROPHILS 

  CHRONIC CHANGES: 
- METABOLIC EFFECTS:  TNF causes  

- FAT AND PROTEIN BREAKDOWN 
- ANOREXIA through loss of appetite 
- Thus, muscle wasting and weight loss 

CATASTROPHIC EFFECTS: 
- Massive amounts of the abovementioned cytokines can cause 

- Shock by inhibiting myocardial contractility and dilating the blood vessels thus dropping BP  
- Lymphopenia by suppression of bone marrow 
- Intravascular Thrombosis by upregulating clotting proteins 

 
Prevention of Transmission: 
 CONTROL OF RESERVOIR 

- Reservoir is HUMANS; thus this means ACTIVE CASE DETECTION & MANAGEMENT 
- SCREENING of high risk groups 
- ISOLATION of suspected cases 
- ADEQUATE TREATMENT that does not result in development of DRUG RESISTANCE 

 CONTROL OF TRANSMISSION 
- ADEQUATE VENTILATION  
- PREVENTION OF OVERCROWDING 

 PROTECTION OF HOST 
- INCREASE RESISTANCE by BCG vaccination of all high-risk populations 
- PREVENTION AND TREATMENT OF UNDERNUTRITION and AIDS 
  

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

Microbiology 
Above: Rhodamine/Auramine stain for   above: Ziehl-Neelsen stained smear of  sputum. 

M. tuberculosis (40X magnification).  
 

SPUTUM CULTURE: below: 4-week-old culture of the patient's sputum on Lowenstein-Jensen medium. 
 

Pharmacology: 
 

Isoniazid*  
Mechanism of Action: 
 Exact mechanism unknown. Mycobacterium - selective antibiotic, bacteriostatic on 
resting, bactericidal on dividing bacteria  
Dosage 300 mg daily 1/2 hour before breakfast.  
Contraindication  
Hepatic Disease; Renal disease; Ophthalmolocical function - monitor.  
Side Effects 
 Allergic reactions; Hepatotoxicity; Peripheral Neuropathy;  
Blood dyscrasias (due to lack of Vit. B6)  
No Risk in Pregnancy  
  

Rifampicin*  
Mechanism of Action  
Wide-spectrum antibiotic. Inhibits prokaryotic RNA polymerase. Active against most 
G+ve and many G-ve organisms.  
Dosage 600 mg daily (450 mg if <45 kg weight)  
Contraindication Jaundice; Hepatic dysfunction; Meningococcal Tx; Newborn; 
Diabetes; Pregnancy; Lactation.  
Side Effects GI upset; Headache; Drowsiness; Allergy; Hepatic disturbance; 
Contraceptives failure; Bodily secretions stain pink.  
NOT FOR USE IN PREGNANCY  
  

Pyrazinamide*  
Mechanism of Action  
Active (bacteriostatic) at acidic pH of macrophage lysosomes. Exact mechanism unknown.  
Dosage Complex  
Contraindication Hepatic Disease; Hyperuricaemia; Gout; diabetes; Renal insufficiency; Pregnancy;  
Side Effects Hepatic reactions; Hyperuricaemia; Gout.  
No Risk in Pregnancy 

  
Ethambutol*  
Mechanism of Action  
Mycobacteria - specific, bacteriostatic. Mechanism of action unknown.  
Dosage Complex  
Contraindication Optic neuritis; Renal impairment;   
Side Effects Decrease visual acuity; Colour vision loss; GI upset; Arthralgia; Mental disturbances  
No Risk in Pregnancy 
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Sleep ApnoeaSleep ApnoeaSleep ApnoeaSleep Apnoea                                                
Detailed History of Presenting Illness (HPI) 
- !! SNORING !! 
- Daytime Sleepiness 
- Confusion 
- Short-term Memory Dysfunction 
- Headache in the Morning 
ALSO USUALLY 
- Obesity 
- Ankle Swelling 
- Extertional Dyspnoea 
- Peripheral Cyanosis 

- a sore throat and nearly always a dry throat.  
This is because the vibration of the soft palate for several hours leads to trauma of the tissues with 
inflammation and often oedema of the palate and uvula 

List of Differential Diagnoses (DDx)      
- Sleep apnea,  
- Hypoxia 

- Drug intoxication (eg. benzo) 
- Thyroid dysfunction (hypothyroidism)

List Pertinent Findings on History (Hx)      
- Disruption to work due to marked daytime sleepiness 
- increasing ankle oedema,  
- weight gain  
- worsening breathlessness on exertion.  
- sleeping poorly waking 2-3 times per night with a dry mouth and/or sore throat.  
OFTEN, THIS IS A TRUCKER’S DISEASE 
- a snorer since adolescence (extremely loud with snorting and periods of choking and gasping). 
- periods of silence or ‘no breathing’.  

Good questions:            
• How long has snoring been present for?  

• Is snoring a worsening problem?  

• If snoring occurs every night?  

• Are there any factors that make it worse?  

• Does it occur in all positions or only when lying 
on the back?  

• What part of the throat does the noise appear to 
come from (high up behing the nose palatal 
snoring or low down behind the tonque base of 
tongue snoring)?  

• Does the subject ever stop breathing altogether 
(apnoea), and if so, what actually happens?  

• When was apnoea first noticed?  

• How long does it last for?  

• What is the first breath like at the end of the 
silence, and does the patient stir in their sleep at 
that moment?  

• Is your nose easy to breath through?  

• Do you get to sleep easily at night?  

• Do you get up in the night to pass urine?  

• Are you a restless sleeper?  

• Do you have vivid dreams, nightmares, or 
awaken with difficulty breathing?  

• Is your throat sore or dry in the mornings, and 
do you have a headache on awakening?  

• Are you refreshed from sleep and ready to start 
the day when you wake up?  

• When is the best and worst time of day for you 
to concentrate without sleepiness?  

• Are you as motivated now to do jobs at home at 
the weekend as you were 5-10 years ago, or is 
there more difficulty to get tasks started?  

• What is your current weight (compared with 
young adult life)?  

• What is your current collar size (compared with 
young adult life)?  

• Are you taking any current medicines at home?  

• Any past medical history, allergies?  

• Do you smoke?How much alcohol do you drink?  

 
 
 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com
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Personal history :  
- Smokers / drinkers most affected (drinkers especially)  
Family history:   
HISTORY OF HEAVINESS, SNORING and HYPERTENSION. 

 
List pertinent findings on Examination (Ex) 
!! OBESITY ! most common; + FAT NECK 
VITALS:  
- Expecting a high blood pressure 
- Expecting an increased respiratory rate 

Respiratory Exam: 
- Plethoric facies with thick neck.  
- "Crowded" upper airway with reddened oedematous palate and uvula.  
- Percussion note decreased bi-basally with reduced breath sounds in the bases. No added sounds  

 
Tests and Investigations  
FBC  
- Expecting maybe high or normal haemoglobin, (adaptive reaction) otherwise unremarkable 

Plasma Biochemistry:  
- Expect unremarkable biochemistry, with possibly elevated CO2  
However: In the event of right heart failure, there will be PORTAL HYPERTENSION 
THEREFORE: Bilirubin and Liver Enzymes will be Elevated ���� !! 

Arterial Blood Gases  
- Expect HYPERCAPNEA and HYPOXEMIA with associated acidosis  
- Low pH  (7.34-7.45), 
- High PCO2 (35-45) mmHg, 
- Low  PO2  (85-95) mmHg,  
- Low O2 saturation  (95+%),  

ECG :  
- Expect some evidence of right heart failure or Enlargement 

Chest Xray : 

The heart is enlarged, there is a prominence of both hilar regions, (see below) 
…suggesting enlargement of the pulmonary arteries.  
PULMONARY OEDEMA appears as a “bat-winged” pattern of opacity surrounding the heart (this is not it) 
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Respiratory Function: 
Expect increased Residual Volume and Inspiratory Capacity; everything else normal or decreased (in 

absence of concurrent respiratory disease) 

Thyroid Functions:  
Should be normal in sleep apnoea; if abnormal, other pathology is present 

Management              
Initial:  
- low flow oxygen (1 L/min) and blood gases repeated on oxygen.  

- commence on diuretic (frusemide) (prepare for massive weight loss) 

- Restrict Fluid Intake 

- commence DVT prophylaxis using sub cutaneous low mol. weight heparin.  

- Antibiotic therapy of amoxycillin/clavulanic acid if there is exacerbating infection. 

- !! CEASE ALL SEDATIVES AND ALCOHOL !!  

 

Long term: 

- Sleep Studies: Polysomnography;  

Record-  

- Awake oxygen saturation 

- Asleep oxygen saturation 

- Record apnoeic events during study 

- Record limb motility during study 

2nd sleep study ���� WITH POSITIVE AIRWAY PRESSURE  

- to gauge effect of treatment 

Educate Patient: regarding CPAP or BiPAP device 

A supervised weight reduction program and reduction in alcohol intake to help modify lifestyle. 

physical obstructions (enlarged tonsils) can be removed surgically however long term this only reduces 
snoring and does not address airway collapse. 

Dental splints by orthodontists can be made to pull the tongue forward to maintain airway patency.  

 

Prognosis = Excellent 
(assuming successful weight loss, alcohol reduction and  effective PAP administration) 
Treated there can be some reversal of the effects which will decrease mortality and morbidity 
HOWEVER: Untreated there is a poor prognosis and death can result  

from respiratory failure and or right heart failure.   

 

Disease Definition 
Respiratory failure with associated hypoxemia that has resulted in pulmonary hypertension and right heart 
failure. The marked hypoxaemia , sleep disturbances and hypercapmoa has lead to confusion and all of this is 
exacerbated with an acute respiratory infection. 
How is this diagnosis made ? 
Arterial blood gases, respiratory function tests and sleep studies (polysomnogram) 

The sleep studies laboratory monitors how a person sleeps during their time in the laboratory. There is 
monitoring of brain activity and sleep stages by EEG, the oxygen saturation is measured by blood oximetry, a 
microphone records the snoring episodes, an ECG measures the heart rate and function and the chin, abdomen 
and legs are monitored by electrodes to detect movement. 
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Epidemiology 
- In north America 24% of men and 9% women have sleep apnoea.  

- Males are 2.5 times more likely than females.  

- Most commonly it occurs in middle aged men and post menopausal women 

 

Aetiology 
- Most tend to be snorers with obesity, smoking and alcohol implicated.  

- There is an abnormally narrow or floppy airways  

- there can be a large neck girth. 

Overall, anatomical predisposition + exacerbating factors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Infection 

Muscular 
Dystrophy 

Acromegaly 

Retrognathia 

Congenital 
Pharyngeal 
Crowding 

ALCOHOL 

OBESITY 

SEDATIVES 

macroglossia 

Adipose tissue 
deposited in 
oropharyngeal walls 

Adenoid 
enlargement 

ANATOMICAL 

DEFECT 

Decreased 

Muscle Tone 

Mucosal 
swelling 

Collapsed 
OROPHARYNX 

APNEA 
And 

Asphyxia 

INCREASED 
PaCO2 

DECREASED  
PaO2 

AROUSAL 
 

INCREASED 
Muscle Tone 

Therefore 
INCREASED 

airway 
patency 

 

Return to 
SLEEP 

Futile attempts 

to breathe 

Adaptation to Chronic Hypoxia: 

INCREASED 
PaCO2 

DECREASED  
PaO2 

 

INCREASED 
Respiratory Rate: 

Reflex response by 
peripheral 

chemoreceptors 
 INCREASED 

Heart Rate: 
Reflex response by 

peripheral 
chemoreceptors 

 

INCREASED 
PULMONARY ARTERIAL 

PRESSURE 
And systemic hypertension 

 

Pulmonary 
 oedema 

 

CHRONICITY: 
Chemoreceptors are RESET 

THUS: no compensation for acidosis 
No increase of haemopoiesis 

Slow to increase in RR during apneic episodes 
Therefore, the body runs on very low oxygen and no 

compensatory measures are taken.  

 

PORTAL 
HYPERTENSION 

 

Liver  damage and 
dysfunction 

 

Appreciable increase in serum 
bilirubin and liver enzymes  
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Physiology: 

NORMAL SLEEP            
Stages:  

WAKEFULNESS 
• Active (alert; eyes open)  

• EEG - "active"/"desynchronized" (sinusoidal; 10-30 µvolts; 16-25 Hz) REM abundant  

• Relaxed (eyes closed)  

• EEG- alpha activity (20-40 µvolts; 8-12 Hz), REM is scarce  

• Submental EMG may be moderate/high in both  
Non-REM  Stage 1  

• A transitional stage into sleep  

• characterized by theta waves  

• mixed frequency 3-7 Hz (cycles/sec)  

• diminution of alpha wave activity  

• slow rolling eye movements  

• 1-7 minutes  
Non-REM Stage II  

• The most abundant stage (50% in young adults).  

• EEG records sleep spindles (12-14 Hz activity lasting at least 0.5 sec) and K-complexes  

• lasts about 30-60 minutes  

• no eye movements  

• short mundane fragmented thoughts  
Non-REM Stages III & IV (slow wave sleep)  

• slow wave/deep sleep  

• Highest auditory arousal threshold to awaken from stages III and IV.  

• characterized by Delta waves  

• high amplitude (>75 µv)  

• low frequency (0.5-2 Hz)  

• 20-50% stage III  

• >50% stage IV  
REM - Rapid Eye Movements  

• First REM sleep about 60 to 90 min after sleep onset  

• low amplitude desynchronized and saw tooth waves on EEG  

• First REM cycle usually lasts only few minutes followed by NREM (stage II, III and IV). Later REM 
cycles progressively increase up to one hour through the night.  

• Most dreams occur while awakening from REM sleep  

• Dreams are emotionally charged, complex and bizarre  
In REM the ascending reticular activating system (ARAS) activity is virtually completely gone, but high 
cholinergic activity from the basal forebrain causes thalamic neurons to remain in tonic mode.  

• increased cerebral blood flow  

• Atonia - marked reduction or absence of muscle tone in weight-bearing muscles  

• increased brain T°  

• increased O2 consumption  

• penile/clitoral tumesence  

• autonomic dysregulation (T° /HR/RR/BP)  
In adults, sleep of 8-8.4 hours is considered fully restorative. In some cultures, total sleep often is divided into an 
overnight sleep period of 6-7 hours and a midafternoon nap of 1-2 hours.  
Stage I is considered a transition between wake and sleep. It occurs upon falling asleep and during brief arousal periods 
within sleep and usually accounts for 5-10% of total sleep time.  
Stage II occurs throughout the sleep period and represents 40-50% of total sleep time.  
Stages III and IV delta sleep occur mostly in the first third of the night. They are distinguished from each other only by the 
percentage of delta activity and represent up to 20% of total sleep time. 
REM represents 20-25% of total sleep time.  
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BREATHING DURING NORMAL SLEEP 

Physiological changes occur within the respiratory system during normal sleep. These include: 

- an alteration of the sensitivity of the central respiratory controller to changes in arterial levels of oxygen and 
carbon dioxide (i.e. chemoreceptor feedback)  

- changes in its sensitivity to feedback from chest wall and respiratory muscle receptors.  

- a fall in the neural output from the respiratory center (i.e. a fall in "respiratory drive"). 

- the fall in muscle tone that occurs in sleep means that the resistance of the upper airway (against which the 
respiratory muscles must work) increases.  

- During rapid eye movement (REM) sleep, the only active muscle of respiration is the diaphragm - thus if its 
action is compromised, hyperventilation may be seen in REM sleep.  

 

 

SNORING 
Snoring is a loud noise usually generated during the inspiratory phase of respiration during sleep  

by rapid vibration of the soft palate and pharyngeal walls. It is indicative of inspiratory airflow limitation in 

the oropharynx i.e. that the airway is partially obstructed.  

In general, the louder the snoring the greater the obstruction.  

Snoring is very common, affecting as many as 30% of an adult male population.  

Snoring is less common in females but its prevalence increases to the male level after the menopause.  

Heavy, habitual snoring (all night, every night) is a risk factor for the development of cardiovascular 
disease. It is a provoking cause of systemic hypertension and is usually the forerunner of obstructive apnoea.  

- Moderate weight gain and nasal obstruction typically precipitates snoring in many subjects  

- Alcohol consumption is another important provoking factor and invariably precipitates obstructive apnoea 

in heavy habitual snorers if taken before sleep.  

 

APNOEAS: 

a. Severe: in these patients sleeping and breathing are mutually exclusive! The cycle of apnoea, then 
awakening with 4-5 breaths, occurs for the entire sleep period, with between 200 and 400 apnoeic episodes per 
night. During each apnoea there is a marked fall in oxygen level in the arterial blood, typically to below 80% 
saturation for most of the night (remember = PaO2 of less than 47mmHg). Although the character of sleep in 
these patients is abnormal - interrupted and variable - they do have REM-like sleep; it is in this state that the 
most severe desaturation occurs. These patients often present with cardiac failure, awake respiratory failure or 
neurologic symptoms (see below), as well as the more typical symptoms of loud snoring, witness apnoeas and 
excessive daytime somnolence. 

b. Moderate: in this group there is repetitive apnoea throughout the night and less severe desaturation. These 
patients often go on for years without developing other obvious complaints apart from the major symptom of 
daytime somnolence. 

c. Mild: in this group, apnoea tends to occur in epochs throughout the night with periods of loud snoring without 
apnoea. The runs of apnoea may occur for 10-15 minutes, typically at sleep onset or in REM sleep and are 
more likely to be dependent on sleep posture (e.g. occur only in the supine position). These patients often have 
only mild sleepiness but defective short-term memory function appears to be an important consequence. 

 

Cause of upper airway obstruction 

The oropharynx is a muscular tube which depends on muscle tone for patency.  

During sleep there is a loss of background muscle tone and reduced phasic inspiratory activation of the 
dilator muscles in normals - thus the upper airway resistance increases. 

Major underlying cause of sleep apnoea is a physically narrow oropharyngeal airway - often because of 
fat infiltration of the surrounding tissues. When this underlying narrowing is combined with a loss of muscle tone 
(in sleep), complete obstruction occurs.  

However, any cause of neuromuscular weakness of the upper airway (e.g. bulbar palsy) may cause sleep 
apnoea. 
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Mechanism of Symptoms 

Two major events cause the symptoms of sleep apnoea: 

Sleep fragmentation 

Apnoeas are terminated by a reflexly induced arousal (the asphyxia, stimulates chemoreceptors, causing 
arousal). When this occurs repetitively all night there is major fragmentation of sleep. The subject is unable to 
proceed through the orderly cycles of sleep. Although the total sleep time may appear greater than normal, it is 
of poor quality. This sleep fragmentation causes a main symptom - excessive daytime sleepiness. 

Repetitive asphyxia  
Repeated episodes of unstable respiratory failure (e.g. upwards of 400 episodes of progressive asphyxia to 
between 80% and 50% saturation every night) is the major cause of the serious medical complications of sleep 
apnoea. They are:  

� Right heart failure - this results from hypoxia-induced pulmonary hypertension 

� Sustained hypoventilation even while awake 

� Brain damage 

� Left heart failure 

� Cardiac arrhythmias  

Behavioural science          
Cognitive dysfunction can occur in lung disease and this is mainly due to hypoxia and or concomitant hypercapnia.  

 mild to moderate hypoxia will affect  

- concentration,  

- short term memory, 

- new learning and critical judgement. 

 Severe hypoxia (even transiently) will result in  

- sustained memory deficits due to lesions in the hippocampus and anterior thalamus critical for new memory 
formation.  

- The motor speed and verbal fluency is also slowed. 

Chronic hypoxia results in 

- impaired perceptual motor integration,  

- motor speed and  

- abstracting ability.  

Specific pattern of cognitive dysfunction leading to 

- impaired verbal tasks,  

- impaired verbal memory  

-  preservation of visual attention. 

Sleep fragmentation can cause mood changes and a worsening of self perception of general health status. Daytime 
sleepiness results in a decline in short term memory and concentration. 

Pathology of Hypoxia          
The brain is the first organ affected in severe hypoxia 

 death will result in 5 minutes if the inspired PO2 falls below 20 mmHg.  

The response to hypoxia is to  

- increase ventilation (by peripheral chemoreceptors),  

- increased red blood cells,  

- increasing the diffusing capacity of the lungs,  

- increased vascularity of the tissues  

- increased ability of the tissues to use oxygen despite low PO2.  

- increase of blood flow to the brain and heart at the expense of the periphery.  

- increases in pulmonary arterial pressure as a result of the reflex pulmonary vasoconstriction.  

An increased cardiac output increases the pulmonary blood flow and a worsening or continued hypoxia can result 
in cor pulmonae and right heart failure. 
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Mechanism: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
CLASSIFICATIONS OF APNOEA: 
Obstructive (OSA):  

The principle event is a collapse of the pharyngeal airway during onset of REM sleep. This part of the airway 
relies on muscle tone to maintain its patency (no bones or cartilage). As the airway collapses the intrathoracic 
pressure must increase in order to overcome the barrier. This is evidenced by increasing brain and abdominal 
EEG activity on a polysomnogram. The drive to breathe increases as hypoxia and hypercapnia increase 
and the person is roused briefly. The muscle tone and breathing thus resume. 

Central (CSA): 

A less common disorder in which there is apnoea but no increase in the drive to breathe.  

Central Apnoea results in more complete arousals than OSA. 

  



Solitary Pulmonary Nodule           
defined as a lesion smaller than 3 cm; 
 - anything bigger is a MASS 
the skill is to know WHEN to investigate 

 

DIFFERENTIALS: 
 
Malignancy 

- Primary cancer 

- Metastatic deposit 
- irregular, lobulated, or spiculated  borders 

10% of malignant nodules demonstrate calcification 
- calcification in cancer is STIPPLED or 
 ECCENTRIC (i.e  one side more calcified than another) 

Benign neoplasm: 
- Hamartoma -popcorn calcifications 
- Lipoma 

- Fibroma 
-  well-circumscribed smooth borders 
- calcification is more likely than with cancer! 

- diffuse, central, laminar, concentric, 
 and maybe with popcorn calcifications. 

- GENERAL RULE: 
Order = benign 
Chaos = maligant 

Vascular Lesion 
- Arteriovenous malformation– usually has a visible vessel entering it 

Infection 
- Aspergilloma – round mass within a cavity,  maybe with pleural inflammatory reaction 
- Bacterial abscess – cavitating with a fluid level and regular thin walls 

Infectious Granuloma– calcification, when present, is  mainly central 
- Tuberculosis or Atypical mycobacteria –commonly calcified,  
- Histoplasmosis –commonly calcified 

Non-infectious Granuloma 
- Rheumatoid nodule –peri-pleural nodules or pleural plaques; may cavitate but never calcify 
- Wegener’s granulomatosis: systemic vasculitis of medium and small arteries, venules, arterioles, 

and occasionally larger arteries – typically, opacities with walls and irregular shaped borders 

- Sarcoidosis –soft fluffy lesion 

Congenital lesion 
- Bronchogenic cyst –sharply demarcated opacity without fluid level 

Other problem 
- Hematoma widening of the mediastinum, abnormal aortic contour, deviation of the trachea  

- Bronchiolitis obliterans usually with atelectasis- just a very thick bronchial wall 
- Mucoid impaction – a bronchus ending abruptly in a mucus plug 
- Massive Pulmonary Embolus a pulmonary artery ending abruptly in an opacity, 

 and no vascular markings in the lung which is supposed to be supplied by that artery 
- Pulmonary infarction - wedge-shaped 
- Pleural adhesion usually seen, duh- at the pleura 

 
 

 
 

 

50% are malignant! 

assume cancer until proven otherwise 

HAVE TO LOOK AT PREVIOUS FILMS!! 

ANY CHANGE IS ABNORMAL 

GROWTH OF NODULE: it’s a sphere, so… 

26% increase in diameter =  one doubling in volume 
 
BENIGN lesions take the longest: 400 days or more 
CANCER:  doubling time of 20-400 days. 
INFECTION, INFARCTION, and METS double in 20-30 days   

INTERPRETATION  DEPENDS ON HISTORY! 
Risk of malignancy increases with age  

• Risk of 3% at age 35-39 years  

• Risk of 15% at age 40-49 years  

• Risk of 43% at age 50-59 years  
• Risk of greater than 50% in patients older than 60  

Smoking history ,   - AND BEING MALE! 
Prior history of malignancy 
Previous history of tuberculosis or pulmonary mycosis 
Travel history – 

- Travel to areas with endemic mycosis (eg, 
histoplasmosis, coccidioidomycosis, blastomycosis)  

- Travel to areas with a high prevalence of 
tuberculosis  

Occupational risk factors for malignancy  
 Exposure to asbestos, radon, nickel, chromium, vinyl 
chloride, and polycyclic hydrocarbons  
 

CT WITH CONTRAST is the next step if you think its cancer. THEN ���� tissue diagnosis 

- If youre lucky, PET scan for increased uptake 
- Possibly, FNA (unless emphysema, bullae,  or nodule is very deep) 
- Possibly, Bronchoscopy  (if adjacent to major bronchus) 
- Possibly , Thoracoscopy or Mediastinoscopy (if lesion is @ the pleura or mediastinum) 
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The Basics of Non-Invasive Mechanical Ventilation       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VENTILATOR SETTINGS 
TRIGGER  

- How sensitive the machine is to the patients’ attempts to breathe. Obviously, should be fairly 
sensitive. About -1 mmHg is a good setting. This way f the patient sucks a tiny amount of air in, the 
ventilator will deliver a full breath. 

TIDAL VOLUME 

- How much air you push into your patient. This is usually 6 to 8 ml of air per kg of patient. Any more 
than 10 ml/kg will probably cause barotrauma. 
A typical 70kg patient will require 420- 560 ml tidal volume.  
A SAFE NUMBER TO REMEMBER IS 500 ml. Start there and adjust according to response. 

RESPIRATORY RATE 

- Self-explanatory. Not applicable to ventilation of a patient-initiated type (like BiPAP) 
-  12 to 16 is a good rate. Increase this to increase the amount of CO2 being exhaled and the amount 

O2 being inhaled.  

PEEP 

- Positive End-Expiratory Pressure 

- Typically, starts at 5mmHg.  
- Has circulatory repercussions: reduces preload (reduced venous return to the heart), which may 

be useful or harmful, depending on the situation (for examole, in fluid overload and CCF, you may 
actually want to reduce the preload; reduced stretch may paradoxically improve the activity of a sick heart 
If venous return is decreased, its decreased from everywhere, INCLUDING THE BRAIN. If you are  
being careful with intracranial pressure, you may want to  keep the PEEP low. 

FLOW RATE 

- 60 L/min is usually enough 

- You need a higher flow rate if youre trying to huff off CO2. The point is that if the flow rate is high, the 
breath takes less time; and therefore more time can be devoted to expiration (which is what you want to 
be doing if youre trying to get rid of a gas.)  

- Flow rate determines inspiration to expiration ratio (I:E); the typical I:E is between 1:2 and 1:3 

- The downside of short inspiratory time is decreased mean airway pressure and thus decreased oxygenation 

- The downside of a high flow rate is a high peak airway pressure, and therefore more chance of barotrauma. 

FLOW PATTERN 

- i.e a constant steady pressure, or a “ramp wave” where pressure increases gradually  
- The ramp wave is better for almost every situation. 

INSPIRED OXYGEN FRACTION 

- Depends on the situation; generally, the aim is to set this as low as possible while still supplying 
enough oxygen to meet requirements 

- The people with an acute MI will need more oxygen than those with chronic COPD 

- Generally, aim for sats over 90 and a PaO2 over 60. 
 

 
 
 
 
 

Rule of thumb: PEEP reduced cardiac function when its normal, 
and improves it if increased preload is the problem. 



put together by Alex Yartsev: Sorry if i used your images or r data and forgot to reference you. Tell me who you are. aleksei.igorevich@gmail.com 

“From Principles and practice of mechanical ventilation” by Tobin et al, the 2nd edition. 

EFFECTS OF MECHANICAL VENTILATION       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

IMPROVED GAS EXCHANGE 
as a consequence of improved ventilation - perfusion matching.  

 

 
 
 

REST TIRED RESPIRATORY MUSCLES 
Breathing is hard work for people with severe asthma or COPD. Apart from improving their comfort, NIV  

- Improves the quality of each breath taken because they were taking such poor-quality shallow breaths 
- Reduces metabolic demand by taking over some of the muscles’ work 

- Reduces acidosis – in this case, lactic acidosis from tired respiratory muscles- an effect separate to the 
reduction of a respiratory CO2 related acidosis  

 
 
 
 
 

Physiologic shunting: 
Normally 2 to 5% of the blood going through the lungs is not oxygenated.  
This is usually because some of the lung is not ventilated, eg. when there is atelectasis. It stands to reason if you ventilate 
the useless lung, the total amount of oxygenated blood will increase. 

 
SHUNT EQUATION:                                             = Alveolar oxygen - Arterial oxygen 

 Alveolar oxygen - venous oxygen 

 

Volume of blood not oxygenated 

        Total cardiac output 

 

This is because of decreased physiologic shunting. I.e. positive inspiratory pressure increases the number 
of alveoli being used to exchange gases. 

BROAD INDICATIONS 
- insufficient oxygenation 

And / Or 
- insufficient ventilation 

 
 
 
 

Basically, anything you can describe as 
“respiratory failure”, which includes failure to fill 
the lungs with enough air, or failure to get 

enough gas exchange surface recruited. 

The following sorts of  people will be seen on NIV: 
- Severe COPD exacerbations with high CO2 
- Acute pulmonary oedema 
- Acute severe asthma 
- Guillain-Barre or myasthenia gravis 
- Chest trauma 

 
 

They will have these signs: respiratory rate over 30; low PaO2 
(say, under 55) despite high FiO2 ; high A-a gradient; etc etc  

IMPROVE CARDIAC OUTPUT IN CCF 
Normally, PEEP will reduce cardiac output by reducing venous return; 

However- if the ventricle is diseased, it will decompensate. 
 
 
 

Frank-Starling curve: 

LV contractility  
(i.e. cardiac output) 

LV stretch (i.e. venous return) 

NIV will reduce the venous return to the 
heart, and thus decrease the load on 
the diseased left ventricle. This in turn 
results in an improved cardiac output. 

The more you stretch the left 
ventricle, the harder it contracts. 
Up to a point. Too much preload- 
and the diseased ventricle will 
decompensate beyond this point, 
and so cardiac output will drop. Maximum cardiac output 

Cardiac output at high preload 
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EFFECTS ON THE LUNG:          
Barotrauma:  
 Ruptured alveoli as a consequence of pressures being set too high! 
 If an alveolus is ruptured, air ends up in the interstitial space of the lungs. 
 This leads to pneumothorax, pneumomediastinum, pneumoperitoneum, and subcutaneous emphysema. 
 Needless to say, this is bad. 
 Most common in Asthma and interstitial lung disease eg. asbestosis. 
 Solution: turn down the tidal volume and/or flow rate 

Ventilator-associated Acute Lung Injury:  
 The consequence of long-term barotrauma, i.e. alveoli constantly being overdistended. The result is injury to  

lots of alveoli, with acute pulmonary oedema. 
Most often seen in restrictive lung disease, or when there already is some sort of acute lung injury 

Auto-PEEP:  
Positive airway pressure at the end of expiration; i.e. incomplete expiration.  
Is the respiratory rate set too high? Is the inspiratory time too slow (flow rate too low)?  

 Auto-PEEP exacerbates the hemodynamic effects of PEEP. 
Solution: increase the duration of expiration; either increase the flow rate or decrease the resp rate. 

Physiologic dead space:  
PEEP tends to increase physiologic dead space by shoving lots of air into a portion of the lung which is not  
receiving a corresponding increase in blood flow. So its wasted unexchanged air, i.e. dead space. 

Physiologic shunt:  
If there is increased shunt because somewhere the alveoli are not getting any air, PEEP will open them up  
And increase their perfusion (thus, a greater proportion of the blood exiting the lung will be oxygenated, and  
therefore  the shunt will decrease) 

Diaphragm atrophy:  
Use it or lose it. The diaphragm atrophies remarkably quickly; as few as 18 hours on a ventilator may result 
in a significant decrease in diaphragmatic exse it or lose it. The diaphragm atrophies remarkably quickly; as 
few as 18 hours on a ventilator may result in a significant decrease in diaphragmatic exercise tolerance. 
RESPIRATORY MUSCLES IN GENERAL WILL ATROPHY. 

 
EFFECTS ON THE CIRCULATION:         
Decreased Venous Return:  
 If you increase pressure inside the thorax, less venous blood will flow there. That makes sense. 
 If the patient is volume-depleted, you will find that this makes venous return even worse. 

Increased Pulmonary Vascular Resistance:  
You are pushing air into the lungs under pressure. It makes sense that trying to push  
anything else (like blood) into that lung will now be harder. You will have to fight the pressure from 
PEEP. Therefore, right ventricular output will decrease in proportion to increasing PEEP. 

Decreased cardiac output:  
The venous return is impaired, so not much blood is entering the heart; 
Pulmonary resistance is increased, so you aren’t pumping much blood to the left ventricle anyway. 
The right ventricle is struggling, and is distended, pushing the septum over into the left side – 
which means there is not much space to fill. And if the left ventricle doesn’t fill much, it doesn’t 
pump as hard. 

 
 

However: if the left ventricle is diseased, it will have trouble moving 
blood when the preload is normal or increased. So by reducing preload, 
you can improve LV function. This is useful in BiPAP for pulmonary 
oedema, because those patients usually have poor LV function. 
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OTHER EFFECTS:            
Stress Ulceration:  

PEEP for longer than 48 hours will cause gastric ulceration. This is mainly due to decreased 
splanchnic perfusion- for some reason; and we don’t exactly know why. Aminotransferase and LDH 
will be raised in these patients.  

Renal-mediated Fluid Retention:  
Because of decreased cardiac output, PEEPed kidneys will become confused, and act in a 
stereotypically “shocked” manner; e.e. they will mistake falling output for a drop in volume, and 
kick off the fluid-preserving rennin-angiotensin cascade. The result is fluid retention and oedema. 

Increased Intracranial Pressure:  
The decrease of venous return to the heart causes venous blood to pool in the brain; therefore ICP 
rises in proportion to decreased venous return. 

 

The uses of non-invasive ventilation        
- hypercapnic acidosis of COPD 
- cardiogenic pulmonary oedema 
- hypoxic respiratory failure 
- post-extubation patients with weak respiratory muscles 
- patients whose respiratory muscles are for whatever reason ineffective (Eg. Guillain-Barre) 

 
There should be an improvement in pH and PaCO2 within the first 30 minutes to 2 hours. 
If the patient is fighting the ventilator, or if the ABGs still look like crap, you may want to intubate them.  
 

BiPAP in COPD: 
- reduces mortality in severe hypercapnic acidotic COPD (11% vs 21 %) 
- reduces intubation rates (16% vs 33%) 
- the COPD has to be quite severe before the benefits become apparent. 
- Acts by reducing the physiological shunt and therefore increasing oxygenation and the rate of CO2  

removal. 

BiPAP and CPAP in CARDIOGENIC PULMONARY OEDEMA: 
- reduces mortality (11% vs 20 %) 
- seems to work best for pulmonary oedema which presents with high CO2 
- improves cardiac output by reducing left ventricular strain 
IF the oedema is not causing hypercapnea, use CPAP. 
If the patient has high CO2, use BiPAP. 
Generally, one should try to reduce preload with diuretics first; but if the blood pressure is too low 
(owing to a decreased, decompensated, feeble cardiac output) the NIV solution is better. 

CPAP in PNEUMONIA: 
- reduces mortality (18% vs 39 %) – but only among the ICU population. 
- Seems to work best for people who are hypoxic secondary to their pneumonia 
- The patients need to be able to manage their secretions 

 

BiPAP huffs the CO2 . 
CPAP helps the left ventricle. 
Both improve oxygenation. 
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PRACTICAL NIV: “what does that number mean?”       

CPAP: not considered “true” ventilatory support. 

- start at 1cm per 10 kg bodyweight. 7cm for a normal person. 
- Starting pressure of NO MORE THAN 10cm! 
- Watch resp rate and ABGs. If rate fails to decrease and O2 sats fail to improve, 

titrate CPAP up by 1 or 2 cm increments. 

 
When to use CPAP and not BiPAP: 

- cardiogenic pulmonary oedema which remains hypoxic despite lasix, but which 
is NOT hypercapnic 

- severe pneumonia   
for everything else, BiPAP is your choice. 
 

BiPAP:  
 Two main numbers to remember: IPAP and EPAP 
 IPAP: inspiratory positive airway pressure 
 EPAP: expiratory positive airway pressure 
 

- Little skinny people (< 60kg) start at 10 and 4cm (IPAP and EPAP) 
- Large fat people (> 60kg) start at 12 and 6cm 

- Dial up the oxygen to keep sats above 88% 

- Repeat the ABG in 60 minutes 
- If the CO2 is still over 50, increase IPAP by 2cm.  
- If they also have pulmonary oedema, obesity, or Auto-PEEP,  increase EPAP by 1cm 

increments. (Auto-PEEP can be identified by a failure of the patients’ breaths to initiate a 
machine inspiration, i.e. asynchrony) 

- IPAP can go up to 20. 
- EPAP can go up to 10. 
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Tobacco: Enemy of Mankind Tobacco: Enemy of Mankind Tobacco: Enemy of Mankind Tobacco: Enemy of Mankind             
Pharmacology            

 
active substances in tobacco smoke  
- nicotine,  
- carcinogenic tars  
- carbon monoxide.  

Nicotine (1-Methyl-2-(3-pyridyl) pyrrolidine is a poisonous, volatile alkaloid derived from 
tobacco (Nicotiana spp). It can be used as an insecticide and fumigant  
An average cigarette contains  
- 0.8 g of tobacco  
- 9 – 17 mg of nicotine of which 10% is absorbed  
however the amount varies with the smoker and cigarette type. 
Transpulmonary absorption depends on alveolar distribution and consequently only 10% of an inhaled dose 
reaches the systemic circulation 
There is limited absorption in the stomach due to the acid contents present  
(nicotine forms salts with most acids) 
Rapid absorption of nicotine in the lungs allows peak plasma concentrations to occur whilst smoking the cigarette. 
There is a rapid decline in the plasma concentrations after completing the cigarette  
after 10 mins only 50% of the peak concentration is present in the plasma.  

HALF-LIFE = 10min 
In the natural form nicotine is not well absorbed from the buccal mucosa however nicotine in inhaled tobacco 
is applied to the buccal or nasal mucosa and enters the circulation within seconds causing  
- an increase in heart rate, 
- increase in ventricular stroke volume  
- increase in myocardial oxygen consumption. 
Nicotine in chewing gum is buffered to an alkaline pH  

and so is mainly unionised and absorbed well across the mucosa.  
Pipe or cigar smoke is less acidic than cigarette smoke  

and the nicotine is absorbed from the mouth and nasopharynx rather than the lungs. 
 
Nicotine patches applied for 24 hrs cause the plasma concentrations to rise to 75-150 nmol/l over 6 hrs and 
remain constant for about 20 hrs. 

 
Nicotine produces  
- a sense of euphoria, 
- heightened alertness,  
- can enhance learning and memory  
- promotes a sense of relaxation  
- however it is powerfully addictive  
- readily leading to habitation, tolerance and dependency. 
- Nicotine is a central nervous system stimulant which may produce tremors and convulsions with very high 

concentrations 
- It can also stimulate respiration by directly affecting the medulla and by activating the peripheral 

chemoreceptors in the carotid body and aortic arch. 
- In small doses it stimulates and in large doses depresses the autonomic ganglia and myoneural junctions. .  
People who smoke for the first time feel nauseous and can vomit because of the stimulation of the sensory 
receptors in the stomach. This response declines with repeated doses 
 
- The principle urinary metabolite is cotinine and this is due to the liver metabolism of nicotine 
Nicotine and its metabolites are excreted in urine and in breast milk. 
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 2 
The withdrawal of nicotine causes  
- restlessness,  
- irritability,  
- aggressiveness 
- anxiety,  
- difficulty concentrating 
-  impaired psychomotor tasks,  
- sleep disturbance. 
- AND it produces cravings.  

 
CELLULAR PHARMACOLOGY         
 
At the cell level nicotine acts on the nicotinic acetylcholine receptors (nAChR) in autonomic ganglia, 
adrenal medulla and in the neuromuscular junction.  
 
Nicotine opens cation channels causing neuronal excitation and can cross the blood brain barrier.  
chronic nicotine use causes an increase in the number of (nAChR) which may represent an adaptive response to 
prolonged receptor desensitisation.  
 
There is likely a balance between activation of (nAChR) causing neuronal excitation and desensitisation causing 
synaptic block. 
 
Nicotine has the same effect on muscle fibres as acetylcholine however nicotine is not destroyed by 
cholinesterase or is destroyed so slowly that the action persists for many minutes to several hours.  

 
Nicotine causes localised areas of depolarisation of the muscle fibre membrane at the motor end plate where the 
acetylcholine receptors are located. Then when the muscle fibre recovers from a previous contraction the 
depolarised areas with their leaking contractions causes new action potential which causes a state of muscle 
spasms. i.e THE MUSCLE CONTINUES TO THINK ITS BEING STIMULATED 

 
The peripheral effects of small doses of nicotine result from the stimulation of the autonomic ganglia and 
peripheral sensory receptors mainly in the heart and lung. The stimulation of these receptors elicits various 
autonomic responses including tachycardia, increased cardiac output and increased arterial pressure and a 
reduction in gastrointestinal motility and sweating. These responses decline with repeated doses although the 
central affects remain. 
 
Nicotine stimulates postganglionic neurons in the same manner as acetylcholine because the membranes of 
the neurons have nicotinic type acetylcholine receptors. This is why drugs that cause autonomic effects by 
stimulating the postganglionic neurons are called nicotinic drugs. 
 Nicotine excites sympathetic and parasympathetic postganglionic neurones at the same time resulting in  
a strong sympathetic vasoconstriction in abdominal organs and limbs  
but at the same time resulting in parasympathetic effects such as increased gastrointestinal activity and 
sometimes slowing of the heart.  
 
Nicotine inhibits spinal reflexes causing skeletal muscle relaxation. This is probably due to stimulation of the 

inhibitory Renshaw cells in the ventral horn of the spinal cord. Smoking also appears to wake up people when 
they are drowsy and calms them down when tense. 

 Studies show that small doses of nicotine cause arousal but large doses do the reverse.  
Smoking does not reduce anger but can reduce performance in logical thought processes. 
 
Nicotine also stimulates antidiuretic (ADH or vasopressin) release which increases the permeability of the 
distal tubules and the collecting ducts of the kidney to water.  
This allows a large amount of water to be reabsorbed and decreases urine volume but does not markedly alter 
the rate of renal excretion of solutes. 
 
Smokers tend to weigh less than non-smokers because of reduced food intake and so cessation of smoking 
causes a weight gain. 
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Nicotine constricts the terminal bronchioles of the lungs which increases the resistance of airflow into and 
out of the lungs.  
Nicotine paralyses the cilia of the respiratory epithelia allowing debris accumulation to occur causing further 
problems in breathing. 
The smoke from cigarettes has an irritating effect which causes  
- increased fluid secretion into the bronchial tree  
- swelling of the epithelial lining. 
 
A light cigarette smoker will feel respiratory strain during maximal exercise and can have an impairment of 
performance from the respiratory effects of smoking.  
Few chronic smokers do not develop any degree of emphysema. 
In emphysema there is 
- chronic bronchitis,  
- obstruction of many terminal bronchioles  
- destruction of many alveolar walls.  
In severe emphysema as much as 4/5ths of the respiratory membrane can be destroyed and slight exercise can 
cause respiratory distress. 
 
Tolerance and dependence: 
The effects of nicotine associated with peripheral ganglionic stimulation show rapid tolerance (perhaps due to 
desensitisation of nicotinic nAChR by nicotine. Large doses of nicotine produce a block of ganglionic transmission 
rather than stimulation.  
Tolerance to the central effects of nicotine (e.g. in the arousal response) is less than in the periphery. 
 
Nicotine is addictive and produces excitation of the mesolimbic pathway and increased dopamine release in the 
nucleus accumbens. A physical withdrawal syndrome occurs in people used to regular nicotine administration.  
 
The withdrawal syndrome is less than for opiates and can be alleviated by amphetamines as well as 
nicotine.  
The nicotine withdrawal syndrome lasts 2 – 3 weeks though the craving for cigarettes persists.  
Relapses in cessation of smoking occur once the physical withdrawal syndrome has ceased. 
 
Pharmacological treatment of nicotine dependence: 
The most successful cure for smoking combines psychological and pharmacological treatment.  
The most common pharmacological approach is nicotine replacement which relieves the withdrawal syndrome. 
Nicotine is short acting so chewing gum can be used several times per day or a transdermal patch is applied 
daily. These preparations can cause nausea, gastrointestinal cramps, cough, insomnia and muscle pains. 
Nicotine is not used in patients with  heart disease because of the risk of coronary spasm. Patches can cause 
local irritation and itching. 
 

Clonidine a α2adrenoceptor agonist can reduce the withdrawal effects of nicotine as well as opioids and 

cocaine. It can be given orally or as a transdermal patch and is as effective as nicotine replacement. The side 
effects include hypotension, dry mouth and drowsiness. 
METABOLIC PATHWAY OF A GIVEN CARCINOGEN 
 
Benzo(a)pyrene                  benzo(a)pyrene diol epoxide (BPDE)                      covalent binding or 
     CYP 450        (carcinogen)         oxidation 
 
 
 
 
 
 
 
 
 
 
 

BDPE forms 
covalent adduct with 
guanine residues of 
p53   

Prevents 
p53 from 
binding 
DNA 

Loss of DNA repair 
mechanism; 
increased mutations 

Cancer 
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The DNA adducts induced by BPDE or nitrosamines can be repaired by the nucleotide excision repair pathway 
in human cells. …Normally, while p53 is present.  

PATHOLOGY OF SMOKING         
Association of cancer and cigarette smoking is a DOSE-DEPENDENT RELATIONSHIP 
CARCINOGENS: over 50 different types in tobacco smoke 
These carcinogens are metabolically active or can be made metabolically active by CYP 450. 
Polycyclic Aromatic Hydrocarbons: 
- can get into the blood stream 
Formaldehyde and Nitrogen Oxides 

- cause damage to the Mucociliary Escalator, paralysing cilia.  
MACROSCOPIC CHANGES:           
- Macrophages attempt to remove carbon particles, therefore 
Hilar lymph nodes infested with carbon particles  
 
 

HISTOLOGICAL SUBTYPES OF LUNG CANCER    
SQUAMOUS CELL CARCINOMA – well differentiated. MALES > FEMALES 

Centrally located and relatively slow growing.  
Symptoms of obstruction and blocking.  
Spread locally before they metastasise. 
Epithelium changes into STRATIFIED SQUAMOUS EPITHELIUM  
(this is METAPLASIA) 

Cells exhibit 
-  Pleomorphism (very different in appearance) 

- Keratin Production which should not happen in a healthy lung 
 

Following this, the cells go into ATYPICAL METAPLASIA 
Then, DYSPLASIA (! A carcinoma in situ) 
Here, cells exhibit TRIPOLAR MITOSIS (!!! THREE cells every mitosis) 
After this stage the carcinoma becomes invasive and metastatic. 

 
 

Overall five year survival 10% 

!! CHARACTERISTIC !! 
of Squamous Cell carcinoma 

Squamous 
Carcinoma of Lung 
� (High Power)  
• This high power view 

centers on a neoplastic 
group of squamous cells.  
• cells show much darker 
hyperchromasia of the 
nucleus, often with irregular 
nuclear outlines.  
• intercellular bridges, 
caused by the retraction of 
the cytoplasm with 
fixation.  
• The intercellular bridges 
are formed by 
desmosomes.  
• The presence of bridges 
permits the categorization 
of non-keratinizing lesions 

as squamous.  
- They grow in a stratified 
or pseudoductal 
arrangement, the cells 
have an epithelial pearl 
formation with individual 
cell keratinization. These 
tumours deposit keratin, 
and as they grow develop a 
necrotic, keratinous mass 
which appears cheesy on 
dissection 
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SMALL CELL CARCINOMA: 

… composed of …SMALL CELLS 
USUALLY centrally located (hilar) 
(small because they don’t wait until an appropriate size before they divide) 
ALMOST COMPLETELY UNDIFFERENTIATED (ANAPLASTIC) 

! these tumor cells may produce ectopic adrenocorticotropic hormone (ACTH), resulting in Cushing's syndrome 

EARLY METASTASIS � Haematogenously  

Thus, Small Cell Carcinoma is classified only as LIMITED (30%) or EXTENSIVE (70%) 
Limited stage is confined to one hemithorax and regional lymph nodes  
Microscopic features: 
- sheets of uniform cells separated by thin 

strands of connective tissue 
- Zones of necrosis are typically present in the 

center  
- The cells are very hyperchromatic- 

appearing owing to the tightly packed small 
cells with scanty cytoplasm 

- Individual cells vary in shape from ovoid to 
fusiform  

- The cells of small cell carcinoma bear a 
superficial similarity to normal lymphocytes. 

- However, small cell carcinoma nuclei are 
about twice the size of normal lymphocyte 
nuclei. 

- The nuclei are generally molded to the 
shape of the cell and show dense 
homogenous chromatin and nucleoli are 
difficult to identify. 

- These cells tend to be fragile and often show 
"crush artifact." 

Macroscopic features: 
- Over 90% are found in a central location. 
- typically white-gray, soft and bulky with 

areas hemorrhage and necrosis. 
- Commonly they grow around major bronchi 

AKA . “Oat Cell Carcinoma” 
Overall two year survival 25%  

 
 
 
 
      Large Cell Carcinoma: 
      * More frequent in males; Overall survival = 10% after 5 yrs 

May be central or peripheral. The 
normal parenchyma is replaced by 
dense fibrous connective tissue 
containing nests of neoplastic 
cells.  
Large cells with round to oval 
nuclei, prominent nucleoli and 
hyperchromasia  
• Mucin negative by mucicarmine 
staining  
• No intercellular bridges seen  
• Ultrastructural evidence may 
support diagnosis of either 
adenocarcinoma or squamous 
carcinoma  

ABOVE: Small Cell Carcinoma of Lung (High Power)  
• At this high power it is clear that there is no architectural 
arrangement for these malignant cells.  
• In addition they lack cytoplasm.  
• Frequently nuclei are so closely apposed that they appear to "mold".  

BELOW: Large Cell Carcinoma of Lung 
(Med Power)  
• The blue arrows point to typical examples 
of neoplastic cells.  
• The green arrows demonstrate the necrotic 
debris.  
• No gland formation or intercellular bridges 
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Adenocarcinoma 
Adenocarcinomas arise peripherally from mucous glands and the cells retain some of the tubular, 
acinar or papillary differentiation and mucus production. 
- Male incidence same as Female. 
- now it is seen mainly in smokers.  
- More often peripheral, 

asymptomatic  
- spreads HAEMATOGENOUSLY. 
- Becoming increasingly common. 

 Macroscopic: 
May involve the pleura causing 
puckering and scarring.  
• May be associated with pleural effusion  
• Cut surfaces often glisten and are 
yellow if abundant mucin secretion 
within the tumor  

Microscopic: 
Usual bronchial adenocarcinoma is 
gland forming  
• Mucus secretion may require special 
stains such as mucicarmine or PAS  
• Cells show large nuclei with 
prominent nucleoli  
 
 
 
 
 
 
 
 
 

EPIDEMIOLOGY + PRESENTATION OF LUNG CANCER    
- Squamous 34%  

Large Cell 28%  
Adenocarcinoma and Bronchoalveolar 20%  
Small Cell 17%  
Mixed 1%  

clinical presentation: patient may have no signs  

• cough (80% of cases) due to infection distal to airway blocked by 
tumour  

• haemoptysis (70% of cases) due to ulceration of tumour in bronchus  

• dyspnoea (60% of cases) due to local extension of tumour  

• chest pain (40% of cases) due to involvement of pleura and chest wall  

• wheeze (15% of cases) due to narrowing of airway  

• non-specific systemic signs: weight loss, anorexia, malaise  

• signs on examination may include:  

• lobar collapse or volume loss  

• pneumonia  

• pleural effusion  

• fixed inspiratory wheeze  

• tender ribs (secondary deposits of tumour in ribs)  

• mediastinal compression including signs of nerve involvement  

• supraclavicular or axillary lymphadenopathy  

• clubbing  

Adenocarcinoma of Lung ���� 
(Mucin Stain)  
• This is a view of a mucicarmine stain on an adenocarcinoma of the lung.  
• The magenta granular staining seen in most neoplastic cells is mucin.  
• This finding must result in a diagnosis of adenocarcinoma, which in this case is poorly differentiated.  

 

Other Cancers  
associated with 
 tobacco smoke :  
larynx,  
oropharynx  
nasopharynx  
hypopharynx, 
oesophagus,  
bladder, renal pelvis  
pancreas 
Stomach,  
renal body,  
liver, 
myeloid leukaemia. 

There is an IMMEDIATE BENEFIT to quitting: 
The risk of carcinogenesis stops dead at the moment 
of cessation; otherwise it grows steadily. 
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Oral + Oesophageal Cancers: 
Usually SCC. 
Most commonly pipe and cigar smokers. 
Poor survival, less than 30% after 5 yrs. 
DUE TO SOLUBILITY OF CARCINOGENS IN SALIVA 

Stomach cancers: 
Peptic Ulcers most common with smokers ( actually IN THE DUODENUM, not stomach) 

����Stomach = continuous war between pepsin and acid versus mucosal resistance. 
Mucosal resistance depends on the following factors: 

- Mucus production 
- Epithelial integrity 
- Epithelial ability to regenerate  

(constant turnover) 
- Bicarbonate produced to neutralise 
- Good epithelial circulation to nourish the dividing cells  

 
Studies have also identified promoting agents, non mutagenic agents responsible for promotion of the development of 
cancer after the carcinogen has been introduced.  Promoting agents depend on their effects on cell replication.  Sequence of 
carcinogen followed by promoting agent application is critical.   
 
Carcinogens can be inactivated by: 

• Conjugation to glutathione by glutathione S-transferase 

• Epoxide hydrolases and aryl hydrocarbon hydroxylases (BPDE).   

• Detoxification by conjugation to glucuronate and excreted 

• Acetylation 
 
Chemopreventive agents: 

• Phynethyl isothiocyanate ( cruciferous vegetables)- protects against nitrosamines 

• N-acetyl-L-cysteine – nucleophilic and anti oxidant properties, precursor of glutathione 

• Retinoid, isotretinoin – inhibit formation of secondary tumours 

• Dietary carotenoids  - anti oxidant 

• Vit A.- anti oxidant 
Cochrane review of retinol and carotiniod pharmacologic supplementation for those with risk of lung caner has shown that 
there is a statistically significant increase in the risk of lung cancer in those who take retinol and beta carotene vitamins to 
reduce lung caner. 
 

‘There is currently no evidence to support recommending vitamins such as alpha-tocopherol, beta-

carotene or retinol, alone or in combination, to prevent lung cancer. A harmful effect was found for beta-carotene with retinol at 
pharmacological doses in people with risk factors for lung cancer (smoking and/or occupational exposure to asbestos). More 
research from larger trials and with longer follow-up is needed to analyse the effectiveness of other supplements.’ 

 

EMPHYSEMA (the emphysematous process is one of loss of lung parenchyma, not fibrosis) 

= is the destruction of COLLAGEN and ELASTIN FRAMEWORK in the alveoli 
� RESULTS in MASSIVE DEAD AIRSPACES; Plus LOSS OF RECOIL = NARROWED AIRWAYS 
PATHOLOGY: 
- is in essence an Inflammatory response gone wrong. 
- COLLAGENASE and ELASTASE are produced by neutrophils and macrophages as they attempt to 

diapedese through the basal lamina of alveolar walls. 
- Death of neutrophils results in further release (this time uncontrolled) of elastase. 

- NORMALLY α-1-Antitrypsin inhibits elastase! 
- BUT: in individuals with a genetic homozygous lack of alpha-1-antitrypsin (0.01% of population) 
…THE ELASTASE IS UNREGULATED and thus DESTRUCTION IS WIDESPREAD 
This predisposes such individuals to emphysema. 

HOWEVER: TOBACCO SMOKE INHIBITS Alpha-1-Antitrypsin; THEREFORE ���� EMPHYSEMA. 
(this occurs only for neutrophils; somehow macrophage elastase is all-powerful and uninhibitable) 
 
 

Helicobacter Pylori 

SMOKING 
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EMPHYSEMA FROM SMOKING IS SPECIFICALLY DIFFUSE, 
 occurs in the centre of acinus and not all over the acinus as in antitrypsin deficiency. 
PREDOMINANTLY THE UPPER LOBE is involved. (with anitrypsin deficiency, it is the LOWER LOBE) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chronic Obstructive Pulmonary Disease       
…is defined as: 

“ A disease characterised by airflow limitation that is not completely reversible” 

The airflow limitation is:  

both PROGRESSIVE and  
associated with an ABNORMAL INFLAMMATORY RESPONSE to irritants 
Thus, in relation to smoking, its mainly chronic bronchitis and emphysema. 
 
CHRONIC BRONCHITIS: 
- Productive cough on MOST DAYS 
- for at least 3 CONSECUTIVE MONTHS 
- over no less than 2 CONSECUTIVE YEARS 
Pathologically, it is neutrophilic inflamation in LARGE AIRWAYS. 

Neutrophil elastase is a POTENT SECRETAGOGUE (i.e it promotes secretion) 
THUS: bronchial mucus glands hyperproliferate 

THIS MAY LEAD TO: 
- Bronchiolitis (inflammation of smaller airways)  
- Airway fibrosis 
- Smooth muscle hypertrophy 
- Lumen occlusion by mucus plugs 

  

Adaptation to COPD 
= dynamic hyperinflation  

(attempts to hyperinflate the lung to compensate for  
loss of recoil) 
= limited adaptive capacity; 
because higher lung volumes are less efficient  
for respiratory muscles 
Also causes discomfort and fatigue 
 

�Microscopically at high 
magnification, the loss of 
alveolar walls with 
emphysema is 
demonstrated. Remaining 
airspaces are dilated. 

 

Side note: 
Smokers cough is due to: 
- Chronic bronchitis 
- Infections, to which 

smokers are especially 
predisposed; 

- Goblet cell metaplasia 
(thus much more mucous is 
produced) 

- Left sided heart failure 
resulting in transudation of 
plasma into the alveoli 

- ALL THIS irritates the 
parenchymal  and bronchial 
chemoreceptors  
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Epidemiology of COPD 
All smokers have bronchiolitis to some degree. 
15-20% will develop COPD. 
SLOW ONSET: takes 30yrs 
SMOKING IS THE CAUSE: not just a trigger 

 
Acute Exacerbations 
Increased sputum volume and purulence 
Together with 

Increased Dyspnoea 
(excluding other possible causes of dyspnoea,  
eg. pulmonary embolism and heart failure) 
can be caused by superimposed bacterial infection. 

 
BEHAVIOURAL SCIENCES         
QUITTING: the Elements of Dependence 
NICOTINE ALONE WILL NOT CAUSE ADDICTION: 

Need all the elements,  
- Context 
- Ritual 
- Sensory Inputs 
- Nicotine stimulus 

 
Responsibility rests with the REWARD CENTRE 
Reward Pathways in the Brain. ���� 
Animal studies suggest the existence of 
at least one central reward-
reinforcement pathway for drug self-
administration in the human brain. The 
stimulant-reward system (top) directly 
influences the neurons using dopamine 
that connect from the ventral tegmental 
area (VTA) to the nucleus accumbens 
(NA) and thereafter to the frontal cortex. 
The opioid system (middle) appears to 
involve structures such as the 
periaqueductal gray area, arcuate 
nucleus, amygdala and locus coeruleus, 
which use peptides that mimic the action 
of drugs such as heroin and morphine 
and indirectly influence the NA in a 
manner similar to that of stimulants. 
Alcohol and other sedative-hypnotics 
(bottom) also indirectly affect the VTA-
NA reward system. This effect is 
mediated by GABA receptors, which are 
distributed widely and which influence 
the central dopaminergic reward system 
through mechanisms that include opioid 
pathways. 

 
WITH NICOTINE ADDICTION, 
the REWARD THRSHOLD IS 

INCREASED 
Thus ���� withdrawal. 
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CESSATION STRATEGIES:           
 
1. Willpower: 2% success 
2. Advice from Physician: adds 2% absolute chance to any other measure 
3. Pharmacotherapy: NRT (Nicotine Replacement Tx) aim is to eliminate nicotine concentration troughs  

8 weeks of patches is apparently the best method 
combination patch/gum/inhaler/ is less successful  
BUPROPION doubles chances ( = is an SSRI antidepressant with limited applications in tmt of depression) 

 

The RELAPSE RATE for cessation is depressing, approx. 50% after 1 year. 
TOTAL OPTIMUM SUCCESS RATE = 15 to 20% 
Sigmund Freud tried to give up smoking for 43 years, until he died of cancer at 83. 
 
 
 
 
 
 
 
 
 
 
 



Anaesthesiology 1.01          
INDUCED, MAINTAINED, REVERSIBLE UNCONSCIOUSNESS with PARALYSIS 
 

Induced how: WITH INTRAVENOUS  DRUGS;  

WHICH ARE RAPIDLY ACTING AND WILL PUT YOU OUT VERY QUICKLY. 
BUT the IV drugs will only last a short while, as their circulating volume will decrease 
(with them being taken up into the tissue and metabolised) 

 
MAINTAINED HOW? 

WITH GAS. 
The gas acts slowly (and smells bad) and therefore is useless for inducing the 
unconsciousness. 
However, it works well as maintenance. 

 
REVERSIBLE BY WHAT MEANS? 

when the gas is turned off, it will diffuse out of the patient along a concentration gradient, just the 
way it entered. This means the patient will wake up (the initial IV drugs having worn off hours ago) 

 
UNCONSCIOUSNESS is useful. 

It dissociates the higher processing centres from the physical sensation of injury, which is pain. 
HOWEVER because there are lower and more primitive processing bodies, pain stimulus will still 
provoke a response: a totally autonomic and animal response, namely- 
- the signs of shock (peripheral vasoconstriction, tachycardia, increased BP, RAAS activation)  
and also the WITHDRAWAL REFLEX:  the spinal cord will command the limbs to jerk away from 
the injury. 

 
THAT’S WHY WE SOMETIMES NEED PARALYSIS 

This must be controlled with MUSCULAR RELAXANTS (paralysis toxins, eg. curare) 
There are short acting ones eg. suxamethonium = acteylcholine receptor agonist 

- causes prolonged depolarisation of skeletal muscles to a membrane potential 
above which an action potential can be triggered. The onset of muscle relaxation will be 
rapid after intravenous injection (30-60 seconds), and lasts 5-10 minutes. The muscle 
paralysis can be continued with intermittent intravenous boluses, using about 25% of the 
initial dose. The total dose should not exceed 6-8 mg/kg.) 

 

 
There are long acting ones eg. rocuronium = competitive acetylcholine receptor blocker 

These work when they outnumber the concentration of acetycholine at the 
neuromuscular junction.  TO COMBAT AND  REVERSE THIS you need to give an 
acetylcholinesterase inhibitor eg. sarin gas (too permanent for clinical use but the 
concept is the same)- which will restore the balance in favourt of acetylcholine (by 
inhibiting its breakdown). 
BUT!! Its fine at the NICOTINIC neuromuscular junction receptors, but it will also happen 
at the MUSCARINIC receptors eg. the parasympathetic M3 receptors at the end of the 
vagus nerve, in the heart. 
THIS CAUSES A PROFOUND BRADYCARDIA. To protect against this one must also 
give some atropine (or equivalent anticholinergic) to restore the heart rate. 
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Anaesthesiology 1.02          
What you will see on an anaesthetic monitor: 

  ECG lead II (the one in the direction of heart propagation) 
  SaO2 saturation 
  Capnograph (measuring expired CO2) 
    (this means during expiration the trace falls to zero) 
    NEED TO KEEP THIS NUMBER ABOVE 30 
    - or else respiratory drive fails 
    Over 40 will probably trigger hyperventilation 

Opiated patient breathing on their own can have  
a CO2 of 50 and still breathe: opiate drugs  
increase the respiratory drive threshold 

 
ANAESTHETIC ASSESSMENT: pre-operative evaluation of fitness 
Question One: can this patient get better before surgery? Can we optimise their chances 
of surviving surgery by waiting for any other problems to be fixed first? 
 

AIRWAY: can this patient be intubated? 
  Need to check thyro-mental distance (from tip of thyroid cartilage to chin) 
  Should be at least 3 fingers of t-m distance  

How much of the UVULA can you see? 
   Mallampati score of laryngoscopability: 
    Grade 1: whole uvula can be seen 
    Grade 2: partially blocked 
    Grade 3: no uvula but soft palate 
    Grade 4: cant see anything except tongue 
    Can you fit your finger into the open TMJ? 
  Can you fit 2 fingers into the mouth? (width of laryngoscope blade) 
  Can you hyper-extend their neck?… 
 
Then ask about medical background, eg.  

- previous anaesthetic reactions 
- exercise tolerance (2 flights of stairs MINIMUM!!) 
- functional impairment due to respiratory or CVS disease 
- can they lie down in the way which their procedure requires? 
- Then, talk about liver + kidney disease 
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CHEST DRAIN SYSTEMS and THORACOCENTESIS      
Normally used is the 3-bottle system with suction 

 
1st bottle: 
 fluid drained from the patient slowly fills up this chamber 
2nd bottle 
 water seal bottle: functions as a valve. 
 2 cm of water is usually not too much (i.e allows air to escape the first bottle) 

but still enough to prevent anything getting sucked back into the patient 
(i.e water being pulled up the seal straw counteracts the pressure 
generated in the first bottle ) 

3rd bottle  
suction applied through 20 cm of water (limits the negative pressure applied to the 
pleura)- current machines have a dial instead of a water level. 

  

How to assess:            
What is draining? 
- Air, pus, blood, serous fluid 
How much has drained out? 
Look at the insertion site: 
- Infected?  
Auscultate the insertion site: 
- Hissing leak? If yes, tighten the connection and re-tape (DONT JUST ADD MORE TAPE!) 
Bubbling in the water seal: 
- When off suction, the bubbles should  only be associated with coughing and breathing. 
- ON SUCTION the bubbling is continuous. Sudden absence = blockage. 
- Bubbling will SLOWLY disappear as the lung re-expands 

SWING: 
- Swing is the rise and fall of water in the tube adjacent to the water seal chamber. 
- Level rises with inhalation and falls with exhalation. THE REVERSE is seen in respirated patients 
- SWING DECREASES AS LUNG RE-EXPANDS 
- TO VIEW PROPERLY, DISCONNECT SUCTION TUBE. 
 
 
 
 
 
 
 

 From patient 

Water seal straw 

Control straw 

To suction 

air 

Suction control bottle Water seal bottle Drained fluid collection bottle 

In brief: 
THE MORE ACTIVE THE BOTTLE, THE MORE STUFF THERE 
IS TO DRAIN. As lung re-expands, the bottle calms down. 
 
Look at SWING, BUBBLE PATTERN, INSERTION SITE, 
FLUID QUALITY, FLUID VOLUME,  
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MANAGEMENT             
- Sit patient upright to enhance thoracic movement. 
- Chest drain always positioned below chest level. 
- Give analgesia to facilitate normal breathing 
- Oxygen until normal Sats 
- Physiotherapy regularly to assist with secretion clearing 
- Encourage mobility  
 
OBSERVATIONS 
- ABGs immediately post-op  
- Hourly blood pressure and sats for first 4 hrs 
- then, 4-hourly blood pressure and sats (looking for infection and shock) 
- hourly respiratory rate if on narcotic infusion 
- daily sats if stable (at 6am) 
 
MANAGEMENT OF WOUND: 
- remove dressing 24hr post-op 
- paint suture lines with betadine and expose to the open air 
- dress with special “drain sponge” 
 
 
 
  

It is normal to drain 200 – 300 mls in 24  hrs after surgery. 
- OVER 100 mls per hour is DANGEROUS 



Chest Radiology for Dummies:  
QUALITY OF THE FILM:  

Is the film centered? 

  If its not centered, you might think  
the mediastinum is displaced. 
Check by  finding the midline (vertical 
along the spinous processes) and it  
should fall exactly between the heads 
 of the clavicles. 

 
Is it an upright PA film? 

   On an AP film, the heart is magnified and gives a false impression of cardiomegaly. 
  If the patient is supine it becomes harder  to appreciate the fluid menisci in the lung. 

ON A SUPINE FILM the upper mediastinal vessels are the same width as the atria. 
  

Is the film properly exposed? 
 You should be ONLY BARELY 
 able to see the intervertebral  

spaces behind the heart. 
IF YOU SEE THEM CLEARLY,  
the film is overexposed. If you 
cant see them at all, the film is 
underexposed. 

    
 

Did the patient do the breath hold properly? 
The diaphragm shadow should cover the 10th rib 

 
 

IS EVERYTHING ON THE FILM?? 
Should be able to see from T1 down to costophrenic angles 

 

ORIENTATION ON THE FILM: 

- Localise the abnormalities: 

- Use posterior rib number for vertical position 
- Use midclavicular line for horisontal   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Not Centered 

all material all material all material all material misappropriatemisappropriatemisappropriatemisappropriatedddd from the well from the well from the well from the well----resourced resourced resourced resourced     
HHHHarvardarvardarvardarvard Medical School website Medical School website Medical School website Medical School website 
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The ANATOMY: Thorax          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The ANATOMY: Mediastinum         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Steps to Take:           
1st thing:  QUALITY! Is this film worth looking at?  
Look at both films simultaneously + COMPARE WITH PREVIOUS 

Airway:  
   Is the trachea midline??… (tension pneumothorax, goitre etc.) 
   Normally it may lay a little to the left, anyway. 

Bones and soft tissues:  
   Bones are fully mineralised? (adult vs. pediatic chest film ) 
   Compare cortex to medulla thickness (lytic and blastic lesions) 
   Look for erosions or fractures. 
   Vertebral heights roughly equal? (vertebral collapse) 

Look for RIB NOTCHING as a result of collateral circulation 
secondary to coarctation of aorta  

… Are there breasts? Don’t mistake ducts for lung markings 
   Is there air between chest wall and ribs? (subcutaneous emphysema) 

Cardiac shadows: work from the top. 
   Mediastinum:  
   Dilated? (aneurysm or just a supine film) 

Shifted? (tension pneumothorax) 

SVC should not bulge into the lung border 
Aortic Arch “Knob” should be visible 

  HEART SHOULD NOT BE LARGER THAN 50% OF CHEST WIDTH! 

Diaphragms (right should be above left by 1 - 3 cm) 

Costophrenic angles should be sharp (pleural effusion, pulmonary oedema) 
Diaphragm should be dome-shaped, not flat (emphysema) 

   Diaphragm inverted?? � tension pneumothorax 
Diaphragm vs. lung contrast should be sharp  

Equal lung volume (count the ribs, look for mediastinal shift) 

Fine detail of lung markings (pleura, lung parenchyma) 

  Visible vessels in the upper zone? (LA dysfunction � pulm. congestion) 

Gastric bubble (should be no more than 0.5cm below lung border) 
   IS THERE AIR OUTLING THE DIAPHRAGMS FROM BELOW?? 
   ���� its free peritoneal air! Means a viscus is perforated !! 

Hilum: left above right by ~thumb width 
   Is it enlarged? (may be lymphadenopathy or pulmonary congestion) 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

WHATS THAT OPACITY?? 
Lung collapse 
Looks opaqueish and consolidated, and everything is shifted 
TOWARDS the collapsed area (i.e an implosion) . 
You get fissure displacement, crowding of vessels and bronchi, 
and hemidiaphragm elevation. Most often the best sign of this is 
the loss of a heart border. 

Consolidation 
Means air is replaced by something other. Not specific in the 
least, but suggests pneumonia. 

Mass lesions 
Know number, size, distribution, evolution from previous 
films, cavitation (round ring shapes, possibly with fluid 
levels as in lung abscess) 

Reticular opacity  
Linear shadows, like Kerley B lines and 
bronchiectasis (“tram-track” parallel lines) 

Relationship to aetiology: 
Alveolar disease 
Patchy consolidation (like fluff) segmental or lobar 
pattern, air bronchogram (can clearly see a major 
bronchus outlined as translucent on the background of 
consolidated alveoli)  
PLUS: Silhouette signs: cant see normally expected borders eg. 
diaphragm shadows, costophrenic angles, retrocardiac shadow etc) 

Pleural space disease 
Should be in the costophrenic angle. Meniscus formation. 
If the meniscus is lost, its probably a hydropneumothorax. 
Might be a fluid blob in the interlobular septum 
  

 

  



Solitary Pulmonary Nodule           
defined as a lesion smaller than 3 cm; 
 - anything bigger is a MASS 
the skill is to know WHEN to investigate 

 

DIFFERENTIALS: 
 
Malignancy 

- Primary cancer 

- Metastatic deposit 
- irregular, lobulated, or spiculated  borders 

10% of malignant nodules demonstrate calcification 
- calcification in cancer is STIPPLED or 
 ECCENTRIC (i.e  one side more calcified than another) 

Benign neoplasm: 
- Hamartoma -popcorn calcifications 
- Lipoma 

- Fibroma 
-  well-circumscribed smooth borders 
- calcification is more likely than with cancer! 

- diffuse, central, laminar, concentric, 
 and maybe with popcorn calcifications. 

- GENERAL RULE: 
Order = benign 
Chaos = maligant 

Vascular Lesion 
- Arteriovenous malformation– usually has a visible vessel entering it 

Infection 
- Aspergilloma – round mass within a cavity,  maybe with pleural inflammatory reaction 
- Bacterial abscess – cavitating with a fluid level and regular thin walls 

Infectious Granuloma– calcification, when present, is  mainly central 
- Tuberculosis or Atypical mycobacteria –commonly calcified,  
- Histoplasmosis –commonly calcified 

Non-infectious Granuloma 
- Rheumatoid nodule –peri-pleural nodules or pleural plaques; may cavitate but never calcify 
- Wegener’s granulomatosis: systemic vasculitis of medium and small arteries, venules, arterioles, 

and occasionally larger arteries – typically, opacities with walls and irregular shaped borders 

- Sarcoidosis –soft fluffy lesion 

Congenital lesion 
- Bronchogenic cyst –sharply demarcated opacity without fluid level 

Other problem 
- Hematoma widening of the mediastinum, abnormal aortic contour, deviation of the trachea  

- Bronchiolitis obliterans usually with atelectasis- just a very thick bronchial wall 
- Mucoid impaction – a bronchus ending abruptly in a mucus plug 
- Massive Pulmonary Embolus a pulmonary artery ending abruptly in an opacity, 

 and no vascular markings in the lung which is supposed to be supplied by that artery 
- Pulmonary infarction - wedge-shaped 
- Pleural adhesion usually seen, duh- at the pleura 

 
 

 
 

 

50% are malignant! 

assume cancer until proven otherwise 

HAVE TO LOOK AT PREVIOUS FILMS!! 

ANY CHANGE IS ABNORMAL 

GROWTH OF NODULE: it’s a sphere, so… 

26% increase in diameter =  one doubling in volume 
 
BENIGN lesions take the longest: 400 days or more 
CANCER:  doubling time of 20-400 days. 
INFECTION, INFARCTION, and METS double in 20-30 days   

INTERPRETATION  DEPENDS ON HISTORY! 
Risk of malignancy increases with age  

• Risk of 3% at age 35-39 years  

• Risk of 15% at age 40-49 years  

• Risk of 43% at age 50-59 years  
• Risk of greater than 50% in patients older than 60  

Smoking history ,   - AND BEING MALE! 
Prior history of malignancy 
Previous history of tuberculosis or pulmonary mycosis 
Travel history – 

- Travel to areas with endemic mycosis (eg, 
histoplasmosis, coccidioidomycosis, blastomycosis)  

- Travel to areas with a high prevalence of 
tuberculosis  

Occupational risk factors for malignancy  
 Exposure to asbestos, radon, nickel, chromium, vinyl 
chloride, and polycyclic hydrocarbons  
 

CT WITH CONTRAST is the next step if you think its cancer. THEN ���� tissue diagnosis 

- If youre lucky, PET scan for increased uptake 
- Possibly, FNA (unless emphysema, bullae,  or nodule is very deep) 
- Possibly, Bronchoscopy  (if adjacent to major bronchus) 
- Possibly , Thoracoscopy or Mediastinoscopy (if lesion is @ the pleura or mediastinum) 

  



 



Emergency Analgesia         
The DRUGS: 
 
Morphine: 1st line Intravenous analgesia 
 = 0.1mg per kg 
 sometimes causes anaphylaxis-like 
 reaction: histamine release along  

the vein, terrible itching. 
Give fentanyl instead if this is too severe  

 
Pethadine: slowly being phased out, too euphoric 
 
Codeine Phosphate  

= 1mg per kg  
=slower acting 
…10% is metabolised into morphine,  

so 0.1mg per 1mg of codeine 
THUS its just as effective as morphine!  
Don’t scoff at codeine 
 

Fentanyl 
 = 1 microgram per kg  

short acting ( half-life of 15min) 
Good for the heart (non-cardiotoxic) 
Comes in a lollypop for paediatrics 

 
 

 
 
TITRATING THE DOSE: 

Say, 100kg adult male in pain. So, 10mg of morphine.  
BUT! 10mg as a bolus will cause them to vomit (vomit centre of the brain will 
sense a great new concentration of dangerous toxins and will cause you to spew) 
SO: break it up into 2.5mg orders, given every 20 minutes or until pain is gone  

Vomited anyway? Resist temptation to give maxolon 
(in fear of “dystonic reaction”) 

 
ABDOMINAL PAIN:           
Registrars of surgery like to feel for abdominal tenderness. Analgesia will reduce the 
sensitivity of this examination. HOWEVER: fuck the registrar.  
Your patient is in pain and the surgeon may take hours to finally arrive to assess them. 
THUS, give Morphine and Maxolon together (the abdo patient is already nausesous without the 
narctotic bolus) 
 
THE LEGENDARY “SPHINCTER OF ODDI SPASM” reaction to morphine:  

a myth, just give morphine anyway. No pancreatitis will occur. 
 

FRACTURED BONE PAIN: splinting or nerve block will relieve    
 
Not responding to opiates?  
� KETAMINE is the next step; may reduce opiate requirements 

SMALL AMOUNTS REGULARLY 
Until pain is relieved 

INTRAVENOUSLY, ALWAYS 

Subcutaneously, sometimes 
Kids and the uncannulatable 

NEVER INTRAMUSCULAR! 
Your emergency patient is IN PAIN  

And thus in sympathetic 
overdrive, which means 
peripheral vasoconstriction. 
THERE IS NO BLOOD TO 
CARRY AWAY THE DRUGS: 
Thus a depot of narcotic forms in 
the underperfused muscle, and 
this aint good for nobody. 

BUSCOPAN 
 = antispasmodic; 
 for gut colic.  

NOT AS GOOD FOR RENAL COLIC  
and IT MAY KILL THE ELDERLY!! 
Thus, use NSAIDS for renal colic. 

ENTONOX 
 = nitrous oxide + 50% Oxygen 
= no bad reactions, always useful 

TRAMADOL 
 = best marketed, least effective, most expensive alternative to dirt-
cheap morphine.Though not everybody will agree with this. 

= EXCELLENT for NEUROPATHIC PAIN  

AGE, NOT WEIGHT PREDICTS OPIATE DOSE ! 
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Emergency Management of Burns      
In order of least to most disastrous:  

BOILING WATER Scalds are not very deep if you are only exposed for a 
fraction of a second.  
HOWEVER 100 degrees for 1 second = full thickness burn (“3rd degree”) 

HOT OIL Boils at 220 degrees (!!) 
FLAMES Almost certainly full thickness 
ACID Causes coagulative necrosis, which is self-limiting  (an eschar forms, preventing spread of acid) 

ALKALI Causes LIQUEFACTIVE necrosis, which is SELF-PROPAGATING 
   
ASSESS THE BURN: HOW DEEP and HOW MUCH BODY AREA IS COVERED? 
 
 
 
 
 
 
 
 
 
 

 
RESUSCITATION:          

1. !! AIRWAY !! airway burns are lethal 
CAUSED COMMONLY BY ENCLOSED-SPACE FIRES AND EXPLOSIONS (hot air inhalation) 

LOOK FOR THE SIGNS: 
- Burnt face 
- Singed nasal hairs 
- Carbonaceous sputum 
- Stridor getting worse 

- Hoarseness rapidly developing 
- Poor Oxygen saturation despite 

oxygen mask

airway burns = need prophylactic intubation 
gotta get that tube into them before the inflamed airway closes up 

 
2. Reduce on-going injury: eg. extinguish the patient, debride the alkaline wound  

- COOL THE AREA WITHIN 3 HOURS! = Reduces pain, depth, fluid requirements 
- Use a cold (15 degrees) saline pack  

- Irrigate chemical burns 
 

3. FLUIDS!! Cannulas in both arms :  
better in the burnt upper limb than  the non-burnt lower limb 

2 to 4 ml per kg per percentage of body area burnt, over 24 hrs 
 

4. STOP THE FLUIDS WHEN… 
…the periphery is warm 
…they are normotensive 
…urine output climbs over 0.5-1ml per kg per hr 
…base deficit is less than +2 

 

5. ARE THE INJURIES CIRCUMFERENTIAL? 
Expanding oedematous soft tissue will cause compartment syndrome in limbs 
armoured in charred eschar – thus must perform escharotomy, i.e. lengthwise slit 

RULE OF NINES: 
Each body area is worth 9% of surface 
area, except  
TORSO / BACK = 18% 
GROIN = 1% 

HOW DEEP? 
Superficial = erythema, redness, sunburn. 
Partial thickness = blisters, red moist skin. 
Full thickness = pale, leathery, dry, insensate 
 
IS IT AN ACCIDENTAL BURN? 
INTENTIONAL burns have a uniform depth, no splash marks, “porcelain contact 
sparing” (eg. childs buttocks are planted on porcelain bath tub, which is cooler than the 
surrounding water) flexor sparing, dorsal hand burns, and localised but very deep burns 
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Emergency Management of Severe Trauma       
PRIMARY SURVEY   
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
RESUSCITATION   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SECONDARY SURVEY   
 

DEFINITIVE MANAGEMENT           
 

Airway  and C-spine management: 

 Signs of a C-spine fracture are subtle; 
IF THE PATIENT IS CONSCIOUS: 

- look for MIDLINE POINT TENDERNESS in the C spine 
- get them to raise their head up off the bed, turn ���� Lt, Rt 

They simply wont be able to do that if there’s a C fracture 
Natural reflex of neck muscles is to spasm around it. 

Breathing: put your hands on their chest 

 Asynchronous chest and abdomen mean OBSTRUCTION 

Circulation + haemorrhage control 

- feel the extremities. Skin is hypoperfused first in shock 
- control bleeding. 
- SCALP LACERATIONS WILL KEEP BLEEDING 

so you have to keep an eye on them. 

Disability (neuro) 

- This is the Glasgow Coma Scale 
- Alert? Responds to words? To pain? Unresponsive? 
- 4 alertness, 5 verbal, 6 pain/motor. 8 = coma, 3 = dead  
- motor component:  use the best side of a hemiplegic 

Exposure: CUT THEIR CLOTHES OFF 

Fluids: get a cannula in wherever, both arms. 

- NOT dextrose!! Only NS or Hartmanns 
- O negative whole blood (warm if you can) 
- Ask for group-specific unmatched blood 

(99.9% compatible, takes 15 min.) 
with kids: give 20mls per kg 

rule of thumb:  
at 12 months  ~ 10kg, then add 2 kg per every year 

Gas – oxygen mask and SATS monitor 

Heart –12 lead ECG, troponins, echo… 

Insert Urinary Catheter   
(measure output, kidneys last to go in shock) 

- looking for ~ 35 mls /hr, responsive to fluid challange  
PLUS Naso or  Oro-gastric tube 
(decompress stomach)  

 

If not- you rely on CT  

Strange pupil signs are 

USELESS in the 

conscious patient. Only 
unconscious people 
with unequal pupils are 
worth concern.  

DO A HEAD TO TOE SURVEY!!  
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Emergency Radiology of the C Spine      
Causes for concern in your trauma patient:  

− Altered mental state or loss of consciousness (including drugs!) 

− Neck pain (with or without palpation) 

− Numbness, weakness of extremities (transient or continuous) 

− Distracting injuries (eg. broken leg may hurt more than broken odontoid peg) 
 

So, you’ve decided to ask for C-spine radiographs: 

− Ant-Post view 
− Odontoid “open mouth” view 
− True Lateral view (need to see ALL 7 VERTEBRAE + T1 if possible) 
− If you cant see C7-T1, ask for a “swimmer’s view”: 

− X-ray is taken through the armpit, with one arm raised. 

− If you cant see all the vertebrae, dont just give up- order a CT of  the neck 
 
What to look for:             

1. The FOUR SMOOTH CURVES: 

− Anterior vertebral body line 

− Posterior vertebral body line 

− Spinal canal line 

− Spinous process line 
2. The SOFT TISSUE SHADOWS: 

− Measure from the ant. vertebral line to the trachea: 
− There should only be 7mm of tissue at C2 

− There should only be 22mm of tissue at C7 
− ANYTHING MORE = RETROPHARYNGEAL SWELLING, thus FRACTURE  

3. The BONES themselves: 

− Angle between vertebral bodies should not be greater than 11 degrees 
4. The PREDENTAL SPACE: 

− The space between odontoid peg and C1 

− Should be 3mm 
5. ODONTOID SYMMETRY: 

− On AP odontoid view:  

− space to the left should equal the space to the right 
6. The CORD DIMENSIONS: 

− 10 to 13 mm in ant-post measurement 
 

Immediate management:          
− IV Methylprednisone within first 8 hrs, until 24 hrs. Reduces SC injury. 

− GET THEE TO A NEUROSURGEON 

These should all be  
smoothly curved and parallel 

20% of C-spine fractures are 
NOT PICKED UP ON X-RAY 
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Voice Disorders          
Physiology of the voice: 

− Vocal cords tighten for high pitch , loosen up for low pitch. 

− The looser they are, the less frequent their vibrations. 
− Everything else is controlled by the mouth and sinuses. 
− Reinke’s Space is crucial!  

− Slight disturbance = major change in voice quality 

External Laryngeal Nerve controls Pitch 
Recurrent Laryngeal Nerve controls Tone 

These can be damaged by - 

- Cardiac, Thyroid, Mediastinal or Laryngeal surgery 

 

HOARSENESS, croaking voice: 
Major causes are:  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Investigate with NASENDOSCOPY      

(tube is passed through nasopharynx, strobe light  
is used to image the cords in motion.) 

Management is usually SURGICAL for polyps,granulomae, SCCs.  
− Polyps, papillomae + small cancers can be burnt off with a laser. 

− Acute oedema, viral+ reflux laryngitis will resolve by themselves. 

Functional Voice Disorders: no organic causes      
Eg. The dry mouth of the public speaker: 

− Anxiety causes adrenaline release 

− Adrenaline causes muscles to tighten and mucosal membranes to dry up 

− Hence, Reinke’s space becomes narrower and the vocal cords become 
tighter,  thus the broken high-pitched voice of the defendant in court. 

− This is known intuitively; people put glasses of water out for public speakers 

 
 

ACUTE (sudden onset) 
− Acute Reinke’s Oedema 

(like after a night of drinking and 

smoking) 

− Viral Laryngitis 

− Bile / Acid Reflux looks like 

diffuse redness aound the cords 

−  

CHRONIC (insidious) 
− Polyp due to 

− Excessive coughing 

− Violent intubation in ICU 

− Granuloma (a chronically 

unhealing polyp) 

− Squamous Carcinoma 

OLD HOARSE MALE SMOKER : 

CANCER UNTIL PROVEN OTHERWISE 

YOUNG HOARSE FEMALE NON-SMOKER : 

VIRAL LARYNGEAL PAPILLOMA 
= vocal cord warts 

Larynx SCC: 
~3 months onset of hoarseness;  
Tumour is probably still small   
Rarely spreads to lymph nodes as 
the larynx is poorly drained. 
Leukoplakia (hyper-keratosis) is 
the pre-malignant change 
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Fluid and electrolyte replacement      
http://www.healthsystem.virginia.edu/internet/anesthesiology/Dept-Info/Education/Lectures/blood.cfm 
 

DAILY REQUIREMENTS: 
40 ml water per kg per day 

THUS 70kg man requires about    3 litres per day 

Na+ = 2mmol per kg per day =      140 mmol Na+ 
And thus=    140 mmol Cl- 

K+ = 1 mmol per kg per day =       70 mmol K+ 
 
 

LOSSES: 
Through vomit: 
= acid and thus K+ 
= salt (NaCl) 
���� hypokalemic alkalosis 
Through diarrhoea: 

= isotonic dehydration 
= bicarb deficit acidosis 

What is in those fluids bags: 
Bag     Na+   Cl-  K+  Glucose 
NS    150  150  -  - 
5%dex   -  -  -  5% 
4%dex + 1/5th NS 30  30  -  4 
Hartmanns  142  142  8  -    
 

THUS one bag of saline comprises a whole days worth of sodium and chloride. 
BUT there are 2 more litres of fluid to come from somewhere 

 AND there’s still potassium to replace (but on day 1 post-op there is no need for K+)  
 
So… give ONE BAG OF SALINE in 8hrs 
Then make the next two bags 5% Dextrose.  

 
Rate of infusion: 1 litre in 8 hrs = 125mls per hour 

 
REPLACING LOSSES        
Give the FIRST HALF of replacement in first 8 hours 

Give the OTHER HALF in the last 16 hrs 
 
BULK OF SURGICAL LOSSES IS NORMAL SALINE-REPLACEABLE 
 

Assessment of dehydration:     

1 unit of blood lost:  tachycardia 
2 units of blood lost  change in pulse width  

(.e. diastolic pressure drops) 
3 units of blood lost: drop of blood pressure,   

urine output @ low edge of normal 

10% blood loss = shock symptoms 

 

Acutely Dehydrated (hypovolemic) patient? 
You may want to re-infuse them STAT 
(i.e as fast as it will go in )- BUT: watch the urine output:  
THERE SHOULD BE A CHANGE WITHIN 5 MINUTES  
If not there may be a serious kidney problem 

 

POTASSIUM REPLACEMENT: 

 Can give 10mmol/hr 
-without monitoring 

BUT: have to recheck, 
recheck, recheck! 
 
- Too much potassium 
irritates the vein. Thus only 
give 60 mmol per bag, else 
���� thrombophlebitis 
 
ORAL POTASSIUM: 
“slo-K tablets” of 150mmol 
not all is absorbed: 
= give 4, then wait 4 hrs 
- then  check EUC and give 
another 4 
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the all-important COMPARTMENT SYNDROME      
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CAUSED BY 
A badly bruised muscle 
A complication after surgery  
A crush injury to the foot  
A result of anabolic steroid use  
A fracture 
A major change in activity level,  

such as with long distance 
runners or new military recruits  

���� SWELLING +/- bleeding 

Compartment 
pressure  
becomes 
greater than 
venous 
pressure 

Venous 
backflow and 
more swelling 

Capillaries 
collapse, 
causing 
ischaemia 

Ultimate result is 
ischaemic necrosis 
Biggest victim is muscle, with 
resulting deformities and 
contractures 
PLUS: 

 impaired bone healing 
(bone needs good perfusion 
to heal)  
IRREVERSIBLE TISSUE 
INJURY AFTER 6 HOURS 

SIGNS AND SYMPTOMS: 
- AGONY DISPROPORTIONATE TO INJURY (despite analgesia) 

Especially when the affected muscle is stretched 

- No pulse distal to injury 
- Pale limb 
- Paraesthesia (pins + needles, altered sensation) 
 

BORING PATHOLOGY: 
- Normal cellular metabolism requires 5-7 mm Hg oxygen tension; 
- This is easily maintained with the Capillary Perfusion Pressure averaging 25 mm Hg and interstitial pressure 4-6 mm Hg.  
- However, rising interstitial pressure overwhelms perfusion pressure.  
- As intracompartmental pressure rises, venous pressure rises.  
- When venous pressure is higher than CPP (~to over 30 mmHg,), capillaries collapse.  
- At this point, blood flow through the capillaries stops.  
- In the absence of flow, oxygen delivery stops.  
- Hypoxic injury causes cells to release vasoactive substances (eg, histamine, serotonin), which increase endothelial permeability.  
- Capillaries allow continued fluid loss, which increases tissue pressure and advances injury.  
- Nerve conduction slows, tissue pH falls due to anaerobic metabolism, surrounding tissue suffers further damage, and muscle 

tissue suffers necrosis, releasing myoglobin.  

- The end result is loss of the extremity and, possibly, the loss of life due to myoglobin nephropathy (acute tubular necrosis) 
 

Basic Treatment 

- Get them to a hospital QUICKLY (time to intervention = most important prognostic factor) 
- KEEP THEM LYING FLAT (limbs level with the body) 
- Put them on oxygen (improve PaO2 = less ischaemia) 
- Hydrate intravenously 

- Experienced surgeon should perform fasciotomy 
-  

Supporting Investigations: 
- Creatine Phosphokinase 
- Serum myoglobin 
- Urine myoglobin 
- Radiography of affected limb 
- Compartment pressure measurement ���� 

Compartment Pressure Measurement = 
Absolutely diagnose this condition involves directly 
measuring the pressure in the compartment by 
inserting a needle attached to a pressure meter 
into the compartment. When the compartment 
pressure is greater than 45 mmHg or when the 
pressure is within 30 mmHg of the diastolic blood 
pressure (the lower number of the blood 
pressure), then the diagnosis is made. 
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Radiology of Fractures         
TRANSVERSE  OBLIQUE(SPIRAL)  COMMINUTED 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Gustilo Classification of Open fractures 

I Low energy, wound less than 1 cm. Get tetanus status, fix in 24hrs 

II 
Wound greater than 1 cm with moderate soft tissue damage. 
Wash and debride in 6 hrs, higher risk of infection (2-3%) 

High energy wound greater than 10 cm with extensive soft tissue 
damage. 

IIIA 
Adequate soft tissue cover but 
massive soft tissue injury 

IIIB 
Periosteal stripping 
High risk of non-union and infection 

III 

IIIC Associated with arterial injury 

Spiral (or oblique) fractures are 
usually the result of a twisting 
moment being applied about the 
long axis of the bone. For example 
the foot being held trapped whilst 
the leg twists about it. This is as 
opposed to a sideways moment or 
bend which results in a transverse 
fracture. 
The x-ray of a fracture caused by a 
twisting motion may result in an x-
ray indicating an oblique fracture. 
In practice this type of fracture is 
very rare and is more often a 
misinterpretation of the x-ray 
information of a spiral fracture. 
Damage to the bone ends makes it 
more difficult to align and balance 
the bones making for an unstable 
union. Bone spikes may cause 
damage to soft tissue, nerves and 
blood supply. The spikes may 
break free to form 'Butterfly' 
fragments  
 

The term Comminuted fracture 
is applied to one where there is 
splintering of the bone ends. 
This results in a situation where 
exact reconstitution or 
reconstruction is difficult or 
impossible. This situation is 
usually caused in cases of 
direct trauma. 

 

Transverse fractures are 
usually the result of a direct 
blow or pure angular force 
being applied to the bones. 
The resultant shape of the bone 
ends helps transverse fractures 
stay in alignment more easily 
than those of other fractures 
where the resultant ends do not 
locate so readily. 

 



Popular Favourites         
Neck of Femur 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Distal Radius: 

COLLES & SMITH 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Subcapital 

Transcervical 

Basicervical 

Intertrochanteric 

Subtrochanteric 

TROCHANTERIC: to describe,  
Say: 
How many parts? 
NAME the fracture 
valgus or varys? 
 
Eg. “a 2-part intertrochanteric 
fracture with commutation and 
valgus displacement” 
 

*TRABECULAR LINES 
OF HEAD OF FEMUR 
SHOULD ALIGN WITH 
ACETABULUM* 

COLLES:  
Due to fall on outstretched hand 
Displaced dorsally 
Within 2.5cm of joint, but  
EXTRA-ARTICULAR 

Subcapital 

SMITHS:  
Opposite of colles: fall on flexed hand 
Within 2.5cm of joint, but  
EXTRA-ARTICULAR 
 



Scaphoid             

 
 
 
 
Humerus: supracondylar is the one to worry about 

(high risk of compartment syndrome and neurovascular compromise) 

 
 
 
 
 
 
 
 
 
http://www.wheelessonline.com/ 
http://www.trauma.org/imagebank/imagebank.html 

Proximal scaphoid 
has gone opaque and 
necrotic due to lost 
arterial supply  

Requires considerable force for head of radius to ride into the scaphoid with such violence.  
INJURY OF SKATEBOARDERS AND ROLLERBLADERS 
POKE THAT SNUFFBOX, LEST YE GET SUED 



Genitourinary radiology         
Procedures: 
PONDER: When ordering, ask yourself:  

- Will this change my management?  
- What will be my next step, if its normal or abnormal? 
- How much does this test cost? 

PROTECT the patient: presume any woman of child-bearing age is PREGNANT  
PREPARE the patient for the procedure: 
  ULTRASOUND requires a full bladder 
  INTRAVENOUS PYELOGRAM requires nil-by-mouth for the night before 
  CT scan requires 4 hrs fasting, then 1 litre of cordial-flavoured contrast 
  ANGIOGRAPHY:  shave both groin sides, NBM for 4-6 hrs 
   Complications include embolism, dissection, aneurysm 

CONTRAST:  Ask about previous reactions to contrast studies 
    ALSO: ask about myeloma and renal failure 

Ultrasound- ($120) 
  Need full bladder 

- Assess kidneys, bladder, uterus, ovaries, adnexal masses, fluid 
- Will show obstruction and cancer/cyst of the kidney 
- !! most importantly!! Ectopic pregnancy: b 

- use ultrasound to confirm intra-uterine pregnancy 
- 5 wks = gestational sack 
- 6 wks = foetal pole 
- 7 wks = foetal heart beat 

- one week earlier for transvaginal ultrasound 
 
Radiography: IVP($120) or Cystogram ($160)  

- Calculi, especially  “STAGHORN” calculi – 90% of stones are opaque 
- Reflux: on cystogram, seen as contrast regurgitating up the ureter 
- Cancer of the kidney on IVP (distorted silhouette) 
- “Horseshoe” kidney: “kissing calyxes” very close together 
- “Pelvic” kidney: normal, but in pelvis  
- do a cystogram if rupture of bladder suspected 
- INCIDENTALLY might find sclerotic (hyperdense) bone mets:  

- Prostate cancer in men, breast cancer in women 

CT ($400)  
– for renal imaging: will show cancer, pyelonephritis, cysts 

- For imaging of prostate cancer pre radiotherapy 
- Kidney infection will look like a diffuse “haze” in the peri-renal fat 

 

Angiography ($750) eg. aortogram, renal angiogram  
- Mainly indicated for renal artery stenosis 

 

Interventional radiology: 
Percutaneous nephrostomy when there is an obstruction which can not be  

relieved by putting a catheter up through the ureter. 
Could cause major renal bleed 

Percutaneous balloonoplasty of renal artery when there is stenosis. 
    Might end up totally occluding the renal artery, or sending  

an embolism into it. 
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Perioperative Pain Management       
Scientists like to measure stuff. If you can measure it, its under your control. 
Thus it is useful to MEASURE PAIN from morbid interest but also TO EVALUATE MANAGEMENT . 

Various Tools: 

− Categorical Scale (mild, moderate, severe etc.) 

− Numerical Scale ( 1 to 10) 

− Visual Analogue Scale ( put a tick along this line) 

Useful Rules of Thumb:          

− Use lots of different analgesics rather than higher doses of one analgesic. 
− Treat pain aggressively and early, to prevent chronic pain. 
− Wherever possible, use Patient-Controlled Analgesia (PCA) 
− Epidural Analgesia reduces pulmonary morbidity post-op (eg. less atelectasis, less 

pulmonary infections due to better sputum clearance (if your massive abdominal 
wound doesnt hurt, you’ll cough every time you feel like it), and has no major 
adverse consequences (except epidural abscess, ~ 1 in 1000 and sometimes epidural 

haematoma in over-heparinised patients) 
− Epidural is is as safe as any method of traditional pain relief (arguable,  

depends on the anaesthetist) 
( “a lumbar puncture is two frightened people connected by a needle”) 

 

...erm... so does my patient have an epidural abscess? The signs are 

Back Pain, Fever, Leukocytosis; Staph Aureus = commonest organism 

− To avoid this:  

− DONT LEAVE CATHETER IN FOR LONGER THAN 3 DAYS 

 

NSAIDs guidelines:          
− For minor or moderate sugery. 
− To DECREASE OPIOID REQUIREMENTS (opioid + NSAID synergy is good) 
− These are the analgesics of choice for day-surgery procedures. 
− AVOID IN SURGERY WITH HIGH RISK OF BLEEDING 

− AVOID IN HYPERTENSION, HYPOVOLEMIA, PRE-ECLAMPSIA 

− AVOID IN RENAL IMPAIRMENT 

− COX2 selective drugs are not any better than the normal NSAIDs 

OPIOID guidelines: easy, just leave it to the patient (PCA)   
− Solves the problem of wildly variant individual requirements 

Ketamine: unique NMDA antagonist (and many other receptors)    
− Give together with morphine to reduce dose requirements (will need only half as much 

morphine, plus less nausea, less sedation, less pruritis, less urinary retention) 

TRAMADOL: weak mu-opioid and serotonergic action    
− Check with the consultant. There are pro-tramadol people, and there are anti-tramadol 

people. Overall it seems  little better than aspirin, but it has less toxicity (apart from the 
much feared and untreatable “serotonin syndrome”) and very low addiction potential.  
It was developed by the Nazis in response to the opiate boycott of Germany during the 
second World War, for use as an alternative to morphine.    
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Peripheral Vascular Disease in Vascular Surgery      
 Definition of intermittent claudication: REPRODUCEABLE LOWER LIMB PAIN 
      PRODUCED BY EXERCISE 
      RELIEVED BY REST 
     PAIN AT REST IS A MARKER OF SEVERITY 
     ULCERATION AND GANGRENE ARE MARKERS OF SEVERITY 
      
 
 

 
 
IS THIS LIMB ACUTELY ISCHAEMIC? - use the 6 P method     

- Pulseless 
- Painful 
- Pale 
- Paralysed 
- Paraesthesia 
- Perishingly cold 

 
Investigate with: 

- Duplex Doppler: to visualise flow and structure of arterial walls 
- Angiogram if doppler is too inaccurate (eg. below the knee) 
- CT or MRI digital subtraction angiogram (3D reconstruiction) 

 
 
 
MANAGEMENT is largely medical          

- Eg. ACE inhibitor, statin and 100mg Aspirin 
- FOOT EDUCATION: watch for ulcers 
- QUIT SMOKING 
- WALK ~ 1 hour per day (to increase diameter of collateral arteries) 

Most improvement happens in first 6-9 months  
 
SURGICAL MANAGEMENT           
- BALLOON ANGIOPLASTY  
- STENT ANGIOPLASTY 
- ENDARTERECTOMY 

ANKLE-BRACHIAL INDEX: 
AN ASSESSMENT TOOL OF SEVERITY 

Ratio of  ankle systolic blood 
pressure to brachial systolic 
blood pressure  
(leg BP over arm BP) 
= SHOULD BE ~ 1 
claudicators have ~ 0.5 
rest pain occurs at ~ 0.3 

 

Most importanty risk factors: 
For coronary disease: DYSLIPIDAEMIA 
For cerebrovascular disease: HYPERTENSION 
For peripheral vascular disease = !! SMOKING !!  

Compare the limbs 
Feel the pulse: equal absent? 
Are they in AF? 

Think: why would there be an acute arterial embolic event? 
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Post-operative Analgesia in the General Surgical Setting    
NON-opiates: 
Injury causes the release of inflammatory mediators (eg. prostaglandins and leukotrienes) 
which sensitise the nociceptive nerve fibres, i.e. producing a state of HYPERALGESIA 
where the area becomes more tender and sensitive than it ought to be.  
THUS: want to inhibit the cyclo-oxygenase enzymes. 
BUT: prostaglandin also needed @ the vascular endothelium: 

to counteract thromboxane A2 (which is prothrombotic)  
THEREFORE: selective COX2 inhibitors convey an increased risk of coronary events 

Only use non-specific NSAIDS,  regular doses, review with pain scale 
Indomethacin 25mg Q6H PO or 200 BD PR 
Naproxen 500mg BD PO 
Rofecoxib 12.5-25mg BD PO 
Diclofenac (Voltaren) 

���� 50mg BD PO, 100mg BD PR  
For smooth muscle spasm, NSAIDS are more effective than antispasmodics 

(that spasm is prostaglandin-mediated)���� YES THIS MEANS RENAL COLIC 
 
ALL NSAIDS impair platelet function  EXCEPT PARACETAMOL 
 
 

OPIATES:             

Its not quite emergency: your patients are not in shock and their injuries are usually obvious and 
unambiguous. THUS you can give opiates intramuscularly or subcutaneously. 
 
 
 
 
MORPHINE  IS KING OF POST-OP ANALGESIA 

- good subcutaneously, 2-3mg PRN Q2 (i.e no more frequent than 2 hourly) 
People may be apprehensive regarding bad street reputation of opiates 
This is bad: reluctance to use your PCA will lead to pneumonia and awful suffering 
� so say “ only 1 in 5000 chance of addiction ” 
Side Effects   

- Respiratory drive depression ���� monitor 
- Cough suppression ���� regularly auscultate chest /check sats 
- Constipation ���� laxatives eg. Coloxyl 
- Allergic reaction (itchy vein ! very uncomfortable) 
- Nausea (esp. young women, non-smokers, motion sickness sufferers) 

 Managed with antidopaminergic drugs  
eg. metaclopromide or prochlorperazine 

Other choices: 
CODEINE (~10% is converted to morphine) 
OXYCODONE is the next step up from Panadeine Forte  
 - commonly used; normal dose = PO 10mg Q4 
 -also available in sustained release formulation (oxycontin) 

If previously on less than 30 mg of morphine – Panadeine should be enough 
If more than 30 mg – need oxycodone (1 mg per 1 mg conversion) 
 
HYDROMORPHONE (5x as powerful as morphine) 
PETHIDINE is no longer used partially due to abuse potential and partially 
because of a toxic metabolite (norpethidine) which causes CNS problems  
FENTANYL (very potent, short acting in small doses) 

At risk of getting constipated and not on SSRIs = candidate for TRAMADOL 
= weak opiate and serotonergic effect  

Assessment at the bedside: pain at rest may be absent (have to ask about it) 
ALSO GET THEM TO COUGH: pain with coughing is more interesting  

Excessive sedation is a better sign 

 of over-analgesia than 

respiratory depression. 

Anyone over 5 years old is a candidate for PCA. 
Its adequate if the pt. uses it fewer than 3 times per hour. 

SWITCHING TO 
ORAL OPIATES: 
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ACUTE NEUROPATHIC PAIN        
Antidepressants 
- Tricyclics better than SSRIs for neurpathic pain 
- Low doses are best (eg. amitryptiline 5-10mg nocte) 

Anticonvulsants 
- Gabapentin is good – reduces post-op opiate requirements 
Membrane stabilisers 
- Lignocaine is useful intravenously and in the wound 
 

Wound Analgesia:        

Use long-acting local anaesthetic rather than a continuous lignocaine infusion 
 
 
  



 

MINOR WOUND INFXN 
local pain - red - discharge 

→ skin staph / strep 

give ABX only  if prosthesis 
involved 

WOUND CELLULITIS / 
ABSCESS 

starts with fever  

→ bowel Sx & contamination 

Culture cellulitis swab & ABX 
Surgical drainage of abscess 

POOR WOUND HEALING 

→ poor blood supply 

→ tight sutures 

→ long-term steroid Rx 
→ malnutrition / vit defic 

DEHISSED WOUND 
discharge++ beforehand 

→ insuffic abdo wall repair 

Cover with sterile, saline 
swabs, return to Surgery 

INCISIONAL HERNIA 

→ obesity, poor abdo mm 

→ insuffic wound closure 

Repair if strangulated, 
nuisance or pain 

RESPIRATORY PROBS 

→→→→Shallow breathing from pain, 

supine, abdo distension / 
constriction, sedatives, morphine,  

↑ ventilation rate  

→reduced gas exchange 
→secretion build-up: loss of 
cough reflex, reduced ciliary 
activity 
 

ATELECTASIS 
pale, tachypnoea, tachycardia, 

low-grade fever, ↓ breath sounds, 

dull to percussion, CXR, ↓ PaO2 
mucus blocks airways → distal 
lobes reabsorb air & collapse 
Physio (pre & post), pain relief, 
early mobilization 
Bronchodilators 

PNEUMONIAS 
Pyrexia, tachypnoea, tachycardia, 
(cyanosis), sputum (thick, 
purulent, green) 

→ chronic liung disease 

→ atelectasis 
→ aspirated gastric contents 
CAN CAUSE LUNG ABSCESS 
Sputum culture, ABX immed, 
Physio 

ARDS 
Rapid shallow breathing, scattered creps, low PaO2, 
diffuse lung opacification on CXR (normal cardiac 
diameter, PaCO2, no cough) 
(24-48h after insult) 

→direct / systemic insults to lung: eg. aspiration gastric 

acid, sepsis 
Lung capillaries leak → interstit edema. Alveolar lining 

cells damaged. Interstit edema. Stiff lungs. ↓ ventilation. 
90% MORTALITY –get to Intensive Care!! Mechanical 
ventilation 

DVT (50% silent) 
Popliteal vv: leg swelling & warmth, calf pain, pain on 
passive dorsiflexion (Homan’s sign)  
Ilio-femoral vv: diffuse swelling whole leg, pain in groin 
DIAGNOSE: 
Duplex Doppler ultrasound 
MGT:  
immediate Heparin, long-term Warfarin 
PREVENT:  
(1) low-dose Heparin (unfractionated/LMW) → 
reduces rate by 70% 
(2) calf compression devices 
(3) TED stockings (during & after) 
(4) early mobilisation 

PULMONARY EMBOLISM (day 4-7…and later) 
Big PE (>50% pulm arterial system): Sudden 
dyspnoea, cardiovasc collapse, pleuritic chest pain, 
pleural rub, haemoptysis  
Small PE: gen deterioration, confusion, 
breathlessness, chest pain, tachycard, fever (low 
grade) 
 
DIAGNOSE: V/Q scan for ventilation/perfusion 
mismatch 
MGT: embolectomy (if massive), systemic 
thrombolytic Rx (streptokinase), local thrombolytics 

RISK FACTORS: 
- trauma / surgery (lwr limbs/pelvis) 
- previous DVT 
- pre-existing leg venous disorders 
(causing stasis) 
- stasis during anaesthesia 
- malignancy 
- immobility 
- cardiac failure 
- oestrogen & pregnancy 
- pelvic masses 
- obesity 
- dehydration 
- pro-thrombotic blood disorders 

SEPSIS & MULTIPLE ORGAN FAILURE 
(1) Pulmonary failure (ARDS) (2) hepatic (↑ bilirubin, SGOT, LDH) (3)intestinal (stress 

bleeding) (4)renal (↑ plasma Cr, ↓ urine output) (5)cardiac (low CO, hypoT) 
XS inflammatory mediators, poor O2 delivery, gut flora cross sick intestinal barrier, reticulo-
endothelial system damage 
Find & remove source of infection, ABX, fluid & blood maintenance, oxygenation, enteral 
feeding, treat individual organs 

EARLY HAEMORRHAGE: 

→ anticoagulation 

→ liver / spleen nicked 

→ large raw surface 
Reverse heparin with protamine / replace 
deficient clotting factors. ?Return to surgery. 

LATE HAEMORRHAGE: 

→ infection (erodes vessels at op site) 

Treat infection. ?Return to surgery to ligate vessels 

 

Day 1 
 

Few days 
 

1 week 
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ABSCESS 
(1) generally unwell & delayed 
recovery 
(2) swinging fever & local peritonitis 
(3) early septicemia 
- leaky bowel anastomosis 
MGT: reoperate to make a stoma from 
each end of failed anastomosis. Join 
up once infxn gone. 
- following treated peritonitis 
- faecal contamination of op site 
- PELVIC / SUBPHRENIC 
MGT: locate with CT, U/S. Aspirate to 
classify. Drain. 
(better since no contact with bowel) 

PERITONITIS 
ABDO PAIN: severe, diffuse, 
RIGIDITY, GUARDING  
(rapid or insidious) 
*elderly get little tenderness 
- anastomosis failure 
- bowel perforation (ischaemia / 
obstruction) 
- peptic ulcer perforation 
- abscess burst 
MGT: 
(1) make well again: RESUS & ABX 
(2) find problem: LAPAROTOMY 
(3) sanitize: PERITONEAL TOILET 

BOWEL FISTULA 
- anastomotic leak 
- bowel infarction / obstruction 
dehydration, e-lyte disturbances, intra-abdo 
inflammation, skin breakdown 

- prox sml bowel fistula (↑ digestive juices) 
MGT:  
*if minimal infection & obstruction → spontaneous 
closure (wks-months) 
*if prox sml bowel: total bowel rest (Nil by mouth, 
NG tube), nutrition to bypass bowel (parenteral / 
enteral) 
*if infxd, intensive care & reoperation:  make 
stomas from ends & drain. Treat infxn.  
(very high mortality) 

ACUTE ISCHAEMIC GUT 
(sudden deterioration days 

post-op) 
(1) Peritonitis signs  
(2) abdoXR: ‘thumb-printing’ & 
gas in bowel wall 
- Inf mesenteric artery obstruxn 
(gut necrosis → perforation) 
MGT: 
IMMEDIATE OPERATION!! to 
avoid perforation (usually fatal) 

By Eleanor Curtin, GMP 3 

URINARY RETENTION 
- supine position 
-bladder overfill during op 
- transient neuro weirdness with voiding 
- pain: abdo / inguinal wound 
- constipation (most frequent cause) 
- bladder outlet obstruction 
post-op pain relief & mobilisation, 
encourage defecation (suppository), 
catheterisation (if all else fails) 

URNARY TRACT INFECTION 
Dysuria, frequency, unexplained 
pyrexia / septicaemia (may be silent) 
Very common post-op (esp women) 
- catheterization 

- ↓ urine output 
- bacteremia from operation / infxn 
- poor hygiene 
Good fluid input, ABX 

ACUTE RENAL FAILURE 
OLIGURIC PHASE: sudden onset oliguria, followed by big diuresis 
(unconcentrated) DIURETIC PHASE,  

If severe: ↑↑ blood urea, Cr, K 

- acute tubular necrosis: ↓ renal perfusion (hypoT) & hypoxia 
-toxins: aminoglycoside ABX (gentamicin etc.), myoglobin (crush syndrome) 
- hepatorenal ∆ 
PREVENTION: avoid hypoT, monitor nephrotoxic drugs (if high-risk patient: IV 
dopamine during op = protective) 
MGT: (MILD) fluid restriction, (SEVERE) dialysis (wks→mths) 

PRESSURE SORES 
espcially on heels & sacrum 

- ↓ pain response 
- pressure ischaemia 
- poor tissue perfusion 
- malnutrition 
PREVENTION: relieve heel pressure (heel rests, sheepskin, bean-bags), change posture often, check 
& massage pressure areas, manage incontinence 
MGT: remove necrotic tissue & control secondary infxn 

ILEUS 
Nausea, anorexia, 
vomiting 
- ops involving bowel 
handling / 
retroperitoneum 
MGT: reintroduce fluids 
gradually, then solids 

PSEUDO-OBSTRUXN 
No large bowel function 
- after Sx  (esp abdo) 
- severe hypoK+ 
- trauma to lower spine / 
retroperitoneum 
- anti-Parkinson’s drugs 
DIAGNOSIS: barium 
enema 
MGT: supportive 

EARLY POST-OP OBSTRUXN 
(uncommon) 

Vomiting, pain, constipation 
- twisted bowel 
- adhesions (1 wk post-op) FIBRINOUS 
- mucosal oedema around anastamosis 
(if gastrectomy) 
transient: empty bowel (NG aspiration), 
hydrate (IV fluids), if severe: laparotomy 
- strangulation (if toxic) 
Reoperation 

LATE POST-OP OBSTRUXN 
Months / years post op 
- FIBROUS adhesions 
as per early obstruxn 



     rererere----operative risk assessmentoperative risk assessmentoperative risk assessmentoperative risk assessment                                                                                                                        
     General concerns:     
  Is this an emergency surgery? 
   It will be going forward anyway; but… 
   HAVE THEY EATEN RECENTLY? 

 Cardiac Evaluation:           

   RISK FACTORS FOR CARDIAC COMPLICATIONS 

- High risk surgery (intraperitoneal, intrathoracic, suprainguinal vascular). 

- Ischemic heart disease 
- History of CHF 
- History of cerebrovascular disease 
- Diabetic requiring insulin 
- Pre-op creatinine > 2.0 mg/dl 

          High cardiac risk? 
         Should attempt risk reduction: 
-      ���� Consider using epidural or spinal anesthesia. 

CHF: optimize and avoid over-diuresis (patient should not be orthostatic) 
Aortic stenosis: If the patient has symptoms, evaluate fully eg. echo + ecg 

no symptoms = proceed with surgery.  

   Use perioperative beta-blockers (atenolol) 
 

 
 
 
 
 
 
Pulmonary Evaluation           
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Whats the goddamn point? 

TRY TO OPTIMISE THE OUTCOME: 

I.e. is there some way in which this patient could be 
made HEALTHIER before his / her operation, so that 
the outcome of the operation might be better? 

Risk Class and Chance of Complications: 

- Class I: zero risk factors: 0.4% 
- Class II: 1 risk factor: 0.9 % 

- Class III: 2 risk factors: 6.6% 

- Class IV: 3 or more risk factors: 11.0% 

LARGE-SCALE VASCULAR SURGERY? If any of these are present,  
DELAY SURGERY AND MANAGE THEM:  

- Unstable coronary syndromes (recent MI, unstable or severe angina) 

- Decompensated CHF 

- Uncontrolled arrhythmias  
- Severe valvular disease 

IF RECENTLY 
INFARCTED: 

delay surgery for  
6 months;  
if the surgery is semi-
elective, fully 
evaluate/optimize from 
cardiac standpoint and 

wait at least 6-12 
weeks. 

Most cases of cardiac risk assessment are determined 
simply by a good history and physical exam. 

Whats a “cardiac complication” anyway? 

cardiovascular death (by MI, 
arrhythmia, heart failure). 
non-fatal arrhythmia,  
CHF/pulmonary edema,  
Myocardial infarct without death 

 

POOR FUNCTIONAL CAPACITY: 
If you cant climb a flight of stairs,  
you are at risk of dying on the table 

Indications for beta-blockade: 
meet 2 of the following criteria: 
- age over 65 
- hypertension 
- current smoker  
 

- cholesterol > 240 mg/dl,  

- NIDDM - Perioperative MI usually occurs within 2 days of surgery 

- Usually atypical  (i.e painless and often completely asymptomatic)  
-  

Whats a Pulmonary Complication? 

- Pneumonia 
- respiratory failure 
- need for mechanical ventilation 
- bronchospasm 
- atelectasis 
- exacerbation of lung disease 

 

RISK FACTORS FOR PULMONARY COMPLICATIONS: 

Smoking: risk declines only if patient quits smoking 8 weeks or earlier prior to surgery.  

COPD: Treat COPD aggressively prior to surgery:  
- Inhalers and steroids 
- physical therapy 
- smoking cessation 
- antibiotics when indicated 

Asthma: aim for no wheezing and a peak flow > 80% predicted 
       - can use short course of oral steroids to reach these goals.  

Length of surgery (> 3 hours) and general anesthesia (vs. epidural or 
spinal) are also risk factors for post-op pulmonary complications.  

DELAY SURGERY IF: 
- Active URTI 
- Active pneumonia 
- Active bronchitis 

Fix these first!! 

exercise tolerance preoperatively correlates 
with risk of post-op pulmonary complications. 

HISTORY: Ask about 
- decreased exercise tolerance 
- chronic cough  
- dyspnea  

consider delaying surgery until 
these symptoms (if present) can 
be explained or treated.  

On physical exam, look for  
- prolonged expiratory phase  
- + any abnormal lung findings to guide further testing and evaluation.  

DON’T JUST DO CXR and ABGs on EVERY SURGICAL PATIENT: only when indicated 
 

PULMONARY RISK REDUCTION STRATEGIES: 
PRE-OP quit smoking > 8 weeks pre-op, treat COPD or asthma exacerbation, treat respiratory infection 

INTRA-OP: limit surgery to < 3 hours, use spinal or epidural anesthesia, opt for laparoscopy, avoid upper abdo + thoracic surgery 

POST-OP: control pain, consider epidural anesthesia for pain control, use deep breathing exercises and incentive spirometry 

in all patients, and use CPAP or similar ventilatory support when needed 

IF IT HURTS TO COUGH, YOU WONT CLEAR YOUR  LUNG SLIME AND IT MAY KILL YOU!! 
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GOALS OF PROPHYLACTIC ANTICOAGULATION: 

IV Heparin: titrate until PTT is high normal (~35 seconds)Warfarin: INR of 2.0 to 3.0; 

DIABETIC PATIENTS BEFORE SURGERY: watch their hearts!    
Apart from the heart: GLYCAEMIC CONTROL IS DIFFICULT TO MAINTAIN PERIOPERATIVELY 
        If their control is already shit as it is, admit them early and fix it. 

    CHECK HbA1C: if over 10%, watch for dehydration and electrolyte weirdness 
- Metformin must STOP 48hrs prior to surgery; as well as any other long acting diabetes meds 
- DO NOT USE INSULIN INFUSION IN DIET-CONTROLLED DIABETICS OR THOSE WHO ARE ONLY ON 

ORAL MEDS. If they are not on insulin before, don’t put them on it for the surgery. 

- IN THE ICU its ok to be hyperglycaemic: keep BSL between 8 and 11  
 

THROMBOEMBOLIC PROPHYLAXIS       
  RISK FACTORS FOR DVT and PE: weighted according to points: 
 
 
 

-  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

LOW RISK : 1 point each 
- Age 40-60 
- Prior explainable DVT 
- Family history of DVT 

- Stasis ulcers / varicose veins 

- History of MI or CHF 

- Paralytic Stroke Victim 

- Under general for over 2 hrs 

- Bed rest for over 12 hrs 

- Central line 
-  

MODERATE RISK : 2 points each 
- Age 60 - 70 
- Prior unexplainable DVT 
- Major surgery 

- Malignancy 

- Multiple trauma 

- Spinal cord injury with paralysis 
 

HIGH RISK : 3 points each 
- Age over 70 
- Prior Pulmonary Embolism 

- Inherited thrombophilia 

- Acquired thrombophilia 

CONTRAINDICATIONS FOR PROPHYLACTIC ANTICOAGULATION: (if present, just use TED stockings) 

RELATIVE:      ABSOLUTE:      

- history of cerebral hemorrhage,  
- GI/GU hemorrhage or stroke within last 6 months, 
- thrombocytopenia, 
- coagulopathy (PT > 18 sec),  
- active intracranial lesions/devices,  
- proliferative retinopathy,  
 

- active hemorrhage,  
- history of heparin-induced thrombocytopenia,  

- pregnancy (heparin okay, warfarin not okay), 
- severe trauma (head, spinal cord, extremity) within last 4 weeks,  
- epidural/indwelling spinal catheter. 

Low molecular weight heparin: avoid in renal 

insufficiency (Cr over 200) 

RISK-RELATED PROPHYLAXIS GUIDELINES: 
 
 
 

LOW RISK  
Zero risk factors 
= ambulate early, TEDS… 

MODERATE RISK 
1-2 risk factors 

LM heparin q12h  
sequential compression devices 
  

HIGH RISK  
3-4 risk factors 

LM heparin q8h  
sequential compression devices 
 

VERY HIGH RISK  
More than 4 risk factors 

IV heparin drip or warfarin 

RULES OF THUMB: 

- Invasive surgery is generally safe (from major hemorrhagic complication) when the INR < 1.5.  
- It takes approximately 4 days for the INR to reach 1.5 once warfarin is stopped preoperatively.  
- It takes approximately 3 days for the INR to reach 2.0 once warfarin is restarted postoperatively.  
- All things considered, if warfarin is held 4 days pre-op and started immediately post-op, the patient is effectively without anticoagulation for 2 

days (24 hours pre-op and 24 hours post-op).  
 

SPECIFIC CONCERNS���� 

ALREADY JUST HAD A DVT or PE? 
FIRST MONTH: 
- avoid elective surgery (high risk of recurrence off 

anticoagulation).  
- If you must go to theatre: use IV heparin once the INR < 2.0. 
- Stop the heparin 6 hours pre-op.  
- If there is no active bleeding from the surgical site, restart IV 

heparin 12 hours post-op with no bolus.  
- If the risk of IV heparin is too high and the patient has had a PE or 

proximal DVT in the past 2 weeks, consider an IVC filter. 
-  

GOT A MECHANICAL HEART VALVE? 
For patients with atrial fibrillation or mechanical heart valve:  
- If the patient has had an arterial thromboembolic episode (e.g. 

stroke) within the last month, avoid elective surgery.  
- If your patient must go to the O.R., give IV heparin  
- Long-term anticoagulation patients: no need for pre- or post-op 

IV heparin. 
 

 

BACTERIAL ENDOCARDITIS PROPHYLAXIS 
For whom? 
- All prosthetic cardiac valves  
- Previous endocarditis   
- Surgical systemic pulmonary shunts   
- Most congenital heart defects   
- Acquired valve dysfunction  
  

When? 
- Surgery involving the GI 
- Prostate surgery or cystoscopy  
- Any dental procedure likely to cause 

bleeding (e.g. dental extraction) 
Tonsillectomy & adenoidectomy  

-  

WHAT SHOULD YOU GIVE? 

Dental: (amoxycillin or ampicillin ) or clindamycin 

GI or GU: ampicillin and gentamicin 
 



Pulsatile Abdominal Mass         
Is it EXPANSILE or TRANSMITTED pulsation? 
   i.e aneurysm or mass adjacent to artery? 
 
HISTORY of acute presentation 
- Sudden “ripping pain”  

- in abdomen (AAA) 
- in chest (aortic dissection) 

- radiating to the back 
- maximal at time of onset 
- assoc. with  syncope and/or stroke 

 

RISK FACTORS: same as for atherosclerosis 
- Hypertension 
- Smoking 
- Family history 
- Diabetes 
 

PHYSICAL EXAM 
- PULSATILE MASS 
- hypertension 
- decreased pulses 
- aortic regurg murmur 
- cardiac tamponade signs  

(muffled heart sounds, tachycardia) 
if it has ruptured: 
- Haemoperitoneum (eg.  distension +black navel) 
- Classical haemorrhagic shock 

 

STATISTICS  
- Occurs in 1.5% of men over 65yrs; 
- Responsible for 1.1% of deaths among them 
- Mortality of ruptured AAA = 80% 
- Mortality of elective repair = 5% 
- Annual growth rate of an AA = ~0.2 cm 
 

INVESTIGATIONS  
- DUPLEX ULTRASOUND � diagnostic 
- Trans-oesophageal echocardiography � for thoracic aorta 
- CT scan � to eliminate differentials 
- Plus consider ABGs, spirometry, EUC, sestamibi scan, coronary angiography etc. 
 

SURGICAL MANAGEMENT  
- Prepare bowels (empty) 
- Antibiotics (for abdo surgery, amp+gent+flagg) 
- Heparin (for vessel clamping) 
- MONITOR INTRAOPERATIVELY: 

- Urine output 
- ECG 
- Arterial line pressure + saturation 
- Trans-oesophageal echocardiography 

Three major approaches:  
- TRANSPERITONEAL through anterior abdo wall 
- RETROPERITONEAL through left flank 
- ENDOVASCULAR through femoral artery  

(need clear arteries for this!) 
OUTCOMES of Surgery: 

- 15 to 40% ends up in complications 
- 8-15 day recovery in hospital, 2-3months of recovery at home 

 

 Differentials: 
  - Abdominal wall swelling eg lipoma or hematoma 

  - epigastric hernia (@ linea alba) 
  - divarication of rectus abdominus 
  - incisional hernia 
  - intra-abdominal mass, such as 

- Gastric tumour 
- Pancreatic tumour 
- Pancreatic pseudocyst 
- Colonic tumour no movement with resp 
- Diverticulitis assoc. with hematochesia 
- Hepatic tumour moves with respiration,  

   -  dull to percussion 
- Renal tumour: moves with respiration,  

   - hollow to percussion 
- Retroperitoneal lymph nodes 

 Types of aneurysm: 
  TRUE: 
 Vessel wall layers are intact 
  FALSE: 
 Break in vessel wall, ���� 
 ���� bleeding into the vessel sheath 
 eg. femoral artery puncture site 
  DISSECTING: 
  Separation of layers with blood in between   
 forming a false lumen  
  

TRIAGE:  
Ruptured AAA 

  ���� emergency surgery 
Tender AAA 

  ���� urgent work-up 
Non-tender AAA  
 ���� evaluate for repair 

 

- Coronary disease 
- Chronic renal failure 
- Chronic airway limitation 
- Cerebrovascular disease  

 RISK FACTORS FOR RUPTURE:  
- AAA larger than 6cm 
- Increased MAP   
- Smoking 
- Poor lung function 
- Being female 

 Indications for surgery:  
- Tender AAA 
- Over 5cm in diameter 
- Greater than 1cm annual expansion  
- Surgery is feasible in 30-50% of cases 

 

 Complications of surgery:  
 Cardiac events, respiratory failure, prolonged  
 ileus, renal failure, limb ischaemia  
  ENDOLEAK: when blood still leaks through   
 the graft wall – can be right after surgery, or   
 develop later. 
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The Acute Distended Abdomen according to Langcake   
Rules of thumb: 
- Midline structure pain will radiate to the back 
-  If the viscera are inflamed, pain is diffuse 
- If the abdominal wall is inflamed, the pain is localised to a discrete area 
Characteristic locations:           

 
* oesophagus pain mimics cardiac pain – same referral 
 
Obstruction            
Most often caused by post-operative adhesion (may take years) 

- Acute constipation, distension, nausea + vomiting, pain 
- If constipation + distension is long-standing and progressive, consider partial 

narrowing or chronic process 
- ASK how often the pain pulses are felt 
ASK ABOUT: 
- Previous episodes of obstruction 
- Previous abdo / pelvic operations 
- History of abdo cancer 
- History of abdominal inflammatory disease: Eg. 

- Inflammatory bowel disease 
- Cholecystitis 
- Pancreatitis 
- Pelvic inflammatory disease 
- Abdominal trauma 

EXAMINATION: 
- How does the patient look? 

- If they are lying quite still, it looks like peritonism (bad sign !) 
- What was aspirated through the NG tube? 

- CLEAR +/- food = gastric outlet obstruction 
- FECULENT = distal small bowel  …or 

 colonic obstyruction with incomptetent iliocaecal valve 
- BILIOUS but NON-FECULENT = either 

- A medial or proximal small bowel obstruction, OR 
- a colonic obstruction with a competent ileocaecal valve 

(or else the faeces would be regurgitating into the stomach out of the incompetent 
iliocaecal valve) 

- PUT YOUR FINGER IN IT!! ���� hematomae / abscesses get forgotten 

- ABSENT BOWEL SOUNDS? – sinister; maybe ileus 
- PICTURE OF ILEUS: mild diffuse pain, not the severe increasing 

localised pain of obstruction 
 

Obstructive symptoms which come and 
go suddenly for several days in an 
elderly patient (over 65) should make 
you suspicious of a GALLSTONE ILEUS 

Proximal obstruction =  
pain pulses  every 3-4 minutes; 
 
Distal obstruction = 
Pain pulses every 10-15 minutes 
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INVESTIGATIONS for bowel obstruction:    
Bloods: 
 EUC (Hypokalemic? Hyponatremic? Hypochloremic? ) 

 FBC for Hb and white cells 

 LFT for cholestatic issues or portal HT 

 Amylase + Lipase for pancreatitis 

 

Abdo Xray 
May see characteristic water vs. gas levels in distended loops 
of small or large bowel. 
- ? is there gas distal to the obstruction ( if yes, then it is only 

a partial obstruction) 
- So theres no gas BELOW the obstructed section of colon; 

BUT: is there gas in the small bowel? Is it regurgitating into 
the small bowel from the blocked colon? 
IF NOT = the iliocaecal valve is still competent 

- are there haustra still visible (if not, its REALLY distended!)  
- are there visible calculi, or air in the biliary tree? 

- Is there air under the diaphragm? = perforated viscus  

    Barium enema 
For bird-beak sign: demonstrates sigmoid volvulus 
For apple-core sign: demonstrates colonic carcinoma 

CT with oral / rectal contrast 
 
 
 
MANAGEMENT        
Resuscitation 
- IV fluids (crystalloids, NS with K+ is good) 
- Urine output should be at least 0.5 ml/hr (i.e halve the 

patients weight and expect it in mls of urine per hour) 
- Monitor fluid response: within 10-15minutes the urine 

output should change 
- The need for surgery must be assessed: most of these 

things resolve on their own, but if the bowel wall is so 
distended that its ischaemic, then there is risk of fecal 
peritonitis from which theres a 50% chance of death – so 
don’t let it get that far.  

- !! NEVER LET THE SUN GO DOWN TWICE ON A BOWEL 
OBSTRUCTION!!   



Unique aspects of pediatric trauma        
Unique aspects: 

- MULTISYSTEM INJURIES 

 Kids tend to have ALL of their organ systems injured in blunt trauma 

- SUDDEN DETERIORATION: 
 Their tendency is to compensate for a long time, and then to decompensate 

suddenly 

 THE MOST SERIOUS INJURIES ARE BLUNT INJURIES TO THE BRAIN 
 APNEA, HYPOVENTILATION AND HYPOXIA OCCUR 5 TIMES MORE FREQUENTLY 

than hypovolemia and hypotension 

 
Psychology is very different:  60% will have personality changes 1 year after severe multisystem trauma 
Evidence shows: quality of life is good, even after disabling injury; so resuscitate aggressively 
 

- ANATOMY: 
o Small bodies:  therefore all injuries from blunt impact are more severe 
o Large heads: therefore a greater proportion of head injury 
o Soft bones: thus, force is transmitted to internal organs; fewer rib fractures and more pulmonary 

contusions. When fractures are present, assume the force was truly massive. 
o Surface area is greater as compared to body volume;  heat loss occurs at a greater rate 

 
BROSELOW PEDIATRIC EMERGENCY TAPE: relates body length to estimates of weight, fluid resuscitation 
needs, drug doses, and all kinds of useful stuff. 
 

Airway: 
- Posterior pharynx buckles anteriorly with hyperextension of the neck; 
- Thus, its better to have the head in a neutral position. The “sniffing” position doesn’t work. 
- This is accomplished by elevating the body; so, put something under them, some sort of mat. 
- The larynx is funnel-shaped, so secretions accumulate 
- Nasopharynx is fragile, nasopharyngeal airways are usually dangerous 
- Infant trachea is 5cm long; grows to 7 cm by 18th month 
- A straight laryngoscope is used 
- The under-10s need a cuffless tube – the cricoid ring is the narrowest part of the airway and forms a 

natural cuff 
- ATROPINE IS NEEDED FOR INTUBATION; there is a massive vagal response with a blood pressure 

drop in response to anaesthetic agents and intubation. Plus, it happens to reduce secretions. 
 

PEDIATRIC RAPID SEQUENCE INDUCTION: 

 0.1 - 0.5mg of atropine 

 NORMOTENSIVE = 0.3mg/kg midazolam 

 HYPOTENSIVE = 0.1mg/kg midazolam 

 SUX: 2mg/kg if less than 10kg, 1mg/kg if more than 10kg 
o more sux is needed for kids who weigh less 

- the younger they are, the easier the tube is to dislodge when moving them, eg. when the head is 
turned, or when the kid is moved to and from the CT table 

 
 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



Breathing: 
- the younger they are, the faster they breathe.  
- Infants breathe at 30-40 times per minute 
- There is more barotrauma with aggressive bagging: alveoli are more fragile 
- Chest tubes need to be TUNNELLED because of the thinner chest wall 

 

Circulation and Shock: 
- When a child is shocked, there are few signs. 
- Poor perfusion is the earliest sign 
- Next, the pulse pressure becomes narrower (below 20mmHg) 
- Tachycardia may be a late sign 
- Low urine output and hypotension are very late signs – loss of about 45% of blood volume 

 Normal urine output is 2 ml/kg/hr for the first year of life 
 It does not reach adult rate of 0.5mg/kg/hr until the adolescent has stopped growing 

 
CIRCULATING VOLUME = 80ml per kg. 
- First, BOLUS THEM WITH 20ml per kg three times. ( 3 to 1 rule applies) 

o The first bolus should elicit some response 
o When starting the third bolus, also give blood. 

- There should be some LASTING return to hemodynamic normality 
- If there is no response or only a transient response, get them to the operating theatre 

 

Chest trauma: 
- If there is chest injury, in 2/3rds there will also be other organ injury 
- Mediastinum is more mobile: susceptibility to tension pneumothorax  is greater 
- Aortic and tracheobronchial injuries are less common 

Abdominal trauma: 
- Stressed crying children swallow air. Distended abdomens need NG decompression. 
- Seat belt injury = ruptured hollow viscus, and especially bladder with lap belts 
- Solid organ injuries frequently DO NOT need operative management, but hollow organ injuries need 

to be repaired quickly. 
- CT Abdomen is the diagnostic gold standard; FAST is not far behind 
- DPL should only be performed by the surgeon 
INDICATION FOR LAPAROTOMY: 
- Transfusion needs exceeding 50% of the kids blood volume in the first 24 hrs 

Head trauma: 
- Head injury is MORE LIKELY to cause brain injury in kids, because 

o Skull is softer 
o Brain is softer (more water content) 
o Subarachnoid space is smaller 
o Cerebral blood flow is greater 

- hypotension is the single greatest risk factor, followed by hypoxia 
- bulging fontanelles may occur without coma 
- vomiting and amnesia may not mean head injury 
- persistent or worsening vomiting DOES need a head CT 
- any seizure activity = head CT 
- GCS is useful; use the modified GCS for the under 4s 

Normal bottom limit of systolic blood pressure:  

                         70 + 2 x age 

Pediatric verbal response: 
5 = appropriate, social smiling 
4 = cries, but consolable 
3 = cries, inconsolable 
2 = restless, agitated 

1 = none 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



Spinal cord trauma 
- Uncommon in the very young 
- Ligaments and joint capsules are more flexible 
- Vertebral bodies are wedged anteriorly, tend to slide forward with flexion 
- Facet joints are flat 
- Head is larger: angular momentum forces applied to the upper neck are greater 
- C-spine xrays are complicated with “pseudosubluxaton” – C2 is anteriorly displaced on C3, which is 

normal and occurs in 40% of the under-7s 
- Pseudosubluxation can be reduced by having the neck in a neutral position 
- There may be an abnormal-looking gap between the dens and the anterior arch 
- Skeletal growth centres may resemble fractures 
- SCIWORA: spinal cord injury without radiographic abnormalities: up to 2/3rds of them! 

o Immobilize w\the spine if there is ANY DOUBT. 

Musculoskeletal injuries 
- Long bones of children bleed less than in adults 
- Multiple fractures in varying stages of healing = abuse 
- Supracondylar knee or elbow fractures = vascular compromise of the growth plate 

The abused child 
- Homicide is the most common cause of injury-death in the first year of life 
- DISCREPANCY BETWEEN HISTORY AND INJURY: MECHANISM DOESN’T MAKE SENSE 
- Long time passing between injury and presentation 
- Repeated trauma 
- History changes between guardians 
- History of hospital or doctor shopping 
- Parents fail to comply with medical advice or leave the child 
- Bruises or fractures in different stages of healing 
- Perioral, perianal, genital injuries 
- Long bone fractures in the under 3s 
- Ruptured internal viscera without antecedent blunt trauma 
- Multiple subdurals without skull fractures 
- Retinal hemorrhages 
- Bizarre wounds, eg. cigarette burns, sharly demarcated second and third degree burns 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



Geriatric trauma            
Unique aspects: 

- Less likely to suffer injuries, More likely to have  fatal outcome 
- 80% return to normal function 
- Most frequently, falls, MVAs and burns 
- Most falls don’t result in severe injuries 
- Alcohol predisposes them to fall over, crash their cars or burn themselves 
MEDICATIONS:  
- the elderly are overmedicated with drugs, , outside the scope of this review 
ELDER ABUSE 
- contusions to inner arms or legs, mastoid bruises, ear bruises, palm bruises 
- axillary and wrist abrasions from restraints 
- nasal bridge and temple injuries from glasses 
- black eyes, oral injury, unusual patterns of alopecia 
- untreated decubitus ulcers and untreated fractures 
- multiple injuries in various stages of evolution, eye and nose injuries, contact burns 

Airway: 
- Dentures should stay in while bagging and masking, they improve the seal 
- Laryngeal fractures are more common because the larynx is calcified 
- Spines are osteoarthritic, fossilized 

Breathing: 
- Forget about CO2 retention, just ventilate them with as much oxygen as they need 
- Chest injury = greater mortality than young people 

Circulation and Shock: 
- By 65 yrs of age, 50% of people have coronary artery stenosis 
- Kidney function is also impaired, so acute renal failure occurs more often 
- MAXIMAL HEART RATE FORMULA: 220 minus the age.  
- NORMAL SYSTOLIC AND NORMAL HEART RATE DO NOT EXCLUDE HYPOVOLEMIA 
- Hypotension + metabolic acidosis = almost always equals death 
- Volume is replaced in the same way as for young people 
- If in doubt, do a laparotomy – risk of non-operative management for solid organ injury is too great 

Brain and spinal cord injuries 
- They are more prone to subdurals – 3 times more frequent 
- Degenerating dehydrated discs reduce the axial load capacity of the spine 

Exposure and environment 
- Thermoregulation is impaired – there is less subcutaneous tissue 

Musculoskeletal system trauma: 
- Loss of ligamentous and bony elasticity = increased risk of rupture/fracture as well as surrounding 

soft tissue injury 
- Reduced muscle mass = reduced joint stability 
- Osteoporosis affects 50% of them 
- Annual risk of hip fracture = 1% in men and 2% in women 
- Greatly increased risk of long bone fractures 
- Management aims at EARLIST POSSIBLE MOBILIZATION = greater is the risk of deconditioning 

Nutritional support: 
- Early adequate nutrition = greatly reduced rate of complications 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



Traumatic Pneumothorax                   Traumatic Pneumothorax                   Traumatic Pneumothorax                   Traumatic Pneumothorax                       
Detailed History of Presenting Illness (HPI) 
As relevant to a motor vehicle accident: 
- Bruised chest 
- Painful area of ribs 
- Shortness of breath 
- Lacerations consistent with road trauma (eg. “gravel rash”) 
- Pt uncooperative, confused or unconscious 

- OF PARTICULAR IMPORTANCE is the time from ACCIDENT UNTIL ARRIVAL  
 
 

Differential Diagnoses (DDx) in emergency situation 
Focus on Shortness Of Breath which should be the first priority  

- C SPINE INJURY (always assumed in MVA trauma) 
- Head injury (will get in trouble for not suspecting this one) 
- Pneumothorax 
- Hemothorax 
- Blunt cardiac injury 
- Cardiac tamponade 
- Ruptured diaphragm 
- Ruptured oesophagus 
- Ruptured tracheobronchial tree 
- Faciomaxillary injury 
- Neck / larynx / chest trauma 
- Shock 
- Foreign body obstruction 
 
Differential diagnoses for any  presenting pneumothorax:
Absence of air entry  

• Pneumothorax 

• Blocked 
endotracheal 
tube (ETT) 

• Accidental 
extubation 

• Space 
occupying 
lesion 

Unequal breath sounds 
or air entry  

• Atelectasis 

• Pneumothorax 

• Intubation of 
right main stem 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Asymmetric chest 
excursion 

• Pneumothorax  

• Intubation of 
right main stem 

Increased chest 
excursion 

• Change in 
compliance 
resulting in over 
ventilation 

Decreased chest 
excursion 

• Under 
ventilation 

• Blocked ETT  

• Accidental 
extubation 

• Airleak  

Pertinent Findings on History (Hx)- what ER physicians are interested in  

Past History  

• allergies  

• current medications.  

• Last tetanus injection  

• Smoking, drinking, drugs  

• Past hospital stay  

Personal History  

• Next of kin  (important for consent) 

 

MECHANISM OF INJURY: 
All-important clues, which may have to be extracted 

from bystanders or ambulance officers. If you have 

some idea of what they ploughed into with their 

chest, you can guess better whether the ribs are 

fractured and the lungs collapsed. 

put together by Alex Yartsev: Sorry if i used your images
or data and forgot to reference you. Tell me who you are.

aleksei.igorevich@gmail.com



 
Examination and Immediate Management 
PRIMARY SURVEY: ABCDE (on arrival to ER) 

Airway obstruction? 
  Breathing support 
  Circulation control- IV fluids, control bleeding 
  Disability eg. nerve lesion or spine injury  
  Exposure and  environment control 

VITALS (!!of vital importance!!) 
 
 

In Pneumothorax, primary survey is likely to find 
- The Pt. alert but uncooperative 
- Multiple superficial grazes 

- Pulse rate 120/min,   
- BP 140/85,  
- oximetry 99%,  
- RR 20/min.  

- Crackles over right chest with bony crepitus.  
- Decreased breath sounds evident over right hemi thorax.  
- Pelvis stable, abdomen not tender.  

- Neck hard collar in place.  

IMMEDIATE MANAGEMENT: give O2 at rate 6L/min via face mask  

SECONDARY SURVEY: Comprehensive head-to-toe systems review 
approx. 5 minutes later  
Respiratory:  

• Some distress & tachypnoeic  

• Some decreased movement in the area of bruising  

• Not cyanosed  

• In pain and anxious  

• Respiration rate increased to 30 per minute  

• Trachea is mid-line  

• Chest not percussed due to pain being experienced  

• Auscultation - breath sounds reduced on right  
Cardiovascular:  

• Pulse, BP and heart sounds normal  

• Apex beat not displaced  

• Peripheral pulses normal  
Cervical Spine Assessment:  

• Head immobilised, neck collar carefully removed  

• Palpation of neck revealed no tenderness, swelling or distortion  

• Collar replaced pending X-ray  
Other System View:  

• Abdomen, musculoskeletal (all bones and joints) and neurological assessments all showed 
no abnormality  

 

 

 

 

10 minutes later 

- Mental state - decreased responsiveness. ( ! ) 
- Pulse rate 160/min,  
- BP 60/- ( ! ) 
- RR 35 per minute. ( ! ) 
- Oximetry 89%.  
- Trachea deviated to left (diagnostic for Tension Pneumothorax) 
- Hyperresonant right hemithorax.  
- No breath sounds right hemithorax.  

- Breath sounds on left - normal.  
 



 
 
Tests and Investigations 

FBC and "group and screen"- 2 specimens  

(in case transfusion becomes necessary or the police wish to test for alcohol content) 

Biochemistry - arterial blood gases taken (on 30% oxygen). 

Chest X-ray - to confirm pneumothorax 

neck X-ray –  to confirm C-spine injury 
  

How is this diagnosis made ? 
CXR is diagnostic; also potentially CT or MRI (time and resources permitting)  
Pneumothorax is the presence of gas in the pleural space. 
spontaneous pneumothorax is one that occurs without antecedent trauma to the thorax. (HPI) 
primary spontaneous pneumothorax occurs in the absence of lung disease (HPI) 
secondary spontaneous pneumothorax occurs in presence of lung disease (HPI) 
traumatic pneumothorax results from penetrating or nonpenetrating chest injuries. (HPI) 
tension pneumothorax is a pneumothorax in which the pressure in the pleural space is positive throughout the 
respiratory cycle. (diagnosed from tracheal deviation and CXR) 
BELOW: Chest X-ray with Rt sided Pneumothorax 

 
 
 



There is no one correct way to interpret the chest X-Ray. One suggestion of a systematic approach is: 
• Basic Identification (Name and Date particularly)  

• Correct Orientation (?Side Marker)  

• Adequate Technical Quality (particularly as regards factors which are going to modify your assessment of 
abnormalities. ?Supine, for example)  

• Search for Abnormalities (both in an organised search and as a review of areas where you often fail to see the 
abnormalities - such as apices; hila; behind the heart; below the diaphragm)  

• Abnormalities which are alterations of normal appearances  

• Overall density (?R=L)  

• Soft Tissues  

• Bones  

• Diaphragm  

• Root of neck & Trachea  

• Mediastinum & Heart  

• Hila  

• Fissures  

• Vessels (peripheral vessels, as in left heart failure)  
• Abnormalities which are abnormal opacities  

• Pleural  

• Parenchymal  

• Airspace  

• Interstitial  

• Nodules  
Some Rules of Thumb for CXR interpretation: 
The normal CXR is taken, on full inspiration, with the beam passing from the back to the front (PA frontal film, as 
opposed to AP frontal film) in a very short exposure (approximately 40 msec).  

The convention for viewing plain X-Rays is as though you are facing the person who is turned towards you, 

with the patient’s right to your left. 

Common CXR signs: 
No border between heart and lung: means that the lung or a mass in the lung abutting the heart border is filled with fluid 

(or pus as in pneumonia or blood as in pulmonary contusion or tumour cells as in a cancer) 
A.K.A. the “Silhouette sign”   

A large tension pneumothorax is usually clinically obvious and the lack of lung markings and mediastinal shift away from the  
air collection makes it an obvious CXR diagnosis.  

The usual pneumothorax, however, is smaller and more subtle: an area lacking lung markings with the lung bordered by a 
 fine white line (the visceral pleural edge). This, the definitive sign of a pneumothorax, 
needs to be differentiated from two common false signs: 
 
- Skin folds, as in the sick patient who has lost weight and is having his film AP (with the 

film cassette catching a roll of loose skin on his back), show a gradual increase in 
density to the skin fold edge when the density suddenly drops to the black of the air 
caught at the edge of the fold — a border not a line; 

 
- Starch in the patient’s gown can look just like a pleural edge, but it usually extends off 

the chest 
The usual pleural effusion is seen as a white area with a concave up “meniscus” (the fluid creeping up one of the walls of the  

pleural cavity 
Pleural masses usually have a distinctive appearance with a sharp border on the inside and a fading-out border approaching  

the chest wall. If a pleural mass is abutting the chest wall there tends to be an obtuse angle 
between the mass and the chest wall (like a cardinal’s hat a British WW1 soldier’s hat), 
whereas a parenchymal mass close to the chest wall forms an acute angle at the chest wall. 

If there is volume loss or collapse the structures shift towards that side; if there is a mass or large collection of fluid the  
structures shift away from that side. 

The commonest type of collapse is that of the left lower lobe. When this lobe collapses it collapses towards the mediastinum,  
behind the heart. This creates an area of extra whiteness behind the heart, adjacent to the left hemidiaphragm. Notice 
that in this situation the border (or silhouette) of the left hemidiaphragm is lost. 
 

 
 
 
 
 
 
 
 
 



 
DEFINITIVE MANAGEMENT  

Intravenous infusion started - 0.9% saline. 

• Oxygen.  

• Analgesia. (titratng 5mg morphine is OK apparently) 

• Emergency needle thoracostomy  
(14 gauge intravenous cannula placed in second intercostal space in mid-clavicular line)  

based on clinical diagnosis of tension pneumothorax.  

• This followed by tube thoracostomy after X-ray confirms right pneumothorax.  

• Fractured ribs evident on CXR - right 8, 9, 10.  

• Wounds cleaned and dressed.  

• Tetanus toxoid booster.  

Progress  

• Chest tube removed when pneumothorax resolution is confirmed by CXR  

• Outpatient follow-up at 2 months reveals difficulty readjusting to work, often wakening through 

the night in a cold sweat and spending the day as if in "cotton wool".  

• Referred to counsellor for follow-up.  

Disease Definition 
Blunt trauma to right chest causes rib fracture and damage to pleura. Visceral pleura is breached 

(direct injury or shearing) with alveoli leaking air into the pleural space leading to equalisation of 

pressure in lung pleural space decreasing blood oxygenation. Uncooperative behaviour due 

combination of hypoxia and reaction to trauma +/- broken ribs (simple pneumothorax)  
 

Epidemiology & Prevention 
…of Road Trauma: 

- 1759 deaths per year in Australia; ~ 10/100,000 
- Risk of crashing = 90% due to human factors  
- Risk of injury/death from crash = 70% due to vehicle factors 

In association with SPEEDING: 
 …speeding is associated with 30% of road fatalities 

- Risk of Injury and Death rises EXPONENTIALLY with speed 
-  
- Factors associated with speeding: 

- Young driver age 
- Single or 2+ occupants  
- Business 
- Behind schedule 
- Late model vehicle 
- Not owner of vehicle 
- Long weekly distances 

- High frequency accident history 
In association with ALCOHOL: 

- Alcohol alone - 35% 
- Alcohol and other drug - 11% 
- Other drug (single) - 5% 

- Other drugs (multiple) - 2% 
RISK OF DEATH and INJURY ALSO RISES EXPONENTIALLY WITH DOSE 

   Most commonly young males at night 

?? Marijuana seems to have NO EFFECT on risk of crash / injury (users compensate?) 
EPIDEMIOLOGY of Chest Trauma: 

- 10% mortality; 25% of all trauma deaths 

 
 
 
 



 
Prevention of Road Trauma: Traffic Law Enforcement 
- Education, Deterrence and Punishment 
- Driver-specific intervention: 

- Random breath tests (limit = 0.05): 
- 19 -  24% reduction in fatal crashes (1982-1987) 
- 13 - 15% reduction in serious injury 
- attitudinal change: now drink driving viewed as illegal by 86% of people 

- Speed cameras 
-  Must be covert and intensive for good results; effective in reducing speeding 

- Halo Effect (visible police) 
- Taxes the human resources but effective in reducing speed by 25% within 2km of cop. 

( ~ 20 km if regularly deployed) 
- Vehicle-specific interventions: 

- Assessed by Australasian NCAP (New Car Assessment Program) since 1992 
- Seat belts 
- Air bag  (roughly halves the chance of severe head trauma) 

Medical Practitioner’s Responsibilities: 

- ADVICE about prescription drugs that may affect driving 
- EXAMINATIONS for fitness to drive 
- REPORT to RTA review process 

 
Aetiology of Pneumothorax: 
- TRAUMA results in broken ribs 
- Broken Ribs pierce the pleural lining of the lung, allowing air to escape from the alveoli into the pleural space 
- Air collects in the pleural space, occupying space and preventing the lung from inflating fully 
- The Air cannot escape  because the pierced deflated alveoli create a “flap-valve” 
- Continuing accumulation of air causes the lung to collapse completely as air comes to occupy the hemithorax 
- Increasing Air Pressure within the Hemithorax pushes the other structures to the contralateral side: 
- Thus, the trachea deviates 
- Increasing Air Pressure within the Hemithorax  

- compresses the heart (thus cardiac output decreases) 
- compresses the other lung, reducing its ability to inflate 
- compresses the great vessels (particularly the Vena Cava), thus reducing venous return 

Prognosis 
- An uncomplicated, untreated pneumothorax will resolve slowly--approximately 1.25 percent per day. 
This rate of resorption can be increased by using supplemental oxygen, which increases the nitrogen gradient from the lung to 
the pleura. 
 
 
Basic Sciences and Clinical Procedures 

A Dummy’s Guide to Intercostal Drainage Tubes 
This picture shows the intercostal drainage tube 
on the sterile drapes immediately prior to 
insertion. Beside it is a needle with some thread 
and a needle holder. The tube is made of firm 
but not hard plastic and is flexible. It has a blue 
cap on one end and at the other end there are 
several perforations which will be in the pleural 
space and allow drainage to occur. The tube has 
no stilette or other rigid component though 
sometimes they are supplied with these and we 
recommend removal prior to the insertion 
process. 
The importance of the suture beside the tube is 
that this will be put through the skin in the 
configuration of a "purse string" allowing the 
suture and the skin to be pulled firmly around 
the base of the tubing to prevent leakage 
through the hole which is made. 

  



 
This picture is of the side of the chest wall at 
approximately the fifth intercostal space in the mid 
axillary line. The area has been draped with sterile 
drapes which border the skin. Around the hole in 
the skin is a "purse string" suture which has 
already been placed. The flexible plastic tubing 
with several holes in it can be seen held across 
the side of the chest wall. 
The process which will take place involves the 
blunt dissection through a skin incision 
immediately above the rib (to avoid the vascular 
structures) through the intercostal muscles and 
through the parietal pleura into the space between 
the parietal and visceral pleuras. Following this 
blunt dissection with a forcep the tip of this 
intercostal drain will be placed along that same 
passage and located in the upper part of the chest 
for drainage of air from the pleural space. If the 
problem was the accumulation of blood or fluid in  

the chest cavity then the tip of the intercostal drainage catheter would be placed low in the pleural space in order to 
allow free drainage of that fluid. Following placement of the catheter in the correct position the "purse string" is 
pulled firmly around it to prevent the leakage of air around the tube. 
 
This picture shows the system for underwater (sealed) 
 drainage of the pleural space. There are a number of 
 different systems, all of which operate by the same  
principle. In this system the drainage section on the  
left hand side of the picture shows a cylindrical  
container with fluid in the bottom of it. The tube seen 
 at the top goes down through the centre of this  
chamber and terminates approximately eight to ten  
centimetres under the surface of the fluid (which is  
now blood stained) in this container. The reason why  
this tube must go under the fluid level is to prevent the 
 re-accumulation of air in the pleural space during the 
 cyclic breathing pattern. As the patient inhales there 
 will be negative pressure in the pleural space and this  
will draw fluid up into the tube (which is draining the 
 intercostal space) and prevent air from being 
 aspirated back up into that space. 
On the right hand side there are two segments of this 
 system which are interconnected with the first section 
 already described. The section on the bottom right  
hand side just increases the liquid space to allow the 
 accumulation of fluid draining from the pleural space. In this situation the drainage is blood, in other situations it may be serum, 
if there is some exudative problem with the lung causing the loss of serum into the intercostal space, or it may be chyle if there 
were interruption of the thoracic duct in the thorax. The upper right hand segment of this drainage system, which is also 
connected to the other two compartments, is connected to suction and a pressure of up to minus fifteen centimetres of water is 
applied. The reason for this suction is that it maintains a transferred negative pressure against the pleural space and improves 
the drainage of that space. 

 

 
 
 
 
 
 
 
 
 
 
 



Physiology of Respiration 

 
 
 
 
 
 



Relevant anatomy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Right lung: 3 lobes:  

• Right upper lobe  

• Right middle lobe  

• Right lower lobe  
 
 
 

Left lung: has two lobes:  

• Left upper lobe  
(includes lingula which 
anatomically corresponds  
to the middle lobe on  
the right lung)  

• Left lower lobe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bare Minimum of Functional Respiratory Anatomy: 
Air enters through the external nares. 

Conchae @ nose: increase nasal surface area create turbulent flow 
Paranasal Sinuses: reduce skull weight, produce mucous, influence voice quality 

Just inside the nares the nasal hairs  trap large dust particles 
In the nasopharynx cilia sweeps remaining particles towards the pharynx to be swallowed 
 Capillary networks in the nasopharynx WARM AND HUMIDIFY the air  
PHARYNX is a common pathway for digestive and respiratory systems 
LARYNX includes the thyroid cartilage, cricoid cartilage, and the epiglottis 
TRACHEA begins immediately inferior to the cricoid cartilage 
 - DIVIDES AT T5 (carina) 
 -Is lined with PSEUDOSTRATIFIED COLUMNAR EPITHELIUM- numerous GOBLET cells and cilia for debris clearing 
PRIMARY BRONCHI  are lined with pseudostratified columnar epithelium + Are supported by C-shaped cartilage rings, like the trachea 
SECONDARY+ TERTIARY BRONCHI are very similar but smaller and less cartilaginous 
ALVEOLAR DUCTS and ALVEOLI are lined with specialised SIMPLE SQUAMOUS or LOW CUBOIDAL EPITHELIUM (1 layer of cells) 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Behavioural science: Communication in an Emergency Situation 
the demeanour of the doctor sets the tone of the consultation.  
The doctor should appear  
- calm,  
- competent, 
- compassionate  
- unhurried, even in the most hectic and urgent settings. 
 
privacy and confidentiality: The curtains should be drawn around the bed when interviewing or examining a 
patient and care should be taken not to reveal details of a patient's history to any person not directly involved in their 
care. 
 
Some degree of patient anxiety should always to be assumed, and addressed as an important part of 
management. 
 
GIVING ADVICE: 
- exploring specific concerns and level of understanding;  
- clarity, simplicity and fluency of explanation;  
- an absence of jargon;  
- establishing understanding by inviting and encouraging questions. 
 
Unconscious or physically compromised patients should be advised in advance of any painful procedure or 
change in management. 
 
Communication with relatives  
Relatives provide important emotional and practical support  
Relatives are able to provide details of history which the patient may be unable to provide, 
Their involvement should be facilitated and encouraged wherever possible. 
Relatives should be advised of the patient's progress as it evolves. 
Breaking bad news  
- Breaking bad news to patients or relatives should take place in a setting which is private, comfortable 

and free of interruptions (most hospital emergency departments have a room set aside for this). 
- an empathic approach,  
- simplicity & clarity,  
- an absence of jargon,  
- provision of space during the consultation for venting of feelings,  
- emphasising the positive (whenever possible)  
- provision of ongoing support.  
The presence of relatives or close friends has been shown to positively influence long term adjustment and 
should be encouraged when breaking bad news. 
 
Communication principles involved in managing anger include:  
- not reacting; 
- provision of space for ventilation of anger;  
- acknowledging anger;  
- acknowledging concerns;  
- facilitating communication by inquiry and making arrangements for concerns to be addressed. 
 
Communication with police  

Under no circumstances should details of a patient's medical condition be revealed to the police 

(or any other person) without the patient's written informed consent (normally by written future communication). 
 

 

 

 

 

 

 

 

 

 

 

 



Cell Biology & Histology of the Lungs 
The bulk of tissue in this section is made up of the 

respiratory alveoli appearing as a fine background 

mesh. At low magnification the duct structure of the 

lung is also clearly visible.  

The largest duct is the bronchus, containing 

cartilage plates (purple).  

This in turn leads into the initial bronchiole then 

the terminal bronchiole 

 then respiratory bronchiole  

and finally the alveolar duct.  

Respiration occurs in the respiratory bronchiole and 

the alveolar duct where direct communication with 

the alveoli is made. 

   

 

The wall of the bronchus contains cartilage plates 

covered by a perichondrium and peribronchial 

connective tissue. The lumen of the bronchus is 

lined with a pseudostratified respiratory epithelium. 

In this particular section the goblet cells containing 

mucus are stained purple. Between the epithelium 

and the cartilage is a strip of smooth muscle (green) 

and connective tissue (blue). The wall of the 

bronchus has many capillaries which supply it with 

oxygenated blood. These branch from the bronchial 

arteries. 

 

  
 
The initial bronchiole is characterised by an 

evenly thick wall containing a complete layer of 

smooth muscle (green). The epithelium is low 

columnar/cuboidal and is often folded. No 

alveoli open into the wall of the initial 

bronchiole. 

The wall of the terminal bronchiole is deeply 

incised. However a strip of tissue, including a 

complete layer of muscle, still separates the 

lumen of the bronchiole from the surrounding 

alveoli. For this reason respiration does not occur 

in terminal bronchioles. The epithelium of the 

terminal bronchiole is low cuboidal.

 

 
 
 
 
 
 
 
 
 
 
 
 



As can be seen, the wall of the respiratory bronchiole is no longer complete, gaps in the wall now 

communicate directly with the alveoli and alveolar ducts allowing respiration to occur. The remaining 

tissue of the bronchial wall still contains muscle and is covered by a low cuboidal epithelium. 

 



Upper GI Surgery according to Langcake      
 
The mighty OESOPHAGUS    
 

DYSPHAGIA: difficulty swallowing         
Need to differentiate: oropharyngeal vs. oesophageal.  

 
OROPHARYNGEAL:  

- “food stuck” right after swallowing” 
- coughing, choking, drooling, 
- pain localises to the throat 

 
OESOPHAGEAL: either dysmotility or obstruction (benign or malignant) 
 ASK: WHAT cant you swallow? 

- Solids AND liquids = motility disorder 
- Solids, THEN liquids = CANCER 

MOTILITY DISORDERS: many causes, eg. too little (scleroderma, severe GORD) or 
too much (diffuse oesophageal spasm, achalasia, spastic oesophagus) 

BENIGN OBSTRUCTIONS: 
 Strictures, rings, webs, achalasia, …  radiation injury 

ACHALASIA: absence of normal relaxation @ lower oesophageal sphincter 
Increased resting tone = absence of peristalsis 
This causes dilation proximally, and regurgitation of rancid food, aspiration pneumonia…  
On chest X-ray with barium swallow,  there is a  “beak-like” appearance  
MANAGEMENT: either relax the sphincter with botox / nitrates, or… 

“Bouginage”= CRAM a tube through the sphincter, tearing it. 
“Heller’s Myotomy” = cut the muscle(may induce reflux, so one must invaginate some oesophagus  

into the stomach to prevent reflux) 

RINGS AND WEBS: 
        Thin membranes and fibrous tissue growths partially occluding the lumen 
        MAJOR SYMPTOM: swallowing of LARGE OBJECTS is difficult  (“ STEAKHOUSE SYNDROME”) 
       MANAGEMENT OF BENIGN STRICTURES  involves either Balloonoplasty, steroid injections or surgery. 

HOWEVER proton pump inhibitors suffice most of the time 
   

MALIGNANT OBSTRUCTIONS: 
Either adenocarcinoma or squamous cell carcinoma.  
squamous carcinoma not so scary – very radiosensitive 
Constant exposure to acid ���� mucosal metaplasia ���� Barretts Oesophagitis 
���� will eventually turn into the dread radio-insensitive ADENOCARCINOMA 
!! which spreads quickly through the lymphatics ���� have to do surgery 
IVOR LEWIS OESOPHAGECTOMY: the longest, most exciting upper GI surgery  
=remove part of oesophagus from thorax, remodel stomach and stretch it up to reconnect to oesophageal stump. 

VERY ELDERLY PATIENT? Could this be a ZENKER’S DIVERTICULUM?  
  ���� this is an aneurysm-like outpouching of the oesophagus where food can get stuck. 
  Diverticulae in general are usually asymptomatic and may never require treatment 
  

 Gastro-Oesophageal Reflux Disease (GORD)      
30% of people in their lifetime;       often associated with hiatus hernia 
important cause of chronic cough 
causes inflammatory oesophagitis immediately proximal to the sphincter 
response to this chronic injury is BARRETTS OESOPHAGUS: pre-cancerous metaplasia 

- gotta keep an eye on it. 
  
 

Odynophagia = PAIN 
  

- roughly 20-25 cm long 
- begins at CRICOPHARYNGEUS muscle 

- upper 1/3rd = skeletal voluntary muscle 
- lower 2/3rds = smooth involuntary muscle 

- LOWER OESOPHAGEAL SPHINCTER is assisted 
by gastric bend and the CRURA (appendages of 
the diaphragm) which constrict it in response to 
increasing abdominal pressure 

 

Risk factors for oesophageal cancer: smoking, drinking, and family. 
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Serious Upper GI haemorrhage         
Vomiting masses of frank blood? Its either a Mallory Weiss tear or bleeding varices  
Usually brought on by much coughing or vomiting. Ask re. alcohol. 
Managed by prophylactic propanolol, cauterisation and “banding”  
 
 

The STOMACH:           
Midline structure;  thus PAIN RADIATES TO BACK 

(NOT around the flank) 
there may have been… 
- Hematemesis 
- Melena 
- Fatigue, anaemia, SOB, angina 
- Weight loss 
- Vomiting early after a meal = emptying problem 

- Early satiety (!! ����? ITS CANCER !!) 

BENIGN ISSUES:          
Ulcers ���� managed by endoscopic clipping, cauterisation or embolisation 

Burning epigastric pain 1.5 to 3 hrs after meals 
���� Wakes patient up at night 

- exacerbated by fasting  
- improved with meals 
- improved with antacids 

BLACK STOOLS 
PERFORATION: “chemical “ non-infective peritonitis 
 = no systemic signs of peritonitis 
 Almost always occurs in anterior wall 
Delayed emptying (diabetes, parkinsons – neuro issue) 
Acute gastric dilatation (due to pyloric sphincter problem) 

 

MALIGNANCY:          
 Adenocarcinoma, most commonly 
 Early satiety, outrageous belching, vague abdominal fullness, obstructive symptoms 

BIG Lymph node in left supraclavicular region 
 Sister Mary Joseph nodule -  a nodule in the umbilicus; implies mesenteric mets. 

May bleed, cause reflux, and  typical cancer stuff (weight loss, loss of appetite…) 
 

 

GASTRITIS is made 
 WORSE WITH FOOD 
 

Peptic Ulcer may be felt as a 
 gnawing pain in the chest, back,  
mid-abdomen, or either upper quadrant 
 

Variceal bleeding is associated 
with a  very high mortality.  



What Is That Groin Swelling??        
Its probably an INGUINAL HERNIA: the commonest by far. 
DIRECT vs. INDIRECT? Which is it? 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXAMINATION OF THE HERNIA 
What else could it be? 

- Hydrocele – translucent! 
- Varicocele- bag of worms 
- Saphenovarix- varicosity of  
                             saphenous vein 
- Undescended testis 
- Lymph nodes 
- Lipoma 
- Femoral artery aneurysm 

What could be herniating there? 
- Small bowel 
- Large bowel 
- Appendix 
- Bladder 
- Ovary 

 
 

 
How did this happen? Commonest aetiologies: 

- Increased intra-abdominal pressure eg. defaecation 
- Coughing, straining (due to chronic airflow limitation) 
- Connective tissue disorders 
- Congenital weakness of abdominal wall 
- Smoking collagenopathy 

 
EXAMINATION OF THE HERNIA: STANDING first, SUPINE second 

1. Ask patient to stand: where is the bulge?  
Above groin crease = inguinal;  
Bulge into the medial end of groin crease = femoral 

2. Scrotal mass: need to try to get above it. IF YOU CAN then its not a hernia. 
3. Cough impulse: compress lump firmly, ask pt to cough. 

A hernia should expand with coughing. 
4.  Reduceability:  NOW YOU GET THE PATIENT TO LIE DOWN 

IF the hernia is reduced by lying down it is REDUCIBLE  
-- and is thus a good hernia. 
If the hernia is not reduced by lying down but you can feel an impulse 
with coughing it is INCARCERATED but not STRANGULATED 

If the hernia is irreducible and painful, it is 
strangulated and needs urgent surgery. 

 
 
 

DIRECT hernias just 
barge on through the 
abdominal wall, ignoring 
the inguinal canal. 
Rarely in the scrotum 

INDIRECT hernias 
protrude into, travel 
through, and emerge out 
the other end of the 
inguinal canal.  
THIS ONE MIGHT END 
UP IN THE SCROTUM 

DEEP RING is 1.5 cm above the 
MIDPOINT of the INGUINAL LIGAMENT 

IS THE HERNIA OBSTRUCTING? 
- if so, then it would have been 
the presenting symptom. 

- Colicky abdo pain 

- Vomiting 

- Abdo distension 

- Absolute constipation 
Constipation is ABSOLUTE when there has been no bowel output 
since presentation, including GAS. On abdo Xray, the bowel distal to 
the obstruction has no gas in it and is generally undetectable. 

Important historical matters: 
- Occupation (heavy lifting? 
- Social history (smoking) 
- Chronic cough 
- Constipated often? 
- Difficult to urinate? 
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HOW ARE THESE THINGS FIXED?          
Emergency assessment + pre-operative management 

- Hydration (vomiting will occur with a painful ischaemic hernia or one which is causing 
obstruction) 

- Resuscitation  
- Fix the electrolytes (K+ may be down) 
- Chest XRay, AbdoXRay 
- Nasogastric tube to aspirate backed-up contents 
- Antibiotic prophylaxis (ischaemic gut wall is permeable to bacteria) 
- Catheter  

 
 
 
SURGICAL TREATMENT: 

- Spinal, general or local anaesthesia has been used. Midazolam is favourite,  but GA  
may be necessary if the hernia is extensive or laparoscopy is indicated. 

- Some hernias may be inoperable. 
- ULTIMATE GOAL is to close the weakness in the abdominal wall 
- This can be done with simple suture or mesh 
- Procedure is to fgirst define the neck; then exsc ise or reduce the sack, then close the 

defect; all the while- sparing the vascular bundle and the spermatic cord. 

- Mesh = 75% of cases; laparoscopy for the rest 
 
OUTCOME: 

- Return to work 10-14 days 

- 4% chance of infection 

- 4% chance of haematoma 

- less than 1 % chance of seroma (lymphatic) 

- 1 in 500 will develop ischaemic orchitis 
- possible to do damage to the groin nerves, � neuralgia or impotence 

(ilioinguinal, hypogastric, genitofemoral) 
RECURRENCE RATE is 10% in 5 years 
- mortality is low in the elective surgical setting. 
- EMERGENCY REDUCTION SURGERY carries a mortality risk of 7% 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
    



Trauma in Pregnant Women          
Unique aspects: 

- Whats good for the fetus is whats good for the mother. Resuscitate the mother. 
- Lifesaving xrays should not be delayed by thinking about fetal radiation injury 

CHANGES OF PREGNANCY: 
- uterus is intrapelvic until week 12, then it rises into the abdomen 
- by week 20, its reached the umbilicus 
- at week 34, it reaches the costal margins 
- the bowel gets pushed into the upper abdomen – thus, more protected 
 
FIRST TRIMESTER: uterus is thick walled and small 
SECOND TRIMESTER: uterus is larger, but the fetus is cushioned with lots of amniotic fluid 
THIRD TRIMESTER: uterus is huge and thin-walled, there is less amniotic fluid 

 Placenta receives 20% of maternal blood flow in late pregnancy 
 Fetal head is usually protected by the pelvic rim 
 If the rim fractures, the fetal head is at risk 
 

- The placenta is not elastic – shear forces can cause abruptio placentae 
- The placental vessels are EXQUISITELY SENSITIVE TO VASOCONSTRICTORS 

o THUS: maternal hypovolemia = massive loss of fetal blood flow 
 
HEMODYNAMICS 

- Blood volume increases throughout pregnancy, plateaus at 34 weeks 
- At that stage, hematocrit of 31-35% is normal 
- WCC increases during pregnancy 
- Fibrinogen and clotting factors are elevated 
- Serum albumin falls 
- Cardiac output increases in pregnancy, by 1.0-1.5 litres per minute 
- Heart rate increases in pregnancy, maximal in 3rd trimester 
- Blood pressure falls in pregnancy, by 5 to 15mmHg 
- There is venous hypertension of the lower limbs in the third trimester 
- Ectopic beats are increased 
 

EVERYTHING ELSE 
- Tidal volume increases in late pregnancy, PaCO2 falls to 25-30 
- Oxygen consumption is increased in pregnancy 
- Gastric emptying is prolonged 
- Renal blood flow and glomerular filtration rate increase 
- Pituitary gland swells, shock = necrosis  
- Pubis symphysis and the sacroiliac spaces widen 
- Eclampsia can mimic head injury (seizures etc) 

Unique risks: 
- Blunt injury may cause fetal injury 
- Lap belts cause more uterine injury than shoulder belts 
- Penetrating trauma to the uterus is usually fatal to the foetus, and benign to the mother because the 

uterus protects the other organs 
- 80% of pregnant women who survive hemorrhagic shock will lose the baby 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



Assessment and treatment: 
- Assess the mother, then the fetus… then move on to secondary survey 

MOTHER: PRIMARY SURVEY 
 Most common cause of fetal death is MATERNAL SHOCK 
 The issue is that of circulation; the inferior vena cava is compressed by the uterus 
 THUS: either displace the uterus to the left by manual pressure, or roll the mother 15 

degrees on a stiff spine board 
 The mother will APPEAR STABLE  even after 1.5 litres of blood loss because she has an 

expanded volume. Thus, start IV fluids very quickly. 
 DO NOT use vasopressors – the placenta is more sensitive than the mother 

FETUS: PRIMARY SURVEY 
o second most common cause of fetal death is ABRUPTIO PLACENTAE 
o Signs of this: 

 Vaginal bleeding in 70% of cases 

 Uterine tenderness 

 Frequent uterine contractions 

 Uterine tetany 

 Uterine irritability (contracts when touched) 
 

o Late in pregnancy, this happens with minor trauma 
o Very occasionally, the uterus will rupture: 

 Oblique or transverse fetal lie 

 Direct palpation of fetal bodyparts through the abdominal wall 

 Inability to palpate the fundus 
o Fetal heart sound can be heard at 10 weeks with Doppler 
o Continuous fetal monitoring should be performed after 20 weeks gestation 

- RISK FACTORS FOR FETAL LOSS: 

 Maternal heart rate over 110 

 Injury Severity Score > 9 

 Evidence of placental abruption 

 Fetal heart rate over 160 

 Ejection from a motor vehicle 

 Pedestrian or motorcycle collision 
ADJUNCTS TO PRIMARY SURVEY 

o Monitor the mother on her left side 
o CVP is useful here 
o Monitor fetal heart rate – normal is 120-160 
o Perform the necessary radiological studies- benefit outweighs the risk 

 
SECONDARY SURVEY: WHATS DIFFERENT IN PREGNANCY 

- if you do a DPL, make the incision ABOVE the umbilicus 
- look for amniotic fluid in the vagina – test it, the pH will be 7 to 7.5 
- look for consumptive coagulopathy of amniotic fluid embolism 
- give RH immunoglobulin to Rh–negative mothers within 72 hrs 

 
PERIMORTERM CAESARIAN 

- only effective within 4-5 minutes of the mother arresting 
- if the mother had died of hemorrhagic shock, the fetus has already had a long period of hypoxia 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



Mechanisms of Trauma           
VEHICULAR IMPACT 
LATERAL  IMPACT 

- One-sided rib fractures, spleen or liver injury, hip fractures on that side 
- Head acts as a mass that rotates and bends laterally – torso is accelerated away from the collisison 

REAR IMPACT 
- Hyperextension injuries of the neck 
- Posterior elements of the cervical spine get fractured 
- Fractures at multiple levels are common 

QUARTER-PANEL IMPACT: mixture of frontal and lateral or rear and lateral impacts 
ROLLOVER 

- violent multiple movements which hurt unrestrained passengers more 
- skin injuries point to areas of impact 

EJECTION 
- likelihood of serious injuries is increased 300% 

 

COLLISION-RELATED ORGAN INJURIES 
COMPRESSION INJURY 

- Blunt myocardial injury 
- Pneumothorax, lung contusion as it is instinctive to take a deep breath and hold it, for a patient involved in 

a crash. Thus, the lungs are full of air and relatively rigid.  
- diaphragmatic rupture due to sudden compression of the abdominal cavity leading to an increased intra-

abdominal pressure 
DECELERATION INJURY 

- Aortic rupture as the aortic arch separates from the descending aorta 
- Renal pedicle tear as the kidney keeps travelling and the torso stops 
- Central hepatic laceration  - liver accelerates around the ligamentum teres, the right and left lobes 
- Subdural  as the brain separates from the posterior dura 
- C-spine tends to fracture at C7-T1  

RESTRAINT USE  
- 3-POINT RESTRAINTS DECREASE MORTALITY BY 65-70% 

o 10-fold reduction in serious injury 
o the inertial device works within 0.01sec = driver only moves 15cm  

- AIRBAGS ARE ONLY USEFU IN 70% OF IMPACTS 
o Only useful in frontal impacts, and only in the first impact 

- INAPPROPRIATE USE: 
o The seatbelt has to be above the anterior superior ilac spine 
o If its above the ASIS, you will rupture your abdominal organs 
o The L-spine can suffer a compression fracture due to hyperflexion around a lap belt 
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PEDESTRIAN INJURIES 
- 90% OCCUR AT SPEEDS BELOW 30KPH 
- CHILDREN ARE THE MOST FREQUENTLY HIT PEDESTRIANS 
-  
- MOST COMMON INJURIES: 

o Thorax (most common) 
o Head 
o Lower Limbs 
 

THREE PHASES OF PEDESTRIAN IMPACT: 
 FIRST YOU HIT THE BUMPER LOWER LIMB INJURY 
 THEN YOU HIT THE HOOD AND WINDSHIELD  HEAD AND TORSO INJURY 
 THEN YOU HIT THE ROAD SURFACE  HEAD, SPINE AND EXTREMITY INJURY 

 

CYCLIST INJURIES 
- PROTECTIVE CLOTHES OCCASIONALLY HELP; but: 

- Only the helmet does anything 

- No evidence that it increases the risk of neck injuries 

 
 

FALLS 
o THESE ARE EFFECTIVELY DECELERATION INJURIES 
o The more surface area is fallen on, the less the injury 
o If the impact is attenuated by a soft surface or a fall is broken into a series of falls, there is less injury 
o Force is transmitted. Organs will tear free from their anchoring. 
 

BLAST INJURIES 
- Two phases: 

o First, an oudwardly expanding wall of gas hits you (Very brief duration) 
o Then, the negative pressure created by the first wave sucks at you (longer duration) 
o The force of the blast wave decreases in proportion to the third power of the distance 

Classified into 4 tiers of injury 
- PRIMARY 

o Pressure wave injury 
o Most damage is to GAS-CONTAINING ORGANS 
o Tympanic membrane is the MOST VULNERABLE: can only tolerate 2 atmospheres 
o Lung contusion, edema, rupture – may lead to air embolism 
o Intraocular hemorrhage, retinal detachment 
o Intestinal rupture 

- SECONDARY 
o Flying objects striking the individual 

- TERTIARY 
o The patient has become a missile and strikes other stationary objects 

- QUARTERNARY 
o Burn injury 
o Crush injury 
o Dust inhalation 
o Toxic fumes inhalation 
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PENETRATING INJURIES 
- Low energy: knife or hand-thrown weapons 

- Medium energy: handguns 

- High energy: military or hunting rifles 

 
THE WOUNDING CAPABILITY OF A MISSILE INCREASES SHARPLY ABOVE 600 METRES PER SECOND. 
At this velocity, a temporary cavity is created by tissue being compressed around the area of the impact 
 
CAVITATION: 
- proportional to the surface area of the point of impact’ 
- proportional to the density of the tissue 
- proportional to velocity of projectile 
diameter of the cavity can be up to 30 times the diameter of the bullet 
 
HOLLOW POINT ROUNDS = more rapid deceleration = more rapid energy transfer, thus more damage 
 
YAW: the orientation of the long axis of the bullet 

 
SHOTGUN WOUNDS 

- muzzle velocity is 360 m/sec 
- at 40 metres, the  pellets deposit in a 75cm diameter circle 
- injuries at long range are superficial 
- pellets can carry clothing deep into the wound and cause infection 

 
MISSILES FOLLOW THE PATH OF LEAST RESISTANCE. 
THIS PATH IS NOT ALWAYS LINEAR 
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Tetanus immunization           
- Incubation period of tetanus is 10 days; from 4 to 21 
- In severe trauma, it can appear in 1-2 days 
- Doesn’t matter, large or small injury 

 
TETANUS-PRONE WOUNDS: 
- > 6 hrs old 

- stellate or avulsed 
- deeper than 1cm 
- missile wounds, crush, frostbite or burn 
- signs of infection 
- devitalized tissue 
- contaminated with stuff 
- denervated or ischaemic tissue 

care for wounds 
- if your debridement was crap, leave the wound open and unsutured 
 
PASSIVE IMMUNISATION: 250units of human tetanus immunoglobulin (TIG) 
If the patient has ever received 3 doses of tetanus toxoid, they don’t need TIG  

– UNLESS the wound is 24hrs old 
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Traumatic Injuries of the Eye         
Key history: 

- Do they wear corrective lenses? 
- Have they had eye surgery? 
- Do they have glaucoma? 
- What medications do they use 
- Was the injury BLUNT OR PENETRATING? 
- Was there missile injury? 
- Was there thermal, chemical or flash burn? 
- Was there immediate pain or photophobia? 
- Was the decrease in vision immediate or progressive? 

Physical examination 
- VISUAL ACUITY 
- EYELIDS: 

o Edema 
o Ecchymosis 
o Evidence of burns 
o Ptosis 
o Lacerations 
o Foreign bodies 
o Canthal avulsions 

- ORBITAL RIM 
o Subcutaneous emphysema – fracture into the ethmoid or maxillary sinus 
o Deformities of fracture 

- GLOBE 
o Retract the lids and look for hematoma 

- PUPIL 
o Reaction to light 
o Test for afferent papillary defect: optic nerve trauma causes a failure of both pupils to constrict when 

a light is shined at the affected eye 
- CORNEA 

o Opacity, ulceration, foreign bodies 
- CONJUNCTIVA 

o Chemosis, subconjunctival emphysema, foreign bodies 
- ANTERIOR CHAMBER 

o Hyphaema 
o Shine a light across the pupil; it should illuminate the whole iris.  

 If not  shallow anterior chamber, maybe a penetrating wound to the anterior chamber 
- IRIS 

o Should be reactive and of a regular shape 
o Iridodialysis = tear of the iris 
o Iridodonesis = floppy tremulous iris 

- LENS 
o May be displaced into the anterior chamber 
o Should be transparent 

- VITREOUS 
o Should be able to see the fundus (otherwise there may be hemorrhage) 
o If there is hemorrhage, you will get a BLACK REFLEX  instead of a red reflex 

- RETINA 
o A detached retina is opalescent, and the blood columns are darker 
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SPECIFIC INJURIES 
- EYELID INJURY 

 Lacerations may be closed with nylon sutures if they are 

 HORISONTAL 

 SUPERFICIAL 

 Not involving the levator in the upper lid 
 CALL THE OPHTHALMOLOGIST IF: 

 Medial canthus wounds (may involve the lacrimal duct or medial canaliculus) 

 Deep horizontal lacerations 

 Lid margin lacerations which may lead to notching 

 COVER THESE WOUNDS WITH A SALINE DRESSING 
 Penetrating foreign bodies should not be disturbed 

- CORNEAL INJURY 
o ABRASIONS heal quickly; give antibiotic drops 

- ANTERIOR CHAMBER INJURY 
o HYPHEMA = severe ocular trauma 
o Glaucoma will develop in 7% of patients with hyphema 

- IRIS INJURY 
o Contusion = fixed pupil 
o Disruption of the ciliary body = irregular pupil and hyphema 

- INJURY TO THE LENS 
o Usually due to severe blunt trauma 

- VITREOUSL INJURY 
o Sudden profound loss of vision 
o Usually due to blunt trauma  

- RETINAL INJURY 
o Weirdly, there may or may not be visual acuity loss, depending on macula involvement 
o Blunt trauma or head injury 
o Light flashes and a curtain-like defect in the visual field 

- GLOBE INJURY 
o IF YOU SUSPECT THIS, STOP TOUCHING THE EYE, FULLSTOP. 
o Sterile dressing and eye shield 
o Don’t remove foreign objects or clots 

- CHEMICAL INJURY 
o Immediate intervention is required 
o Acid injury precipitates proteins and sets up a natural barrier, so it does not penetrate as far 
o Alkali injury combines with lipids, bursts cells, and penetrates more deeply 
o COPIOUS AND CONTINUOUS IRRIGATION IS THE KEY 

- BLUNT TRAUMA 
o Orbital floor is the weakest point: “blowout” fractures 
o Diplopia and limitation of movement is a disturbing sign of muscle entrapment 
o There may be subcutaneous or subconjunctival emphysema 
o Hyperesthesia of the cheek occurs with infraorbital nerve injury 

- RETROBULBAR HEMATOMA  
o Optic nerve and retinal blood supply is compromised 
o Requires IMMEDIATE INTERVENTION 
o Elevate the head 

- FAT EMBOLISM 
o An explanation for a sudden loss of vision in a patient with multiple long-bone injuries 
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The CHEST XRAY will identify 
many of these 

Thoracic Trauma in the SECONDARY SURVEY     
 Injuries you will pick up in the primary survey are immediately lifethreatening 

ones which have OBVIOUS physical signs. 
 In the SECONDARY survey, you pick up injuries without obvious signs. 

o simple pneumothorax 
o hemothorax 
o pulmonary contusion 
o tracheobronchial tree injury 
o blunt cardiac injury 
o traumatic aortic disruption 
o traumatic diaphragmatic disruption 
o blunt oesophageal rupture 
 

Simple Pneumothorax  
 you would prefer an upright expiratory film, but you will have a random supine film. 

That makes it harder to pick it up. 
 IF YOU PICK IT UP, DO NOT START POSITIVE PRESSURE VENTILATION until the 

chest drain is inserted 
 The patient cannot be transported by air until the chest drain is in 
 A simple pneumothorax should be treated as always being on the verge of converting 

into a tension pneumothorax 
 

Hemothorax  
 On a supine film, it usually looks like a uniformly increased perimediastinal opacity 
 If its large enough to be visible on a supine film, its large enough to warrant a chest 

drain – a large caliber chest tube 
 If 1500 ml or more comes out immediately, THE PATIENT GOES TO THEATRE 
 If 200ml drains out per hour for 2-4 hours, THE PATIENT GOES TO THEATRE 
 If the hemothorax patient only has a transient response to fluids and requires blood 

transfusion, THE PATIENT GOES TO THEATRE 
If you don’t evacuate the hemothorax, it will clot, causing lung entrapment, or it will get 
infected and develop into an empyema 

Pulmonary contusion 

 The most common potentially lethal chest injury! 
 Does not NEED rib fractures to happen 
 Produces a gradual onset of respiratory failure; indubation and ventilation may be 

necessary. 
 Intubation IS necessary when the patient is going to be transferred 

Tracheobronchial tree injury  
 In blunt trauma, it usually happens with 1 inch of the carina. 
 Most patients who have this die at the scene 
 If they survive the trip to hospital, they usually die of all the other injuries (a hideous 

accident is required to cause this sort of injury) 

o hemoptysis 
o subcutaneous emphysema 
o tension pneumothorax or pneumomediastinum 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



 YOU CANT DO MUCH ABOUT THIS IN THE EMERGENCY DEPARTMENT 
 You put in a chest drain,  and a large persistent air leak confirms the diagnosis 

 If you can see on xray that one of the main bronchi is disrupted, try to 
intubate the opposite bronchus. 

Blunt cardiac injury  
 This also includes slowly developing TAMPONADE 

MYOCARDIAL CONTUSION 
 firstly, you cant diagnose this except by direct inspection. 
 There are some features of ECG: 

 Ventricular ectopics 
 Atrial fibrillation 
 Various ST changes 
 Right bundle branch block 

 There is NO EVIDENCE for the use of troponins in blunt cardiac injury 
 MONITOR WITH TELEMETRY for 24 hours. 

 The risk of arrhythmia declines rapidly after the first 24hrs 
 

Traumatic Aortic Disruption  
 This is frequently an autopsy finding. 
 The ones who survive tend to have an incomplete laceration near the ligamentum 

arteriosum; intact d\adventitia or mass effect from the hematoma prevent sudden 
death 

 THE ONE CHARACTERISTIC SHARED BY ALL SURVIVORS IS A CONTAINED 
HEMATOMA 

Signs are non-specific. 

Most of the suspicion comes from a DECELERATING INJURY 
XRAY FINDINGS ARE THE USUAL WAY OF FINDING THIS, and they include: 

o widened mediastinum 
o obliteration of the aortic knuckle 
o tracheal deviation to the right 
o depression of left main bronchus 
o elevation of the right main bronchus 
o obliteration of the space between the aorta and the 

pulmonary artery 
o deviation of the oesophagus (NG tube) to the right 
o widened paratracheal stripe 
o presence of an “apical cap” of blood 
o left hemothorax 
o fracture of the first rib, second rib, or scapula 
o rarely (1-2% of the time) no xray signs are present 

 SLIGHTEST SUSPICION = CT AORTOGRAM  
 Transfer them early 
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Traumatic diaphragmatic injury 

 Blunt trauma = large radial tears = herneation of abdominal contents 
 Penetrating injury = small tears = no immediate herniation 
The NG tube is a diagnostic test. If it appears in the lung field on chest Xray, there 
may be a diaphragmatic tear. 
The hemidiaphragm may appear elevated, and there well be bowel where lung 
should be. 
Left sided tears are easier to pick up than right sided ones, because the liver 
blocks abdominal contents from herniating into the chest 
There is no treatment other than surgical repair 

 

Blunt oesophageal rupture 

 Sudden massive stomach compression from blunt impact causes a 
massive forceful expulsion of gstric contents into the oesophagus, which 
causes a linear tear of the oesophagus. 

 The result is mediastinitis 
SUSPICION RISES WHEN: 

 there is hemothorax or pneumothorax without rib fracture 

 central thoracic injury with pain or instability out of proportion to the 
apparent injury 

 there is a chest tube draining particulate matter, eg. stomach contents 

 there is pneumomediastinum 

 the NG tube ends up in the chest, outside the lung, somehow. 
The faster this is repaired, the better the prognosis 
 

Other things you might pick up during the secondary survey: 

 subcutaneous emphysema 
 usually means there is some underlying injury eg. rib fracture 
 usually doesn’t require treatment, in and of itself 

 traumatic asphyxia (crush injury) 
 findings associated with this: 

 FACIAL AND UPPER LIMB PLETHORA 

 PETECHIAE IN THE UPPER BODY 

 rib, sternum, clavicle, scapula fractures 
 STERNAL AND SCAPULAR FRACTURES ARE PARTICULARLY 

INTERESTING: THEY USUALLY MEAN THERE IS SOME BLUNT 
CARDIAC INJURY 

 Clavicular fractures or dislocations can occasionally obstruct the 
airway or the vena cava 

 With rib fractures, analgesia is the main issue 
 Lower rib fractures = lacerations of liver or spleen 

Other indications for chest tube insertion: 

 Severe lung injury in a patient transported by air 
 Severe lung injury fro a patient about to undergo anaesthetic 
 Severe chest injury in a mechanically ventilated patient 

Chest tubes are inserted into the 5th 
interocostal space (nipple level) anterior 
to the mid-axillary line, aiming 
posteriorly for hemothorax and 
superiorly for pneumothorax 
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NEEDLE PERICARDIOCENTESIS: 

- Get ECG monitoring 
- Use an 18-16 g needle- a LONG cannula 
- Make sure there is no mediastinal shift 
- Start 1-2cm below the xiphochondral junction, and slightly to the left of midline 
- Point the needle 45 degrees down, and aim for the tip of the left scapula 
- Advance carefully while aspirating 
- If you pierce the heart muscle, you’ll get a “current of injury” on the ECG: all kinds of 

widespread ST changes, widened QRS. This means you have to withdraw the needle 
- Withdraw as much fluid as you can 
- Leave the plastic cannula in there, with a tree-way tap, and tape it in place 
- Do an xray to make sure you haven’t caused a hemopneumothorax  
-  

 
 

-  
-  
-  
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Abdominal and Pelvic Trauma         
 In the primary survey, the circulation part includes thinking about the abdomen 

as a source of occult hemorrhage 
 The OBVIOUS THING is a penetrating abdominal injury 
 Generally speaking: ANY BLUNT TORSO INJURY FROM IMPACT OR 

DECELERATION HAS ABDOMINAL SOLID ORGAN TRAUMA UNTIL PROVEN 
OTHERWISE 

 The likelihood of organ injury is GREATER when the airbag goes not deploy 
 In blunt trauma, this is the breakdown of organ damage frequency: 

o 40-55% = the spleen 
o 35-45% = the liver 
o 5-10% = small bowel 
o There is a 15% incidence of retroperitoneal hematoma  in patients 

who end up needing a laparotomy 
 In stab wounds: 

o 40% = liver 
o 30% = small bowel 
o 20% = diaphragm  
o 15% = colon 

 In gunshot wounds: 
o 50% = small bowel 
o 40% = colon 
o 30% = liver 
o 25% = abdominal vascular structures 
o Likelihood of major abdominal injuries decreases markedly if the 

weapon was a shotgun and the shooter was more than 3 metres 
away 

o  

PHYSICAL EXAMINATION:   
 History should suggest how much insult the abdomen had suffered 

  INSPECTION: 
o Looking for tenderness, obvious wounds, and hematoma. 
o Look for perineal hematoma, scrotal hematoma, blood in the 

vagina or urethra  
 AUSCULTATION 

o NO BOWEL SOUNDS = ILEUS = MAYBE DUE TO HEMATOMA 
 PERCUSSION AND PALPATION 

o Mainly looking for a pregnant uterus 
o Peritonitis from hematoma or ruptured viscus 
o Tenderness due to organ injury 

 ASSESS PELVIC STABILITY 
o Manually compress the iliac spines to see if the pelvis 

opens like a book. 



 ASSESS THE PERINEUM, URETHRA AND RECTUM 
o Rectal exam: a high riding prostate = urethral disruption 
o Blood in rectal exam = colonic perforation 

 gluteal examination: for penetrating injuries 

ADJUNCTS TO PHYSICAL EXAMINATION 

 NG tube: 

 Aspirate gastric contents to prevent aspiration 

 If there is blood in the aspirate, there may be oesophageal or gastric rupture 
 Urinary catheter: 

 If there is blood in the urethra, DO NOT ATTEMPT THIS 

 if the patient is unable to void, a suprapubic catheter may need to be inserted 
under ultrasound guidance 

 Xrays of the chest and abdomen 

 Abdominal films are useless 

 Chext Xrays will show you subdiaphragmatic gas, if they are erect 

 In a supine patient, you are better off CT scanning them than getting laterals 
 FAST ultrasound 

 Scans are obtained of the pericardial sack,hepatorenal fossa, splenoreal 
fossa, and pelvis or pouch of Douglas 

 A SECOND SCAN NEEDS TO BE PERFORMED IN 30 MINUES 

 Accuracy is comparative to that of DPL 
 Diagnostic Peritoneal Lavage 

 Contraindicated if there is an impending laparotomy 

 Think twice in the obese patient, the cirrhotic, and the coagulopath 

 If gas, blood or food is aspirated in the lavage  LAPAROTOMY 

 If blood is not aspirated immediately, 1000ml of saline is infused and then 
drained out again. Lavage is positive if: 

o There is > 100,000 RBCs pr cubic mm 
o There is > 500 WCCs per cubic mm 
o There is bacteria on Gram stain 

 CT of the abdomen and pelvis 
 For stable patients with no indications for immediate laparotomy 

 Most surgeons would do a laparotomy if the CT finds free fluid 

 With contrast, the kidneys and ureters should light up; if one kidney does not, 
it may have a renal artery rupture or massive parenchymal disruption 

 Urethrography 
 A small amount of contrast is injected up the urethra 

 The pelvic Xray should show you if there is urethral disruption 

Penetrating Injuries 

 STABBING: If there is any sign of peritonism, hemodynamic instability, or if you can 
see the fascia, they need a laparotomy. 



 Otherwise… 33% of stab wounds to the anterior abdomen do not penetrate 
the peritoneum, so you can explore them under local: follow the wound track 
and see if you can feel bowel through the wound. 

 If you cant explore the wound, its probably still time for a laparotomy. 
 GUNSHOT: EEVERYONE needs a laparotomy. The bullet tracks are too unpredictable. 

 
THORACOABDOMINAL LOWER CHEST WOUNDS 

 You cant explore these under local, or you might cause a pneumothorax 
 Stab wounds here tend to cause small diaphragmatc tears; so laparotomy or 

laparoscopy tend to be the best exploratory measures 
 

ANTERIOR ABDOMINAL WOUNDS: WHICH IS BETTER: DPL OR LOCAL EXPLORATION? 
o DPL has a sensitivity of 90%, and exploration plus serial examination over a 24hr period has 

a sensitivity of 94%. 
o This is only true for patients who are HEMODYNAMICALLY SABLE 

 
POSTERIOR WOUNDS: CT vs. Serial examination 

o Triple phase CT assesses the integrity of the colon. 
o Accuracy of CT vs serial physical examinations is about the same, but the CT doesn’t take 24 

hrs 
o Occasionally, BOTH miss the injury. Hence, you have follow-up. 
 

WHO GETS A LAPAROTOMY? 

 Blunt abdominal trauma with 
o Hemodynamic instability 
o Clinical findings suggestive of peritoneal bleeding 
o Positive FAST 
o Positive DPL 

 Penetrating abdominal trauma with hypotension 
 Any gunshot wounds to the abdomen 
 Any evisceration 
 Penetrating trauma with bleeding from the NG tube, genitals or rectum 
 Any trauma with peritonitis 
 Free air under the diaphragm 
 Diaphragmatic rupture 
 CT evidence of hollow or solid organ injury 

 
 
 
 
 
 
 
 
 
 



SPECIFIC PROBLEMS 

DIAPHRAGM INJURIES 
o the left hemidiaphragm is most commonly injured in blunt trauma 
o most of the time it’s the posterolateral left hemidiaphragm 
o most of the time it’s a 5-10cm tear 
o most of the time, the xray is abnormal 

DUODENAL INJURIES 
o frequently, bicyclist vs. handlebars, or unrestrained driver vs. steering wheel 
o NG aspirate may contain blood… or may not 
o Chest Xray – free air may appear 
o double contrast CT confirms the injury 

PANCREATIC INJURIES 
o Again, direct epigastric blow eg. bicyclist vs. handlebars 
o The first 8 hours is the crap-time: 

 Double contrast CT wont pick it up this early 

 Amylase and lipase may be normal at this stage 
o Surgical exploration is pretty much the only way you’ll find out. 

GENITOURINARY INJURIES 
o Associated with direct injuries to the back or flank, especially those that result in bruising 
o Hematuria in a trauma patient suggests it 
o Hematuria in a trauma patient with an episode of shock suggests other abdominal injuries, 

not just limited to the urinary tract 
o Blunt renal injury can be treated non-operatively in 95% of cases 
o RENAL INJURIES WHICH DO NOT CAUSE HEMATURIA: 

o Thrombosis of the renal artery 
o Disruption of the renal pedicle due to deceleration trauma 
o Both are rare and picked up on CT 

o Urethral injuries usually mean pelvic fracture 
 Those posterior (above the urogenital diaphragm) are usually associated with 

numerous other serious injuries 
 Those anterior (below the urogenital diaphragm) may be a stand-alone injury 

resulting from a straddle impact 
 

SMALL BOWEL INJURIES 

o this is usually the consequence of deceleration 
o a lumbar vertebral distraction (Chance fracture) and “seat-belt sign” are associated 
o torn intestine = not much bleeding; also not much free subdiaphragmatic air 
o may not be picked up on CT or early ultrasound 
o this is the one injury which DPL is most accurate test 
 
 
 
 
 
 
 
 



PELVIC FRACTURES AND ASSOCIATED INJURIES 

o With a pelvic fracture, there are 4 places you could be bleeding from 

 Fractured Bone 

 Pelvic venous plexus 

 Pelvic arteries 

 Extrapelvic sources 
o Once you see this, the fracture must be reduced with a compression device or sheet 

 
CLASSIFICATION OF PELVIC FRACTURE 

 AP compression 
 Motor vehicle accident or fall from a great height 
 Symphysis pubis and sacrum may be fractured 
 With disruption of the posterior ligamentous complex, there is 

bleeding from the pelvic venous plexus or iliac arteries, and 
the pelvis is unstable 

 Lateral compression 
 Results in a lateral rotation of the crushed hemipelvis 
 This causes it to intrude into the pelvic organs 
 However, this puts pressure on the pelvis, and so there is 

LESS BLEEDING in this fracture 

 Vertical shear 
 Dislocates the sacroiliac joint and causes major pelvic 

instability 

 Combination of all 3 may occur 
 
SIGNS OF PELVIC FRACTURE 

 Hematoma of the flank, scrotum, or perianal area 
 Laceration of the vagina or rectum 
 Mechanical instability of the pelvic ring 

 
MANAGEMENT OF A PELVIC FRACTURE 

 the idea is to close the pelvic volume, causing internal rotation of your limbs 

 wrap the pelvis in a sheet tightly 

 there are also pelvic splints and compressors etc… 

 EARLY TRANSFER 

 

Diagnostic peritoneal lavage 

o OPEN TECHNIQUE 
 Decompress the stomach and bladder with the appropriate catheters 

 Use local with adrenaline, to reduce blood contamination 

 Anaesthetize in midline just below the umbilicus 

 Cut vertically, and dissect down to the peritoneum 

 Make a small nick in the peritoneum and insert a small peritoneal catheter 

 Advance the catheter into the pelvis 

 Aspirate 

 If there is no gross blood, infuse 1 liter of normal saline  

 Aspirate some more after “agitating” the abdomen 

 Send the fluid for cell count: >100,000 RBCs or >500 WCCs is abnormal 



o CLOSED TECHNIQUE 

 Decompress the stomach and bladder with the appropriate catheters 

 Again, you anaesthetize the area just below the umbilicus 

 Elevate the skin with forceps 

 Insert the needle through the abdominal wall. You will feel resistance as the 
needle encounters the fascia 

 Use the Seldinger technique: insert the lavage catheter via a guidewire 

 Aspirate and lavage as above 
-     

o  
 



Head Trauma            
 The goal of treatment is to prevent secondary brain injury 
 You accomplish this by 

o Ensuring adequate oxygenation 
o Maintaining a blood pressure high enough to perfuse the brain 

 Do not delay transfer by waiting for a CT head 
NORMAL ICP: 10mmHg  
  Anything over 20mmHg is associated with a poor outcome 
MONRO-KELLIE DOCTRINE 

 the head is a rigid vessel 
 thus, the total volume of fluid must remain the same 
 as a mass grows, it displaces venous blood and CSF first, and so there is 

some compensation for its volume 
 when you run out of CSF and venous blood, the ICP rises sharply 
 herneation occurs around 60-70 mmHg 

CEREBRAL BLOOD FLOW 
 normal is 50-55ml of blood per every 100g of brain tissue, per minute 
 much higher in children: approaches 90ml between 1 year and puberty 
 cerebral perfusion pressure needs to be above 60mmHg  
 thus, you need a MAP of around 70-80 
 you also need to maintain normal PaCO2 and PaO2 

 

CLASSIFICATION OF HEAD INJURY 

 MECHANISM: 
 Blunt vs penetrating 

 SEVERITY: 
 GCS 14 and above: mild 

 GCS 9 to 13: moderate 

 GCS under 8: severe  

 MORPHOLOGY: 

 Skull fractures  
 Linear or stellate; open or closed 
 Base of skull fracture has a whole range of recogniseable 

signs, such as Battles sign, periorbital hematoma, CSF 
rhinorrhoea, CSF otorrhoea. 

 Hearing loss and facial paralysis may also occur; immediately 
(severed nerve) or with a delay of several days (better prognosis) 

 Diffuse brain injuries 
 CONCUSSIONS = NORMAL CT 

Concussion is a head injury with transient loss of 
consciousness without focal signs 

 DIFFUSE BRAIN INJURY WITH HYPOXIA = swollen brain, loss 
of gray-white differentiation 
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 DIFFUSE AXONAL INJURY 
Shearing injury in a high velocity deceleration or 
impact, produces multiple small punctuate 
hemorrhages 
Outcome is uniformly poor 

 Extradural hematomas 
 Less common –9% of comatose patients, 0.5% of awake ones 
 Lenticular or biconvex hematomas on CT 
 Usually from the middle meningeal 

 Subdural hematomas 
 More common- 30% 
 The underlying injuries are more severe 

 Contusions and intracerebral hematomas 
 Common – 20-30% 
 20% of them will cause enough of a mass effect to require 

decompression 
 take a while to mature; require repeat CT in 24 hrs 

MANAGEMENT OF MINOR BRAIN INJURY 

… about 3% of these have sudden unexpected deteriorations 

 WHO GETS A HEAD CT? 

 Failure to return to GCS of 15 within 2 hours 

 Clinical suspicion of a skull fracture 

 More than two episodes of vomiting 

 Loss of consciousness for longer than 5 minutes 

 Retrograde amnesia for longer than 30 minutes 

 Dangerous mechanism of injury  

 Intoxication 

 Severe headaches 

 Anticoagulated patient 

 Focal deficit 

 Anyone older than 65 yrs 

 Of all people who satisfy these criteria, 
 If the GCS is 13, - 25% will have CT findings and 1.3% will need neurosurgery 

 If the GCS is 15, - 10% will have CT findings and 0.5% will need neurosurgery 

 If they don’t satisfy the above criteria, and if there are no CT changes, and the 
patient is asymptomatic, you can observe them for several hours and then 
discharge them 
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MANAGEMENT OF MODERATE BRAIN INJURY 

… about 10-20% of these have sudden unexpected deteriorations 

 WHO GETS A HEAD CT? 

 everybody 

 Admit them all 
 Everyone will need serial neuro obs for 24 hrs 
 Anyone with CT abnormalities will need another CT after 24 hrs 

 

MANAGEMENT OF SEVERE BRAIN INJURY 

 GET A HEAD CT unless it delays transfer 
AIRWAY, BREATHING: 

 mortality is doubled if they are hypoxic 
 if the GCS is 8, you need to intubate them 

CIRCULATION: 
 mortality is doubled if they are hypotensive 
 maintain a MAP of over 70 

NEUROLOGICAL EXAMINATION: 
 GCS score 
 Pupil responses 
 Use the BEST motor response – it’s a better prognostic indicator 

SECONDARY SURVEY: 
 lateralizing signs: which limb withdraws, which flexes? 

 
ADDRESS HYPOTENSION FIRST! Neurosurgical evaluation is a second priority 
CT Head: 

 midline shift of over 5mm = neurosurgical intervention   
 

MEDICAL MANAGEMENT 
 the goal is to prevent secondary injury 

 Intravenous fluids to establish normovolemia 

 Ventilate but don’t let the PaCO2 fall below 30 

 Only hyperventilate in case of acute neurological deterioration 

 Nobody really uses mannitol any more; however, if you HAVE to, 

 20% solution; 1g/kg administered as a bolus 

 May be useful if they are herneating 

 Post-traumatic epilepsy happens in 5% of patients with closed head 
injuries and in 15% with severe head injuries: 

 Give a loading dose of 1g phenytoin  
SURGICAL MANAGEMENT 

 Clean the scalp wound and close it 

 A depressed skull fracture needs an operation if it is depressed by more 
than its own thickness, and if its open and contaminated 

 Drilling the head in ED rarely evacuates enough of the hematoma to 
make a difference 
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MANAGEMENT OF PENETRATING BRAIN INJURY 

 A CT head, duh. 
 Broad spectrum antibiotics 
 Phenytoin loading – 1g as infusion 
 Early ICP monitoring 
 

BRAIN DEATH 

 GCS of 3 
 Non-reactive pupils 
 Absent brainstem reflexes 
 No spontaneous ventilatory effort 
ANCILLARY STUDIES: 
 EEG 
 Absent cerebral blood flow 
 ICP exceeds MAP for 1 hour or longer 
All of this must be in absence of sedating medications 
 
 

 
-  
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Spine and spinal cord trauma         
- 5% of patients with brain injury also have a spinal injury 
- 25% of patients with spinal injury also have at least a mild brain injury 
- 55% of spinal injuries are in the C-spine 
- 1%% are thoracolumbar, 15% are lumbar and 15% are lumbosacral 
- As long as the spine is immobilized, you safely defer the exclusion of a spinal injury until the 

patient is stable and worked up 
In a neurologically intact patient, absence of pain along the spinal column virtually excludes the 
presence of a significant spinal injury 
 
Sensory and Motor examination can be carried out in the secondary survey 
 
CLASSIFICATION of spinal injury: 
 
- LEVEL: 

 The most caudal segment with NORMAL function 
- SEVERITY: 

 Complete or incomplete? Incomplete means some motor function below the level of 
injury remains preserved 

 Paraplegia or quadriplegia? Count the moving limbs 
 

SPINAL CORD SYNDROMES: 
- CENTRAL CORD SYNDROME 

 Power is lost in the UPPER limbs more than in the lower limbs 
 Usually after a hyper-extension injury 
 Usually in a patient with an existing C-spine stenosis 
 Usually a forward fall with a facial impact 
 Usually due to compromise of the anterior spinal artery, which supplies the cenral 

cord; and the central cord is where the upper limb fibers are arranged 
 Prognosis is better than that of other incomplete spinal injuries 

- ANTERIOR CORD SYNDROME 
 Paraplegia 
 Loss of pain and temperature sensation, but not proprioception 
 Usually due to a complete infarction of the anterior spinal artery territory 
 Poorest prognosis of all the incomplete spinal inuries 

- BROWN-SEQUARD SYNDROME 
 Hemisection of the cord, usually due to a penetrating injury 
 On one side, you lose all power and proprioception 
 On the other side, you lose all pain and temperature sensation 
 Some recovery is …usually seen 
 

-  
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SPECIFIC SPINAL INJURIES: 
- ATLANTO-OCCIPITAL DISLOCATION 

 Traumatic flexion and distraction 
 19% of fatal C-spine injuries 
 Usually they die on scene 

- ATLAS FRACTURE 
 5% of acute C-spine fractures 
 In 40%, the axis is also broken 
 Most frequently, a burst fracture (Jefferson fracture) 

o disruption of both the anterior and the posterior rings, with lateral 
displacement of the lateral masses 

 Most frequently the mechanism is axial loading 
 On open-mouth views, the lateral masses are too far from the peg 

- C1 ROTARY SUBLUXATION 
 Most often seen in children 
 Presents with persistant torticollis 
 On open mouth views, one of the lateral masses is too far from the peg 
 The patient should be immobilized in the rotated position; don’t try to turn their head 

the right way 
- C2 FRACTURE: ODONTOID 

 C2 fractures in general are 18% of C-spine fractures 
 60% of axis fractures are through the peg 
 TYPE 1:  involve the tip of odontoid only, the rarest 
 TYPE 2: through the bas of the dens; most common 
 TYPE 3: start at the base of the dens and then progress through the body of the axis 

- C2 FRACTURE: POSTERIOR BODY 
 These are the “hangman” fractures 
 20% of all axis injuries 
 Usually and extension-type injury 
 There ae also 20% of non-odontoid, non-hangmans fractures 

- C3-C7 FRACTURES AND DISLOCATIONS 
 C3 fractures are very uncommon 
 C5 and 6 are where the money is 
 Usually the fracture is through the vertebral body 
 Facet dislocations = more severe spinal cord injury 
 Unilateral face dislocation = 80% have neurological injuries 
 Bilateral facet dislocation = AT LEAST an incomplete injury (84% have complete 

spinal cord transaction) 
- THORACIC SPINE FRACTURES – DOWN TO T10 

 4 flavours: 

 Anterior wedge compression fractures 

 Axial load injury 

 Amount of wedging is usually small 

 This is a STABLE FRACTURE; all the others are not 

 Burst fractures 

 Axial load injury 
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 Chance fractures  

 Transverse fracture through the vertebral body 

 Usually a flexion injury, eg. lapbelt-restrained 
passenger in the middle rear seat 

 Usually associated with severe visceral and abdominal 
injuries 

 Fracture-dislocations 

 Rare 

 Extreme flexion and severe blunt trauma 

 Usually produce complete cord transaction 
 

- THORACOLUMBAR FRACTURES – T11 TO L1 

 Usually from a combination of acute hyperflexion and rotation 

 Usually unstable 

 Usually in falls from height or unrestrained drivers 

 These people are particularly vulnerable to rotational movement.                 
LOG  ROLLING SHOULD BE VERY CAREFUL 

 Tend to cause bladder and bowel dysfunction as well as motor paralysis of 
the lower limbs 

- LUMBAR FRACTURES 

 Same as thoracolumbar  

 Tend not to have complete deficits, because only the cauda equina is injured 
- PENETRATING INJURIES 

 USUALLY STABLE INJURIES 
 Unless the bullet destroys a large part of the vertebral body 

- BLUNT CAROTID AND VERTEBRAL VASCULAR INJURIES 
 Usually associated with 

o C1-C3 fractures 
o Cervical spine fracture with subluxation 
o Fractures involving the foramen transversarium 

 Of the above patients, 1/3rd will have some evidence of carotid or vertebrovascular 
injury on CT or angiogram 

 

General Management 
- IMMOBILIZATION 

 Spinal board is more effective and less comfortable than the collar 
 The board is remove as a part of the secondary survey, when you do the log roll 

- SPINAL SHOCK 
 Typically, hypotension with bradycardia 
 Typically thoracic injury (that’s where the sympathic chain is) 
 Typically there is limited response to fluid challenges 

 This is a sort of shock where you might consider the use of vasopressors, because if 
you try to use fluids to bring them back to normotension, you may cause pulmonary 
oedema 
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Musculoskeletal trauma          
- 85% of blunt trauma patients end up with some sort of musculoskeletal injury 
 

PRIMARY SURVEY: 
- AIRWAY may be compromised by a posteriorly dislocated clavicle 
- CIRCULATION is really the key issue: 

 Long bone fractures and pelvic fractures bleed a lot: 

 3 litres from pelvis 

 2 litres from femur 

 750ml from tibia or humerus 

ADJUNCTS TO PRIMARY SURVEY: 
- Xray the fractures 
- IMMOBILIZE THE FRACTURES:  

 Reduce, apply in-line traction, and immobilize in a plaster or splint 

 If the fracture is open, don’t be shy about poking bits of bone back into the 
wound- its going to theatre for washout anyway 

 Some immobilizations and reductions can effectively control hemorrhage 
 

SECONDARY SURVEY: 
- MECHANISM OF INJURY is the key issue: 

 Position in the car- driver, passenger? 

 Ejected from vehicle? 

 Seat belt in use? 

 Airbag deployed? 

 Deformation to the vehicle 

 Internal damage to the vehicle eg. bent steering wheel 

 Distance of the fall (if they fell) 

 Were they crushed? Where, for how long? 

 Was there any explosion? 

 If pedestrian: what kind of car hit them? 
- ENVIRONMENT 

 EXPOSURE TO TEMPERATURE EXTREMES 

 EXPOSURE TO TOXIC FUMES 

 Glass fragments 

 Sources of contamination, eg. fell into open sewer 

 Position the patient was found in 

 How much blood was at the scene 

 Delays in extrication process 
- PHYSICAL EXAMINATION 

 THE USUAL STUFF; wounds, gross distortion, pulses of all limbs 
 Loss of sensation in a glove or stocking distribution is an early sign of vascular 

compromise 
 Xray everything. 
  

 
-  
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MAJOR PELVIC DISRUPTION: 
- Hypotension + pelvic fracture = higher mortality; 5-30% 
- The only sign of pelvic hemorrhage  may be otherwise unexplained hypotension 
- Xray of the pelvis needs to happen quickly in a major pelvic trauma, especially pedestrian 
- Hemorrhage control is the primary goal 
- This is achieved with pelvic compression devices and slings 

MAJOR ARTERIAL HEMORRHAGE: 
- Pulseless limb is your main guide to an internally disrupted artery 
- A tourniquet may be applied to any severed limbs 
- Direct pressure should be applied to all external wounds 
- If you can see a vessel, you can try to clamp it with artery forceps 

CRUSH INJURY: 
- Crush injury of a significant muscle mass, eg. a thigh or a calf, can produce rhabdomyolysis 
- Some recommend to alkalinize the urine to reduce the precipitation of myoglobin 

VASCULAR INJURY  
- Muscle does not tolerate an interruption to blood flow longer than 6 hours. 
- Nerves die even sooner 
- AMPUTATED BODY PARTS: 

 Wash with isotonic solution 
 Wrap in sterile gauze 
 Gauze should be soaked in penicillin 
 Wrap whole thing in sterile towel 
 Transport with the patient in a plastic bag, in a cooling vessel 

COMPARTMENT SYNDROME: 
- Injuries at risk of developing this include 

 Tibial fracture 
 Forearm long bone fracture 
 Severe muscular crush injury 
 Localized, prolonged pressure on an extremity 
 Oedema which forms as part of reperfusion injury 
 Burns 

- SIGNS:  
 Increasing pain out of proportion to the stimulus 
 Palpable tenseness of the compartment 
 Asymmetry of the muscle compartment 
 Pain on passive stretch of the muscle compartment 
 Altered sensation 
 ABSENCE OF A DISTAL PULSE IS UNCOMMON IN COMPARTMENT SYNDROME 
 i.e. don’t wait for the limb to get pulseless 
 THE LOWER THE SYSTOLIC PRESSURE, THE SOONER THE COMPARTMENT BECOMES A PROBLEM 

MANAGEMENT 
 release any binding splints or casts 
 monitor for about 30-60minutes 
 if no improvement in the limb occurs, you need to do a fasciotomy 
 this is a time dependent injury: the longer you wait, the worse the damage 
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NEUROLOGICAL INJURY SECONDARY TO FRACTURE-DISLOCATION 
- Dislocations cause this more frequently than fractures; eg. sciatic nerve injury with pelvic 

fracture dislocation, or axillary nerve injury due to anterior shoulder dislocation 
IF YOU DON’T KNOW WHAT YOURE DOING,  

 Immobilize the limb IN THE DISLOCATED POSITION  and call a surgeon 
      IF YOU THINK YOU KNOW WHAT YOURE DOING,  

 Try to carefully reduce the fracture. Call the surgeon anyway. 

 
FRACTURE  NERVE INVOLVED  MOTOR LOSS  SENSORY LOSS 

Elbow  ulnar nerve  index finger abduction  little finger sensation 
Wrist dislocation  median nerve  thenar contraction  index finger sensation 
Anterior shoulder dislocation  musculocutaneous  elbow flexion  lateral forearm 
Distal humeral shaft  radial nerve  finger extension  first dorsal web space 
Proximal humeral shaft  axillary nerve  deltoid  lateral shoulder 

 
 Pubic ramus  femoral nerve  knee extension  anterior knee 
 Obturator ring  obturator nerve  hip adduction  medial thigh 
 Knee dislocation  posterior tibial  toe flexion  sole of foot 

Knee dislocation or fibula neck fracture  superficial peroneal ankle eversion  lateral 
dorsum of the foot 

 Fibular neck fracture  deep peroneal  ankle dorsiflexion  dorsal first web space 
 Posterior hip dislocation  sciatic nerve  dorsiflexion  foot sensation 
 Acetabular fracture  superior gluteal nerve  hip abduction  
 Acetabular fracture  inferior gluteal  gluteus maximus, hip extension 
 

CONTUSIONS AND LACERATIONS: 
 A laceration extending through the fascia requires surgical repair 
 Contusions usually just need ice packs 
 Everyone gets a tetanus shot 

 

JOINT INJURIES: 
 Unless its dislocated, its probably not limb threatening 
 If the limb is neurovascularly normal, this can wait 

 

FRACTURES: 
 Immobilise the joint above and below 
 If the limb is neurovascularly intact and the fracture is not displaced, this can wait. 

Otherwise, it may need to be reduced 
 

Principles of immobilisation: 
 SPINE Long spine board = whole body splint 
 FEMUR  traction splint; pulls on the ankle 
 KNEE  immbolise in 10 degrees of flexion; long leg cast 
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Thermal trauma            
PRIMARY SURVEY: 

- AIRWAY may be compromised by airway burns: 
 Face and neck burns 

 Singed eyebrows and nasal hair 

 Carbon deposits in the oropharynx 

 Carbonaceous sputum 

 Hoarseness 

 History of confinement in a burning environment 

 Explosion with  burns to head and torso 

 Carboxyhemoglobin level over 10% 
INTUBATE ANYBODY WITH SERIOUS AIRWAY BURNS AND CIRCUMFERENTIAL NECK BURNS 

- BREATHING may be compromised by airway burns, and/or 
 Inhalation of toxic fumes leading to tracheobronchitis and pneumonitis 

 Oedema and pneumonia forms later 

 Carbon monoxide poisoning: look for the typical signs 

 Always assume some degree of CO poisoning. Get an ABG 

 Carboxyhemoglobin level of over 20% causes symptoms 
o 20-30% = headache and nausea 
o 30-40% = confusion 
o 40-60% = coma 
o over 60% = death 
o remember: PaCO of 1mmHg results in a carboxyhemoglobin 

concentration of 40% 

- CIRCULATION basically involves getting IV access 

GET INTRAVENOUS ACCESS:   

 fluid resuscitation for anybody with over 20% surface burns 

 if the burns are everywhere, don’t be shy and put the cannula through burnt 
skin 

 
ARE THEY STILL ON FIRE? PUT THEM OUT. 
Also, hose off any chemicals that may be burning them, and remove melted/burnt clothing 
 

ASSESSMENT OF THE BURNS PATIENT 
 history of the accident 

ESTIMATION OF THE BODY SURFACE AREA: RULE OF NINES 

 Palmar surface and genitals = 1% 

 Everything else = 9% 

 Torso = 18% 
DEPTH OF BURN 

 FIRST DEGREE: SUPERFICIAL 
 Erythema, but no blisters 

 SECOND DEGREE: PARTIAL THICKNESS 
 Wet burns, blistery, oozing, hypersensitive 

 THIRD DEGREE: FULL THICKNESS 
 Dark, leathery, dry, with loss of sensation 

Breathing may be restricted by 
anterior chest burns, not 
necessarily circumferential ones. 

 

If spinal precautions permit, 
elevate them 30 degrees to 
prevent upper body oedema 
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RATE AND TYPE OF FLUID RESUSCITATION IN BURNS: 
- Hourly urine output  is the most reliable measure 

- Adults should aim for 0.5ml/kg/hr, kids for 1ml/kg/hr 

 
 
 
 
 
 
 

ADJUNCTS TO THE SECONDARY SURVEY: 
- BASELINE BLOODS: 

 FBC 
 GROUP AND SCREEN 
 CARBOXYHEMOGLOBIN 
 GLUCOSE 
 ELECTROLYTES 
 B-HCG 

- CIRCUMFERENTIAL EXTREMITY BURNS: 
o Remove all jewelry 
o Assess all distal pulses and cap refill, maybe even with Doppler 
o Get the surgeon to do an escharotomy; usually not necessary in the first 6 hours 
o Consider fasciotomy if needed 

- WOUND CARE: 
o Partial thickness burns REALLY hurt even when a current of air passes over them 
o Do not break blisters 
o DO NOT apply cold water if the burns extend over more than 10% surface area 

 That can cause hypothermia 
 

CHEMICAL BURNS 
- Immediately hose them down, for 20-30 minutes 
- ALKALI BURNS REQUIRE LONGER IRRIGATION 

ELECTRICAL BURNS: 
- FREQUENTLY MUCH WORSE THAN THEY APPEAR ON THE SURFACE 
- Usually the big problem is deep muscle necrosis, where the current fried it 
- Thus, rhabdomyolysis and acute renal failure results 
- To maintain a high urine output (> 100ml/hr) you may need to give mannitol 

 

COLD INJURY 
- FROSTNIP 

 MILDEST form of cold injury 
 Initially, pain and pallor of the extremity, with NUMBNESS 
 Reversible with rewarming – does not result in tissue loss 
 Over many years of re-injury, atrophy will result, with fat pad loss 
  

First 24 hrs: REPLACE 2-4 ml of Ringers lactate  
- per kg of body weight, AND 
- per percent of second and third degree burn surface area 
- half in the first 8 hrs, the other half in the next 16 hrs 

thus, a 100kg person with 40% surface burns = 100 x (2-4) x 40 = 8000 to 16000 ml in first 24 hrs,  

of which 4000-8000  is given in the first 8 hrs 
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- FROSTBITE 
 Freezing of the tissue with intracellular ice crystals 
 There is vascular occlusion, and thus ischaemia 
 There is later a reperfusion injury which extends the damaged area 
 There are degrees of frostbite, juts like burns: 

 FIRST DEGREE 
o Hyperemia and odema without necrosis 

 SECOND DEGREE 
o Large clear vesicle formation  
o Partial skin thickness necrosis 

 THIRD DEGREE 
o Full thickness skin necrosis, some underlying tissue necrosis 
o Vesicles are usually hemorrhagic 

 FOURTH DEGREE 
o Full thickness necrosis with muscle necrosis and gangrene 

- NON-FREEZING INJURIES 
 Eg. when a limb is exposed to long term cold and wet, at just above freezing- from 1 to 10 

degrees Celsius  
 Usually due to microvascular occlusion with endothelial damage 
 Stereotypical example is “Trench foot”  
 The entire limb may appear black, but deep tissue is usually not destroyed 
 First, the limb is cold and numb 
 Then, it becomes hyperemic and painful 
 Blistering, redness, echymosis follows 
 Cellulites and grangene may result 
 
CHILLBLAIN (pernio) 
 Manifestation of chronic repetitive cold and damp exposure, or long term dry cold 

exposure 
 Typically affects the face, anterior tibia, dorsum of hands and feet 
 SIGNS: 

 Pruritic purple-red lesions 

 Papules, macules, paques or nodules 

 May progress to scarring 

 Itching may progress to pain 

 Annoying more than destructive 

 Benefit from calcium channel blockers and GTN 
 

GENERAL MANAGEMENT OF COLD INJURIES 
- WARM THEM UP 
- Place the affected part in war circulating water 
- Continue warm water bath until pink and well perfused 
- Do not rub or massage the area 
- Rewarming is painful, give lots of analgesia 
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LOCAL WOUND CARE OF FROSTBITE 
- THE KEY IS TO PREVENT INFECTION 
- Do NOT open any vesicles 
- Elevate the injured area 
- Leave it open to the air 
- Uninfected blebs and vesicles should be left intact for 7-10 days 

- AVOID VASOCONSTRICTORS eg. tobacco 

- Vasodilating agents are NOT USEFUL 
- There has been some promise with thrombolytic agents 
- Early debridement is usually not necessary, and the frostbite usually takes weeks to demarcate 

 
 

MANAGEMENT OF SYSTEMIC HYPOTHERMIA 
- DEFINITION: CORE TEMPERATURE BELOW 35 DEGREES 
- In trauma patients, consider anyone hypothermic below 36 degrees 

o Cardiac output falls in proportion to the degree of hypothermia 
o Cardiac irritability occurs below 33 degrees 
o Ventricular fibrillation occurs below 28 degrees 
o Asystole occurs below 25 degrees 
o CARDIAC DRUGS AND DEFIBRILLATION ARE INEFFECTIVE IN ACIDOSIS, 

HYPOXIA AND HYPOTHERMIA. They should be attempted at AT LEAST 28 
degrees or above. 

o BRETYLIUM  is the only  effective antiarrhythmic in hypothermia 
o DOPAMINE is the only effective inotrope in hypothermia 

-  

SIGNS: 
- Reduced level of consciousness 

- Cold to the touch (duh) 
- Grey, cyanotic patient 
- Depressed respiration, sometimes bradycardia 

MANAGEMENT: 
- ABCDE 
- Continue CPR until the body is rewarmed 
- You cant really pronounce anyone dead until you tried rewarming them: 

YOURE NOT DEAD UNTIL YOURE WARM AND DEAD. 
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PRIMARY SURVEY           
 Airway 

- check while leaving the C-spine immobilized 
- generally assume: anyone with blunt injury above the clavicle is 

probably a C-spine fractre 
- Talk to them, ask them where they are. 

- Not answering? Hurt them.  
 Non-purposeful (eg. withdrawing or flexing) motor 

responses are a STRONG INDICATION FOR INTUBATION 

 Crude rule of thumb is a GCS of less than 8 
- This is the point where you should look for facial fractures, foreign bodies, 

vomit and facial burns 

 When their ability to maintain an airway is at all in doubt, 

INTUBATE 

 Breathing and Ventilation 

- expose the chest 

- watch the chest wall excursion: is it symmetrical? 
- Auscultate it, high anterior – is air entry equal? 

 Tension pneumothorax, open pneumothorax, flail 
chest- these should be identified during the primary 
survey 

 If you find a tension pneumothorax, it becomes your 
priority. DECOMPRESS THE TENSION 
PNEUMOTHORAX. 

 Get a valve over the open pneumothorax. 

Circulation with haemorrhage control 
- HYPOTENSION is HYPOVOLEMIC in trauma until proven otherwise 

- 3 elements which yield important information in seconds: 
o LEVEL OF CONSCIOUSNESS 
o SKIN COLOUR – ashen gray?  
o PULSE – thready and fast? 

- BLEEDING:  
o Control with pressure 
o Control with bone traction, reduction of fractures, pelvic braces, etc 
o Look in the chest abdomen and pelvis 

 Two large-bore cannulas 

 At this point, someone should collect some bloods 

 Administer WARM fluids  

 Don’t put blood products in the microwave. 
 
 
 

Auscultate apices for 
pneumothorax, bases for 
hemothorax 
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Physiology and signs of Shock         
- First: recognize the presence of shock; 
- Second: look for a cause of it while simultaneously treating it 

- In trauma, the commonest form of shock is HAEMORRHAGIC 

Basic Physiology of cardiac output: familiar facts 
- Cardiac output = heart rate times stroke volume, in litres per minute. 
- Stroke volume is influenced by preload, contractility and afterload. 

o Preload is the volume of venous return 
 VENOUS RETURN:  

 70% of the blood volume is in the venous circuit 

 The venous circuit is driven by pressure;  

 When blood volume is lost, the venous circuit suffers, and venous return 
is reduced. 

o Contractility is partially determined by preload – the Frank-Starling principle dictates 

that the more blood returns to the heart, the harder that blood gets pumped. So to speak. 

o Afterload is the peripheral resistance of the arterial circuit. 
 

TACHYCARDIA: earliest measurable sign of volume depletion 

o This is an attempt to maintain cardiac output (seeing as venous return decreases) 
o Thus, you replace volume, and the heart rate reduces if you replaced enough of it. 

REPLACE VOLUME! Inotropes are useless; remember: 
 
 
Inotropes actually make the tissue perfusion worse; it’s a loss of volume that’s at fault, 
not vasodilation, so vasoconstrictors really have no role to play. 

 
 

 

Is my patient in shock?  
o TACHYCARDIA is usually the first sign 

o CUTANEOUS VASOCONSTRICTION  is usually the next sign 

 At this stage, the patient begins to look like a typical “shocked” person, 
ashen-gray and tachycardic. 

 
 

The elderly, who are beta-blocked or have pacemakers, wont get tachycardic. Instead 
their pulse pressure will narrow, indicating a reduced cardiac output. 

o HYPOTENSION is a late sign, it means compensatory mechanisms have failed; 
o Usually at this point 30% of the blood volume is already lost 

o Raised ABG lactate is nearly always useless, but gives you an idea of how long 
the person has been in shock, and whether your management is improving 
perfusion. A severely shocked patient will have a lactate rise even AFTER good 
resuscitation, because of “washout” of lactate from the hypoxic tissues. 

 
 
 

DEFINITION OF SHOCK IS INADEQUATE TISSUE PERFUSION (WITH OXYGEN) 

Shock in a trauma patient mandates immediate surgical involvement 

A tachycardic trauma patient with cool peripheries is in shock until proven otherwise 
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Why is my patient in shock?  
It’s a trauma patient. The shock is either hemorrhagic or non-hemorrhagic.  
Its generally assumed that its going to be hemorrhagic 90% of the time. 
Also, most patients with non-hemorrhagic shock will respond well to fluid resuscitation.  

 
HEMORRHAGIC SHOCK is the default shock. 
  You assume the patient is hypovolemic, and treat the hypovolemia. 
  Large amounts of IV fluids is the key. 
  While you do this, you look for non-hemorrhagic causes. 

 
NON-HEMORRHAGIC SHOCK 

o TENSION PNEUMOTHORAX 
 Picked up during the primary survey, or on chest Xray  

o CARDIOGENIC 
 BLUNT CARDIAC INJURY with subsequent heart failure, picked up on ECG 
 TAMPONADE with dilated neck veins and an effusion picked up on FAST or on 

the chest X-ray 
 AIR EMBOLUS 
 Myocardial infarction associated with hypovolemia (or perhaps the heart attack 

which caused the accident) 

o NEUROGENIC 
 NOT the result of an isolated intracranial injury! They don’t cause shock. 
 Rather, the result of spinal cord transection 
 This is HYPOTENSION WITHOUT TACHYCARDIA 
 The peripheries will be WARM. 
 You usually can predict when this is going to happen during the “D” part of the 

primary survey, when you notice your patient cant move. 
o SEPTIC SHOCK 

 Usually the result of waiting for transfer for too long, or penetrating abdominal 
injuries. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Losses from fluid shifts: not only hemorrhage, but oedema, also contributes to loss of volume. 

-  
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Haemorrhagic shock in the trauma patient  
 
 
 

Hemorrhage is classified according to clinical signs. 
Volume replacement rate does not rely on this initial classification. 
The replacement rate should be guided by response to replacement. 
 
o CLASS 1 HAEMORRHAGE: 

 15% of blood volume is lost 

 Mild tachycardia is the only sign 

 Blood volume is restored within 24 hours 

 May not need fluid replacement 
 

o CLASS 2 HAEMORRHAGE: 
 15-30% of blood volume is lost: 750 to 1500ml of blood 

 Tachycardia 

 Tachypnoea 

 Narrowed pulse pressure 

  Urinary output may not be affected! 
 

o CLASS 3 HAEMORRHAGE: 
 30-40% of blood volume is lost – around 2000ml 

 Marked tachycardia 

 Tachypnoea 

 Hypotension 

 Significant changes in mental state 

 Significant drop in urine output 
 

o CLASS 4 HAEMORRHAGE: 
 Over 40% of blood volume is lost  

 Massive  tachycardia 

 Extreme hypotension 

 Unobtainable diastolic pressure 

 Negligible urine output 

 A loss of over 50% of blood volume causes a loss of consciousness 
 
 
 
 
 
 
 

Circulating volume: 7% of total lean body weight (adjust this in obese people) 
For kids, its 9% of lean body weight 

WHY IS THIS IMPORTANT? 
If a medically normal 70kg trauma patient arrives to ED with a low systolic blood pressure, you can 
work out that they must have lost AT LEAST 30% of their blood volume (30% of 5L = 1.5 litres) 
 
This helps you work out how much you need to replace, with the “3 for 1” rule.  

I.e. this guy will need 4.5 litres of crystalloid to resuscitate. 
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Initial management of haemorrhagic shock in the trauma patient  
STEP 1: STOP THE BLEEDING. If you know where it is. 

 AIRWAY and BREATHING: get 100% oxygen into them 
 CIRCULATION: control bleeding from external wounds by direct pressure 

may want to get them in a pelvic compression sling if the pelvis is fractured 

 DISABILITY: look for spinal trauma; could this be spinal shock? 
 EXPOSURE: look for sources of bleeding elsewhere; try to keep them warm as you do this 

  
 GASTRIC DECOMPRESSION:  

 most important in children, who get gastric dilation for some reason. 
 In adult trauma, the stomach also dilates. You need to prevent aspiration. 

 
URINARY CATHETER:  

 Assesses for genitourinary trauma (hematuria) 
 Monitors the perfusion of the kidneys, thus monitoring response to fluids 

 

VASCULAR ACCESS 
o 2 x 16 gauge cannulas 
o Rate of flow through a tube is proportional to the forth power of the radius, and 

inversely proportional to its length 

o Best spots are the cubital veins 
o All else fails: saphenous cutdown, intraosseous or central venous access 

 

INITIAL FLUID THERAPY           
- Warm saline, 2 litres, or 20ml/kg for kids 
- Initially, as fast as it will go 
- The response to this challenge will determine the next steps. 

 
 
 
The above is a vague estimate. 
HOWEVER, if the patient fails to respond to an estimated volume, you need to 
reassess the situation to figure out what the other causes of shock might be 
 

In penetrating trauma with haemorrhage, you may want to delay giving 
tons of crystalloid until the bleeding is controlled. 
This is because aggressive volume replacement can make the bleeding worse. 
 
 
 
 
 
 

The 3 for 1 rule: 
For every 1 litre of blood lost, replace 3 litres of crystalloid 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



EVALUATION OF RESPONSE          
all the signs of shock should start to go away; but this is not very sensitive. 
- URINE OUTPUT: the best monitor of organ perfusion 

 For adults, you should get 0.5ml/kg/hr, or around 35-40ml/hr for a 70kg man 
 For kids, its 1ml/kg/hr 

- If you have central access, CVP is probably better than urine output. 
 
- ACID-BASE BALANCE: 

o Initially, the trauma patient will be alkalotic from hyperventilating. 
o Long-standing or severe shock may produce metabolic acidosis. 
o Base deficit and lactate are good markers of this. 
o They can also be used to monitor improvement; the base excess should get 

less negative, and the lactate should drop. 
 

Rapid response: a return to hemodynamic normality 
 this means they probably lost 20% or less of their blood volume 
 slow the fluids down to a maintenance rate, and get the surgeon 
 get cross-matched blood for these patients. 

Transient response: perfusion indices improve, and then deteriorate again 
 this means they probably lost 20-40% of their blood volume 
  CONTINUE the fluids at their original rate 
 ALSO GET TYPE-MATCHED BLOOD-  transfusion is needed 
 They are clearly still bleeding. Get the surgeon. 

No response:  
 the patient is clearly exsanguinating 
 immediate definitive management is needed 
 consider non-hemorrhagic causes of shock at this stage (did you miss 

a tamponade or tension pneumothorax?) 
 

MODIFY RESUSCITATION ACCORDING TO THE RESPONSE    
all the signs of shock should start to go away; but this is not very sensitive. 
- URINE OUTPUT: the best monitor of organ perfusion 

 For adults, you should get 0.5ml/kg/hr, or around 35-40ml/hr for a 70kg man 
 For kids, its 1ml/kg/hr 

- If you have central access, CVP is probably better than urine output. 
- ACID-BASE BALANCE: 

o Initially, the trauma patient will be alkalotic from hyperventilating. 
o Long-standing or severe shock may produce metabolic acidosis. 
o Base deficit and lactate are good markers of this. 
o They can also be used to monitor improvement; the base excess should get 

less negative, and the lactate should drop. 
 
 
 

So now, you have a patient with an established airway, ventilating 

satisfactorily, and fluids are running into both arms. Next steps: 
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DOES MY PATIENT NEED BLOOD PRODUCTS?      
- Get cross-matched blood for patients who are rapid responders 
- Get type-matched blood for transient responders 
- Get O-Negative blood for exsanguinating non-responders 
 
COAGULOPATHY: 
- Severe injury = consumption of coagulation factors 
- Massive transfusion of packed cells and crystalloid = dilution of coagulation factors 
- Thus, you monitor their coags, fibrinogen and platelet count. 

o Coags / fibrinogen becoming abnormal = Fresh Frozen Plasma or cryoprecipitate 
o Platelets being depleted = platelet transfusion 

 

 

THINGS TO THINK ABOUT          
- Don’t mistake blood pressure for a measure of cardiac output.  It doesn’t say 

anything about tissue perfusion. 
- Elderly patients wont get tachycardic. CVP monitoring is best for these people 
- Patients with pacemakers wont get tachycardic  and CVP monitoring is the best way 

to monitor how well you have filled them with fluids 
- Athletes will compensate for blood loss in a remarkable way, and then crash horribly. 

Usual responses to hypovolemia may be absent until its too late.  
- Pregnant women are hypervolemic and will not manifest hemodynamic changes until 

they lose a hugely dangerous amount of blood. 
- HYPOTHERMIA cause coagulopathy and prevents normal responses to 

resuscitation so warm the patient and warm their fluids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brain-injured patients will have worse coagulopathy because the dying brain releases tissue 

thromboplastin, which activates the extrinsic pathway and causes consumption coagulpathy 
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REASSESSMENT: COMPLICATIONS OF RESUSCITATION    
- The commonest complication is INADEQUATE REPLACEMENT. 
- The commonest reason for poor response to fluids is ONGOING HAEMORRHAGE 

 
MONITORING THE CVP: 

- Its also an indirect measure of cardiac function. 
- Cardiac function is actually the relationship between stroke volume and ventricular end-

diastolic volume  
- Initially measured CVP may be inaccurately high, especially in patients with COPD, 

pulmonary fibrosis, generalized vasoconstriction, or patients who were given 
vasopressors.  

- If you replace fluids aggressively, and the initially low CVP has only A MINOR RISE, 
these people should be placed in the “non-responder” category. 

- If the CVP just keeps dropping, you need to keep replacing fluid, your patient is 
probably still bleeding somewhere. These people should be placed in the “transient 
responder” category 

- If the CVP rises abruptly and keeps going up, you are either 
o Replacing enough fluids 
o Replacing too much fluids 
o Or, the cardiac function is compromised: 

o TAMPONADE 
o TENSION PNEUMOTHORAX 
o Poor positioning of the CVP sensor probe 

- Athletes will compensate for blood loss in a remarkable way, and then crash horribly. 
Usual responses to hypovolemia may be absent until its too late.  

- Pregnant women are hypervolemic and will not manifest hemodynamic changes until 
they lose a hugely dangerous amount of blood. 

- HYPOTHERMIA cause coagulopathy and prevents normal responses to 
resuscitation so warm the patient and warm their fluids 
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Thoracic Trauma in the PRIMARY SURVEY      
- some FACTOIDS: 

 10% of blunt injuries and 15-30% penetrating chest injuries need thoracotomy 

Things you pick up in the primary survey:  
AIRWAY OBSTRUCTION:  

 Laryngeal fracture:  
 Hoarseness 
 Subcutaneous emphysema 
 Palpable fracture 

 Upper chest injury with POSTERIOR DISLOCATION OF THE CLAVICLE 

 This causes the airway to be obstructed by the head of the dislocated clavicle 

 You need to reduce this, or you wont be able to ventilate 
 You can either hyper-extend the shoulders, or grab the clavicle with 

something like a clamp or towel clip, and manually drag it anteriorly, out of 
the airway. 

 This reduction will usually be stable after you do this. 

 Upper chest injury with POSTERIOR DISLOCATION OF THE CLAVICLE 

 This causes the airway to be obstructed by the head of the dislocated clavicle 

 You need to reduce this, or you wont be able to ventilate 
 You can either hyper-extend the shoulders, or grab the clavicle with 

something like a clamp or towel clip, and manually drag it anteriorly, out of 
the airway. 

 This reduction will usually be stable after you do this. 
 

BREATHING and VENTILATION: this is where the money is.  
 NUDITY IS VITAL. 

You need to get a good look at 
 Neck veins – distended in tamponade or pneumothoroax 
 Chest wall movements 
 External chest injuries 

 Cyanosis 
 Tachypnoea 
 YOU ARE LOOKING FOR 5 THINGS: 

 Tension pneumothorax 

 Open pneumothorax 

 Flail chest 

 Pulmonary contusion 

 Hemothorax 

CIRCULATION:  
 This is where you pick up 

o Massive hemothorax 
o Cardiac tamponade 
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INJURIES YOU NEED TO FIND IN THE PRIMARY SURVEY      

Tension pneumothorax  
o Most common cause: positive pressure ventilation in an intubated patient. 
o Everyone knows the signs, but lets go though them anyway: 

 FALLING CARDIAC OUTPUT 

 DILATED NECK VEINS 

 TRACHEAL DEVIATION 

 TACHYPNOEA 

 HYPER-RESONANT HEMITHORAX ON PERCUSSION 

o This is a clinical diagnosis. DON’T WAIT FOR X-RAYS 

o LARGE NEEDLE in the 2nd intercostal space, midclavicular line. 
o That buys you time; you convert a tension pneumothorax into a simple pneumothorax. 
o The idea is to finish your primary survey and get a chest drain in. 

 

Open pneumothorax  
o This is a large obvious defect in the chest wall. 
o If the hole is bigger than two thirds of the tracheal diameter, air will preferentially use the 

wound to enter the chest. This is not ideal. 

o FLAP DRESSING: close the wound with a sterile dressing, with one free end which 
will act s a valve 

o CHEST DRAIN is the definitive management. Place it far from the wound 

 

Flail chest and pulmonary contusion 
o Once you have exposed your patient, large flail segments will become obvious 
o TWO PROBLEMS: 

 Abnormal chest wall movement – which alone contributes little to hypoxia 

 Underlying lung injury – pulmonary contusion – contributes to hypoxia 

 Also, pain of the broken ribs is counterproductive to respiration. 

o There may be paradoxical movement of the chest wall 
o OR, there may be RESTRICTED movement, because of “splinting” i.e. the 

patient tries not to inhale too much 
 

o Management: OXYGENATION and  ANALGESIA 

 ANALGESIA better be good; epidural, intercostal block, PCA 
 

Massive Hemothorax  
o Until you get xrays, you may not know about it; 
o In a supine patient, xrays may not be obviously suggestive of hemothorax 
o You might have creps in the bases, you might not 

o HOWEVER, the main indication of hemothorax is a continuing and puzzling 
failure to respond to fluid challenges; and then you find absent breath sounds…. 

YOU NEED A CHEST DRAIN. If over 1500ml comes out, you need a thoracotomy. 
If your patient fails to respond or only transiently responds to 

fluids, you need a thoracotomy 
 
 

Cardiac Tamponade 

Medial penetrating injuries alert you to the possibility of this:  
the greater vessels may have been injured. 
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Cardiac Tamponade 
o Hard to pick up: the history of the injuries will give you best indications. 
o PENETRATING INJURIES, eg. stingray barb stabwounds, are the biggest risk factor 
o BLUNT INJURIES can cause tamponade because of vessel disruption 

 
 
 
 

 
 

o Hmm, the neck veins wont be distended in a hypovolemic trauma victim 
o The heart sounds will not be easily audible in a noisy ED resus bay 
o Tension pneumothorax can mimic all of the above, esp. on the left side. 

 
 
 
 
 
 
 

o To get a proper Kussmauls sign, you need to see the JVP (not likely in a 
stiff-collared patient) or a CVP measuring probe (unlikely to be available 
during the primary survey) 

FAST ultrasound echo: 
 assesses the “collapsing” right ventricle 

 may show an actual fluid layer in the pericardium 

 HAS A 5-10% FALSE NEGATIVE RATE.  
 

o If there is a surgeon on hand, the patient needs to go to theatre for definitive 
management of this. 

o If there is no surgeon, pericardicentesis can relieve the tamponade 
TEMPORARILY. Its not a definitive treatment. 

o You may try to insert a flexible catheter into the pericardial sack while 
waiting for surgery 

 
YOU NEED TO GIVE FAST FLUIDS. It wont fix anything, but it might maintain the failing 
venous return. 
 
 
 
 
 
 
 
 
 

Beck’s Triad  
- increasing venous pressure – distended neck veins 
- decreasing arterial pressure 
- muffled heart sounds 

 
 

Kussmauls Sign 
- When breathing spontaneously, venous pressure RISES with inspiration 
- This means, venous blood cant really return to the heart; when the 

intrathoracic pressure decreases in inspiration, instead of filling the right 
ventricle the venous blood pools in the JVP (it has nowhere to go, because 
the tamponade prevents filling of the floppy right ventricle) 
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Disability 
- LEVEL OF CONSCIOUSNESS: you should already have an idea of the GCS 

o Eye response and verbal response is already obvious 
o MOTOR response is tricky, that’s why you torture them while looking at 

their airway.  
o Abnormal extension is 2. abnormal flexion is 3, withdrawal is 4, and localization is 5. 

- Lateralising signs: if they can move, let them wriggle their toes and fingers 
- PUPILS: if they cant move, that’s all you have to go by 

EXPOSURE AND ENVIRONMENT 

- STRIP THEM.  
- At this point, you should log roll them. May be part of secondary survey 

- After that, WARM BLANKETS AND WARM FLUIDS 
 

 

ADJUNCTS TO THE PRIMARY SURVEY       
- ECG 

- URINARY CATHETER: unless there is  
o a pelvic fracture 

o perineal bruising 

o blood in the urethra 

o blood in the scrotum 

o high-riding non-palpable prostate 

- NASOGASTRIC TUBE unless there are midface fractures 

o Otherwise, use an orogastric tube 

- Collect a set of observations and an ABG after the primary survey 
- XRAYS should happen at this stage, to check for tube position and so on 

o You can limit yourself to just chest and pelvis at this stage 

 

At this stage, you should think about whether you need to transfer this patient 
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Resuscitative thoracotomy 
So, your patient has PEA or is in cardiac arrest. 
 
CPR is useless in a hypovolemic patient. 
 
PATIENTS WHO ARRIVE TO ED 

 with penetrating chest injuries 

 without a pulse 

 with cardiac electrical activity 
 ARE CANDIDATES FOR RESUSCITATIVE THORACOTOMY 
 
- A SURGEON MUST BE PRESENT FOR THIS 

   

 
 
 
 
 
WHAT DO YOU ACCOMPLISH WITH A RESUSCITATIVE THORACOTOMY: 

- Evacuation of the pericardial tamponade 

- Direct control of thoracic hemorrhage 
- Open cardiac massage 
- Cross-clamping of the descending aorta to increase supply to the brain and heart, and to 

decrease blood loss below the diaphragm 
 
Thoracotomy in ED is rarely effective. 

Stab wounds survive more often than gunshot wounds  
In general survival rate is 18% to 33% 

 
"The surgeon who should attempt to suture a wound of the heart would lose the respect of his surgical colleagues" - Theodore 

Bilroth, 1882 – from this online articlehttp://www.trauma.org/archive/thoracic/EDToperative.html  

This source also wisely advises, “The first time you see a Gigli saw should not be the first time you perform a thoracotomy.” 

 
 
 
 
 
 
 
 
 
 
 
 
 

BLUNT INJURIES DON’T QUALIFY 

Patients with penerating chest injuries who need CPR in the field 
need to be assessed for  signs of life. This means 

- reactive pupils 
- spontaneous movements 
- spontaneous ECG activity 

If they have none of those, resuscitation efforts should cease. 
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SECONDARY SURVEY           
Starts when the primary survey is completed and resuscitation efforts are under way 

- HISTORY: “AMPLE” 
o Allergies 
o Medications 
o Past history 
o Last meal 
o Events and environment of the injury 

- PHYSICAL EXAMINATION: 
o HEAD 

 Scalp lacerations? Fractures? 
 Pupil size again, Visual acuity (how many fingers?..) 
 Conjunctival hemorrhage?  Remove the contact lenses. 
 Ocular muscle entrapment 
 Do the GCS score again 

o FACE 
 Nothing is urgent except a cribriform plate fracture 
 Thus, look for midface fractures and CSF rhinorrhoea / otorrhoea 

o C-SPINE and NECK 
 Palpate with inline stabilization; is there pain? 
 Look for tracheal deviation 
 Look for laryngeal fracture 
 Look for subcutaneous emphysema 
 Auscultate carotid arteries 
 Look for distended neck veins TAMPONADE or TENSION P. 
 Wounds penetrating the platysma should not be explored in ED 

o CHEST 
 Look for flail segments; Palpate the whole chest looking for 

fractures and subcutaneous emphysema 
 Auscultate thoroughly, again. 

o ABDOMEN 
 Palpate everywhere 
 Look for flank hematoma 
 Look for a pregnant uterus 

o PELVIS 
 Put your finger into any orifice that has blood in it 
 Examine the perineum and scrotum for hematoma 
 Examine ONCE for pelvic mobility 

 Get a pelvic sling brace on if you suspect a fracture  

o Musculoskeletal system 
 Feel up and down the spine (already did this during the log roll) 
 Look for obvious long bone fractures 

o Neurological system 
 Revise the GCS AGAIN. Look for spinal level. Power, sensation… 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



ADJUNCTS TO THE SECONDARY SURVEY      
- MONITORING: 

o Capnography 
o Pulse oximetry 
o ECG monitoring 
o Urine output in response to fluids 

- INVESTIGATIONS 

o Xrays of the limbs, C-spine 
o Pan-CT 
o FAST ultrasound 
o Bloods 
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AIRWAY              
Everybody gets high flow oxygen, full stop. 

The following things cause you to reach for the tube: 
- reduced level of consciousness 
- vomit in the oropharynx 
- facial fractures, especially midface and mandible 
- penetrating neck injury  SURGICAL AIRWAY 
- the agitated patient for some reason refuses to lie supine- ? is their airway obstructing? 
- IS THE LARYNX FRACTURED? There is a clinical triad: 

 Hoarseness 
 Subcutaneous emphysema 
 Palpable fracture 

 This makes you want to do a tracheostomy, or cricothyroidotomy 
 
OBJECTIVE SIGNS OF AIRWAY OBSTRUCTION: 

- AGITATION = hypoxia 
- OBTUNDATION = hypercapnea 
- CYANOSIS 
- ACCESSORY MUSCLE USE 
- STRIDOR or any sort of gurgling 
- PARADOXICAL CHEST EXCURSION (chest deflates with inspiration, abdomen distends) 
-  

 
MANAGEMENT OF A THREATENED AIRWAY 

- The main thing is to keep the C-spine stable 
- First get their motorcycle helmet off – with inline stabilization 
- Get some sort of suction, suck away their upper airway mucus and blood or teeth 
- Put them on high flow oxygen 
- Do a chin lift/jaw thrust 
- Get a Guedel airway in (oropharyngeal) 
- Get your intubation stuff ready: 

o Sucker 
o Drugs, and someone to give them 
o Laryngoscope with working light 
o Someone to do inline stabilization 
o Someone to apply the cricoid pressure: Back, Up and Rightward Pressure (BURP) 

The cricoid pressure is NOT RELEASED until the cuff is inflated 
 
 
 
 
 
 
 
 

A DEFINITIVE AIRWAY  is  
1) an endotracheal tube 
2) with an inflated cuff 
3) taped to the patients face.  

 

Blind nasotracheal intubation is 
contraindicated in patients with apnoea. 
Seeing as you use their breathing to guide the tube 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



WHAT MAKES A DIFFICULT AIRWAY 
- the mnemonic LEMON: 

o Look for external factors, eg. fat neck, small jaw, fish mouth 
o Evaluate with the 3-3-2 rule: 

 3 fingers in the open mouth 

 3 fingers from chin to hyoid 

 2 fingers from floor of mouth to thyroid cartilage 
o Mallampati score: 

 Grade 1 = see everything; 

 Grade 2 = see behind the uvula 

 Grade 3 = only see the base of uvula 

 Grade 4 = only see the hard palate 
o Obstruction? Eg. trauma, tonsillitis, abscess? 
o Neck mobility – virtually absent in the collared trauma patient 
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TECHNIQUE FOR RAPID SEQUENCE INDUCTION 
o get ready for a surgical airway just in case 
o get the sucker ready 
o get the ventilator ready 
o get the tube ready – check that the cuff inflates 
o get the laryngoscope ready – check that the lightbulb works 
o preoxygenate with 100% oxygen 
o Apply cricoid pressure 
o Sedate with whatever is handy: 

o THIOPENTONE 1-5mg/kg, so ~300mg will usually do 
o Duration is 5-10 minutes 
o Thiopentone will drop the blood pressure. If this is bad, you may 

use fentanyl instead, because it has very little effect on blood 
pressure. In a totally comatose patient, you may consider not 
sedating at all. 

o Paralyse with whatever is handy: 
o SUX 1-2mg/kg, so about 100 mg 
o Duration is 5 minutes or so 
o Or: ROCURONIUM 1mg/kg, so about 70-80mg 
o Duration is 30 minutes! You better get the tube in. 
o We use roc because it has the most rapid onset, 1-2 minutes, and 

has a minor effect on heart rate.  
o Vecuronium has no cardiac effects but the onset time is 2-4 

minutes.  
o We don’t use pancuronium because it causes tachycardia and 

hypertension  
o INTUBATE when they relax 
o Inflate the cuff and auscultate 
o Relax cricoid pressure and ventilate 
o Check for CO2 exhalation with a colorimetric capnographer 
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SO, YOU FAILED TO ESTABLISH AN AIRWAY 
KEEP TRYING: 
- Get a bougie; it dramatically improves your chances  
OTHERWISE… 
- Laryngeal Mask: not a definitive airway, but you can ventilate through it while waiting for an 

anaesthetist to arrive. One generally assumes you always have an anaesthetist on the way.  
 

SO YOU SOMEHOW MANAGED TO INTUBATE: but is it in the right place? 
- Listen to the chest; is the air entry equal? 
- Capnograpy or colorimetry: non-specific; it proves that the tube is not in the oesophagus, 

but is it in the bronchus? It could be. How do you know?... 
- Chest Xray is the only way to find out. 
 

SURGICAL AIRWAY: when nobody can intubate, or there is no normal anatomy any more. 
- NEEDLE CRICOTHYROIDOTOMY buys you time to think 

 Basically, jab a 12 gauge cannula into the cricothyroid membrane while 
aspirating, and wait until you hit air. 

 Then connect the cannula to 15L oxygen 
 Connect it with a Y-connector, so you can breathe with your thumb: 1 

second on, 4 seconds off. 
 This is a CRAP MODE OF VENTILATION: there is not enough exhalation 

and thus CO2 builds up. 
 Thus, you can only ventilate like this for 40 minutes maximum. 

- SURGICAL CRICOTHYROIDOTOMY 
 Cut vertically above the cricothyroid membrane 
 Blunt dissect down to the layer of the membrane 
 Cut horizontally along the membrane 
 Insert a small 5.0 or 6.0 tube and inflate the cuff 
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VENTILATION           
OBJECTIVE SIGNS OF IMPAIRED VENTILATION: 

- Asymmetrical chest wall excursion 
- Decreased or absent air entry 
- Tachypnea 
- Pulse oximetry 

 
So, say the patient is intubated already: 
IS THE OXYGENATION ADEQUATE? 

- Pulse oximetry will tell you the SaO2 but not the PaO2 
o It is unreliable in 

 poor perfusion 

 anaemia 

 hypothermia 

 blood pressure cuff is above the sensor 

 the sensor is on an injured extremity 

 carboxyhemoglobin or methemoglobin 
 

IS THE VENTILATION ADEQUATE? 
- Bagging and masking should be performed by 2 people where possible 
-  
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PRIMARY SURVEY           
 Airway 

- check while leaving the C-spine immobilized 
- generally assume: anyone with blunt injury above the clavicle is 

probably a C-spine fractre 
- Talk to them, ask them where they are. 

- Not answering? Hurt them.  
 Non-purposeful (eg. withdrawing or flexing) motor 

responses are a STRONG INDICATION FOR INTUBATION 

 Crude rule of thumb is a GCS of less than 8 
- This is the point where you should look for facial fractures, foreign bodies, 

vomit and facial burns 

 When their ability to maintain an airway is at all in doubt, 

INTUBATE 

 Breathing and Ventilation 

- expose the chest 

- watch the chest wall excursion: is it symmetrical? 
- Auscultate it, high anterior – is air entry equal? 

 Tension pneumothorax, open pneumothorax, flail 
chest- these should be identified during the primary 
survey 

 If you find a tension pneumothorax, it becomes your 
priority. DECOMPRESS THE TENSION 
PNEUMOTHORAX. 

 Get a valve over the open pneumothorax. 

Circulation with haemorrhage control 
- HYPOTENSION is HYPOVOLEMIC in trauma until proven otherwise 

- 3 elements which yield important information in seconds: 
o LEVEL OF CONSCIOUSNESS 
o SKIN COLOUR – ashen gray?  
o PULSE – thready and fast? 

- BLEEDING:  
o Control with pressure 
o Control with bone traction, reduction of fractures, pelvic braces, etc 
o Look in the chest abdomen and pelvis 

 Two large-bore cannulas 

 At this point, someone should collect some bloods 

 Administer WARM fluids  

 Don’t put blood products in the microwave. 
 
 
 

Auscultate apices for 
pneumothorax, bases for 
hemothorax 
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Disability 
- LEVEL OF CONSCIOUSNESS: you should already have an idea of the GCS 

o Eye response and verbal response is already obvious 
o MOTOR response is tricky, that’s why you torture them while looking at 

their airway.  
o Abnormal extension is 2. abnormal flexion is 3, withdrawal is 4, and localization is 5. 

- Lateralising signs: if they can move, let them wriggle their toes and fingers 
- PUPILS: if they cant move, that’s all you have to go by 

EXPOSURE AND ENVIRONMENT 

- STRIP THEM.  
- At this point, you should log roll them. May be part of secondary survey 

- After that, WARM BLANKETS AND WARM FLUIDS 
 

 

ADJUNCTS TO THE PRIMARY SURVEY       
- ECG 

- URINARY CATHETER: unless there is  
o a pelvic fracture 

o perineal bruising 

o blood in the urethra 

o blood in the scrotum 

o high-riding non-palpable prostate 

- NASOGASTRIC TUBE unless there are midface fractures 

o Otherwise, use an orogastric tube 

- Collect a set of observations and an ABG after the primary survey 
- XRAYS should happen at this stage, to check for tube position and so on 

o You can limit yourself to just chest and pelvis at this stage 

 

At this stage, you should think about whether you need to transfer this patient 
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SECONDARY SURVEY           
Starts when the primary survey is completed and resuscitation efforts are under way 

- HISTORY: “AMPLE” 
o Allergies 
o Medications 
o Past history 
o Last meal 
o Events and environment of the injury 

- PHYSICAL EXAMINATION: 
o HEAD 

 Scalp lacerations? Fractures? 
 Pupil size again, Visual acuity (how many fingers?..) 
 Conjunctival hemorrhage?  Remove the contact lenses. 
 Ocular muscle entrapment 
 Do the GCS score again 

o FACE 
 Nothing is urgent except a cribriform plate fracture 
 Thus, look for midface fractures and CSF rhinorrhoea / otorrhoea 

o C-SPINE and NECK 
 Palpate with inline stabilization; is there pain? 
 Look for tracheal deviation 
 Look for laryngeal fracture 
 Look for subcutaneous emphysema 
 Auscultate carotid arteries 
 Look for distended neck veins TAMPONADE or TENSION P. 
 Wounds penetrating the platysma should not be explored in ED 

o CHEST 
 Look for flail segments; Palpate the whole chest looking for 

fractures and subcutaneous emphysema 
 Auscultate thoroughly, again. 

o ABDOMEN 
 Palpate everywhere 
 Look for flank hematoma 
 Look for a pregnant uterus 

o PELVIS 
 Put your finger into any orifice that has blood in it 
 Examine the perineum and scrotum for hematoma 
 Examine ONCE for pelvic mobility 

 Get a pelvic sling brace on if you suspect a fracture  

o Musculoskeletal system 
 Feel up and down the spine (already did this during the log roll) 
 Look for obvious long bone fractures 

o Neurological system 
 Revise the GCS AGAIN. Look for spinal level. Power, sensation… 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



ADJUNCTS TO THE SECONDARY SURVEY      
- MONITORING: 

o Capnography 
o Pulse oximetry 
o ECG monitoring 
o Urine output in response to fluids 

- INVESTIGATIONS 

o Xrays of the limbs, C-spine 
o Pan-CT 
o FAST ultrasound 
o Bloods 
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AIRWAY              
Everybody gets high flow oxygen, full stop. 

The following things cause you to reach for the tube: 
- reduced level of consciousness 
- vomit in the oropharynx 
- facial fractures, especially midface and mandible 
- penetrating neck injury  SURGICAL AIRWAY 
- the agitated patient for some reason refuses to lie supine- ? is their airway obstructing? 
- IS THE LARYNX FRACTURED? There is a clinical triad: 

 Hoarseness 
 Subcutaneous emphysema 
 Palpable fracture 

 This makes you want to do a tracheostomy, or cricothyroidotomy 
 
OBJECTIVE SIGNS OF AIRWAY OBSTRUCTION: 

- AGITATION = hypoxia 
- OBTUNDATION = hypercapnea 
- CYANOSIS 
- ACCESSORY MUSCLE USE 
- STRIDOR or any sort of gurgling 
- PARADOXICAL CHEST EXCURSION (chest deflates with inspiration, abdomen distends) 
-  

 
MANAGEMENT OF A THREATENED AIRWAY 

- The main thing is to keep the C-spine stable 
- First get their motorcycle helmet off – with inline stabilization 
- Get some sort of suction, suck away their upper airway mucus and blood or teeth 
- Put them on high flow oxygen 
- Do a chin lift/jaw thrust 
- Get a Guedel airway in (oropharyngeal) 
- Get your intubation stuff ready: 

o Sucker 
o Drugs, and someone to give them 
o Laryngoscope with working light 
o Someone to do inline stabilization 
o Someone to apply the cricoid pressure: Back, Up and Rightward Pressure (BURP) 

The cricoid pressure is NOT RELEASED until the cuff is inflated 
 
 
 
 
 
 
 
 

A DEFINITIVE AIRWAY  is  
1) an endotracheal tube 
2) with an inflated cuff 
3) taped to the patients face.  

 

Blind nasotracheal intubation is 
contraindicated in patients with apnoea. 
Seeing as you use their breathing to guide the tube 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



WHAT MAKES A DIFFICULT AIRWAY 
- the mnemonic LEMON: 

o Look for external factors, eg. fat neck, small jaw, fish mouth 
o Evaluate with the 3-3-2 rule: 

 3 fingers in the open mouth 

 3 fingers from chin to hyoid 

 2 fingers from floor of mouth to thyroid cartilage 
o Mallampati score: 

 Grade 1 = see everything; 

 Grade 2 = see behind the uvula 

 Grade 3 = only see the base of uvula 

 Grade 4 = only see the hard palate 
o Obstruction? Eg. trauma, tonsillitis, abscess? 
o Neck mobility – virtually absent in the collared trauma patient 
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TECHNIQUE FOR RAPID SEQUENCE INDUCTION 
o get ready for a surgical airway just in case 
o get the sucker ready 
o get the ventilator ready 
o get the tube ready – check that the cuff inflates 
o get the laryngoscope ready – check that the lightbulb works 
o preoxygenate with 100% oxygen 
o Apply cricoid pressure 
o Sedate with whatever is handy: 

o THIOPENTONE 1-5mg/kg, so ~300mg will usually do 
o Duration is 5-10 minutes 
o Thiopentone will drop the blood pressure. If this is bad, you may 

use fentanyl instead, because it has very little effect on blood 
pressure. In a totally comatose patient, you may consider not 
sedating at all. 

o Paralyse with whatever is handy: 
o SUX 1-2mg/kg, so about 100 mg 
o Duration is 5 minutes or so 
o Or: ROCURONIUM 1mg/kg, so about 70-80mg 
o Duration is 30 minutes! You better get the tube in. 
o We use roc because it has the most rapid onset, 1-2 minutes, and 

has a minor effect on heart rate.  
o Vecuronium has no cardiac effects but the onset time is 2-4 

minutes.  
o We don’t use pancuronium because it causes tachycardia and 

hypertension  
o INTUBATE when they relax 
o Inflate the cuff and auscultate 
o Relax cricoid pressure and ventilate 
o Check for CO2 exhalation with a colorimetric capnographer 
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SO, YOU FAILED TO ESTABLISH AN AIRWAY 
KEEP TRYING: 
- Get a bougie; it dramatically improves your chances  
OTHERWISE… 
- Laryngeal Mask: not a definitive airway, but you can ventilate through it while waiting for an 

anaesthetist to arrive. One generally assumes you always have an anaesthetist on the way.  
 

SO YOU SOMEHOW MANAGED TO INTUBATE: but is it in the right place? 
- Listen to the chest; is the air entry equal? 
- Capnograpy or colorimetry: non-specific; it proves that the tube is not in the oesophagus, 

but is it in the bronchus? It could be. How do you know?... 
- Chest Xray is the only way to find out. 
 

SURGICAL AIRWAY: when nobody can intubate, or there is no normal anatomy any more. 
- NEEDLE CRICOTHYROIDOTOMY buys you time to think 

 Basically, jab a 12 gauge cannula into the cricothyroid membrane while 
aspirating, and wait until you hit air. 

 Then connect the cannula to 15L oxygen 
 Connect it with a Y-connector, so you can breathe with your thumb: 1 

second on, 4 seconds off. 
 This is a CRAP MODE OF VENTILATION: there is not enough exhalation 

and thus CO2 builds up. 
 Thus, you can only ventilate like this for 40 minutes maximum. 

- SURGICAL CRICOTHYROIDOTOMY 
 Cut vertically above the cricothyroid membrane 
 Blunt dissect down to the layer of the membrane 
 Cut horizontally along the membrane 
 Insert a small 5.0 or 6.0 tube and inflate the cuff 
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VENTILATION           
OBJECTIVE SIGNS OF IMPAIRED VENTILATION: 

- Asymmetrical chest wall excursion 
- Decreased or absent air entry 
- Tachypnea 
- Pulse oximetry 

 
So, say the patient is intubated already: 
IS THE OXYGENATION ADEQUATE? 

- Pulse oximetry will tell you the SaO2 but not the PaO2 
o It is unreliable in 

 poor perfusion 

 anaemia 

 hypothermia 

 blood pressure cuff is above the sensor 

 the sensor is on an injured extremity 

 carboxyhemoglobin or methemoglobin 
 

IS THE VENTILATION ADEQUATE? 
- Bagging and masking should be performed by 2 people where possible 
-  
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Physiology and signs of Shock         
- First: recognize the presence of shock; 
- Second: look for a cause of it while simultaneously treating it 

- In trauma, the commonest form of shock is HAEMORRHAGIC 

Basic Physiology of cardiac output: familiar facts 
- Cardiac output = heart rate times stroke volume, in litres per minute. 
- Stroke volume is influenced by preload, contractility and afterload. 

o Preload is the volume of venous return 
 VENOUS RETURN:  

 70% of the blood volume is in the venous circuit 

 The venous circuit is driven by pressure;  

 When blood volume is lost, the venous circuit suffers, and venous return 
is reduced. 

o Contractility is partially determined by preload – the Frank-Starling principle dictates 

that the more blood returns to the heart, the harder that blood gets pumped. So to speak. 

o Afterload is the peripheral resistance of the arterial circuit. 
 

TACHYCARDIA: earliest measurable sign of volume depletion 

o This is an attempt to maintain cardiac output (seeing as venous return decreases) 
o Thus, you replace volume, and the heart rate reduces if you replaced enough of it. 

REPLACE VOLUME! Inotropes are useless; remember: 
 
 
Inotropes actually make the tissue perfusion worse; it’s a loss of volume that’s at fault, 
not vasodilation, so vasoconstrictors really have no role to play. 

 
 

 

Is my patient in shock?  
o TACHYCARDIA is usually the first sign 

o CUTANEOUS VASOCONSTRICTION  is usually the next sign 

 At this stage, the patient begins to look like a typical “shocked” person, 
ashen-gray and tachycardic. 

 
 

The elderly, who are beta-blocked or have pacemakers, wont get tachycardic. Instead 
their pulse pressure will narrow, indicating a reduced cardiac output. 

o HYPOTENSION is a late sign, it means compensatory mechanisms have failed; 
o Usually at this point 30% of the blood volume is already lost 

o Raised ABG lactate is nearly always useless, but gives you an idea of how long 
the person has been in shock, and whether your management is improving 
perfusion. A severely shocked patient will have a lactate rise even AFTER good 
resuscitation, because of “washout” of lactate from the hypoxic tissues. 

 
 
 

DEFINITION OF SHOCK IS INADEQUATE TISSUE PERFUSION (WITH OXYGEN) 

Shock in a trauma patient mandates immediate surgical involvement 

A tachycardic trauma patient with cool peripheries is in shock until proven otherwise 
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Why is my patient in shock?  
It’s a trauma patient. The shock is either hemorrhagic or non-hemorrhagic.  
Its generally assumed that its going to be hemorrhagic 90% of the time. 
Also, most patients with non-hemorrhagic shock will respond well to fluid resuscitation.  

 
HEMORRHAGIC SHOCK is the default shock. 
  You assume the patient is hypovolemic, and treat the hypovolemia. 
  Large amounts of IV fluids is the key. 
  While you do this, you look for non-hemorrhagic causes. 

 
NON-HEMORRHAGIC SHOCK 

o TENSION PNEUMOTHORAX 
 Picked up during the primary survey, or on chest Xray  

o CARDIOGENIC 
 BLUNT CARDIAC INJURY with subsequent heart failure, picked up on ECG 
 TAMPONADE with dilated neck veins and an effusion picked up on FAST or on 

the chest X-ray 
 AIR EMBOLUS 
 Myocardial infarction associated with hypovolemia (or perhaps the heart attack 

which caused the accident) 

o NEUROGENIC 
 NOT the result of an isolated intracranial injury! They don’t cause shock. 
 Rather, the result of spinal cord transection 
 This is HYPOTENSION WITHOUT TACHYCARDIA 
 The peripheries will be WARM. 
 You usually can predict when this is going to happen during the “D” part of the 

primary survey, when you notice your patient cant move. 
o SEPTIC SHOCK 

 Usually the result of waiting for transfer for too long, or penetrating abdominal 
injuries. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Losses from fluid shifts: not only hemorrhage, but oedema, also contributes to loss of volume. 

-  
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Haemorrhagic shock in the trauma patient  
 
 
 

Hemorrhage is classified according to clinical signs. 
Volume replacement rate does not rely on this initial classification. 
The replacement rate should be guided by response to replacement. 
 
o CLASS 1 HAEMORRHAGE: 

 15% of blood volume is lost 

 Mild tachycardia is the only sign 

 Blood volume is restored within 24 hours 

 May not need fluid replacement 
 

o CLASS 2 HAEMORRHAGE: 
 15-30% of blood volume is lost: 750 to 1500ml of blood 

 Tachycardia 

 Tachypnoea 

 Narrowed pulse pressure 

  Urinary output may not be affected! 
 

o CLASS 3 HAEMORRHAGE: 
 30-40% of blood volume is lost – around 2000ml 

 Marked tachycardia 

 Tachypnoea 

 Hypotension 

 Significant changes in mental state 

 Significant drop in urine output 
 

o CLASS 4 HAEMORRHAGE: 
 Over 40% of blood volume is lost  

 Massive  tachycardia 

 Extreme hypotension 

 Unobtainable diastolic pressure 

 Negligible urine output 

 A loss of over 50% of blood volume causes a loss of consciousness 
 
 
 
 
 
 
 

Circulating volume: 7% of total lean body weight (adjust this in obese people) 
For kids, its 9% of lean body weight 

WHY IS THIS IMPORTANT? 
If a medically normal 70kg trauma patient arrives to ED with a low systolic blood pressure, you can 
work out that they must have lost AT LEAST 30% of their blood volume (30% of 5L = 1.5 litres) 
 
This helps you work out how much you need to replace, with the “3 for 1” rule.  

I.e. this guy will need 4.5 litres of crystalloid to resuscitate. 
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Initial management of haemorrhagic shock in the trauma patient  
STEP 1: STOP THE BLEEDING. If you know where it is. 

 AIRWAY and BREATHING: get 100% oxygen into them 
 CIRCULATION: control bleeding from external wounds by direct pressure 

may want to get them in a pelvic compression sling if the pelvis is fractured 

 DISABILITY: look for spinal trauma; could this be spinal shock? 
 EXPOSURE: look for sources of bleeding elsewhere; try to keep them warm as you do this 

  
 GASTRIC DECOMPRESSION:  

 most important in children, who get gastric dilation for some reason. 
 In adult trauma, the stomach also dilates. You need to prevent aspiration. 

 
URINARY CATHETER:  

 Assesses for genitourinary trauma (hematuria) 
 Monitors the perfusion of the kidneys, thus monitoring response to fluids 

 

VASCULAR ACCESS 
o 2 x 16 gauge cannulas 
o Rate of flow through a tube is proportional to the forth power of the radius, and 

inversely proportional to its length 

o Best spots are the cubital veins 
o All else fails: saphenous cutdown, intraosseous or central venous access 

 

INITIAL FLUID THERAPY           
- Warm saline, 2 litres, or 20ml/kg for kids 
- Initially, as fast as it will go 
- The response to this challenge will determine the next steps. 

 
 
 
The above is a vague estimate. 
HOWEVER, if the patient fails to respond to an estimated volume, you need to 
reassess the situation to figure out what the other causes of shock might be 
 

In penetrating trauma with haemorrhage, you may want to delay giving 
tons of crystalloid until the bleeding is controlled. 
This is because aggressive volume replacement can make the bleeding worse. 
 
 
 
 
 
 

The 3 for 1 rule: 
For every 1 litre of blood lost, replace 3 litres of crystalloid 
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EVALUATION OF RESPONSE          
all the signs of shock should start to go away; but this is not very sensitive. 
- URINE OUTPUT: the best monitor of organ perfusion 

 For adults, you should get 0.5ml/kg/hr, or around 35-40ml/hr for a 70kg man 
 For kids, its 1ml/kg/hr 

- If you have central access, CVP is probably better than urine output. 
 
- ACID-BASE BALANCE: 

o Initially, the trauma patient will be alkalotic from hyperventilating. 
o Long-standing or severe shock may produce metabolic acidosis. 
o Base deficit and lactate are good markers of this. 
o They can also be used to monitor improvement; the base excess should get 

less negative, and the lactate should drop. 
 

Rapid response: a return to hemodynamic normality 
 this means they probably lost 20% or less of their blood volume 
 slow the fluids down to a maintenance rate, and get the surgeon 
 get cross-matched blood for these patients. 

Transient response: perfusion indices improve, and then deteriorate again 
 this means they probably lost 20-40% of their blood volume 
  CONTINUE the fluids at their original rate 
 ALSO GET TYPE-MATCHED BLOOD-  transfusion is needed 
 They are clearly still bleeding. Get the surgeon. 

No response:  
 the patient is clearly exsanguinating 
 immediate definitive management is needed 
 consider non-hemorrhagic causes of shock at this stage (did you miss 

a tamponade or tension pneumothorax?) 
 

MODIFY RESUSCITATION ACCORDING TO THE RESPONSE    
all the signs of shock should start to go away; but this is not very sensitive. 
- URINE OUTPUT: the best monitor of organ perfusion 

 For adults, you should get 0.5ml/kg/hr, or around 35-40ml/hr for a 70kg man 
 For kids, its 1ml/kg/hr 

- If you have central access, CVP is probably better than urine output. 
- ACID-BASE BALANCE: 

o Initially, the trauma patient will be alkalotic from hyperventilating. 
o Long-standing or severe shock may produce metabolic acidosis. 
o Base deficit and lactate are good markers of this. 
o They can also be used to monitor improvement; the base excess should get 

less negative, and the lactate should drop. 
 
 
 

So now, you have a patient with an established airway, ventilating 

satisfactorily, and fluids are running into both arms. Next steps: 
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DOES MY PATIENT NEED BLOOD PRODUCTS?      
- Get cross-matched blood for patients who are rapid responders 
- Get type-matched blood for transient responders 
- Get O-Negative blood for exsanguinating non-responders 
 
COAGULOPATHY: 
- Severe injury = consumption of coagulation factors 
- Massive transfusion of packed cells and crystalloid = dilution of coagulation factors 
- Thus, you monitor their coags, fibrinogen and platelet count. 

o Coags / fibrinogen becoming abnormal = Fresh Frozen Plasma or cryoprecipitate 
o Platelets being depleted = platelet transfusion 

 

 

THINGS TO THINK ABOUT          
- Don’t mistake blood pressure for a measure of cardiac output.  It doesn’t say 

anything about tissue perfusion. 
- Elderly patients wont get tachycardic. CVP monitoring is best for these people 
- Patients with pacemakers wont get tachycardic  and CVP monitoring is the best way 

to monitor how well you have filled them with fluids 
- Athletes will compensate for blood loss in a remarkable way, and then crash horribly. 

Usual responses to hypovolemia may be absent until its too late.  
- Pregnant women are hypervolemic and will not manifest hemodynamic changes until 

they lose a hugely dangerous amount of blood. 
- HYPOTHERMIA cause coagulopathy and prevents normal responses to 

resuscitation so warm the patient and warm their fluids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brain-injured patients will have worse coagulopathy because the dying brain releases tissue 

thromboplastin, which activates the extrinsic pathway and causes consumption coagulpathy 
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REASSESSMENT: COMPLICATIONS OF RESUSCITATION    
- The commonest complication is INADEQUATE REPLACEMENT. 
- The commonest reason for poor response to fluids is ONGOING HAEMORRHAGE 

 
MONITORING THE CVP: 

- Its also an indirect measure of cardiac function. 
- Cardiac function is actually the relationship between stroke volume and ventricular end-

diastolic volume  
- Initially measured CVP may be inaccurately high, especially in patients with COPD, 

pulmonary fibrosis, generalized vasoconstriction, or patients who were given 
vasopressors.  

- If you replace fluids aggressively, and the initially low CVP has only A MINOR RISE, 
these people should be placed in the “non-responder” category. 

- If the CVP just keeps dropping, you need to keep replacing fluid, your patient is 
probably still bleeding somewhere. These people should be placed in the “transient 
responder” category 

- If the CVP rises abruptly and keeps going up, you are either 
o Replacing enough fluids 
o Replacing too much fluids 
o Or, the cardiac function is compromised: 

o TAMPONADE 
o TENSION PNEUMOTHORAX 
o Poor positioning of the CVP sensor probe 

- Athletes will compensate for blood loss in a remarkable way, and then crash horribly. 
Usual responses to hypovolemia may be absent until its too late.  

- Pregnant women are hypervolemic and will not manifest hemodynamic changes until 
they lose a hugely dangerous amount of blood. 

- HYPOTHERMIA cause coagulopathy and prevents normal responses to 
resuscitation so warm the patient and warm their fluids 
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Thoracic Trauma in the PRIMARY SURVEY      
- some FACTOIDS: 

 10% of blunt injuries and 15-30% penetrating chest injuries need thoracotomy 

Things you pick up in the primary survey:  
AIRWAY OBSTRUCTION:  

 Laryngeal fracture:  
 Hoarseness 
 Subcutaneous emphysema 
 Palpable fracture 

 Upper chest injury with POSTERIOR DISLOCATION OF THE CLAVICLE 

 This causes the airway to be obstructed by the head of the dislocated clavicle 

 You need to reduce this, or you wont be able to ventilate 
 You can either hyper-extend the shoulders, or grab the clavicle with 

something like a clamp or towel clip, and manually drag it anteriorly, out of 
the airway. 

 This reduction will usually be stable after you do this. 

 Upper chest injury with POSTERIOR DISLOCATION OF THE CLAVICLE 

 This causes the airway to be obstructed by the head of the dislocated clavicle 

 You need to reduce this, or you wont be able to ventilate 
 You can either hyper-extend the shoulders, or grab the clavicle with 

something like a clamp or towel clip, and manually drag it anteriorly, out of 
the airway. 

 This reduction will usually be stable after you do this. 
 

BREATHING and VENTILATION: this is where the money is.  
 NUDITY IS VITAL. 

You need to get a good look at 
 Neck veins – distended in tamponade or pneumothoroax 
 Chest wall movements 
 External chest injuries 

 Cyanosis 
 Tachypnoea 
 YOU ARE LOOKING FOR 5 THINGS: 

 Tension pneumothorax 

 Open pneumothorax 

 Flail chest 

 Pulmonary contusion 

 Hemothorax 

CIRCULATION:  
 This is where you pick up 

o Massive hemothorax 
o Cardiac tamponade 
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INJURIES YOU NEED TO FIND IN THE PRIMARY SURVEY      

Tension pneumothorax  
o Most common cause: positive pressure ventilation in an intubated patient. 
o Everyone knows the signs, but lets go though them anyway: 

 FALLING CARDIAC OUTPUT 

 DILATED NECK VEINS 

 TRACHEAL DEVIATION 

 TACHYPNOEA 

 HYPER-RESONANT HEMITHORAX ON PERCUSSION 

o This is a clinical diagnosis. DON’T WAIT FOR X-RAYS 

o LARGE NEEDLE in the 2nd intercostal space, midclavicular line. 
o That buys you time; you convert a tension pneumothorax into a simple pneumothorax. 
o The idea is to finish your primary survey and get a chest drain in. 

 

Open pneumothorax  
o This is a large obvious defect in the chest wall. 
o If the hole is bigger than two thirds of the tracheal diameter, air will preferentially use the 

wound to enter the chest. This is not ideal. 

o FLAP DRESSING: close the wound with a sterile dressing, with one free end which 
will act s a valve 

o CHEST DRAIN is the definitive management. Place it far from the wound 

 

Flail chest and pulmonary contusion 
o Once you have exposed your patient, large flail segments will become obvious 
o TWO PROBLEMS: 

 Abnormal chest wall movement – which alone contributes little to hypoxia 

 Underlying lung injury – pulmonary contusion – contributes to hypoxia 

 Also, pain of the broken ribs is counterproductive to respiration. 

o There may be paradoxical movement of the chest wall 
o OR, there may be RESTRICTED movement, because of “splinting” i.e. the 

patient tries not to inhale too much 
 

o Management: OXYGENATION and  ANALGESIA 

 ANALGESIA better be good; epidural, intercostal block, PCA 
 

Massive Hemothorax  
o Until you get xrays, you may not know about it; 
o In a supine patient, xrays may not be obviously suggestive of hemothorax 
o You might have creps in the bases, you might not 

o HOWEVER, the main indication of hemothorax is a continuing and puzzling 
failure to respond to fluid challenges; and then you find absent breath sounds…. 

YOU NEED A CHEST DRAIN. If over 1500ml comes out, you need a thoracotomy. 
If your patient fails to respond or only transiently responds to 

fluids, you need a thoracotomy 
 
 

Cardiac Tamponade 

Medial penetrating injuries alert you to the possibility of this:  
the greater vessels may have been injured. 
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Cardiac Tamponade 
o Hard to pick up: the history of the injuries will give you best indications. 
o PENETRATING INJURIES, eg. stingray barb stabwounds, are the biggest risk factor 
o BLUNT INJURIES can cause tamponade because of vessel disruption 

 
 
 
 

 
 

o Hmm, the neck veins wont be distended in a hypovolemic trauma victim 
o The heart sounds will not be easily audible in a noisy ED resus bay 
o Tension pneumothorax can mimic all of the above, esp. on the left side. 

 
 
 
 
 
 
 

o To get a proper Kussmauls sign, you need to see the JVP (not likely in a 
stiff-collared patient) or a CVP measuring probe (unlikely to be available 
during the primary survey) 

FAST ultrasound echo: 
 assesses the “collapsing” right ventricle 

 may show an actual fluid layer in the pericardium 

 HAS A 5-10% FALSE NEGATIVE RATE.  
 

o If there is a surgeon on hand, the patient needs to go to theatre for definitive 
management of this. 

o If there is no surgeon, pericardicentesis can relieve the tamponade 
TEMPORARILY. Its not a definitive treatment. 

o You may try to insert a flexible catheter into the pericardial sack while 
waiting for surgery 

 
YOU NEED TO GIVE FAST FLUIDS. It wont fix anything, but it might maintain the failing 
venous return. 
 
 
 
 
 
 
 
 
 

Beck’s Triad  
- increasing venous pressure – distended neck veins 
- decreasing arterial pressure 
- muffled heart sounds 

 
 

Kussmauls Sign 
- When breathing spontaneously, venous pressure RISES with inspiration 
- This means, venous blood cant really return to the heart; when the 

intrathoracic pressure decreases in inspiration, instead of filling the right 
ventricle the venous blood pools in the JVP (it has nowhere to go, because 
the tamponade prevents filling of the floppy right ventricle) 

 
 

Summarized from GMP medical school lectures and the ATLS handbook - many parts were treated unfairly brifly, or were entriley omitted- I strongly recommend you read the actual ATLS manual, and attend their excellent course.



Resuscitative thoracotomy 
So, your patient has PEA or is in cardiac arrest. 
 
CPR is useless in a hypovolemic patient. 
 
PATIENTS WHO ARRIVE TO ED 

 with penetrating chest injuries 

 without a pulse 

 with cardiac electrical activity 
 ARE CANDIDATES FOR RESUSCITATIVE THORACOTOMY 
 
- A SURGEON MUST BE PRESENT FOR THIS 

   

 
 
 
 
 
WHAT DO YOU ACCOMPLISH WITH A RESUSCITATIVE THORACOTOMY: 

- Evacuation of the pericardial tamponade 

- Direct control of thoracic hemorrhage 
- Open cardiac massage 
- Cross-clamping of the descending aorta to increase supply to the brain and heart, and to 

decrease blood loss below the diaphragm 
 
Thoracotomy in ED is rarely effective. 

Stab wounds survive more often than gunshot wounds  
In general survival rate is 18% to 33% 

 
"The surgeon who should attempt to suture a wound of the heart would lose the respect of his surgical colleagues" - Theodore 

Bilroth, 1882 – from this online articlehttp://www.trauma.org/archive/thoracic/EDToperative.html  

This source also wisely advises, “The first time you see a Gigli saw should not be the first time you perform a thoracotomy.” 

 
 
 
 
 
 
 
 
 
 
 
 
 

BLUNT INJURIES DON’T QUALIFY 

Patients with penerating chest injuries who need CPR in the field 
need to be assessed for  signs of life. This means 

- reactive pupils 
- spontaneous movements 
- spontaneous ECG activity 

If they have none of those, resuscitation efforts should cease. 
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