Ischaemic Heart Disease [Postponed Lecture] – Date Unknown, John McCardle
General principles (Lecture notes)
Overview of the arterial supply of the heart. LCS ( LCA ( CA ( LAD ( Diagonal, 1st / 2nd obtuse marginal branches. RCS ( RCA ( RMA ( PDA. Also has sinuatrial branch, and AV nodal branches. 
Some general important points to consider:

· Usually the RCA is dominant, as it gives rise to PDA. It also usually supplies the SA node, and AV node – the conduction “headquarters” of the heart. 

· These arteries usually lie in the epicardial fat (sending penetrating branches to supply muscle), thus making this region the highest blood supplied area. The subendocardial region tends to receive the lowest blood supply. The apex is the furthest away from the aorta, thus the subendocardial region of the apex of the heart receives the lowest blood supply. 
· Coronary flow for LV only occurs during diastole due to high filling pressures, whilst flow for RV occurs during both systole + diastole. This explains why LV is infracted more often than RV (i.e.: RV has better blood supply).

Myocardial Ischaemia (Robbins 6th Ed pp 550)

There are different levels of ischaemia which causes different levels of problems, these are described below:
· Functional ischaemia: there is no damage to cardiac muscle, so pathologically nothing special. Causes angina ( may progress to arrhythmias ( causes death. 
· Slow-onset occlusion: gradual onset of ischaemia takes some time, allowing for sufficient collaterals to develop. You get fibrinous necrosis, and therefore such areas are replaced by fibrous tissue. Replacement of tissue causes cardiac hypertrophy (i.e.: existing muscle fibres get larger to subsidise for losses), and too much replacement will render “functional syncytium” useless (i.e.: compliance reduction) – heart failure. 
· Rapid-onset ischaemia: MI + associated complications (i.e.: arrhythmias) 
The pathological aspects of each of the above (Robbins pp 554, Fig 13-3)

Functional ischaemia: Angina is caused because of stable chronic plaque causing a “Fixed coronary obstruction”. This can lead to MI, LVF. 
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Chronic Ischaemia: usually causes “triple vessel disease” – where atheroma build up occurs in LAD, Circumflex, & RCA. Slow replacement with fibrotic tissue cause other muscle fibres to hypertrophy ( cardiac dilatation ( cardiac failure. 
Rapid onset ischaemia / MI: Remember that cholesterol & lipid material infiltrate the tunica intima. This thickens it, and raises it (i.e.: look at picture above). The intima + associated atherosclerosis = atheroma. It has an overlying fibrous capsule. This breaks and exposes the lipids to blood. This induces platelet aggregation / thrombus formation ( resulting in unstable angina / infarction. If this happens in LAD = anteroseptal inf., lateral angle of RCA = inferior inf., proximal lateral circumflex = lateral inf. Focal transmural inf. = post part of LV + septum, focal subendocardial infarct (known as global sub. Inf.). 
What determines the size of the infarct? 
· How much O2 / Hb / cardiac output is reduced?

· The artery (its size) involved?

· The workload on the heart? (i.e.: MI superimposed by heart failure = greater size of infarct)

· Development of collateral vessels or not? (i.e.: whether its rapid onset ischaemia or slow-onset ischaemia)

· How many arteries are involved? (i.e.: ‘triple vessel disease’ – poor prognosis)

What is a global subendocardial infarct? 
The subendocardial zone has the least blood supply. The inner 1/3-1/2 of the ventricular wall is infracted, as opposed to transmural infarcts. Conditions that cause this type of unusual infarcts:
· ‘triple vessel disease’ + fall in CO (global hypotension)
· normal coronary arteries but fall in CO 2nd to a) bypass surgery, b) prolonged hypoxaemia, c) head injury

· congenital: aortic coarctation, supra-valvular aortic stenosis

Myocardial infarction – The Pathology (Robbins pp 554)

 So far the following dynamic interactions have occurred:
1. severe coronary atheroscleroris 

2. acute disruption to the atheromatous plaque ( causing an acute change (rupture) ( platelet activation leading to superimposed platelet aggregation ( intracoronary thrombus overlying the plaque and vasospasm stimulation.

The details of step 2 is presented here:

· platelet aggregation cause release of thromboxane A2, serotonin, platelet factors 3 & 4 – these stimulate vasospasm. 
Following an acute MI
· 2 mins after occlusion (REVERSIBLE)
· loss of aerobic glycolysis, leads to inadequate ATP formation ( accumulation of toxic products such as lactic acid. Ischaemia also has impact on contractility ( this is lost. 

· 15 mins after occlusion (REVERSIBLE)

· Wrinkled fibres at infarct margin, and also electron microscopy shows mitochondrial swelling

· 15 hrs after occlusion (POINT OF IRREVERSIBLE DAMAGE)
· Gross: dark mottling appearance, Light microscopy: coagulative necrosis, pyknosis of nuclei, myocyte hypereosinophilia, neutrophil infiltrates. 
· 36hrs – 3 days
· Gross: mottling with yellow-tan infarct centre with haemorrhagic border, Light microscopy: coagulative necrosis with loss of myocyte nuclei + striations, interstitial infiltrate of neutrophils. 

· 7 days
· Gross: maximally yellow tan and soft centre, with depressed red-tan margins, Light microscopy: phagocytosis of dead cells, granulation tissue at margins
· 1-3 wks

· Gross: gray depressed infarct progresses from border to core of infarct, Light microscopy: granulation tissue with neovascularisation + collage deposition, decreased cellularity. 
· > 2 mths:

· Gross: white scar, Light microscopy: dense collagenous scar
What is reperfusion, and what happens if this occurs?
Reperfusion is when the blocked artery is “unblocked” so that myocardial perfusion is restored (may not be to 100%). Severe ischaemia does not cause cell death instantly. It takes about 40 minutes, before reversible damage becomes irreversible. Reperfusion (i.e.: using thrombolytic therapy, or angioplasty, CABG) within 15-20 minutes after onset of ischaemia may prevent necrosis altogether. If done later, it may not prevent necrosis, but will salvage the ischaemic myocytes will necrose if nothing is done about them. Gross appearance is haemorrhagic because vasculature injured during ischaemic period starts leaking after reperfusion. Microscopically, you see exaggerated contraction of myofibrils in response to reperfusion (Fig 13-9). 
What are the complications of a MI? (Robbins pp 562)

There are many complications, which will be discussed below in chronological order:
· 1-3 days
· Arrhythmias: sinus bradycardia, sinus tachycardia, ventricular premature contractions, ventricular tachycardia, atrial/ventricular fibrillation, asystole, atrial flutter. 
· Pericarditis: usually develops after a transmural infarct (not subendocardial). It occurs due to migration of underlying myocardial inflammation to pericardial surfaces. 
· 3-5 days

· Myocardial rupture: myocardial inflammation causes weakening therefore 1) rupture of ventricular wall resulting in haemopericardium + cardiac tamponade (usually fatal), 2) ventricular septum rupture leading to left-right shunt, 3) papillary muscle rupture cause mitral insufficiency (Fig 13-10 pp 562). Other causes of mitral insuffiency is papillary muscle dysfunction due to ischaemia, LV dilatation (physically pulling mitral valve apart), ventricular wall necrosis nearby papillary muscle emergence. 

· 5-10 days

· Mural thrombus: local contractility problems (stasis) + endocardial damage = thrombus formation = potential thromboembolism. 

· 10 days +

· Contractile dysfunction: LV contraction impaired, causing hypotension, pulmonary vascular congestion ( interstitial transudation ( pulmonary oedema. If infarct causes 20-25% of ventricle size = abnormal ventricule function, uif 40%+ = cardiogenic shock. 
· Ventricular aneurysm: Anterseptal infarct heals by forming fibrotic tissue, which is thin. This paradoxically bulges during systole – causing an aneurysm (I saw this during Cardiac operation this year, it was very obvious). 
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