
Cardiovascular system II

Ischemic heart disease



• IHD is a group of related syndromes resulting
from myocardial ischemia-an imbalance
between cardiac blood supply (perfusion) and
myocardial oxygen demand.

• In the vast majority of cases, IHD is due to a
reduction in coronary blood flow caused by
obstructive atherosclerotic disease.

• Thus, IHD is also frequently called coronary
artery disease (CAD).



There are four basic clinical syndromes of IHD

1. Angina pectoris

2. Acute myocardial infarction (MI)

3. Chronic IHD

4. Sudden cardiac death (SCD)



• Angina pectoris (literally chest pain), wherein 
the ischemia causes pain but is insufficient to 
lead to death of myocardium.

• angina may be 

stable (occurring reliably after certain levels of 
exertion), 

due to vessel spasm (variant angina or 
Prinzmetal angina),

unstable (occurring with progressively less 
exertion or even at rest).



• These syndromes are all relatively late
manifestations of coronary atherosclerosis
that begins early in life but manifests only
after the vascular occlusions reach a critical
stage.

• The term acute coronary syndrome is applied
to three catastrophic manifestations of IHD:
unstable angina, acute MI, and SCD.



Pathogenesis

• In most cases IHD occurs because of 
inadequate coronary perfusion relative to 
myocardial demand. 

• This may result from a combination of pre-
existing atherosclerotic occlusion of coronary 
arteries and new superimposed thrombosis 
and/or vasospasm.





• 70-75% (critical stenosis) causes angina only in 
the setting of increased demand.

• 90% stenosis can lead to inadequate coronary 
blood flow even at rest.

• If a coronary artery develops atherosclerotic 
occlusion at a sufficiently slow rate, it may be 
able to stimulate collateral blood flow from 
other major epicardial vessels; such collateral 
perfusion can then protect against MI even in 
the setting of a complete vascular occlusion.



• Acute coronary occlusions cannot 
spontaneously recruit collateral flow and will 
result in infarction.

• Atherosclerotic narrowing may affect one or 
more of major coronary arteries.

• Clinically significant plaques can be located 
anywhere but tend to predominate within the 
first several centimeters of the LAD and LCX, 
and along the entire length of the RCA. 



• Sometimes, secondary branches are also
involved (i.e., diagonal branches of the LAD,
obtuse marginal branches of the LCX, or
posterior descending branch of the RCA).

•

• Symptom onset depends: on the extent and
severity of fixed atherosclerotic disease and
on dynamic changes in coronary plaque
morphology.



• Role of Acute Plaque Change
• The initiating event is disruption of a plaque due 

to:
• Rupture, fissuring, or ulceration of plaques 

exposing highly thrombogenic plaque 
constituents or underlying subendothelial
basement membrane.

•

• Hemorrhage into the core of plaques with 
expansion of plaque volume and worsening of 
the luminal occlusion.

• plaque disruption??? (progressively enlarge)



• The events that trigger the abrupt plaque 
changes are:

• Intrinsic: 

• large atheromatous

• Thin fibrous cap

• a paucity of smooth muscle cells or an 
increase in inflammatory cell activity in 
atherosclerotic lesions is associated with 
plaque vulnerability.???



• Extrinsic:

• Adrenergic stimulation 



• Pathologic and clinical studies show that two-
thirds of ruptured plaques are ≤50% stenotic
before plaque rupture, and 85% have initial 
stenosis ≤70%. 

• ????



Role of Inflammation
• atherosclerosis begins with the interaction of 

endothelial cells and circulating leukocytes, 
resulting in T-cell and macrophage recruitment 
and activation. These cells subsequently drive 
smooth muscle cell proliferation, with variable 
amounts of extracellular matrix (ECM) 
accumulating over an atheromatous core of lipid, 
cholesterol, calcification, and necrotic debris. 

• At later stages, destabilization of atherosclerotic 
plaque occurs through metalloproteinase 
secretion.



Role of Thrombus
• Partial vascular occlusion by a newly formed thrombus can

wax and wane with time and lead to unstable angina or
sudden death.

• partial luminal occlusion by thrombus can compromise
blood flow sufficiently to cause a small infarction of the
innermost zone of the myocardium (subendocardial
infarct).

• Mural thrombus in a coronary artery can also embolize
causing distal microinfarcts.

• completely obstructive thrombus can cause a massive MI.
• organizing thrombi produce potent activators of smooth

muscle proliferation, which can contribute to the growth of
atherosclerotic lesions.



Role of Vasoconstriction

• Vasoconstriction directly compromises lumen 
diameter; and by increasing local mechanical 
shear forces, it can potentiate plaque 
disruption. 



Vasoconstriction in atherosclerotic plaques can 
be stimulated by 

1. circulating adrenergic agonists,

2. locally released platelet contents, 

3. an imbalance between endothelial cell 
relaxing factors (e.g., nitric oxide ) versus 
contracting factors (e.g., endothelin) 

4. mediators released from perivascular
inflammatory cells.



Other Pathologic Processes
Rarely, processes other than atherosclerosis and

superimposed thrombi can compromise coronary
perfusion.
These include
emboli originating from valve vegetations,
coronary vasculitis,
systemic hypotension.
Myocardial hypertrophy (e.g., hypertrophic

cardiomyopathy, see below) can also increase
myocardial demand beyond what even relatively
normal coronaries can provide.



Angina Pectoris

Angina pectoris is intermittent chest pain 
caused by transient, reversible myocardial 
ischemia. 

There are three variants:

1. Typical or stable angina

2. Prinzmetal, or variant angina

3. Unstable angina (also called crescendo 
angina) 



• Typical or stable angina is episodic chest pain 
associated with exertion or some other form of 
increased myocardial oxygen demand (e.g., 
tachycardia or hypertension due to fever, anxiety, 
fear). 

• The pain is classically described as a crushing or 
squeezing substernal sensation, which can radiate 
down the left arm or to the left jaw (referred 
pain).

• Stable angina pectoris is usually associated with a 
fixed atherosclerotic narrowing (≥75%) of one or 
more coronary arteries. 



• With this degree of critical stenosis, the
myocardial oxygen supply may be sufficient under
basal conditions but cannot be adequately
augmented to meet any increased
requirements.

• The pain is usually relieved by rest (reducing
demand) or by administering agents such as
nitroglycerin; such drugs cause peripheral
vasodilation and thus reduce venous blood
delivered to the heart (hence reducing cardiac
work); in larger doses, nitroglycerin also increases
blood supply to the myocardium by direct
coronary vasodilation



• Prinzmetal, or variant angina is angina 
occurring at rest due to coronary artery 
spasm. 

• Although such spasms typically occur on or 
near an existing atherosclerotic plaque, 
completely normal vessels can be affected. 

• The etiology is not clear, but Prinzmetal
angina typically responds promptly to the 
administration of vasodilators such as 
nitroglycerin or calcium channel blockers.



• Unstable angina is characterized by increasing 
frequency of pain, precipitated by progressively 
less exertion; the episodes also tend to be more 
intense and longer lasting than stable angina. 

• unstable angina is associated with plaque 
disruption and superimposed partial thrombosis, 
distal embolization of the thrombus, and/or 
vasospasm. 

• Unstable angina is the harbinger of more serious, 
potentially irreversible ischemia (due to complete 
luminal occlusion by thrombus) and is therefore 
sometimes called pre-infarction angina.



• Myocardial Infarction

• MI is necrosis of heart muscle resulting from 
ischemia.

• Men are at significantly greater risk than 
women, although the gap progressively 
narrows with age.



• Pathogenesis

• most MIs are caused by acute coronary artery 
thrombosis.

• Sometimes, particularly with infarcts limited to the 
innermost (subendocardial) myocardium, thrombi may 
be absent. In these cases, severe diffuse coronary 
atherosclerosis significantly limits coronary vessel 
perfusion, and a prolonged period of increased 
demand (e.g., due to tachycardia or hypertension) may 
be sufficient to cause necrosis of myocytes most distal 
to the epicardial vessels.



• Only severe ischemia lasting at least 20 to 40 minutes 
causes irreversible injury and myocyte death; the 
predominant pattern is coagulation necrosis . With 
longer periods of ischemia, microvasculature injury 
ensues.

• If myocardial blood flow is restored anywhere along 
this timeline (reperfusion), cell viability may be 
preserved. 

• This provides the rationale for early clinical detection 
of acute MI, and prompt intervention by angioplasty or 
thrombolysis, to restore blood flow to the at-risk areas.



• Myocardial ischemia also contributes to 
arrhythmias, probably by causing electrical 
instability (irritability) of ischemic regions of 
the heart. 

• Although massive myocardial damage can 
clearly cause a fatal mechanical failure, SCD in 
the setting of myocardial ischemia is most 
often (80% to 90% of cases) due to ventricular 
fibrillation caused by myocardial irritability.



• Irreversible injury of ischemic myocytes first 
occurs in the subendocardial zone???

• an infarct usually reaches its full size within 3 
to 6 hours. 



• The final location, size, and specific morphologic 
features of an acute MI depend on:
Location, severity, and rate of development of the 

coronary occlusion
Size of the vascular bed perfused by the 

obstructed vessels
Duration of the occlusion
Metabolic demands of the myocardium (affected, 

e.g., by blood pressure and heart rate)
Extent of collateral supply.





Clinical Features

• An MI is usually heralded by severe, crushing
substernal chest pain or discomfort that can
radiate to the neck, jaw, epigastrium, or left
arm.

• In contrast to the pain of angina pectoris, the
pain of an MI typically lasts from 20 minutes
to several hours and is not significantly
relieved by nitroglycerin or rest.



• In a substantial minority of patients (10% to
15%) MIs can be entirely asymptomatic. Such
"silent" infarcts are particularly common in
patients with underlying diabetes mellitus
(with peripheral neuropathies) and in the
elderly.



• Dyspnea is common and is caused by impaired
myocardial contractility and dysfunction of the
mitral valve apparatus, with resultant
pulmonary congestion and edema.

• With massive MIs (>40% of the left ventricle)
cardiogenic shock develops.



• Electrocardiographic abnormalities are
important markers of MIs; these include
changes such as Q waves (indicating
transmural infarcts), and ST-segment
abnormalities and T-wave inversion
(representing abnormalities in myocardial
repolarization).



• Arrhythmias caused by electrical
abnormalities of the ischemic myocardium
and conduction system are common, and
indeed, SCD due to a lethal arrhythmia
accounts for the vast majority of deaths
occurring before hospitalization.



Laboratory evaluation of MI is based on
measuring the blood levels of intracellular
macromolecules that leak out of injured
myocardial cells through damaged cell
membranes;

Troponins and CK-MB have high specificity
and sensitivity for myocardial damage.



Consequences and Complications of 
Myocardial Infarction.



(1) Contractile dysfunction.

• Severe "pump failure" (cardiogenic shock)
occurs in 10% to 15% of patients following
acute MI, generally with a large infarct (often
greater than 40% of the left ventricle).



(2)Arrhythmias. 

• Include sinus bradycardia, heart block
(asystole), tachycardia, ventricular premature
contractions or ventricular tachycardia, and
ventricular fibrillation.



(3) Myocardial rupture.

(1) rupture of the ventricular free wall (most
commonly), with hemopericardium and
cardiac tamponade, usually fatal.

(2) rupture of the ventricular septum (less
commonly), leading to a left-to-right.

(3) papillary muscle rupture (least commonly),
resulting in the acute onset of severe mitral
regurgitation.



(4) Pericarditis.

• A fibrinous or fibrohemorrhagic pericarditis
usually develops about the second or third
day following a transmural infarct and usually
resolves over time.



(5)Mural thrombus.

• The combination of a local myocardial
abnormality in contractility (causing stasis)
with endocardial damage (causing a
thrombogenic surface) can foster mural
thrombosis and thromboembolism.



(6)True and false aneurysms?

(7)Papillary muscle dysfunction.

Early ischemic dysfunction of a papillary 
muscle

Late papillary muscle fibrosis and shortening



(8)Progressive late heart failure


