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Heart: Ischemia: Acute Coronary Syndromes
•
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Ischemia is the imbalance of blood supply versus tissue demand
o Hypoxia = inadequate oxygen
o Ischemia = inadequate blood flow causing inadequate O2 and nutrients together
with decreased clearance of waste. It is less well tolerated than hypoxia
Coronary artery disease is used to denote atherosclerosis of the coronary arteries.
o Coronary arteries are muscular arteries with an internal elastic membrane. General
usage refers to the subepicardial arteries, but muscular arteries extend into the
ventricular wall (arteries are 1 mm to 1 cm in diameter).
Epicardial coronary artery

Intramural artery

Arterioles
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o Arteries are large enough that their stenosis can cause ischemia to enough volume
of myocardium to exceed the pain threshold and cause the symptom of pain.
 This should be compared to arterioles that perfuse too little tissue to cause
symptoms. Instead, hyaline arteriolosclerosis manifests as congestive heart
failure when a large number of arterioles (10-100 μM) occlude over many years.
Atherosclerosis (see Circulatory System: Atherosclerosis)
o There are two basic types of plaque
 A. Stable plaque
• These have a thick fibrous cap (which does not tear and cause platelet
aggregation), little inflammation with little remodeling to weaken the wall)
and little necrosis (which forms a weak area for intraplaque hemorrhage)
• They are asymptomatic until they occlude >70% of the lumen which leads
to demand ischemia (i.e. stable angina). At >90% occlusion, the tissue is
ischemic at rest.
• Stable plaque is associated with stable angina.
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Unstable plaque
• These have a thin fibrous cap, vulnerable to tearing which leads to
thrombosis. They have abundant inflammation which remodels the
extracellular matrix (ECM), leading to wall weakness and necrosis. They
have significant areas of necrosis, which cause focal weakness prone to
intraplaque hemorrhage and occlusion.
• Occlusion can be caused by thrombosis and/or intraplaque hemorrhage.
This is sudden in onset and unrelated to the size of the plaque.

Unstable plaque:
1. Thin fibrous cap
2. Severe inflammation
3. Necrosis
•
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Occlusion in an unstable plaque:
1. Thrombosis
2. Intraplaque hemorrhage

In addition to anatomical occlusion by thrombus, there is often
associated vasoconstriction from endothelial dysfunction. Loss of
local mediators that induce vasodilation leaves unopposed
sympathetic input, resulting in vasoconstriction.
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Unstable plaque with thrombosis clinically presents as acute coronary
syndrome.
Pathophysiology of Acute Coronary Syndrome (ACS)
o The inner ventricular wall (i.e. subendocardium) is more vulnerable to ischemia
as it has a shorter time of perfusion (as it has a longer compression during
systolic phase) and is further from the coronary artery.
o The subendocardial tissue starts dying in about 1-2 hours, while the
subepicardial tissue starts dying in about 3-4 hours.
o Ischemia is therefore divided into ischemia only versus ischemia with necrosis
(i.e. infarction) and infarction further divided into subendocardial and
transmural.
 Necrosis is identified with cardiac troponins
 EKG identifies ischemia by ST segment changes
• ST depression = subendocardial ischemia
• ST elevation = transmural ischemia
•

•
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Pathology and natural history of acute myocardial infarction
o Acute myocardial infarction is used as the model disease for necrosis in general
pathology, so it is important to be able to describe the gross and microscopic
findings. (see General Pathology: Causes of Cell Injury and Cell Death)
o The gross appearance of the dead heart tissue is described as coagulative
necrosis. This is compared to the liquefactive necrosis of the brain.
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o Ventricular fibrillation has an immediate risk for death. This usually occurs
before hospitalization. As the SA and AV nodes are usually supplied by the RCA,
supraventricular arrhythmias are common in right artery disease.
o Day 3 is important as it has peak infiltration of neutrophils. The damageassociated molecular pattern of tissue necrosis (proteins such as HMBG1 and
non-proteins such as ATP, DNA and uric acid) elicits the innate inflammatory
response.
 The patient may have a low grade fever from IL-1 and acute phase reactants
from IL-6 (e.g. ↑CRP).
 In a STEMI, the necrosis is transmural, so the neutrophils reach the
pericardium, causing an acute pericarditis and chest pain in the first week
post-MI.
o In the first week, there is loss of structural integrity of the ventricular wall or
necrotic papillary muscle, leading to rupture.
 Ventricular wall rupture causes tamponade with immediate death
 Papillary muscle rupture leads to mitral valve regurgitation and acute heart
failure.
o Macrophages peak response takes 7-10 days at which time repair can be seen as
a rim of reddish granulation tissue.
 Necrosis is cleared by phagocytosis. Macrophages release growth factors
 Granulation tissue has ground substance such as fibronectin, proliferation of
migrating fibroblasts and induction of angiogenesis by VEGF. Granulation
tissue is visible as a red rim around the area of necrosis
o Repair takes weeks and involves eventual replacement of Type I collagen with
Type III collagen
 Defective repair can leave an aneurysm in the wall that can compromise
ejection fraction and lead to heart failure
 Uncommon now, but there is an idiopathic autoimmune pericarditis that
can develop weeks after acute MI. This is called Dressler syndrome
o Immobility of the ventricular wall and damage to the lining endothelial cells
causes a high risk for the formation of a mural thrombus. This can lead to leftsided embolism, a common cause of ischemic stroke.
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Vasospastic Angina (Prinzmetal angina)
o Presents as an ACS, with EKG evidence of ischemia, which may be transmural,
but angiograms show no evidence of stenosis
o Considered to be an oversensitivity to sympathetic stimulation
 Associated with highly emotional states
 Takotsubo syndrome refers to apical dilation of the heart with extreme
emotion. It is thought to be due to ischemia-inducing vasospasm in the
intraventricular wall arteries. It is associated with sudden death.
o It is associated with cocaine use
Presentation of ACS
o Symptoms: chest pain is qualitatively similar to angina pectoris, but tends to be
more severe, increases over time, lasts longer (i.e. > 20 min) and refers more
widely to the arm neck and shoulders.
 It is unrelated to exercise and rest. It does not respond to nitroglycerin
 Diabetics are more likely to have asymptomatic ischemia/infarction as they
have neuropathy of the ANS
 Myocardial infarction is often associated with a “sense of doom”
o Physical examination: this is not central to the diagnosis
o Testing:
 EKG:
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In UA and NSTEMI, the EKG changes are transient, occurring with the
angina

In STEMI, has a time sequence: ST elevation, followed over hours by T wave
inversion, with Q wave deepening over 1-2 days.

Markers of necrosis
• With necrosis, the proteins of the cytosol leak into the interstitial fluid
surrounding the cells. From here, they must flow into the lymphatics,
which drain through the thoracic duct into the venous system near the
left subclavian vein. There are 2 clinical considerations:
1. It takes time for the proteins to travel from the heart to the venous
system. Most routine test detect troponins in 4-6 hours, so to rule out
myocardial infarction as a cause of chest pain in the ER, the patient
must have their blood drawn over at least that long. The US is just
starting to use highly sensitive cardiac-specific troponins (hs-cTr) that
can be detected within 1 hour.
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2. If a protein is specific to a cell, then finding that protein in the blood
denotes cell pathology such as necrosis or neoplasm. Over the past 2
generations, testing has improved from LDH (found in all cells), to CKMB (found in muscle cells) to cardiac specific troponins. One used to be
able to use the different clearance time of CK-MB (3-4 days_ from
troponins (8-10 days) to diagnose recurrent infarction in patients who
developed chest pain in the immediate post-MI period. Now, most
cardiologists look for an increase in troponin of >20% to diagnose reinfarction in the week post-MI.
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Treatment in ACS
o Unstable angina / non-STEMI
 Conservative management of UA/NSTEMI versus an invasive approach is
usually decided by assessing a patient’s risk for severe underlying CAD.
 A commonly used tool is the TIMI score (for thrombolysis in myocardial
infarction). This uses 7 variables such as patient age (older is worse),
troponin levels, risk factor for atherosclerosis and previous cardiac events.
 Low risk:
1. Anti-ischemia drugs: β-blockers, nitrates, calcium channel blockers
2. Anti-thrombotic drugs: anti-platelet (aspirin + clopidogrel, abciximab)
and anti-factor (LMW heparin)
 High risk: same as STEMI
o STEMI
 Revascularization:
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Percutaneous cardiac intervention (PCI) is the optimal treatment for
STEMI within 90 minutes of onset. It consists of catheterization of the
coronary arteries which confirms CAD, followed by balloon dilation and
stenting. One understated strength of PCI is that 10-15% of patients are
found to have a diagnosis other than STEMI.
Fibrinolytic therapy accelerates the lysis of the occlusive thrombus.
Recombinant tissue plasminogen activators (e.g. alteplase, reteplase)
activate plasmin which degrades cross-linked fibrin into fibrin degradation
products (FDPs), the smallest of which is D-dimer. The best results come
when tPAs are given within 2 hours of infarction. They have a 70-80%
success rate in restoring blood flow.
Anti-thrombosis:
• Anti-platelet drugs: aspirin and a second drug are given (e.g. clopidogrel,
abciximab)
• Anti-factor drugs: heparin (unfractionated or low molecular weight) is
used.
Adjunctive:
• ACE Inhibitors: not only have anti-homeostatic effects (e.g.
↓ATII/vasoconstriction, ↓aldosterone/preload) but also inhibit
remodeling.
• Statins (HMG CoA reductase inhibitors) not only lower cholesterol levels
but also improve endothelial dysfunction (vasoconstriction, thrombosis).
• Warfarin (Vitamin K inhibition) prevents mural thrombus formation and
its left-sided embolism.
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Do You Know It?
Heart: Ischemia: Acute Coronary Syndromes
-

What the 2 basic types of plaque in atherosclerosis and how are their clinical
presentations different?

-

Describe the pathophysiology of acute coronary syndrome

-

Complete the table

ACS
Unstable
angina
Non-STEMI
(NSTEMI)
STEMI

-

9

Degree of
stenosis

LV wall
affected

Myocyte
necrosis

EKG

cTroponin

Natural history of acute myocardial infarction. Complete in the table.
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-

Describe vasospastic angina

-

Describe the presentation of ACS

-

Describe the EKG and markers of necrosis in ACS

-

If a patient had new onset of chest pain one week post-STEMI, how could re-infarction be
diagnosed?

-

Describe the treatment of NSTEMI

-

Describe the treatment of STEMI
o What is meant by “adjunctive” therapy
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