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dioxide and water. With severe oxygen deprivation, fatty acids cannot 
be oxidized, and glucose is converted to lactate; intracellular pH is 
reduced, as are the myocardial stores of high-energy phosphates, i.e., 
ATP and creatine phosphate. Impaired cell membrane function leads 
to the leakage of potassium and the uptake of sodium by myocytes as 
well as an increase in cytosolic calcium. The severity and duration of 
the imbalance between myocardial oxygen supply and demand deter-
mine whether the damage is reversible (≤20 min for total occlusion in 
the absence of collaterals) or permanent, with subsequent myocardial 
necrosis (>20 min).

Ischemia also causes characteristic changes in the electrocardio-
gram (ECG) such as repolarization abnormalities, as evidenced by 
inversion of T waves and, when more severe, displacement of ST seg-
ments (Chap. 268). Transient T-wave inversion probably reflects non-
transmural, intramyocardial ischemia; transient ST-segment depres-
sion often reflects patchy subendocardial ischemia; and ST-segment 
elevation is thought to be caused by more severe transmural ischemia. 
Another important consequence of myocardial ischemia is electrical 
instability, which may lead to isolated ventricular premature beats 
or even ventricular tachycardia or ventricular fibrillation (Chap. 
277). Most patients who die suddenly from IHD do so as a result of 
ischemia-induced ventricular tachyarrhythmias (Chap. 327).

ASYMPTOMATIC VERSUS SYMPTOMATIC IHD
Although the prevalence is decreasing, postmortem studies of accident 
victims and military casualties in Western countries still show that 
coronary atherosclerosis can begin before age 20 and is present even 
among adults who were asymptomatic during life. Exercise stress tests 
in asymptomatic persons may show evidence of silent myocardial 
ischemia, i.e., exercise-induced ECG changes not accompanied by 
angina pectoris; coronary angiographic studies of such persons may 
reveal coronary artery plaques and previously unrecognized obstruc-
tions (Chap. 272). Postmortem examination of patients with such 
obstructions without a history of clinical manifestations of myocardial 
ischemia often shows macroscopic scars secondary to myocardial 
infarction in regions supplied by diseased coronary arteries, with or 
without collateral circulation. According to population studies, ∼25% 
of patients who survive acute myocardial infarction may not come to 
medical attention, and these patients have the same adverse progno-
sis as do those who present with the classic clinical picture of acute  

myocardial infarction (Chap. 295). Sudden death may be unheralded 
and is a common presenting manifestation of IHD (Chap. 327).

Patients with IHD also can present with cardiomegaly and heart 
failure secondary to ischemic damage of the left ventricular myocar-
dium that may have caused no symptoms before the development of 
heart failure; this condition is referred to as ischemic cardiomyopathy. 
In contrast to the asymptomatic phase of IHD, the symptomatic phase 
is characterized by chest discomfort due to either angina pectoris or 
acute myocardial infarction (Chap. 295). Having entered the symp-
tomatic phase, the patient may exhibit a stable or progressive course, 
revert to the asymptomatic stage, or die suddenly.

STABLE ANGINA PECTORIS

This episodic clinical syndrome is due to transient myocardial isch-
emia. Various diseases that cause myocardial ischemia and the numer-
ous forms of discomfort with which it may be confused are discussed 
in Chap. 19. Males constitute ∼70% of all patients with angina pectoris 
and an even greater proportion of those less than 50 years of age. It 
is, however, important to note that angina pectoris in women is often 
atypical in presentation (see below).

HISTORY
The typical patient with angina is a man >50 years or a woman >60 years 
of age who complains of episodes of chest discomfort, usually described 
as heaviness, pressure, squeezing, smothering, or choking and only 
rarely as frank pain. When the patient is asked to localize the sensation, 
he or she typically places a hand over the sternum, sometimes with a 
clenched fist, to indicate a squeezing, central, substernal discomfort 
(Levine’s sign). Angina is usually crescendo-decrescendo in nature, 
typically lasts 2 to 5 min, and can radiate to either shoulder and to 
both arms (especially the ulnar surfaces of the forearm and hand). 
It also can arise in or radiate to the back, interscapular region, root of 
the neck, jaw, teeth, and epigastrium. Angina is rarely localized below 
the umbilicus or above the mandible. A useful finding in assessing 
a patient with chest discomfort is the fact that myocardial ischemic 
discomfort does not radiate to the trapezius muscles; that radiation 
pattern is more typical of pericarditis.

Although episodes of angina typically are caused by exertion (e.g., 
exercise, hurrying, or sexual activity) or emotion (e.g., stress, anger, 
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Figure 293-1  Cascade of mechanisms and manifestations of ischemia. (Modified from LJ Shaw et al: J Am Coll Cardiol 54:1561, 2009. Original 
figure illustration by Rob Flewell.)
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