1582 and/or fourth heart sound, a dyskinetic cardiac apex, mitral regur-

gitation, and even pulmonary edema. Tenderness of the chest wall,
localization of the discomfort with a single fingertip on the chest, or
reproduction of the pain with palpation of the chest makes it unlikely
that the pain is caused by myocardial ischemia. A protuberant abdomen may indicate that the patient has the metabolic syndrome and is
at increased risk for atherosclerosis.

PART 10
Disorders of the Cardiovascular System

LABORATORY EXAMINATION
Although the diagnosis of IHD can be made with a high degree of
confidence from the history and physical examination, a number of
simple laboratory tests can be helpful. The urine should be examined
for evidence of diabetes mellitus and renal disease (including microalbuminuria) since these conditions accelerate atherosclerosis. Similarly,
examination of the blood should include measurements of lipids
(cholesterol—total, LDL, HDL—and triglycerides), glucose (hemoglobin
A1C), creatinine, hematocrit, and, if indicated based on the physical
examination, thyroid function. A chest x-ray is important as it may
show the consequences of IHD, i.e., cardiac enlargement, ventricular
aneurysm, or signs of heart failure. These signs can support the diagnosis of IHD and are important in assessing the degree of cardiac damage. Evidence exists that an elevated level of high-sensitivity C-reactive
protein (CRP) (specifically, between 0 and 3 mg/dL) is an independent
risk factor for IHD and may be useful in therapeutic decision making
about the initiation of hypolipidemic treatment. The major benefit of
high-sensitivity CRP is in reclassifying the risk of IHD in patients in
the “intermediate” risk category on the basis of traditional risk factors.
ELECTROCARDIOGRAM
A 12-lead ECG recorded at rest may be normal in patients with typical angina pectoris, but there may also be signs of an old myocardial
infarction (Chap. 268). Although repolarization abnormalities, i.e.,
ST-segment and T-wave changes, as well as left ventricular hypertrophy and disturbances of cardiac rhythm or intraventricular conduction are suggestive of IHD, they are nonspecific, since they also can
occur in pericardial, myocardial, and valvular heart disease or, in the
case of the former, transiently with anxiety, changes in posture, drugs,
or esophageal disease. The presence of left ventricular hypertrophy
(LVH) is a significant indication of increased risk of adverse outcomes
from IHD. Of note, even though LVH and cardiac rhythm disturbances are nonspecific indicators of the development of IHD, they may
be contributing factors to episodes of angina in patients in whom IHD
has developed as a consequence of conventional risk factors. Dynamic
ST-segment and T-wave changes that accompany episodes of angina
pectoris and disappear thereafter are more specific.
STRESS TESTING
Electrocardiographic The most widely used test for both the diagnosis
of IHD and the estimation of risk and prognosis involves recording the 12-lead ECG before, during, and after exercise, usually on a
treadmill (Fig. 293-2). The test consists of a standardized incremental
increase in external workload (Table 293-2) while symptoms, the
ECG, and arm blood pressure are monitored. Exercise duration is usually symptom-limited, and the test is discontinued upon evidence of
chest discomfort, severe shortness of breath, dizziness, severe fatigue,
ST-segment depression >0.2 mV (2 mm), a fall in systolic blood pressure >10 mmHg, or the development of a ventricular tachyarrhythmia.
This test is used to discover any limitation in exercise performance,
detect typical ECG signs of myocardial ischemia, and establish their
relationship to chest discomfort. The ischemic ST-segment response
generally is defined as flat or downsloping depression of the ST segment >0.1 mV below baseline (i.e., the PR segment) and lasting longer
than 0.08 s (Fig. 293-1). Upsloping or junctional ST-segment changes
are not considered characteristic of ischemia and do not constitute
a positive test. Although T-wave abnormalities, conduction disturbances, and ventricular arrhythmias that develop during exercise
should be noted, they are also not diagnostic. Negative exercise tests
in which the target heart rate (85% of maximal predicted heart rate for
age and sex) is not achieved are considered nondiagnostic.
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In interpreting ECG stress tests, the probability that coronary artery
disease (CAD) exists in the patient or population under study (i.e., pretest probability) should be considered. Overall, false-positive or falsenegative results occur in one-third of cases. However, a positive result
on exercise indicates that the likelihood of CAD is 98% in males who
are >50 years with a history of typical angina pectoris and who develop
chest discomfort during the test. The likelihood decreases if the patient
has atypical or no chest pain by history and/or during the test.
The incidence of false-positive tests is significantly increased in
patients with low probabilities of IHD, such as asymptomatic men
age <40 or premenopausal women with no risk factors for premature
atherosclerosis. It is also increased in patients taking cardioactive
drugs, such as digitalis and antiarrhythmic agents, and in those with
intraventricular conduction disturbances, resting ST-segment and
T-wave abnormalities, ventricular hypertrophy, or abnormal serum
potassium levels. Obstructive disease limited to the circumflex coronary artery may result in a false-negative stress test since the lateral
portion of the heart that this vessel supplies is not well represented on
the surface 12-lead ECG. Since the overall sensitivity of exercise stress
electrocardiography is only ∼75%, a negative result does not exclude
CAD, although it makes the likelihood of three-vessel or left main
CAD extremely unlikely.
A medical professional should be present throughout the exercise
test. It is important to measure total duration of exercise, the times to
the onset of ischemic ST-segment change and chest discomfort, the
external work performed (generally expressed as the stage of exercise),
and the internal cardiac work performed, i.e., by the heart rate–blood
pressure product. The depth of the ST-segment depression and the
time needed for recovery of these ECG changes are also important.
Because the risks of exercise testing are small but real—estimated at one
fatality and two nonfatal complications per 10,000 tests—equipment for
resuscitation should be available. Modified (heart rate–limited rather
than symptom-limited) exercise tests can be performed safely in
patients as early as 6 days after uncomplicated myocardial infarction
(Table 293-2). Contraindications to exercise stress testing include rest
angina within 48 h, unstable rhythm, severe aortic stenosis, acute myocarditis, uncontrolled heart failure, severe pulmonary hypertension,
and active infective endocarditis.
The normal response to graded exercise includes progressive
increases in heart rate and blood pressure. Failure of the blood pressure to increase or an actual decrease with signs of ischemia during
the test is an important adverse prognostic sign, since it may reflect
ischemia-induced global left ventricular dysfunction. The development of angina and/or severe (>0.2 mV) ST-segment depression at a
low workload, i.e., before completion of stage II of the Bruce protocol,
and/or ST-segment depression that persists >5 min after the termination of exercise increases the specificity of the test and suggests severe
IHD and a high risk of future adverse events.
Cardiac Imaging (See also Chap. 270e) When the resting ECG is
abnormal (e.g., preexcitation syndrome, >1 mm of resting ST-segment
depression, left bundle branch block, paced ventricular rhythm), information gained from an exercise test can be enhanced by stress myocardial radionuclide perfusion imaging after the intravenous administration of thallium-201 or 99m-technetium sestamibi during exercise (or
with pharmacologic) stress. Contemporary data also suggest positron
emission tomography (PET) imaging (with exercise or pharmacologic stress) using N-13 ammonia or rubidium-82 nuclide as another
technique for assessing perfusion. Images obtained immediately after
cessation of exercise to detect regional ischemia are compared with
those obtained at rest to confirm reversible ischemia and regions of
persistently absent uptake that signify infarction.
A sizable fraction of patients who need noninvasive stress testing
to identify myocardial ischemia and increased risk of coronary events
cannot exercise because of peripheral vascular or musculoskeletal disease, exertional dyspnea, or deconditioning. In these circumstances,
an intravenous pharmacologic challenge is used in place of exercise.
For example, dipyridamole or adenosine can be given to create
a coronary “steal” by temporarily increasing flow in nondiseased
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