1600 describe it are heavy, squeezing, and crushing, although, occasionally,
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it is described as stabbing or burning (Chap. 19). It is similar in character to the discomfort of angina pectoris (Chap. 293) but commonly
occurs at rest, is usually more severe, and lasts longer. Typically, the
pain involves the central portion of the chest and/or the epigastrium,
and, on occasion, it radiates to the arms. Less common sites of radiation include the abdomen, back, lower jaw, and neck. The frequent
location of the pain beneath the xiphoid and epigastrium and the
patients’ denial that they may be suffering a heart attack are chiefly
responsible for the common mistaken impression of indigestion. The
pain of STEMI may radiate as high as the occipital area but not below
the umbilicus. It is often accompanied by weakness, sweating, nausea,
vomiting, anxiety, and a sense of impending doom. The pain may
commence when the patient is at rest, but when it begins during a
period of exertion, it does not usually subside with cessation of activity,
in contrast to angina pectoris.
The pain of STEMI can simulate pain from acute pericarditis (Chap.
288), pulmonary embolism (Chap. 300), acute aortic dissection (Chap.
301), costochondritis, and gastrointestinal disorders. These conditions
should therefore be considered in the differential diagnosis. Radiation
of discomfort to the trapezius is not seen in patients with STEMI and
may be a useful distinguishing feature that suggests pericarditis is the
correct diagnosis. However, pain is not uniformly present in patients
with STEMI. The proportion of painless STEMIs is greater in patients
with diabetes mellitus, and it increases with age. In the elderly, STEMI
may present as sudden-onset breathlessness, which may progress to
pulmonary edema. Other less common presentations, with or without pain, include sudden loss of consciousness, a confusional state,
a sensation of profound weakness, the appearance of an arrhythmia,
evidence of peripheral embolism, or merely an unexplained drop in
arterial pressure.
PHYSICAL FINDINGS
Most patients are anxious and restless, attempting unsuccessfully to
relieve the pain by moving about in bed, altering their position, and
stretching. Pallor associated with perspiration and coolness of the
extremities occurs commonly. The combination of substernal chest
pain persisting for >30 min and diaphoresis strongly suggests STEMI.
Although many patients have a normal pulse rate and blood pressure
within the first hour of STEMI, about one-fourth of patients with
anterior infarction have manifestations of sympathetic nervous system
hyperactivity (tachycardia and/or hypertension), and up to one-half
with inferior infarction show evidence of parasympathetic hyperactivity (bradycardia and/or hypotension).
The precordium is usually quiet, and the apical impulse may be difficult to palpate. In patients with anterior wall infarction, an abnormal
systolic pulsation caused by dyskinetic bulging of infarcted myocardium may develop in the periapical area within the first days of the illness and then may resolve. Other physical signs of ventricular dysfunction include fourth and third heart sounds, decreased intensity of the
first heart sound, and paradoxical splitting of the second heart sound
(Chap. 267). A transient midsystolic or late systolic apical systolic
murmur due to dysfunction of the mitral valve apparatus may be present. A pericardial friction rub may be heard in patients with transmural
STEMI at some time in the course of the disease, if they are examined
frequently. The carotid pulse is often decreased in volume, reflecting
reduced stroke volume. Temperature elevations up to 38°C may be
observed during the first week after STEMI. The arterial pressure is
variable; in most patients with transmural infarction, systolic pressure
declines by approximately 10–15 mmHg from the preinfarction state.

LABORATORY FINDINGS
STEMI progresses through the following temporal stages: (1) acute
(first few hours–7 days), (2) healing (7–28 days), and (3) healed (≥29
days). When evaluating the results of diagnostic tests for STEMI, the
temporal phase of the infarction must be considered. The laboratory
tests of value in confirming the diagnosis may be divided into four
groups: (1) ECG, (2) serum cardiac biomarkers, (3) cardiac imaging,
and (4) nonspecific indices of tissue necrosis and inflammation.
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ELECTROCARDIOGRAM
The electrocardiographic manifestations of STEMI are described in
Chap. 268. During the initial stage, total occlusion of an epicardial
coronary artery produces ST-segment elevation. Most patients initially
presenting with ST-segment elevation ultimately evolve Q waves on
the ECG. However, Q waves in the leads overlying the infarct zone
may vary in magnitude and even appear only transiently, depending
on the reperfusion status of the ischemic myocardium and restoration of transmembrane potentials over time. A small proportion of
patients initially presenting with ST-segment elevation will not develop
Q waves when the obstructing thrombus is not totally occlusive,
obstruction is transient, or if a rich collateral network is present.
Among patients presenting with ischemic discomfort but without
ST-segment elevation, if a serum cardiac biomarker of necrosis (see
below) is detected, the diagnosis of NSTEMI is ultimately made
(Fig. 295-1). A minority of patients who present initially without
ST-segment elevation may develop a Q-wave MI. Previously, it was
believed that transmural myocardial infarction (MI) is present if the
ECG demonstrates Q waves or loss of R waves, and nontransmural
MI may be present if the ECG shows only transient ST-segment and
T-wave changes. However, electrocardiographic-pathologic correlations are far from perfect and terms such as Q-wave MI, non-Q-wave
MI, transmural MI, and nontransmural MI, have been replaced by
STEMI and NSTEMI (Fig. 295-1). Contemporary studies using magnetic resonance imaging (MRI) suggest that the development of a Q
wave on the ECG is more dependent on the volume of infarcted tissue
rather than the transmurality of infarction.
SERUM CARDIAC BIOMARKERS
Certain proteins, called serum cardiac biomarkers, are released from
necrotic heart muscle after STEMI. The rate of liberation of specific proteins differs depending on their intracellular location, their
molecular weight, and the local blood and lymphatic flow. Cardiac
biomarkers become detectable in the peripheral blood once the capacity of the cardiac lymphatics to clear the interstitium of the infarct
zone is exceeded and spillover into the venous circulation occurs. The
temporal pattern of protein release is of diagnostic importance. The
criteria for AMI require a rise and/or fall in cardiac biomarker values
with at least one value above the 99th percentile of the upper reference
limit for normal individuals
Cardiac-specific troponin T (cTnT) and cardiac-specific troponin I
(cTnI) have amino-acid sequences different from those of the skeletal
muscle forms of these proteins. These differences permitted the development of quantitative assays for cTnT and cTnI with highly specific
monoclonal antibodies. Since cTnT and cTnI are not normally detectable in the blood of healthy individuals but may increase after STEMI
to levels many times higher than the upper reference limit (the highest
value seen in 99% of a reference population not suffering from MI), the
measurement of cTnT or cTnI is of considerable diagnostic usefulness,
and they are now the preferred biochemical markers for MI (Fig. 295-2).
With improvements in the assays for the cardiac-specific troponins, it
is now possible to detect concentrations <1 ng/L in patients without
ischemic-type chest discomfort. The cardiac troponins are particularly valuable when there is clinical suspicion of either skeletal muscle
injury or a small MI that may be below the detection limit for creatine
phosphokinase (CK) and its MB isoenzyme (CK-MB) measurements,
and they are, therefore, of particular value in distinguishing UA from
NSTEMI. In practical terms, the high-sensitivity troponin assays are
of less immediate value in patients with STEMI. Contemporary urgent
reperfusion strategies necessitate making a decision (based largely on a
combination of clinical and ECG findings) before the results of blood
tests have returned from the laboratory. Levels of cTnI and cTnT may
remain elevated for 7–10 days after STEMI.
CK rises within 4–8 h and generally returns to normal by 48–72 h
(Fig. 295-2). An important drawback of total CK measurement is its
lack of specificity for STEMI, as CK may be elevated with skeletal
muscle disease or trauma, including intramuscular injection. The MB
isoenzyme of CK has the advantage over total CK that it is not present in significant concentrations in extracardiac tissue and, therefore,
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