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cute myocardial infarction resulting from an occlusive

 

thrombus is recognized on an electrocardiogram by ST-segment elevation.

 

1

 

Early reperfusion therapy has proved beneficial in such infarctions.

 

2-4

 

 The
earlier the reperfusion, the greater the benefit, and the time to treatment is now consid-
ered to indicate the quality of care. These days, when thrombolytic treatment and per-
cutaneous intervention are carried out so readily, it is important to remember that acute
infarction is not the only cause of ST-segment elevation. The purpose of this review is
to describe other conditions that mimic infarction and emphasize the electrocardio-
graphic clues that can be used to differentiate them from true infarction.

The level of the ST segment should be measured in relation to the end of the PR seg-
ment, not the TP segment.

 

5

 

 In this way, ST-segment deviation can still be detected ac-
curately, even if the TP segment is not present because the P wave is superimposed on
the T wave during sinus tachycardia or if the PR segment is depressed or there is a
prominent atrial repolarization (Ta) wave.

Tracing 1 in Figure 1 is an example of normal ST-segment elevation. In a study of
6014 healthy men in the U.S. Air Force who were 16 to 58 years old, 91 percent had ST-
segment elevation of 1 to 3 mm in one or more precordial leads.

 

6

 

 The elevation was
most common and marked in lead V

 

2

 

. In a recent study of normal electrocardiograms
from 529 men, the prevalence of ST-segment elevation of at least 1 mm in one or more
of leads V

 

1

 

 through V

 

4

 

 was 93 percent in the men who were 17 to 24 years old.

 

7

 

 The
prevalence declined gradually with increasing age, reaching 30 percent in men who
were 76 years of age or older. In contrast, about 20 percent of normal electrocardio-
grams from women had ST-segment elevation of 1 mm or more, and this prevalence
remained unchanged regardless of the women’s ages.

Since the majority of men have ST elevation of 1 mm or more in precordial leads, it
is a normal finding, not a normal variant, and is designated as a male pattern; ST eleva-
tion of less than 1 mm is designated as a female pattern.

 

7

 

 In these patterns, the ST seg-
ment is concave. The deeper the S wave, the greater the ST-segment elevation — a rela-
tion that is often observed in patients with left ventricular hypertrophy (Fig. 2, tracing
1). Since the QRS vector loop is swung posteriorly in these patients, often resulting in a
QS pattern in leads V

 

1

 

 through V

 

3

 

, ST-segment elevation in these leads can be deceiv-
ing. In fact, left ventricular hypertrophy is one of the conditions that is most frequently
mistaken for acute infarction. However, the elevated ST segment is concave in a patient
with uncomplicated left ventricular hypertrophy as compared with convex in a patient
with acute concomitant myocardial infarction.

In some healthy young people, especially in black men, the ST segment is elevated by
1 to 4 mm in the midprecordial leads as a normal variant. This pattern is commonly re-

a

normal st-segment elevation and normal variants
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ferred to as early repolarization,

 

8

 

 even though clini-
cal studies have failed to demonstrate an earlier-
than-normal onset of ventricular recovery.

 

9

 

 Tracing
2 in Figure 1 is an example of the early-repolariza-
tion pattern. In most instances of early repolariza-
tion, the ST-segment elevation is most marked in V

 

4

 

,
there is a notch at the J point (the junction between
the QRS complex and the ST segment), and the ST
segment is concave. The T waves are tall and are not
inverted. Early repolarization of atrial tissue is also
present, resulting in PR-segment depression. How-
ever, the PR-segment depression is not as marked
as that in patients with acute pericarditis.

 

10

 

 If this
early-repolarization pattern involves limb leads, the
ST segment is more elevated in lead II than in lead III
and there is reciprocal ST segment depression in
lead aVR but not in aVL, whereas in most patients
with inferior infarctions, the ST segment is more el-

evated in lead III than in lead II and there is recipro-
cal ST-segment depression in lead aVL.

In some young black men, the ST segment is
elevated in the midprecordial leads in combination
with a T-wave inversion

 

11,12

 

 as a normal variant
(Fig. 1, tracing 3). This entity may be the combina-
tion of an early-repolarization pattern and a persis-
tent juvenile T-wave pattern. Often, the findings are
so suggestive of acute myocardial infarction that an
echocardiogram is necessary to differentiate them,
especially if one is not aware of this normal variant.
In most cases of this normal variant, the QT interval
is short, whereas it is not short in acute infarction
or pericarditis. This normal variant differs from the
early-repolarization pattern in that the T waves are
inverted and the ST segment tends to be coved.

Thus, normally, in the precordial leads there can
be no ST-segment elevation (or an elevation of less

 

Figure 1. Electrocardiograms Showing Normal ST-Segment Elevation and Normal Variants.

 

Tracing 1 shows normal ST-segment elevation. Approximately 90 percent of healthy young men have ST-segment eleva-
tion of 1 to 3 mm in one or more precordial leads. The ST segment is concave. Tracing 2 shows the early-repolarization 
pattern, with a notch at the J point in V

 

4

 

. The ST segment is concave, and the T waves are relatively tall. Tracing 3 shows 
a normal variant that is characterized by terminal T-wave inversion. The QT interval tends to be short, and the ST seg-
ment is coved.

Lead

V1 V2 V3 V4 V5 V6

Tracing 1

Tracing 2

Tracing 3
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than 1 mm, which is the female pattern) or there can
be normal ST-segment elevation (1 mm or more, the
male pattern), an early-repolarization pattern as a
normal variant, or ST elevation of the normal vari-
ant. The electrocardiographic features are distinct
(Fig. 1), even though some overlapping occurs.
These ST-segment elevations meet the criterion for
thrombolytic therapy according to the guidelines
of the American College of Cardiology–American
Heart Association

 

13

 

: “ST elevation greater than
0.1 mV in two or more contiguous leads.” Since

this criterion can be misleading, the Clinical Poli-
cies Subcommittee of the American College of
Emergency Physicians added the qualifier “ST-seg-
ment elevations . . . that are not characteristic of
early repolarization or pericarditis, nor of a repolar-
ization abnormality from LVH [left ventricular hy-
pertrophy] or BBB [bundle-branch block].”

 

14

 

 Even
this guideline does not address the normal ST-seg-
ment elevation in the right precordial leads that is
present in many healthy persons.

 

Figure 2. Electrocardiograms Showing ST-Segment Elevation in Various Conditions.

 

Tracing 1 is from a patient with left ventricular hypertrophy, and tracing 2 is from a patient with left bundle-branch block. 
Tracing 3, from a patient with acute pericarditis, is the only tracing with ST-segment elevation in both precordial leads 
and lead II and PR-segment depression. Tracing 4 shows a pseudoinfarction pattern in a patient with hyperkalemia. The 
T wave in V

 

3

 

 is tall, narrow, pointed, and tented. Tracing 5 is from a patient with acute anteroseptal infarction. The dis-
tinctive features of tracing 6, from a patient with acute anteroseptal infarction and right bundle-branch block, include the 
remaining R' wave and the distinct transition between the downstroke of R' and the beginning of the ST segment. Trac-
ing 7, from a patient with the Brugada syndrome, shows rSR' and ST-segment elevation limited to V

 

1

 

 and V

 

2

 

. The ST seg-
ment begins from the top of the R' and is downsloping.

Tracing

1

Lead V1

Lead V2

Lead V3

Lead II
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Making the diagnosis of acute infarction in the
presence of left bundle-branch block can be prob-
lematic, since the ST segment is either elevated or
depressed secondarily, simulating or masking an
infarction pattern. These secondary ST–T changes
are shifted to the opposite direction from the major
component of the QRS complex (i.e., discordant).
When these changes are concordant, they are spe-
cific for acute myocardial infarction.

 

15,16

 

 However,
in left bundle-branch block, the QRS complexes
are mostly negative in leads V

 

1

 

 to V

 

3

 

, and the ST-seg-
ment elevation from an anteroseptal infarction can-
not be manifested as a concordant ST-segment shift.
At times, replacement of the secondary concave ST
segment with a convex ST segment may indicate
an associated anteroseptal infarct. Another criteri-
on that has been proposed for recognizing an asso-
ciated anteroseptal infarct is ST-segment elevation
of 5 mm or more.

 

16

 

 However, tracing 2 in Figure 2 is
from a patient who did not have an acute infarc-
tion, yet there is an ST-segment elevation of 8 mm
in V

 

2

 

, demonstrating that the proposed criterion is
not reliable. Madias et al. found that 6 percent of
128 patients with left bundle-branch block had ST-
segment elevation of at least 5 mm in one or more of
leads V

 

1

 

 through V

 

3

 

 in the absence of infarction.

 

17

 

In patients with acute pericarditis, the ST segment is
elevated diffusely in the precordial leads as well as in
the limb leads, indicating involvement of more than
one coronary vascular territory, which rarely hap-
pens in acute myocardial infarction (Fig. 2, tracing
3). In addition, the PR segment is depressed, and
such depression is the atrial counterpart of ST-seg-
ment elevation. Diffuse pericarditis involves not
only the subepicardial layer of the ventricular wall,
which is responsible for the ST-segment elevation,
but also the subepicardial layer of the atrial wall,
which causes an atrial injury pattern. Depression of
the PR segment, however, is not specific for acute
pericarditis, since early repolarization or atrial in-
farction can also cause the depression. In patients
with diffuse pericarditis, the ST-segment axis is of-
ten close to 45 degrees in the frontal plane,

 

18

 

 which
falls into the positive zone of both leads III and aVL,
and the ST segment is elevated in both these leads
and is also more elevated in lead II than in lead III.

In patients with acute inferior infarction, which is
most often due to occlusion of the right coronary
artery, the ST-segment axis is close to the axis of
lead III,

 

19-21

 

 which is opposite the axis of lead aVL;
therefore, the ST-segment elevation in lead III is al-
ways associated with reciprocal ST-segment de-
pression in leads aVL and I. In addition, the ST seg-
ment is more elevated in lead III than in lead II. In
acute inferior infarction due to occlusion of the cir-
cumflex coronary artery, which accounts for about
20 percent of acute inferior infarctions, the axis of
the ST segment is often close to that of aVF.

 

21

 

 Ac-
cordingly, the ST segment is elevated to a similar
degree in leads II and III, is equally depressed in
leads aVR and aVL, and is not depressed in lead I.
These rules are more reliable if the vessel is occluded
proximally as opposed to distally. In high lateral in-
farction, the axis of the ST segment is close to that
of aVL,

 

19

 

 which is opposite the axis of lead III; the
ST segment is elevated in aVL and is always recip-
rocally depressed in lead III. Thus, the ST-segment
elevation in patients with infarction behaves recip-
rocally between leads III and aVL, whereas the ST-
segment elevation in patients with acute pericarditis
or early repolarization does not result in ST depres-
sion in aVL, though there is reciprocal depression
in aVR. When pericarditis is localized, this rule does
not apply. The ST-segment elevation in patients with
pericarditis seldom exceeds 5 mm, whereas it may
in patients with acute infarction. Also, in acute in-
farction, the PR segment is not depressed unless
pericarditis supervenes or the atrial wall is also in-
farcted. Pericardial friction rub does not always
indicate primary acute pericarditis, since it often
accompanies a large, transmural acute myocardial
infarction.

Acute myocarditis can cause diffuse ST-segment
elevation, as does acute pericarditis. Furthermore,
at times the prominent ST-segment elevation of
acute myocarditis can simulate acute myocardial
infarction.

 

22

 

Hyperkalemia as a cause of ST-segment elevation is
well recognized. In 1956, Levine et al. reported four
cases of ST-segment elevation due to hyperkalemia
resembling acute myocardial infarction or pericardi-
tis, and they coined the term “dialyzable currents of
injury.”

 

23

 

 Other electrocardiographic features of hy-
perkalemia that are often, but not always, present
are widened QRS complexes; tall, pointed, and tent-

left bundle-branch block

acute pericarditis

and myocarditis

hyperkalemia
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ed T waves; and low-amplitude or no P waves (Fig.
2, tracing 4). Even though the pseudoinfarction
pattern of hyperkalemia is well known, the ST-seg-
ment elevation is so striking at times that one can-
not help agonizing over the possibility of coexistent
acute infarction. In patients with hyperkalemia, the
elevated ST segment is often downsloping, a finding
that is somewhat unusual in acute myocardial in-
farction, which is more likely to be characterized by
an ST segment that has a plateau or a shoulder or is
upsloping (Fig. 2, tracing 5). An echocardiogram
can be extremely useful in this situation.

In 1992, Brugada and Brugada described eight pa-
tients with a history of cardiac arrest and electrocar-
diographic findings of right bundle-branch block
and ST-segment elevation in the right precordial
leads in the absence of long QT intervals and any
structural heart disease.

 

24

 

 The disorder, known as
the Brugada syndrome, accounts for 40 to 60 per-
cent of all cases of idiopathic ventricular fibrilla-
tion.

 

25

 

 The syndrome has been linked to mutations
in the cardiac sodium-channel gene,

 

25

 

 which re-

sult in a depression or a loss of the action-potential
dome in the right ventricular epicardium but not in
the endocardium, creating a transmural voltage gra-
dient that is responsible for the ST-segment eleva-
tion in the right precordial leads and the genesis of
ventricular fibrillation.

 

26-28

 

 The Brugada syndrome
is characterized by electrocardiographic abnormal-
ities, and diagnostic criteria have been proposed.

 

29

 

In some patients, complete or incomplete right
bundle-branch block is present. In others, the high-
takeoff ST segment mimics the pattern of right bun-
dle-branch block, but the wide S waves in leads I,
aVL, and V

 

6

 

 that are typically seen in right bundle-
branch block are missing. The ST-segment eleva-
tion is primarily limited to leads V

 

1

 

 and V

 

2

 

 and can
have a saddleback shape, but in typical cases the
ST segment begins from the top of the R' wave, is
downsloping, and ends with an inverted T wave
(Fig. 2, tracing 7). This pattern is so distinctive that
it should not be mistaken for acute infarction. In
anteroseptal infarction complicated by right bun-
dle-branch block, the downstroke of the R' wave
and the beginning of the ST segment have a dis-
tinct transition, and the ST segment is horizontal
or upsloping, not downsloping (Fig. 2, tracing 6).
The ST-segment elevation in the Brugada syndrome
may be present continuously or intermittently. So-

the brugada syndrome

and arrhythmogenic right

ventricular cardiomyopathy

 

Figure 3. Electrocardiograms from a Patient with Massive Pulmonary Embolism Who Had a Normal Coronary Angio-
gram (Tracing 1) and a Patient with Transient ST-Segment Elevation Immediately after Direct-Current (DC) Countershock 
to the Precordium (Tracing 2).

Tracing 1

Tracing 2

V1 V2 V3 V4 V5 V6

DC shock

MCL1
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dium-channel blockers such as ajmaline, flecainide,
procainamide, and cocaine can unmask or induce
this electrocardiographic pattern.

 

30,31

 

An electrocardiographic pattern similar to that
of the Brugada syndrome has been observed in
some patients with arrhythmogenic right ventricu-
lar cardiomyopathy,

 

32,33

 

 another condition associ-
ated with ventricular arrhythmias and sudden death.
It may be difficult to distinguish this condition from
the Brugada syndrome, since the replacement of the
right ventricular myocardium with fibrofatty tissue,
which is the hallmark of arrhythmogenic right ven-
tricular cardiomyopathy, may be detected only at
autopsy.

 

29,32,33

 

 A similar electrocardiographic pat-
tern has been observed in pulmonary embolism

 

34

 

and hyperkalemia.

 

23

 

 Tarin et al. reported a case in
which an electrocardiographic pattern like that of
the Brugada syndrome was due to compression of
the right ventricular outflow tract by a mediastinal
tumor; the electrocardiographic findings became
normal after removal of the tumor.

 

35

 

The electrocardiographic features of pulmonary
embolism include T-wave inversion in the right pre-
cordial leads; simultaneous T-wave inversion, ST-
segment elevation, or both in the anteroseptal and
inferior leads; an S

 

1

 

Q

 

3

 

T

 

3

 

 pattern; complete or in-
complete right bundle-branch block; and sinus
tachycardia.

 

34,36,37

 

 Tracing 1 in Figure 3 is from a
patient with massive pulmonary embolism. The
electrocardiographic findings were strongly sug-
gestive of acute anterior infarction; a coronary an-
giogram, however, was normal. The electrocardio-
graphic findings may have reflected right ventricular
overload, dilation, or ischemia. Thus, a pseudoin-
farction pattern can be a manifestation of pulmo-
nary embolism.

 

34,38

 

The ST segment can be elevated transiently after di-
rect-current countershock to the precordium (Fig. 3,
tracing 2). Van Gelder et al. reported that 23 of 146
patients with atrial fibrillation or flutter (16 percent)
had ST-segment elevation of 5 mm or more after
undergoing transthoracic cardioversion.

 

39

 

 The ST
segment normalized within a mean of 1.5 minutes
(range, 10 seconds to 3 minutes). No clinical or en-
zyme evidence of myocardial injury was noted. Pa-
tients with ST-segment elevation had a lower con-

version rate than did those without elevation (48
percent vs. 76 percent) and were less likely to remain
in sinus rhythm (35 percent vs. 59 percent). Kok
et al. observed that transient ST-segment elevation
occurred in 20 of 130 patients (15.4 percent) who
were treated with transthoracic electrical counter-
shock for ventricular tachyarrhythmias that were
induced during electrophysiological study.

 

40

 

 None
of these patients had clinical evidence of an acute
coronary event. The patients with ST-segment ele-

pulmonary embolism

transthoracic cardioversion

 

Table 1. ST-Segment Elevation in Normal Circumstances and in Various 
Conditions.

Condition Features

 

Normal (so-called male pattern) Seen in approximately 90 percent of healthy 
young men; therefore, normal

Elevation of 1–3 mm
Most marked in V

 

2

 

Concave

Early repolarization Most marked in V

 

4

 

, with notching at J point
Tall, upright T waves
Reciprocal ST depression in aVR, not in 

aVL, when limb leads are involved

ST elevation of normal variant Seen in V

 

3

 

 through V

 

5

 

 with inverted T waves
Short QT, high QRS voltage

Left ventricular hypertrophy Concave
Other features of left ventricular 

hypertrophy

Left bundle-branch block Concave
ST-segment deviation discordant from the 

QRS

Acute pericarditis Diffuse ST-segment elevation
Reciprocal ST-segment depression in aVR, 

not in aVL
Elevation seldom >5 mm
PR-segment depression

Hyperkalemia Other features of hyperkalemia present:
Widened QRS and tall, peaked, tented 

T waves
Low-amplitude or absent P waves
ST segment usually downsloping

Brugada syndrome rSR' in V

 

1

 

 and V

 

2

 

ST-segment elevation in V

 

1

 

 and V

 

2

 

, typically 
downsloping

Pulmonary embolism Changes simulating myocardial infarction 
seen often in both inferior and antero-
septal leads

Cardioversion Striking ST-segment elevation, often
>10 mm, but lasting only a minute or 
two immediately after direct-current 
shock

Prinzmetal’s angina Same as ST-segment elevation in 
infarction, but transient

Acute myocardial infarction ST segment with a plateau or shoulder or 
upsloping

Reciprocal behavior between aVL and III
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vation had a lower left ventricular ejection fraction
than did those without elevation (27 percent vs. 35
percent). The mechanism of this ST-segment ele-
vation is not clear.

When an epicardial artery is completely “pinched
off” as a result of spasm, the ST segment becomes
elevated in the leads facing the affected area, reflect-
ing transmural ischemia. In this condition, called
Prinzmetal’s angina,

 

41-43

 

 the spasm is usually brief
and the ST segment returns to normal, with no re-
sultant myocardial damage. The ST-segment eleva-
tions in Prinzmetal’s angina and in acute infarction
are indistinguishable, since they reflect the same
pathophysiological process: transmural ischemia
from occlusion of an epicardial artery by transient
spasm in the first condition and by persistent throm-
bus in the second. If the spasm lasts long enough,
infarction results.

Although many conditions affect the ST segment, it
can respond in only two ways: it can become either
elevated or depressed. There are several causes of
ST-segment elevation besides acute myocardial in-
farction. Of patients with chest pain and ST-segment
elevation, 171 of 202 patients (85 percent) in one
study

 

44

 

 and 63 of 123 (51 percent) in another study

 

45

 

had diagnoses other than infarction; the most com-

mon causes of ST-segment elevation were left ven-
tricular hypertrophy, left bundle-branch block, early
repolarization, and ventricular aneurysm. Some of
these conditions can be misdiagnosed as acute in-
farction,

 

46-48

 

 resulting in unwarranted thrombolyt-
ic therapy or emergency angiography. In two studies
of consecutive patients treated with thrombolytic
agents, 10 of 93 patients (11 percent) in one study

 

49

 

and 35 of 609 (5.7 percent) in the other study

 

50

 

 did
not have infarction. Left ventricular hypertrophy,
early repolarization, conduction defect, and ventric-
ular aneurysm (old infarction with persistent ST-
segment elevation) were the most common causes
of ST-segment elevation in these patients. Many
times, the shape of the ST-segment elevation, the
leads involved, other features of the electrocardio-
gram, the clinical setting in which the elevation oc-
curs, and most important, awareness of the condi-
tions that mimic infarction can help differentiate
the conditions. In addition, echocardiography can
sometimes be useful.

In patients with acute myocardial infarction and
ST-segment elevation, the earlier reperfusion thera-
py is provided, the greater the benefit.

 

51

 

 Since “time
is myocardium,”

 

52

 

 it is important to make the diag-
nosis as quickly as possible. It is equally important,
however, not to confuse other causes of ST-segment
elevation with acute myocardial infarction. The first
step in the right direction is to be aware of such en-
tities and to become familiar with the electrocardio-
graphic features that distinguish them from infarc-
tion, as summarized in Table 1.

prinzmetal’s  angina
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