
EDUCATIONAL OBJECTIVE: Readers will distinguish the various causes of ST-segment depression 
and T-wave inversion

ST-segment depression and T-wave 
inversion: Classification, differential  
diagnosis, and caveats

■■ AbstrAct

Heightened awareness of the characteristic patterns of 
ST-segment depression and T-wave inversion is para-
mount to quickly identifying life-threatening disorders. 
This paper reviews how to distinguish the various causes 
of these abnormalities.

■■ Key Points

ST-T abnormalities concordant to the QRS complex sug-
gest ischemia.

Deep T-wave inversion or positive-negative biphasic T 
waves in the anterior precordial leads reflect severe left 
anterior descending coronary artery stenosis. 

Two particular patterns of ST-segment depression reflect 
ST-segment elevation myocardial infarction rather than 
non–ST-segment elevation acute coronary syndrome: 
ST-segment depression that is reciprocal to a subtle and 
sometimes overlooked ST-segment elevation, and ST-seg-
ment depression that is maximal in leads V1–V3, suggest-
ing true posterior infarction. 

T-wave inversion in the anterior precordial leads may be 
seen in cases of acute pulmonary embolism, while flat-
tened T waves with prominent U waves and ST-segment 
depression may reflect hypokalemia or digitalis therapy.

Depression of the ST segment and inversion 
of the T wave are common electrocardio-

graphic abnormalities. Knowing the various 
ischemic and nonischemic morphologic fea-
tures is critical for a timely diagnosis of high-
risk myocardial ischemia and electrolyte- or 
drug-related abnormalities. Moreover, it is 
important to recognize that true posterior in-
farction or subtle ST-segment elevation infarc-
tion may masquerade as ST-segment depression 
ischemia, and that pulmonary embolism may 
masquerade as anterior ischemia. These com-
mon electrocardiographic abnormalities are 
summarized in Table 1.

 ■ THE ST SEGMENT AND THE T WAVE: 
A PRIMER

Abnormalities of the ST segment and the T 
wave represent abnormalities of ventricular re-
polarization.
 The ST segment corresponds to the pla-
teau phase of ventricular repolarization 
(phase 2 of the action potential), while the T 
wave corresponds to the phase of rapid ven-
tricular repolarization (phase 3). ST-segment 
or T-wave changes may be secondary to ab-
normalities of depolarization, ie, pre-excita-
tion or abnormalities of QRS voltage or dura-
tion.
 On the other hand, ST-segment and T-
wave abnormalities may be unrelated to any 
QRS abnormality, in which case they are 
called primary repolarization abnormalities. 
These are caused by ischemia, pericarditis, 
myocarditis, drugs (digoxin, antiarrhythmic 
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drugs), and electrolyte abnormalities, par-
ticularly potassium abnormalities.
 ST-segment deviation is usually measured 
at its junction with the end of the QRS com-
plex, ie, the J point, and is referenced against 
the TP or PR segment.1 But some prefer to 
measure the magnitude of the ST-segment 

deviation 40 to 80 ms after the J point, when 
all myocardial fibers are expected to have 
reached the same level of membrane poten-
tial and to form an isoelectric ST segment; at 
the very onset of repolarization, small differ-
ences in membrane potential may normally 
be seen and may cause deviation of the J 

TABLE 1

differential diagnosis of st-segment depression or t-wave inversion

Secondary repolarization abnormalities     
ST segment and T wave move in the same direction, 
 discordant to QRS 

Ischemic ST-segment or T-wave abnormalitiesa

ST segment or T wave may be concordant to QRS 
ST segment and T wave may go in opposite directions  
Symmetric and pointed T-wave inversion 
Positive-negative biphasic T wave

Wellens syndrome
Symmetric and deeply inverted T waves 
  OR 
Positive-negative biphasic T wave in leads V2 and V3, occa- 
 sionally V1, V4, V5, and V6 
       PLUS 
Isoelectric or minimally elevated (< 1-mm) ST segment 
No precordial Q waves 
Prolonged QT interval 
History of chest pain in the last hours to days 
Pattern present in pain-free state 
Normal or slightly elevated cardiac serum markers

True posterior STEMI
Maximal ST-segment depression in V1–V3 
ST-segment elevation in V7–V9

ST-segment depression reciprocal to subtle ST-segment 
elevation
Subtle ST-segment elevation concomitant to a more marked 
 ST-segment depression in the reciprocal leads

Pulmonary embolism
T-wave inversion in the anterior or inferior leads, or both 
ST elevation in the anterior or inferior leads, or both 
Sinus tachycardia, rSR’ in V1–V2, right ventricular hypertrophy, 
 rightward QRS axis shift,“P pulmonale” 
Rapid regression of abnormalities on serial tracings favors  
 pulmonary embolism rather than myocardial infarction

Hypokalemia
ST-segment depression 
T-wave flattening 
Prominent U wave (with the flattened T wave, may mimic a 
 wide and notched upright T wave) 
Prolonged QTU interval

Digitalis effect
Similar to hypokalemia, except that ST-segment depression is 
 typically sagging, T-U wave separation is more distinct, and 
 QT interval is shortened

Takotsubo cardiomyopathy
ST-segment elevation in the precordial leads or more dif- 
 fusely 
Diffuse T-wave inversion 
Prolonged QT interval

Acute pericarditis
Diffusely inverted or biphasic T waves 
ST-segment elevation has often resolved at this stage

Memory inverted T waves 
Appear after pacing, transient left bundle branch block, or  
 transient tachycardia

Mild rapidly reversible T-wave abnormalities
T-wave inversion occurs with standing, with hyperventilation,  
 or after a meal

Persistent juvenile T-wave pattern
T-wave inversion in V1–V3 
Decrements between V1 and V3  
Young female (< 40 years old) 
No other electrocardiographic or clinical abnormality

Global T-wave inversion
T-wave inversion in most leads except aVR 
T wave sometimes giant (> 10 mm) 
May be seen with ischemia, intracranial processes, hypertro- 
 phic cardiomyopathy, cocaine use, pericarditis, myocarditis, 
 Takotsubo cardiomyopathy, pulmonary embolism, advanced 
 atrioventricular block

aAny one of these features suggests ischemia. ECG=electrocardiogram; LBBB=left bundle branch block; MI=myocardial infarction; PE=pulmonary embolism; 
STEMI=ST-segment elevation myocardial infarction
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(a) ST-segment depression and asymmetric 
T-wave inversion secondary to left ven-
tricular hypertrophy (left) and left bundle 
branch block (right).

(b) ST-segment depression and T-wave 
inversion concordant to QRS, suggestive of 
ischemia.

(C) ST-segment depression with an upright 
or biphasic negative-positive T wave, sug-
gestive of ischemia.

(D) Positive-negative biphasic T wave with a 
minimally elevated J point and an angle of 
60 to 90 degrees between the initial ascend-
ing portion and the descending portion of 
the T wave (Wellens-type T-wave abnormal-
ity, usually seen in precordial leads V1–V4). 
This finding is very specific for ischemia.

(e) Symmetric and pointed deep T-wave 
inversion with an isoelectric or a slightly 
up-sloping or horizontally depressed ST 
segment (isoelectric: top two panels; slightly 
up-sloping: third panel; horizontally de-
pressed: fourth panel); often follows the 
biphasic T waves seen in 1D by hours to 
days. As the T-wave changes subsequently 
regress, the positive-negative biphasic T-
waves are again seen before repolarization 
returns to normal.

Figure 1. ST-segment and T-wave morphologies in cases of secondary abnormalities (A) 
and ischemic abnormalities (B–E). 

MODIFIED wIth pERMIssION FROM hANNA EB, QUINtAL R, JAIN N. CARDIOLOgy: hANDBOOk FOR CLINICIANs. ARLINgtON, VA: sCRUBhILL pREss; 2009:328-354.
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point and of the early portion of the ST seg-
ment.2 
 Although a diagnosis of ST-segment eleva-
tion myocardial infarction (STEMI) that man-
dates emergency reperfusion therapy requires 
ST-segment elevation greater than 1 mm in 
at least two contiguous leads,3 any ST-segment 
depression or elevation (≥ 0.5 mm, using the 
usual standard of 1.0 mV = 10 mm) may be ab-
normal, particularly when the clinical context 
or the shape of the ST segment suggests isch-
emia, or when other ischemic signs such as T-
wave abnormalities, Q waves, or reciprocal ST-
segment changes are concomitantly present. 
On the other hand, ST-segment depression of 
up to 0.5 mm in leads V2 and V3 and 1 mm in 
the other leads may be normal.1 
 In adults, the T wave normally is inverted 
in lead aVR; is upright or inverted in leads 
aVL, III, and V1; and is upright in leads I, II, 
aVF, and V2 through V6. The T wave is con-
sidered inverted when it is deeper than 1 mm; 
it is considered flat when its peak amplitude is 
between 1.0 mm and –1.0 mm.1 
 As we will discuss, certain features allow 
the various causes of ST-segment and T-wave 
abnormalities to be distinguished from one 
another.

 ■ SEcoNDARy ST-SEGMENT 
AND T-WAVE ABNoRMALITIES

In secondary ST-segment or T-wave abnor-
malities, QRS criteria for left or right ven-
tricular hypertrophy or left or right bundle 
branch block or pre-excitation are usually 
present, and the ST segment and T wave 
have all of the following morphologic fea-
tures (Figure 1a):
•	 The ST segment and T wave are directed 

opposite to the QRS: this is called discor-
dance between the QRS complex and the 
ST-T abnormalities. In the case of right 
bundle branch block, the ST and T are di-
rected opposite to the terminal portion of 
the QRS, ie, the part of the QRS deformed 
by the conduction abnormality.

•	 The ST segment and T wave are both ab-
normal and deviate in the same direction, 
ie, the ST segment is down-sloping and 
the T wave is inverted in leads with an up-
right QRS complex, which gives the ST-T 

complex a “reverse checkmark” asymmet-
ric morphology.

•	 The ST and T abnormalities are not dy-
namic, ie, they do not change in the course 
of several hours to several days.

 Thus, in cases of left ventricular hyper-
trophy or left bundle branch block, since the 
QRS complex is upright in the left lateral 
leads I, aVL, V5, and V6, the ST segment is 
characteristically depressed and the T wave is 
inverted in these leads (Figure 2). In cases of 
right ventricular hypertrophy or right bundle 
branch block, T waves are characteristically 
inverted in the right precordial leads V1, V2, 
and V3.
 Left bundle branch block is always associ-
ated with secondary ST-T abnormalities, the 
absence of which suggests associated isch-
emia. Left and right ventricular hypertrophy, 
on the other hand, are not always associated 
with ST-T abnormalities, but when these are 
present, they correlate with more severe hy-
pertrophy or ventricular systolic dysfunction,4 
and have been called strain pattern. In addi-
tion, while these morphologic features are 
consistent with secondary abnormalities, they 
do not rule out ischemia in a patient with an-
gina.
 Some exceptions to these typical morpho-
logic features: 
•	 Right ventricular hypertrophy and right 

bundle branch block may be associated 

Any st-segment 
depression 
or elevation 
≥ 0.5 mm may 
be abnormal

Figure 2. Example of left ventricular hypertrophy with typ-
ical secondary ST-T abnormalities in leads I, II, aVL, V4, V5, 
and V6. The QRS complex is upright in these leads while the 
ST segment and T wave are directed in the opposite direc-
tion, ie, the QRS and the ST-T complexes are discordant.

left ventricular hypertrophy
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with isolated T-wave inversion without 
ST-segment depression in precordial leads 
V1, V2, and V3. 

•	 Left ventricular hypertrophy may be as-
sociated with symmetric T-wave inver-
sion without ST-segment depression or 
with a horizontally depressed ST seg-
ment. This may be the case in up to one-
third of ST-T abnormalities secondary to 
left ventricular hypertrophy and is seen 
in hypertrophic cardiomyopathy, par-
ticularly the apical variant, in leads V3 
through V6.5

 ■ IScHEMIc ST-SEGMENT DEPRESSIoN, 
T-WAVE INVERSIoN, oR BoTH

ST-segment depression or T-wave inversion is 
consistent with ischemia if any of the follow-
ing is true:
•	 The ST-segment depression or T-wave in-

version is directed in the same direction 
as the QRS complex: this is called concor-
dance between the QRS complex and the 
ST or T abnormality (Figure 1b).

•	 The ST segment is depressed but the T 
wave is upright (Figure 1C).

•	 The T wave has a positive-negative bipha-
sic pattern (Figure 1D).

•	 The T wave is symmetrically inverted and 
has a pointed configuration, while the ST 
segment is not deviated or is upwardly 
bowed (coved) or horizontally depressed 
(Figure 1e). 

•	 The magnitude of ST-segment depression 
progresses or regresses on serial tracings, 
or ST-segment depression progresses to T-
wave abnormality during ischemia-free in-
tervals (dynamic ST-segment depression).

 Unlike ST-segment elevation, ST-segment 
depression does not localize ischemia.6 How-
ever, the extent and the magnitude of ST-seg-
ment depression correlate with the extent and 
the severity of ischemia. In fact, ST-segment 
depression in eight or more leads, combined 
with ST-segment elevation in leads aVR and 
V1 and occurring during ischemic pain, is as-
sociated with a 75% predictive accuracy for 
left main coronary artery or three-vessel dis-
ease (Figure 3).7,8 This finding may also be seen 
in cases of tight proximal stenosis of the left 
anterior descending coronary artery.9

Wellens syndrome
Either the positive-negative biphasic T waves 
of the type shown in Figure 1D or the deeply   
inverted (≥ 5 mm) T waves that often follow 
them, when occurring in the precordial leads 
V2 and V3, with or without similar changes in 
V1, V4, and V5, are nearly pathognomonic of 
very recent severe ischemia or injury in the 
distribution of the left anterior descending ar-
tery and characterize what is known as Wellens 
syndrome (Figure 4).10–13

 Wellens and his colleagues showed that 
75% of patients who developed these T-wave 

three-vessel disease

Figure 3. Electrocardiogram of a patient with angina 
at rest and elevated cardiac biomarkers. ST-segment 
depression in nine leads with elevation in leads aVR and V1 
suggested subendocardial ischemia related to three-vessel 
or left main coronary artery disease. He had severe three-
vessel disease on coronary arteriography.

Wellens syndrome

Figure 4a.Wellens-type biphasic T wave in leads V2 and V3 
(arrows) and T-wave inversion in leads V4 and V5.

b

Figure 4b. Wellens-type deep T-wave inversion in leads 
V2 to V4. Each patient had a 90% proximal left anterior 
descending stenosis at coronary arteriography.

a
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abnormalities and who were treated medically 
without angiographic investigation went on 
to develop extensive anterior wall myocardial 
infarction within a mean of 8.5 days.10 
 In a later investigation of 1,260 patients 
presenting with unstable angina, 180 patients 
(14%) had this characteristic T-wave pat-
tern.11 All of the latter patients had stenosis of 
50% or more in the proximal left anterior de-
scending artery, and 18% had total occlusion 
of the left anterior descending artery. 
 Thus, although medical management may 
provide symptomatic improvement at first, ear-
ly coronary angiography and revascularization 
should be strongly considered in anyone with 
Wellens syndrome because it usually predicts 
impending anterior myocardial infarction. 
 Wellens syndrome is characterized by two 
patterns of T-wave changes. In 75% of cases, 
T waves are deeply (≥ 5 mm) and symmetri-
cally inverted in leads V2 through V4 (FigureS 

1e, 4b). In 25% of cases, the T wave has a char-
acteristic positive-negative biphasic morphol-
ogy in leads V2 through V4 (FigureS 1D, 4a).10 In 
both patterns, the ST segment is isoelectric or 
minimally elevated (< 1 mm) with a straight or 
convex morphology, the down-slope of the T 
wave is sharp, and the QT interval is often pro-
longed. These abnormalities are characteristi-
cally seen hours to days after the ischemic chest 
pain resolves. In fact, the ischemic episode is 
usually associated with transient ST-segment 
elevation or depression that progresses to the 
T-wave abnormality after the pain subsides.11 
 In Wellens’ original description, only 12% 
of patients had increases in their creatine ki-
nase levels, and these were small. Therefore, 
the electrocardiogram may be the only indica-
tion of an impending large anterior infarction 
in a chest-pain-free patient.12

 T waves that are symmetrically but less 
deeply inverted than Wellens-type T waves 
may still represent ischemia. However, this find-
ing is less specific for ischemia and is associated 
with better outcomes than Wellens syndrome or 
ST-segment deviation, particularly when the T 
wave is less than 3 mm deep.14 In fact, one pro-
spective cohort study found that isolated mild T-
wave inversion in patients presenting with acute 
coronary syndrome is associated with a favorable 
long-term outcome, similar to that in patients 
with no electrocardiographic changes.15

 ■ FREquENTLy MISSED DIAGNoSES  
MANIFESTING AS ST-SEGMENT  
DEPRESSIoN oR T-WAVE INVERSIoN

True posterior ST-segment elevation  
myocardial infarction
When accompanied by inferior STEMI, pos-
terior infarction is easily recognized, but it can 
be difficult to diagnose when it occurs alone, 
the so-called true posterior STEMI. 
 ST-segment depression that is most prom-
inent in leads V1 through V3 often indicates 
posterior STEMI rather than non–ST-seg-
ment elevation ischemia and indicates the 
need for emergency revascularization. In 
fact, in the setting of posterior infarction, 
leads V1, V2, and V3 predominate as the areas 

Posterior infarction

Figure 5a. ST-segment depression in the precordial leads 
V1–V4, with a maximal depression in lead V3, in a patient 
with severe ongoing chest pain for the preceding 3 hours. 
This suggests a posterior ST-segment elevation myocardial 
infarction. There is also a subtle ST-segment elevation in 
lead III, which further alludes to the diagnosis of infero-
posterior infarction. Emergency coronary arteriography 
showed a totally occluded mid-left circumflex coronary 
artery. 

a

b

Figure 5b. The ST segment is depressed in leads V1 through 
V6 and leads II, III, and aVF, with a maximal depression in 
leads V2 and V3. In addition, tall R waves are seen in leads 
V1and V2 and Q waves are seen in the lateral leads I and 
aVL accompanied by ST elevation in aVL. In a patient with 
severe persistent chest pain, this suggests a posterolateral 
infarct. Coronary arteriography showed a totally occluded 
second obtuse marginal branch.
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of maximum depression, whereas greater ST-
segment depression in the lateral precordial 
leads (V4, V5, and V6) or inferior leads (II, 
III, and aVF) is more indicative of nonoc-
clusive and nonregional subendocardial isch-
emia (Figure 5).8,16–18 
 In most cases of posterior infarction, the 
posterior chest leads V7, V8, and V9 reveal ST-
segment elevation.19 One study found that ST-
segment depression in the anterior precordial 
leads was as sensitive as ST-segment elevation 
in leads V7 through V9 in identifying poste-
rior myocardial infarction (sensitivity 80%),20 
while other studies found that ST-segment 
deviation on standard 12-lead electrocardiog-
raphy has a lower sensitivity (about 60%) in 
identifying posterior infarction.18,21 
 Tall or wide (≥ 0.04-s) R waves in leads V1 
or V2, particularly when associated with up-
right T waves, suggest posterior infarction and 
may further corroborate this diagnosis, but 
this finding may take up to 24 hours to mani-
fest and is seen in only about 50% of patients 
with posterior infarction.21

 Studies have shown that ST-segment el-
evation on standard 12-lead electrocardiog-
raphy is found in fewer than 50% of patients 
with acute left circumflex occlusion and in-

feroposterior infarction,18 yet these are cases 
of “missed” STEMI that indeed benefit from 
emergency angiography and reperfusion. In 
addition, studies of non–ST-segment elevation 
acute coronary syndrome consistently identify 
patients who have epicardial vessel occlusion 
(about 15%–20% of cases),18 yet their initial 
angiography is usually delayed for hours or 
days after the initial presentation. 
 A subgroup analysis from TRITON–TIMI 
38 (Trial to Assess Improvement in Therapeu-
tic Outcomes by Optimizing Platelet Inhibition 
With Prasugrel Thrombolysis in Myocardial 
Infarction 38) evaluated patients with isolated 
anterior ST-segment depression. An occluded 
“culprit” artery was found 26% of the time, 
most often the left circumflex artery. Moreover, 
those patients had a significantly higher rate of 
death or myocardial infarction at 30-day fol-
low-up than patients without a culprit artery, 
probably related to delayed revascularization.22

 Recognizing that ST-segment depression 
that is greatest in leads V1, V2, or V3 represents 
posterior infarction helps identify a portion of 
the missed STEMIs in a timely fashion. In ad-
dition, in cases of anterior ST-segment depres-
sion and in cases of chest pain with nondiag-
nostic electrocardiography, the recording of 

Figure 6. Example of subtle ST-segment elevation in two contiguous leads with a prominent 
ST-segment depression in other leads. The ST segment is depressed in leads I and aVL and V4, 
V5, and V6. There is a subtle ST-segment elevation with a broad hyperacute T wave in leads III 
and aVF fused with the ST segment in a convex fashion (arrows), suggesting that the primary 
abnormality is actually an acute inferior injury. Coronary arteriography showed a totally 
occluded right coronary artery in its mid-segment and severe left circumflex disease. The 
ST-segment depression is partly reciprocal to the inferior injury and partly a reflection of left 
circumflex-related ischemia.

 on April 24, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 78  • NUMBER 6  JUNE 2011 411

HAnnA And GlAncy

ST elevation in leads V7, V8, and V9 is highly 
sensitive for detecting a true posterior injury.

Acute pulmonary embolism
An anterior ischemic pattern of symmetric T-
wave inversion in the precordial leads V1 through 
V4 may also be a sign of acute or chronic right 
ventricular strain, particularly acute pulmonary 
embolism. Sinus tachycardia is usually present, 
but other signs of pulmonary embolism, such as 
right ventricular hypertrophy and right bundle 
branch block, may be absent. In fact, T-wave in-
version in leads V1 through V4 is noted in 19% of 
patients with nonmassive pulmonary embolism 
and in 85% of patients with massive pulmonary 
embolism, and is the most sensitive and specific 
electrocardiographic finding in massive pulmo-
nary embolism.23

 In addition, acute pulmonary embolism 
may be associated with T-wave inversion in 
leads III and aVF,24 and changes of concomi-
tant anterior and inferior ischemia should al-
ways raise the question of this diagnosis. 
 In one retrospective study of patients with 
acute pulmonary embolism, nonspecific ST-
segment or T-wave changes were the most 
common finding on electrocardiography, not-
ed in 49%.25 Rapid regression of these changes 
on serial tracings favors pulmonary embolism 
rather than myocardial infarction.

ST-segment depression  
reciprocal to a subtle ST-segment elevation
When ST-segment elevation occurs in two 
contiguous standard leads while ST-segment 
depression occurs in other leads, and when 
the ST-segment and T-wave abnormalities are 
ischemic rather than secondary to depolariza-
tion abnormalities, ST-segment elevation is 
considered the primary ischemic abnormality 
whereas ST-segment depression is often con-
sidered a reciprocal “mirror image” change. 
This “reciprocal” change may also represent 
remote ischemia in a distant territory in pa-
tients with multivessel coronary disease.26,27 
 Reciprocal ST-segment depression is pres-
ent in all patients with inferior myocardial in-
farction and in 70% of patients with anterior 
myocardial infarction.28 
 However, it is important to recognize that 
the magnitude of ST-segment elevation and 
reciprocal ST-segment depression is affected 

Figure 7b. Electrocardiogram of a patient with a serum 
potassium level of 2.8 mEq/L. Note the flattened T waves 
(bars) and the prominent U waves (arrows).

b

Global t-wave inversion

Figure 8. Global T-wave inversion with marked QT prolon-
gation in a 77-year-old woman presenting with dyspnea 
and elevated cardiac biomarkers. Her coronary arteriogra-
phy showed a 90% distal left main stenosis extending into 
the proximal left anterior descending and left circumflex 
coronary arteries. 

REpRODUCED wIth pERMIssION FROM gLANCy DL, ROChON BJ, ILIE CC, pARkER JM, 
JONEs MB, AtLURI p. gLOBAL t-wAVE INVERsION IN A 77-yEAR-OLD wOMAN. 

pROC (BAyL UNIV MED CENt) 2009; 22:81–82.

Hypokalemia
a

T

Figure 7a. Note the progressive flattening of the T wave, 
increase in U wave amplitude, and depression of the ST 
segment with progressive levels of hypokalemia (serum 
potassium levels are expressed in mEq/L).

T
UUU
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normal variants of repolarization

Figure 9b. Normal variant terminal T-wave inversion with 
ST-segment elevation in leads V2 through V5 in a 21-year-
old black man. This pattern is most often seen in young 
black men, a few of whom at other times manifest the 
typical early repolarization pattern. The age and clinical 
presentation distinguish this pattern from Wellens-type T 
waves.

b

Figure 9a. Persistent juvenile T-wave pattern in a 40-year-
old woman with T-wave inversion extending from lead V1 
to lead V4. The depth of the inverted T waves decreases 
between V1 and V4. Also, the T wave progressively becomes 
less deeply inverted as the patient ages.

a

by the distance of the leads recording these 
changes from the ischemic region and their 
angle of deviation from the ischemic region.29 
This explains why occasionally—and par-
ticularly when the overall amplitude of the 
QRS complex is low—the magnitude of ST-
segment elevation is small, whereas the recip-
rocal ST-segment depression is more promi-
nent. In fact, in the absence of left ventricular 
hypertrophy or left bundle branch block, the 
reciprocal ST-segment depression should be 
sought. It is of great utility in patients with 
acute cardiac symptoms and mild elevation of 
ST segments of 1 to 1.5 mm in two contigu-

ous leads, as it strongly suggests the diagnosis 
of STEMI rather than other causes of mild 
ST-segment elevation (1–1.5 mm) (Figure 6).30 

The less-pronounced ST-segment elevation 
is often overlooked, and the patient is er-
roneously diagnosed with non–ST-segment 
elevation acute coronary syndrome rather 
than STEMI. This has a marked impact on 
patient management, as STEMI requires 
emergency revascularization, while non–
ST-segment elevation ischemia requires 
early (but not emergency) coronary angiog-
raphy.

Hypokalemia and digitalis effect
ST-segment depression, T-wave flattening, 
and prominent U waves are the hallmarks of 
hypokalemia and can be mistaken for isch-
emic changes, including ischemic lengthen-
ing of the QT interval (Figure 7).31–34 Digitalis 
also produces ST-segment depression, low or 
inverted T waves, and prominent U waves, 
but the U waves rarely are of the giant va-
riety seen with severe hypokalemia, and the 
ST-segment depression has a sagging shape. In 
addition, digitalis shortens the QT interval.

 ■ DIFFuSE (GLoBAL) T-WAVE INVERSIoN

This term is applied when the T wave is in-
verted in most of the standard leads except 
aVR, which shows a reciprocal upright T 
wave. The QT interval is often prolonged, 
and T-wave inversion is often symmetric and 
“giant” (> 10 mm) (Figure 8).1,35 
 Walder and Spodick36 have found this pat-
tern to be caused most often by myocardial 
ischemia or neurologic events, particularly 
intracranial hemorrhage, and it seems more 
prevalent in women. Other causes include 
hypertrophic cardiomyopathy, stress-induced 
cardiomyopathy (takotsubo cardiomyopa-
thy), cocaine abuse, pericarditis, pulmonary 
embolism, and advanced or complete atrio-
ventricular block.36,37 
 The prognosis in patients with global T-
wave inversion is determined by the underly-
ing disease, and the striking T-wave changes 
per se do not imply a poor prognosis.38

 Of note, takotsubo cardiomyopathy 
is characterized by electrocardiographic 
changes that mimic ischemia, especially 
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STEMI, and is often impossible to differ-
entiate from myocardial ischemia related 
to a coronary event without performing 
coronary arteriography. The most common 
abnormality on the admission electrocar-
diogram is ST-segment elevation (present 
in 46%–100% of patients), typically seen 
in the precordial leads. Within 48 hours of 
presentation, almost all patients also devel-
op postischemic diffuse T-wave inversion 
and prolongation of the QT interval. New 
Q waves may be seen in 6% to 31% of pa-

tients and are usually transient.39,40

 ■ oTHER cAuSES oF T-WAVE INVERSIoN 
oR ST-SEGMENT DEPRESSIoN

Various other entities may cause T-wave in-
version, notably acute pericarditis or myocar-
ditis,41,42 memory T-wave phenomenon,43,44 
and normal variants of repolarization (Table 1, 

Figure 9).45 Additionally, a nonpathologic junc-
tional ST-segment depression may be seen in 
tachycardia (Figure 10).	 ■
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