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Differential?
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Global T-wave inversion as seen on electrocardiogram is associated with a variety of
pathophysiologic states, including cardiac, pulmonary, and cerebrovascular disease, and
acute electrolyte disorders. Although some of these are chronic conditions, others are
acute emergencies, necessitating early diagnosis and treatment. This article reviews and
provides examples of possible etiologies of global T-wave inversion on electrocardiogram.
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sents ventricular repolarization. On a normal
ECG, the T wave has the same polarity as the
QRS complex. The T wave is asymmetric and broad,
with a slow upstroke that rapidly returns to the iso-
electric line following its peak.
The T wave represents the electrical forces result-
ing from recovery of activated ventricular muscle

The T wave on electrocardiogram (ECG) repre-

fibers to their resting states. Thus, a major factor
influencing T-wave configuration is the tempo-
ral and spatial pattern of myocardial excitation.
Altered patterns of excitation secondarily alter the
patterns of recovery and, thus, the form of the T
wave. The other major factor influencing T-wave
configuration is independent of the pattern of exci-
tation and is due to the nonhomogeneous nature of
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Global T-wave Inversion on Electrocardiogram continued

the recovery process; that is, varia-
tions in the shape and the dura-
tion of individual action potentials
of the myocardial cell popula-
tion. Differences in repolarization
of various ventricular areas (eg,
endocardial and epicardial) result
in measurable electrical forces, the
temporal and spatial patterns of
which determine the magnitude
and form of the T wave.!

Global T-wave inversion refers
to T-wave inversions in all stan-
dard leads except the aVR lead. A
study reviewing 30,000 consecu-
tively interpreted ECGs described
100 ECGs with this pattern.” After
a follow-up period of 11 years,’ the
presence of global T-wave inver-
sions did not imply a poor prog-
nosis with long-term prognosis
dependent on the underlying or
associated disease. We review con-
ditions that can manifest as global
T-wave inversion on ECG (Table 1).

TABLE 1

" o)
Conditions That Can Manifest
as Global T-wave Inversion on
Electrocardiogram

Left main coronary artery or
equivalent acute myocardial
infarction

Takotsubo cardiomyopathy
Kounis syndrome

Apical hypertrophic
cardiomyopathy

Acute pericarditis

Acute cerebrovascular event
Electrolyte abnormalities
Pheochromocytoma

Pulmonary embolism

Pulmonary edema

Figure 1. (A) Electrocardiogram (ECG) of an 89-year-old man presenting with chest pain. (B) Coronary angio-
gram demonstrating a severe distal left main stenosis (arrow). The patient also had an occluded right coro-
nary filling via left collaterals. (C) ECG 1 week later. Patient refused revascularization options and removal of
intra-aortic balloon pump for medical therapy and was lost to follow-up.
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Figure 2. (A) Electrocardiogram (ECG) of a 79-year-old woman presenting with chest pain. (B) Coronary angio-
gram demonstrating severe proximal stenoses of the left anterior descending (white arrow) and circumflex
(black arrow) arteries; a “left main equivalent.” (C) Follow-up ECG 2 days later. Patient refused revasculariza-
tion for medical therapy and died 3 months later of acute myocardial infarction.

Left Main Coronary Artery
or Equivalent Acute

Myocardial Infarction

The T-wave inversion and QT
interval prolongation in acute myo-
cardial infarction (MI) are thought
to be predominantly caused by
prolongation of the action poten-
tial.* Deep inverted T waves in
the acute phase of MI have been
shown to indicate an abundantly
stunned myocardium.”> The cor-
responding coronary involvement
with such ECG changes suggests
left main or “left main equivalent”
disease. Representative ECGs of
patients with acute MI secondary
to left main and left main equiva-
lent disease acute MI are shown in
Figures 1 and 2.

Takotsubo

Cardiomyopathy

Takotsubo cardiomyopathy, or left
ventricular apical ballooning syn-
drome, is generally characterized
by transient systolic dysfunction
of the apical and/or mid segments
of the left ventricle that mimics
MI, but in the absence of obstruc-
tive epicardial coronary artery dis-
ease. The ECG can show diffuse
ST-segment elevation, deep T-wave
inversions, and QT-interval pro-
longation during the early phase.®
ECG examples are shown in
Figures 3 and 4. The pathophysi-
ology of Takotsubo cardiomyopa-
thy is not well understood. Several
mechanisms for the reversible
cardiomyopathy have been pro-
posed, including catecholamine-
induced myocardial stunning,
ischemia-mediated stunning due
to multivessel epicardial or micro-
vascular spasm, and myocardi-
tis. In a study comparing patients
with Takotsubo cardiomyopa-
thy and patients with acute ante-
rior MI with minimal enzymatic
release, the time course of the ECG
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Global T-wave Inversion on Electrocardiogram continued

Figure 3. (A) Electrocardiogram of a 58-year-old man admitted with fever and diarrheal illness with positive
troponins and a new apical wall motion abnormality on echocardiogram (serum potassium 4.5 mmol/L).
Angiogram revealed mild coronary artery disease. (B) ECG 8 weeks later at time of follow-up echocardiogram
which demonstrated no wall motion abnormalities.

Figure 4. (A) Electrocardiogram (ECG) of a 58-year-old woman presenting abdominal pain and vomit-
ing, who, while in the emergency department developed chest pain and subsequent positive troponins.
Angiogram demonstrated no significant coronary artery disease. Left ventriculogram demonstrated distal
anterior and apical hypokinesis. (B) ECG 7 weeks later at time of follow-up echocardiogram demonstrated
no wall motion abnormalities.
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changes, as well as the left ven-
tricular dysfunction, was similar
between both cardiac disorders,
although the T-wave inversion was
deeper and the QT interval longer
in Takotsubo cardiomyopathy.®

Apical Hypertrophic
Cardiomyopathy
Hypertrophic  cardiomyopathies
(HCMs) are genetic diseases of the
cardiac sarcomere with autosomal
dominant patterns of inheritance.
HCMs are caused by mutations in
a number of genes, most of which
encode components of the contrac-
tile apparatus. Apical HCM is an
uncommon morphologic variant
of HCM in which the hypertrophy
of the myocardium predominantly
involves the apex of the left ventri-
cle. These patients do not have left
ventricular outflow tract obstruc-
tion, but may have midventricular
obstruction. A pattern of giant neg-
ative T waves and high QRS voltage
on the ECG can be seen.’ Initially
described in Japan, rare cases have
also been reported in Asian Indians
(Figure 5).! The most conspicu-
ous findings are high QRS voltages
with absence of septal Q waves.
There are also extremely deep T
waves in the precordial leads, espe-
cially in leads A and V., where the
apical segment potentials are most
clearly reflected. Mean QRS axis in
the frontal plane is within normal
limits (between 0" and +90") in all
cases.

Acute Pericarditis

The ECG pattern of acute peri-
carditis in some ways resem-
bles the pattern seen with acute
ST-elevation MI (STEMI); however,
acute pericarditis can be distin-
guished from transmural ischemia
by more extensive lead involve-
ment in pericarditis without the
presence of reciprocal ST-segment
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Figure 5. (A) Electrocardiogram (ECG) of a 43-year-old Indian man with apical hypertrophic obstructive
cardiomyopathy (HOCM) by echocardiogram. (B) Patient’s apical four-chamber echocardiographic view of
apical HOCM (arrow). LV, left ventricle; LA, left atrium).

depressions seen in acute MI. The
typical pattern of ECG changes in
acute pericarditis range from dif-
fuse ST elevations acutely (stage 1),
through pseudonormalization with
descent of the ] points to baseline
and T wave flattening (stage 2),
followed by diffuse T-wave inver-
sion (stage 3), and, finally, restitu-
tion to the baseline ECG (stage 4).
Stage 1 alone is frequently the

only ECG finding if the patient is
promptly treated with nonsteroidal
anti-inflammatory drugs. Patients
may appear to skip or pass through
stages rapidly (Figure 6).° In a
study by Spodick," stage 3 T-wave
inversions in both limb and pre-
cordial leads were recorded in 32
of 50 consecutive patients who had
unequivocal clinical evidence of
acute pericarditis."’ In most cases,

ST-segment deviation results from
direct injury to the epicardial
region by the agent responsible for
the pericarditis. Because inverted
T waves commonly develop with
pericarditis in those leads in which
elevated ST segments had previ-
ously occurred, it has been pos-
tulated that the duration of the
repolarization in the previously
injured epicardial muscle layer is
sufficiently lengthened to bring
about a net reversal of the direction
of this process.*?

Acute Cerebrovascular

Event

Several neurologic causes of ECG
changes have been described in
the literature, including acute cere-
brovascular accident (embolic or
hemorrhagic), transient ischemic
attack, subarachnoid hemorrhage,
subdural hematoma, and seizure
(Figures 7 and 8).”" The electro-
cardiographic changes commonly
seen in cerebrovascular accidents
include large and inverted T waves,
prolonged QT intervals, and large
U waves. Sinus tachycardia, sinus
bradycardia, and rhythm abnor-
malities in the form of atrial fibril-
lation, junctional tachycardia, and
ventricular premature contractions
can be seen.'® These ECG changes
have been ascribed to neurohu-
moral factors, including alterations
in sympathetic and parasympa-
thetic tone.”

Electrical stimulation of a vari-
ety of sites in the central nervous
system in animal models has been
shown to produce electrocardio-
graphic changes.”® Right stellate
stimulation or left stellate abla-
tion has been shown to cause low
or inverted T waves in dogs.”
Unilateral section of sympathetic
fibers to the ventricles results in
localized areas of refractory period
prolongation which can account for
T wave changes.!
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Figure 6. (A) Electrocardiogram (ECG) of 39-year-old man with 3 days of fever and chest pain. Patient had
normal troponins but a pericardial effusion on echocardiogram. This is consistent with a stage 3 pericarditis
ECG. (B) Follow-up ECG 1 month later.

Figure 7. Electrocardiogram (ECG) of a 63-year-old man having sustained subarachnoid and subdural hemor-
rhages post fall, who did not survive.
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Electrolyte Abnormalities
Potassium plays an important
role in maintaining the electrical
potential across the cellular mem-
brane, as well as in depolarization
and repolarization of the myo-
cytes. Alterations in serum potas-
sium levels can have dramatic
effects on myocardial cell con-
duction, which can lead to ECG
changes. The earliest ECG change
associated with hypokalemia is
a decrease in the T-wave ampli-
tude. As potassium levels decline
further, ST-segment depression
and actual T-wave inversions can
be seen. The PR interval can be
prolonged and there can be an
increase in the amplitude of the
P wave. With even lower serum
potassium levels, the classic ECG
change associated with hypo-
kalemia is the development of
U waves.? Hypokalemia can pre-
sent with global T-wave inversions
(Figure 9).!

Electrocardiographic ~ changes
attributable to alterations of serum
sodium are rare.”> ECG changes
seen with hypernatremia include
low voltage, QT prolongation, and
T-wave flattening. Cases of T-wave
inversion, mimicking ischemia,
have been described. We present
a case of diffuse T-wave inversion
associated with hypernatremia in
Figure 10.

Pheochromocytoma

Pheochromocytomas are catechol-
amine-secreting tumors that arise
from chromaffin cells of the adre-
nal medulla. ECG changes observed
in patients with pheochromocy-
toma are thought to result from
enhanced o- and -adrenergic
receptor stimulation.”” The most
constant and clinically important
ECG changes concern the T wave,
ST segment, and U wave.* As
shown in Figure 11, global T-wave
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Figure 8. Electrocardiogram (ECG) of a 79-year-old stroke patient successfully treated with recombinant
tissue plasminogen activator (rTPA).

Figure 9. (A) Electrocardiogram (ECG) of a 41-year-old woman presenting with 2 weeks of diarrhea and
weakness. She had a presenting serum potassium of 2.3 mmol/L and magnesium of 1.2 mg/dL. (B) ECG
2 weeks later after electrolyte correction.

inversion has been described
in  pheochromocytoma.>?*¢ In
the absence of underlying car-
diac disease, the ECG changes in
patients with pheochromocytoma
often revert to normal patterns
after tumor removal, suggesting a
role for elevated catecholamine.”

Pulmonary Embolism
Patterns of ECG  changes
described in pulmonary embo-
lism include sinus tachycardia,
right bundle branch block (RBBB),
pulmonary P wave, the SQ,T,
pattern, and anterior ischemic
pattern (T-wave inversion in
leads V -V,). Some patients pres-
ent with no ECG abnormality.?®
Global T-wave inversion has been
described in pulmonary embo-
lism (Figure 12).* It was postu-
lated that the observed global
T-wave inversion and QT pro-
longation during the acute phase
of pulmonary embolism was the
result of histamine-induced myo-
cardial ischemia at a cellular level;
histamine-induced transient cor-
onary vasospasm is another pos-
sible explanation. In experimental
pulmonary embolism, histamine,
a humoral factor released from
the lung tissues in pulmonary
embolism, was found to worsen
myocardial hypoxia directly by
uncoupling mitochondrial oxi-
dative phosphorylation in both
ventricles and indirectly via its
pulmonary arterial vasoconstric-
tive effect.’

Pulmonary Edema

Global T-wave inversion has been
described in a case series of patients
without known or suspected coro-
nary artery disease who presented
with acute cardiogenic pulmo-
nary edema.’ Inverted T waves
were recorded in the anterior chest
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Figure 10. (A) Electrocardiogram (ECG) of a 79-year-old
Cambodian man presenting with fatigue and epigas-
tric pain. He had recently been placed on paroxetine,
known to prolong the QT interval and cause a syn-
drome of inappropriate antidiuretic hormone hyper-
secretion (SIADH)-induced hyponatremia. He had a
presenting serum sodium of 107 mmol/L and potas-
sium of 3.9 mmol/L. (B) Follow-up ECG 6 days later,
at which time the serum sodium had been corrected
to 137 mmol/L.

leads in all 9 patients, and global
T-wave inversion was present in
5 cases. In each case, there was
no evidence of acute myocardial
injury, and significant coronary
artery disease was subsequently
ruled out. Although in the pre-
sented cases a coronary etiology
was essentially ruled out, suben-
docardial ischemia due to elevated
wall stress, high end-diastolic
pressure, and decreased coronary
arterial flow during cardiogenic
pulmonary edema could still have
been operative.

Kounis Syndrome

Hypersensitivity reactions such as
angioedema or anaphylactoid reac-
tion secondary to medications is
common. Allergic angina or aller-
gic M1, also known as Kounis syn-
drome,” is secondary to mast cell
degranulation with a surge in the
serum concentration of inflamma-
tory mediators. This may present as
unstable angina with normal ECG,
non-ST-segment elevation MI with
ST-segment depression, or sym-
metrical deep T-wave inversions
(Figure 13) or STEMI.

Arrhythmogenic

Right Ventricular

Cardiomyopathy/Dysplasia
Arrhythmogenic right ventri-
cular cardiomyopathy/dysplasia
(ARVC/D) is a genetically deter-
mined heart muscle disorder

Figure 11. (A) Electrocardiogram (ECG) of a 74-year-old woman with labile blood
pressure and chest pain found to have a pheochromocytoma. Work-up demon-
strated no significant coronary artery disease and no left ventricular wall motion
abnormalities. (B) Repeat ECG 4 months after tumor removal. Reprinted with
permission from Haas GJ et al.*
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Figure 12. (A) Electrocardiogram (ECG) of a 24-year-old woman with pulmonary sarcoidosis and sickle cell
anemia admitted with shortness of breath and chest pain. CT angiography demonstrated a right lower lobe
pulmonary embolism. (B) Repeat ECG 5 weeks later after anticoagulation therapy.

characterized =~ macroscopically
by a scarred appearance with
tibrous or fibro-fatty replacement
of the right ventricular myocar-
dium. Inverted T waves in the
right precordial leads (V,, V,, V,)
or beyond in individuals over age
14 years, in the absence of RBBB,
is a major criterion for diagno-
sis of ARVC/D, as per the 2010
revised International Task Force
Criteria.”” However, in a study
evaluating 12-lead ECGs of 10,899
Finnish middle-aged subjects for
the presence of inverted T waves,*
T-wave inversions in right precor-
dial leads V| to V, were present
in 54 (0.5%) of the subjects and
were not associated with adverse
outcomes. Increased mortality

risk was associated with inverted
T waves in other leads, which the
authors suggested could reflect
the presence of an underlying
structural heart disease. Diffuse
T-wave inversion associated with
a RBBB and an epsilon wave has
been described with ARVC/D.?®

Post-tachycardia T-wave

Syndrome

The persistence of diffuse T-wave
inversion following episodes of
supraventricular tachycardia has
been described.*** This can occur
in the absence of structural heart
disease. The mechanism of the
electrocardiographic changes is
unclear. However, these changes

return to normal spontaneously
and are thought to be benign in
nature.

Conclusions

Global T-wave inversion is associ-
ated with a variety of pathophysio-
logic states, including cardiac,
pulmonary, and cerebrovascular
diseases, as well as acute electrolyte
disorders. Although some of these
are chronic conditions, many are
acute emergencies, necessitating
early diagnosis and treatment.
Recognition of these possible acute
etiologies of global T-wave inversion
is therefore of great importance. ®
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e The T wave on electrocardiogram (ECG) represents ventricular repolarization that results from recovery of

e T-wave configuration is influenced by the temporal and spatial pattern of myocardial excitation and the shape
and the duration of individual action potentials of the myocardial cell population.
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