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ABSTRACT
This article reviews some existing approaches to the interpretation of standard ECG with T-wave
abnormalities present. It emphasizes the role of the localization of T-wave abnormalities, as well
as the analysis of the direction and magnitude of QRS, T, and QRS-T mean vectors, taking other
concomitant ECG deviations and additional clinical data into account. The use of the implemented
approaches is illustrated using corresponding clinical cases. Despite considerable progress in my-
ocardial visualization, ECG interpretation remains a basic skill for any cardiologist because of ECG's
availability and ease of use in patients regardless of their physical or mental status. The meaning of
changes in the final part of the ventricular complex, including T-wave abnormalities, is one of the
most debatable and controversial subjects within ECG analysis since they depend on many pre-
cursors such as coronary flow, myocardial thickness, and potassium or other electrolyte imbalance.
The purpose of this publication is to analyze the currently availablemethods for interpreting T-wave
abnormalities (TWAs) and find the optimal approach to interpreting such abnormalities.
Key words: T-wave abnormality, ECG, interpretation, ventricular gradient

INTRODUCTION
The vast majority of healthy adults have a positive ori-
entation of the T wave in almost all leads. The ex-
ception is lead V1, where the T wave is usually neg-
ative. T inversion is also common in the III and avF
leads. Such patterns seem self-evident for those who
are familiar with ECG; however, few have a clue about
the cause of the difference between the well-known
ventricular cardiomyocyte action potential curve and
ECG of the ventricular complex (Figure 1).

Figure 1: Comparison of the form of the ac-
tion potential of the ventricular cardiomyocyte
(black line) and the ventricular ECG complex
(green line). Abbreviation: ECG: electrocardio-
gram

To explain this paradox, the founders of electrocar-
diography proposed a theory that the reason for the
difference lies in the summation of the action poten-

Figure 2: Explanation of the formation of the
ventricular ECG complex. The action potential of
the subendocardial layer (blue and red lines) be-
gins earlier than the subepicardial layer (green line)
but lasts longer. Abbreviation: ECG: electrocardio-
gram

tials (APs) of the subendocardial and subepicardial
myocardial layers1,2.
It is known that despite the earlier onset of depolariza-
tion of the subendocardial layer of the ventricularmy-
ocardium, its repolarization lasts longer (Figure 2).
According to the theory of Robert Grant, the reason
for the slower repolarization of the subendocardial
layer is a greater mechanical compression at the end
of the systole than that of the subepicardial layer3.
In their striking study, Waymore et al. demonstrated
that the Ca2+-independent portion of transient out-
ward K+ current (Ito) exhibited a transmural gradi-
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Figure 3: Standard ECG of a 55-year-old female with arterial hypertension and left bundle branch block.
Abbreviation: ECG: electrocardiogram

Figure 4: Magnification of ECG in leads I and aVF. Abbreviation: ECG: electrocardiogram, aVF: augmented
unipolar limb lead in which the positive electrode is on the left leg

Figure 5: ECG of 43 yr. female with inferolateral TWA. Abbreviation: ECG: electrocardiogram, TWA: T-wave
abnormality
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Figure 6: MRIwith LGEof the patientwith inferolateral TWA. Red rows indicate spots ofmyocardial fibrosis.
Abbreviation: MRI:Magnetic Resonance Imaging, LGE: Lategadoliniumenhancement,TWA: T-wave abnormality

ent in the ventricle, and recovery from inactivation
was >10-fold slower in the endocardium than in the
epicardium4. Either way, this difference in the de-
and repolarization time of myocardial layers causes
the appearance of numerous variations in ECGwaves,
in particular, the T wave. Frank N. Wilson first de-
scribed the electrophysiological heterogeneity of the
myocardium. He also proposed the interpretation of
changes and called this phenomenon the ventricu-
lar gradient, later known as the “ventricular gradient
of Wilson.” Now, the acronym “QRS-T” rather than
“ventricular gradient” is used more frequently, espe-
cially when indicating only the direction of this vector
or the value of the angle between the QRS and Tmean
vectors. Since the ventricular gradient is closely re-
lated to the AP of ventricular cardiomyocytes, it has a
vector expression and is represented by a mean vector
with a certain direction and magnitude in the frontal
and other planes, similar to the mean electrical axis
of the heart. The ventricular gradient is determined
by the interaction of de- and repolarization processes,
and therefore, changes in the final part of the ventric-
ular complex reflect changes in the ventricular gra-
dient. Therefore, it seems essential to analyze TWAs
through changes in the ventricular gradient (QRS-T).

T-wave inversion (TWI) usually refers to a negative
T wave with an amplitude of more than 1 mm in any
leads except avR, III, aVF, and V1. Accordingly, a de-
crease in the T amplitude can be considered a steady
decrease of more than 1 mm during dynamic obser-
vation.

PRIMARY AND SECONDARY TWAS
The categorization of TWAs (including TWI) as pri-
mary and secondary may be useful for determin-
ing their causes. Primary TWAs are associated with
changes in the myocardium itself, such as edema, fi-
brosis, and metabolic or electrolyte imbalance. Sec-
ondary ones are determined by a change in the normal
direction of de- and repolarization processes, which
occurs in myocardial hypertrophy, bundle branch
blocks, and pre-excitation syndromes. In these con-
ditions, the QRS-T vector remains normally directed
but is shortened since the QRS and T vectors have al-
most opposite directions. On the contrary, substan-
tial deviations in the direction of the QRS-T vector
are usually associated with primary myocardial im-
pairment. In this case, both the direction and magni-
tude of the mean QRS-T axis change. Thus, if changes
in the T wave are associated with changes in the di-
rection and sometimes the magnitude of the QRS-
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Figure 7: ECG of 51 yr. woman with diffuse TWA. Abbreviation: ECG: electrocardiogram, TWA: T-wave abnor-
mality

T, they indicate primary, organic changes in the my-
ocardium.

CONCOMITANT ECG CHANGES

Changes in the T wave may be isolated or associated
with changes in other ECG components, such as the
ST segment, QRS amplitude, and QTc duration. As
mentioned above, secondary TWAs are always asso-
ciated with changes in other ECG parameters. How-
ever, sometimes, these changes are not easy to detect.
In some patients, secondary changes may be com-
bined with primary changes. In addition, population-
based studies have shown that 0.5 to 2% of healthy in-
dividuals may have T-wave changes. Thus, interpret-
ing T-wave changes in certain cases is a difficult task
with many unknowns.

LOCALIZATIONOF TWAS
Using a standard 12-lead ECG, an anterior, lateral,
inferior, and diffuse TWA can be identified5. An
anterior TWA is defined in leads V1–V4. As noted
above, a negative T in V1 is considered normal. The
spreading of the negative T wave beyond V1, in the
V2–V4 leads occurs very often in children and ado-
lescents (<14 years) and is usually considered nor-
mal. Such findings may be explained by the rela-
tive enlargement of the right ventricle in newborns
and children. Brosnan et al., using cardiac magnetic
resonance, showed that this ECG pattern may reflect
a lateral displacement of the right ventricle rather
than a true right ventricular dilatation6. TWI in V2

and even V3, despite the absence of the right bun-
dle branch block, may also be found in some healthy
young adults, especially women and non-white per-
sons, as a persistent juvenile pattern. TheECGarchive
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Table 1: The values of vectors’ magnitude (µV*s) and direction for ECG elements from Figures 3 and 4

Lead I avF Angle (º) Mean magnitude

QRS 80 29 20 85

T 0 12 90 12

QRS-T 80 41 27 90

Table 2: The values of vectors’ magnitude (µVs) and direction for ECG elements from Figure 5

Lead I avF Angle (º) Mean magnitude

QRS 9 17 54 25

T 9 -31 -70 36

QRS-T 0 -14 -35 30

and the absence of complaints could be a clue to this
riddle. Conversely, an anterior TWA may be a symp-
tom of a serious cardiac disease like arrhythmogenic
cardiomyopathy (AC) or hypertrophic cardiomyopa-
thy (HCMP). Unfortunately, isolated anterior TWAs
seem unable to discriminate between innocent ECG
deviations and organic pathology 7,8. However, some
other ECG findings may indicate cardiovascular dis-
ease. For example, Wellens syndrome, which is char-
acterized by biphasic or deep inversion of the T wave
in V1−3 leads and chest pain, may be diagnostic for
left descending artery obstruction. The epsilon wave
that follows the QRS complex also helps to decide in
favor of CVD such as AC or CAD, while TWI in V1−3

combined with coved ST segment elevation is indica-
tive of Brugada syndrome.
A lateral TWA may be defined as an abnormality re-
vealed in leads I and AVL, V5, and/or V6. Unlike an
anterior TWA, this abnormality is not connected with
puberty or a variety of spatial positions of the heart.
Accordingly, a lateral TWA is always suspicious con-
cerning CVDs. It very often occurs in cases of left
ventricular hypertrophy and left bundle branch block.
When someone meets the definite criteria for these
conditions, the explanation of the TWA seems to be
easy. More complicated cases may include additional
(primary) abnormalities such asmyocardial ischemia,
inflammation, or fibrosis that may be masked by sec-
ondary changes. We believe that vector analysis using
ventricular gradient may be helpful in discriminating
primary myocardial changes. As an illustration, we
present the case of a 55-year-old female patient with
grade 1 arterial hypertension. Her ECG with a lateral
TWA is shown in Figure 3.
Pre-excitation of ventricles and amplitude criteria for
LVH based on the Sokolow–Lyon (Rv5+Sv2=46mm)
and Cornell criteria for women (RavL+Sv3=26mm)

may be noted in her ECG. Echocardiography con-
firmed the presence of LVH (LVMI=125g/m2). The
mean QRS axis is about 20º, while the mean T axis
is about 90º. The magnitude of the QRS-T vector
can be calculated using the rule of the parallelogram
of forces, where the magnitude of the force acting in
the definite lead is equal to the area under the curve
(AUC), expressed in mV*s. If 10 mm of amplitude is
equal to 10 mV, then 5 mm (one cell of ECG paper)
is equal to 5 mV. Accordingly, if the tape speed is 25
mm/s, then 1 cell equals 0.2 s. Thus, 1 cell represents
0.1 mV*s (or 100 µVs), and 1 little cell (1 mm2) = 4
µVs. After calculating the AUC for QRS and T in per-
pendicular leads (leads I and avF), we get the values
summarized in Table 1.
In lead I, the total area of QRS is under the isoline and
is equal to 80 µVs. The area of the Twave is divided by
the isoline into 2 approximately equal parts, namely
under and above this line, and the sum of these parts
is close to 0 µVs. In lead avF, the area of QRS is
mostly positive, and the sum of the positive and neg-
ative parts of QRS is 29 µVs. Knowing that the angle
of the mean QRS axis is 20º, it is easy to calculate the
magnitude of the mean QRS, T, and QRS-T vectors
using the rules of trigonometry.
Another abnormal finding in this ECGwas prolonged
QT. Using the correction formula of Fridericia, the
calculated value seemed to be abnormal (478 ms).
However, in the presence of a complete left bundle
branch block, it is better to use a specified equation for
such a condition. One such was developed by Wang
et al.: QTc=QTdur-(0.86×QRSdur-71)9. When we
used this formula for QT=455 ms and QRS dura-
tion=146 ms, the calculated QTc value was 400 ms,
which is normal. Thus, this TWA may be interpreted
as a benign secondary deviation due to LVH and
LBBB.
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Inferior TWA is consistent with changes in the Twave
in II and avF. Such deviations may sometimes be en-
countered in pathological conditions like mitral valve
prolapse and AC but often may be found in healthy
subjects. Accordingly, the significance of an isolated
inferior TWA is still uncertain. The inferior TWA
is often combined with another location, and in this
case, the prognosis is more serious.
Figure 5 demonstrates an ECG with an inferolateral
TWA of a 43-year-old female patient. She had a his-
tory of closed cranial trauma 25 years ago and a recent
lacunar stroke (3 weeks ago). She also had occasional
arterial hypertension. During the heart ultrasound,
no myocardial or valvular abnormalities were found,
but by using MRI with late gadolinium enhancement,
multiple spots of myocardial fibrosis were found in
segments 2, 3, 4, 5, 8, 10, 11, and 12, which were con-
sistent with the history of myocarditis (Figure 6).
Since the ECG in Figure 5 was recorded at a speed of
50 mm/s, then 1 mm2=1µVs. The main parameters
of the ventricular complex, calculated similarly to the
previous case, are presented in Table 2.
The calculations showed a substantial deviation of the
T wave mean axis (−70º) that finally led to the patho-
logical (less than 0º) direction of the QRS-T mean
axis (−35º) and very wide (124º) angle betweenmean
QRS and mean T axis (more than 110º). No other
findings potentially responsible for TWA (LVH, BBB)
were encountered during ECG interpretation. A few
disorders of right ventricle conduction, which man-
ifest as specific rSr deformations in V1–V2 without
substantial conduction delay (duration of QRS is 95
ms), cannot explain the genesis of a TWA. Thus, this
inferolateral TWA indicates primary myocardial im-
pairment (multiple fibrosis), which was confirmed by
MRI. Other investigators described similar TWAs due
to myocardial edema10, meaning that a TWA is a
non-specific but important ECG finding.
Sometimes, TWAsmay have diffuse (“global”) spread.
Notably, most patients with this characteristic are
women. Walder and Spodic, who identified 100 cases
amongmore than 30,000 interpreted ECGswith TWI,
reported a distribution of 82 women and 18 men de-
spite the study including an equal number of male
and female participants11. Moreover, they described
a significantly more vertical QRS and QRS-T mean
axis in women (p = 0.034 and p = 0.016, respectively).
The next ECG may be illustrative (Figure 7).
This 51-year-old woman had complaints of short-
term tachycardia episodes. In her archival ECG, com-
pleted 2 years ago, no TWA was found. No clinically
significant findings were noted during EchoCG. An-
alyzing the ECG in Figure 7, it is easy to note that

the QRSmean vector is directed normally (about 60º)
and the T mean vector direction is close to 0º, so the
angle between QRS and T is about 30º, which is nor-
mal (less than 130º12). Accordingly, the QRS-Tmean
vector will be within the normal range (0± 90º), and
its magnitude will be greater than that of the QRS
vector. Thus, normal QRS-T indicates the absence
of primary myocardial changes. Moreover, there was
no additional evident myocardial impairment such as
changes in the QTc duration, enlargement of heart
chambers, and conduction disorders. This explains
why the TWA in this patient has a relatively benign
character.
The significant variance of the T-wave amplitude dur-
ing her daily ECG monitoring also confirmed the in-
nocent nature of this TWA. It may be characterized
as a rapidly reversible TWA dependent on potassium
current or adrenergic imbalance, which are common
in women aroundmenopausal age. The literature also
supported the opinion that the global TWA itself was
not a poor prognostic indicator11.
Unlike the last case, most ECGs with TWAs aremark-
ers of substantially increasing CV risk. The risk of
SCDwas shown to be threefold higher in patientswith
TWI in leads other thanV1−3 than in the general pop-
ulation13. In another study, the risk of SCD in pa-
tients with a TWA andQRS-T angle >67º was twofold
higher14.
Yu et al. demonstrated that angiotensin II may dra-
matically change the electrophysiology of ventricle
cardiomyocytes. Incubation of epicardial myocytes
with angiotensin II for 2 to 52 hours altered Ito to re-
semble an unincubated endocardium4. Since the ap-
pearance of a T wave is a product of the interaction of
subendo- and subepicardial layers, such modulation
may be responsible for TWAs in some patients with
elevated angiotensin II levels. In turn, angiotensin
receptor antagonists may prevent TWAs in such pa-
tients.

CONCLUSION
Given the high predictive significance of the TWA for
cardiovascular risk, it should be considered an impor-
tant clinical symptom and a key to diagnosis rather
than a diagnostic riddle. Localization of TWAs, vec-
tor analysis of QRS- T, concomitant ECG changes,
and clinical data such as sex, age, and the presence of
CVDmay improve TWA interpretation. Although all
the above mentioned calculations may be completed
manually, computer software may substantially sim-
plify TWA interpretation.
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