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Part I of this paper, including Figs. 1–5, appeared in the April
issue of Clinical Cardiology (Clin Cardiol 2005;28:175–180).

Summary: The concept of the ventricular gradient was con-
ceived in the mind of Frank Wilson in the early 1930s. Wilson,
a mathematical genius, believed that the calculation of the ven-
tricular gradient yielded information that was not otherwise
obtainable. The method of analysis was not utilized by clini-
cians at large because the concept was not easy to understand
and because the method used to compute the direction of the
ventricular gradient was so time consuming that clinicians
could not use it. Grant utilized the concept to create vector
electrocardiography, but he believed that if his method of anal-
ysis was used, it was not often necessary to compute the direc-
tion of the ventricular gradient. He did, however, describe an
easy way to compute the direction of the ventricular gradient.
The current major clinical use of the ventricular gradient is to
identify primary and secondary T-wave abnormalities in an
electrocardiogram showing left or right ventricular hypertro-
phy or left or right ventricular conduction abnormalities. In ad-
dition, the author uses the term ventricular time gradient in-
stead of ventricular gradient in an effort to clarify the concept.
Finally, the author discusses the possible clinical significance
of a normally directed, but shorter than normal, ventricular time
gradient, an attribute that has not been emphasized previously.
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The Mechanism for and Characteristics of the Normal
and Abnormal Spatial Ventricular Time Gradient 
in Adult Human Subjects

Mechanism for the Production of the Normal Spatial
Ventricular Time Gradient

As stated earlier, one theory that explains the endocardial
time delay of the repolarization process present in the normal
human heart is that the transmyocardial pressure is higher in
the subendocardium of both ventricles than in the subepicardi-
um. This delays the time that the endocardium begins to repo-
larize. Stated another way—the duration of the excited state is
prolonged in the endocardium. Remember, when the repolar-
ization process is directed in a certain direction it produces an
electrical force that is directed in the opposite direction. This
force is referred to as the mean T-wave vector. To restate for
emphasis—the reason the mean spatial repolarization vector
(T-wave vector) in the normal adult heart is not directed in ex-
actly the same direction as the mean spatial QRS vector may
be that the endocardial pressure that produces the repolariza-
tion delaying process may not be equally distributed through-
out the ventricles. This is why a spatial QRS-T angle of 0º–60º
is present in most normal adult human hearts.

The Direction of the Normal Spatial Ventricular 
Time Gradient

The frontal plane direction of the normal mean ventricular
time gradient is located between + 20º and + 70º (Fig. 6A).7 Its
normal direction is almost parallel with the mean anatomic
axis of the ventricles that may be more vertical or horizontal
than suggested by Figure 6A. Accordingly, one can assume
that the range of normal is 0º to + 90º (Fig. 6B).

Although it is more difficult and less accurate to determine
the anteroposterior direction of the normal ventricular gradient
of the normal adult subject, it is usually located about 10º to
20º anteriorly or posteriorly to the frontal plane.

The Size of the Normal Ventricular Time Gradient

The normal ventricular time gradient is usually larger than
the mean spatial QRS vector; this is illustrated in Figure 7.
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Note that the direction of the mean spatial T vector is deter-
mined by the summation of the hypothetical T-wave vector
and the ventricular time gradient.

When a tracing is viewed, it is useful to ask—given the di-
rection and size of the mean spatial QRS vector that is present
in an electrocardiogram—where should the direction of the
actual mean spatial T vector be located to be considered nor-
mal. The answer is arrived at by determining the vector sum of
the mean spatial hypothetical T-wave vector plus a vector rep-
resenting the normal spatial ventricular time gradient which
should be directed 0º–90º in the frontal plane, no more than 10º
to 20° anteriorly or posteriorly, and is larger than the mean
QRS vector.

Mechanisms Responsible for an Abnormally Directed
Spatial Ventricular Time Gradient

When the spatial ventricular time gradient is directed in
any direction except 0º to + 90º in the frontal plane, or when it
is directed more than 20º to 30º posteriorly or anteriorly, it is
likely to be due to localized nonphysiologic causes such as is-
chemia, fibrosis, or some other pathologic reason (Fig. 8).
The abnormally directed spatial ventricular time gradient
may occasionally be directed away from the centroid of the
epicardial damage produced by severe generalized epicardial

ischemia or severe generalized epicardial damage due to peri-
carditis (Fig. 9).

Mechanisms Responsible for a Normally Directed but
Shorter than Usual Spatial Ventricular Time Gradient

When the spatial ventricular time gradient is normally di-
rected between 0º and + 90º and is no more than 10º to 20º pos-
terior, but is shorter than the mean spatial QRS vector, it is usu-
ally due to a physiologic response of left or right ventricular
hypertrophy due to systolic pressure overload or uncomplicat-
ed left or right ventricular conduction system block (Fig. 10A
and B and later discussion). It may rarely be due to generalized
ischemia or epicardial damage due to pericarditis.

The Clinical Use of the Ventricular Time Gradient

There are only two common electrocardiographic abnor-
malities in which the determination of the spatial direction and
size of the ventricular time gradient gives additional clinical
information that is not otherwise available. They are left or
right ventricular hypertrophy and left or right ventricular con-
duction system block.
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FIG. 6 (A) The shaded frontal plane area indicates the location of the frontal plane direction of the normal ventricular time gradient in adults.
The direction seems to parallel the anatomic axis in most hearts. (B) Because the anatomic axis of the normal heart may occasionally be more
vertical or more horizontal than shown in (A), it is acceptable to consider that the normal frontal planes direction of the ventricular time gradient
is located between 0˚ and + 90˚.

FIG. 7 This diagram illustrates how the direction of the recorded
mean T vector is created. It is the vector sum of the hypothetical T-
wave vector, which is equal in size to the mean QRS vector and is
precisely opposite to it, and the ventricular time gradient.
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FIG. 8 This figure illustrates the frontal plane representation of a
ventricular time gradient that is located outside the normal 0˚ to 90˚
area of the frontal plane display system. It indicates that the excited
state of the myocardial cells is prolonged in a localized area of the su-
perior portion of the left ventricle. Stated another way, there is an ab-
normally long time delay before repolarization begins in that area.
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Left Ventricular Hypertrophy

Systolic pressure overload of the left ventricle: Initially, the
electrocardiogram may be normal when there is mild left ven-
tricular hypertrophy due to systolic pressure overload of the
left ventricle. The mean QRS vector is directed from �20º to +
90º in the frontal plane and 30º to 50º posteriorly. The duration
of the QRS complex is ≤0.10 s. At times, there may be only an
increase in QRS amplitude as determined by a 12-lead QRS
amplitude that is greater than 185 mm.12 However, an increase
in QRS voltage alone only permits an electrocardiographic di-
agnosis of probable left ventricular hypertrophy. When there is
also a left atrial abnormality, or the appropriate S-T- and T-
wave vectors, a definite diagnosis of left ventricular hypertro-
phy can be made. Initially, the direction and size of the ventric-
ular time gradient may be normal. When the mean spatial T
vector is directed about 130º away from the mean spatial QRS
vector, the ventricular time gradient becomes shorter than the
mean spatial QRS vector, but can be normally directed (Fig.
11A). The T-wave abnormality is referred to as a secondary T-
wave abnormality. When the mean spatial T vector becomes
180º away from the mean spatial QRS vector, the spatial ven-
tricular time gradient becomes zero (Fig. 11B).

The mean spatial S-T segment vector is usually directed rel-
atively parallel with the mean spatial T vector and is also due to
the forces of repolarization. It is referred to as a secondary S-T
segment vector.13, 14

Mechanism involved: It is proper to ask why there is an ST-
T-wave abnormality in the electrocardiogram of patients with
left ventricular hypertrophy due to systolic pressure overload.
Whereas there is no definite answer to this question, deductive
reasoning suggests the following anatomic-physiologic expla-
nation. When the left ventricular systolic pressure is sufficient-
ly elevated and the ventricular wall has a certain thickness, the
transmyocardial pressure gradient may be diminished or elim-
inated although the transmyocardial pressure itself may be
higher than normal. This would cause a reversal of the repolar-
ization process. The ventricular time gradient would remain
normally directed although its size may become shorter. This
abnormality is referred to as a secondary T-wave abnormality.

How does one determine whether or not there is an addi-
tional cause for the alteration of the direction of the mean

spatial T vector? After all, a condition such as myocardial is-
chemia due to coronary atherosclerotic heart disease is com-
mon in patients with left ventricular hypertrophy. It is useful
to plot the spatial ventricular time gradient in patients with
left ventricular hypertrophy due to systolic pressure overload
because the small electrocardiographic changes produced by
the added abnormalities due to ischemia, or some other con-
dition, may escape the casual inspection of the tracing. When
the ventricular time gradient is directed abnormally in such
electrocardiograms, it is possible to conclude that there are
two abnormalities of repolarization—one due to the left ven-
tricular hypertrophy itself and the other due to ischemia or
some other condition (Fig. 12). This abnormality is referred
to as a primary T-wave abnormality.

Diastolic pressure overload of the left ventricle: The elec-
trocardiographic abnormalities due to diastolic pressure over-
load of the left ventricle initially are different from those oc-
curring with systolic pressure overload of the left ventricle.
The amplitude of the QRS complexes may be increased and a
left atrial abnormality may be present. The direction of the
mean QRS vector may be from �20º to 90º in the frontal plane
and 30º to 60º posteriorly. The mean spatial S-T vector and
mean spatial T-wave vector may become larger than usual, but
may be normally directed. The S-T vector is due to large forces
of repolarization; therefore, the mean spatial S-T vector tends
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FIG. 9 This figure illustrates what may happen when there is a gen-
eralized epicardial delay in the repolarization of the ventricles. The
direction of the mean T vector will be opposite to that of the mean
QRS vector. When it is longer than the QRS vector, the ventricular
gradient will be directed as shown above.
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FIG. 10 (A) A normally directed, but abnormally short ventricular
gradient, produced by left ventricular hypertrophy or left ventricular
conduction system block. (B) A normally directed, but abnormally
short ventricular gradient produced by right ventricular hypertrophy
or right ventricular conduction system block.
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FIG. 11 (A) When the mean spatial T vector becomes more than
+ 130˚ away from the mean QRS vector, the ventricular time gradi-
ent will be normally directed but shorter than the mean QRS vector.
(B) When the mean spatial T vector is directed opposite to the mean
QRS vector, the frontal plane representation of the ventricular time
gradient will be zero.
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to be parallel with the large mean spatial T vector. The S-T seg-
ment vector is referred to as a secondary ST-segment change,
because it is actually part of the repolarization process. The
ventricular time gradient may be normally directed, and its
size may be normal or greater than normal. The direction of
the ventricular time gradient may later shift to be similar to the
abnormalities described under systolic pressure overload.

Mechanism involved: When there is left ventricular hy-
pertrophy due to left ventricular diastolic pressure overload,
the left ventricular chamber is larger than it is when the left
ventricular hypertrophy is due to systolic pressure overload.
Therefore, the endocardial surface area of the left ventricle is
enlarged and this, plus the fact that the systolic pressure within
the left ventricle is lower than it is when there is systolic pres-
sure overload, explains to some degree why the mean S-T and
T vectors and the ventricular time gradient are initially differ-
ent from the abnormalities caused by systolic pressure over-
load of the left ventricle.

Right ventricular hypertrophy: The same concepts men-
tioned above are also operative when there is right ventricular
hypertrophy (Fig. 10).

Additional comments: Using deductive reasoning it is pos-
sible to postulate that when the ventricular time gradient is
normally directed but is smaller than normal in patients with
left or right ventricular hypertrophy, a generalized alteration
of the ventricles might be present. In the setting of left or right
ventricular hypertrophy, it may be related to the decrease in
transmyocardial pressure gradient that develops in the course
of hypertrophy due to systolic pressure overload and later on
in the course of diastolic pressure overload. Such an abnor-
mality could also occur when there is generalized epicardial
damage such as occurs with generalized ischemia or general-
ized pericarditis.

When the ventricular time gradient is directed abnormally
in patients with left or right ventricular hypertrophy, there may
be an additional localized condition, such as ischemia or fibro-
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Source: Reproduced from Hurst JW and Woodson GC Jr: Atlas of
Spatial Vector Electrocardiography, p. 91. New York: The Blakiston
Company, Inc., 1952. Copyright J. Willis Hurst.

FIG. 12 (A) The mean P vector is difficult to plot because the p
wave is difficult to see, but suggests interatrial block. The mean QRS
vector is directed at + 30˚ in the frontal plane and about 40˚ posteri-

orly. The duration of the QRS complex is 0.08 s and its 12-lead am-
plitude is about 204 mm. The mean T vector is directed at about
�170˚ in the frontal plane and about 40˚ anteriorly. The number of
small squares subtended by the T wave in leads I and II suggests that
the area under the T wave is slightly greater than the area under the
QRS complexes.

The ventricular time gradient is computed as shown above. Note
that it is not directed normally—it lies outside the left lower quadrant
of the hexaxial display system: This is a primary T-wave abnormality.

This tracing shows a greater than normal 12-lead amplitude of the
mean spatial QRS vector and a T-wave abnormality indicating left
ventricular hypertrophy. These two abnormalities indicate systolic
pressure overload of the left ventricle. The mean S-T vector in this
tracing is part of repolarization because it is parallel to the mean T vec-
tor. The ventricular time gradient is directed abnormally indicating
that something in addition to left ventricular hypertrophy is producing
the T-wave abnormality. It is described as being a primary T-wave ab-
normality that would be difficult to recognize unless the ventricular
time gradient was calculated.

The patient was 51 years old and had essential hypertension. The
abnormal ventricular time gradient indicates that a primary T-wave
abnormality is present in addition to the abnormality caused by left
ventricular hypertrophy.

(B) Vectors are used to illustrate the direction and size of the mean
QRS complex and mean T wave that are described narratively in the
legend of Figure 12A. Note that the ventricular time gradient is direct-
ed abnormally outside the left lower quadrant of the frontal display
system. This indicates that there is a primary T-wave abnormality in
addition to the T-wave abnormality that is secondary to left ventricular
hypertrophy.

T

G QRS
1

�170˚

aVF
�90˚

�0˚

�30˚

�

�

(B)



J. Willis Hurst: The ventricular gradient—Part II

sis, that is responsible for the T-wave abnormality. In such cas-
es, the abnormally directed ventricular time gradient has pro-
duced a primary T-wave abnormality.

Left or Right Ventricular Conduction System Block

Left or right ventricular conduction system block is said to
be present when the duration of the QRS complex is ≥0.12 s.
A conduction defect can also be present when the QRS dura-
tion is normal, but the instantaneous spatially oriented QRS
vectors are not created in the normal sequential manner.

Left Ventricular Conduction System Block

The term left ventricular conduction system block should
replace the term left bundle-branch block.15 The new term fits
our current anatomic and electrophysiologic knowledge of the
subject more accurately than the older term.

Uncomplicated left ventricular conduction system block:
When there is uncomplicated left ventricular conduction sys-
tem block, the QRS duration is 0.12 s, the mean spatial QRS
vector is directed <30º to the left and is always directed slight-
ly posteriorly. The terminal spatially oriented 0.02 QRS vector
is directed to the left and posteriorly toward the left ventricle.
The mean spatially oriented T vector may be directed no more
than 90º away from the mean spatial QRS vector, but is com-
monly directed almost 180º from that vector. When the block
is uncomplicated, the T waves appear to be abnormal, but the
ventricular gradient is normally directed and is shorter than
normal. The T-wave abnormality is referred to as a secondary
T-wave abnormality. The direction of the mean spatial S-T-
segment vector is normally directed within 60º of the mean
spatial T-wave vector. This S-T vector is called a secondary S-
T-segment vector and is actually due to repolarization; it is part
of the T wave.13, 14

What causes the abnormal looking T wave when there is un-
complicated left ventricular conduction system block? Most
text books are silent on this matter, but using deductive reason-
ing one can reasonably suspect that when the S-T and T waves
are produced in the left ventricle there is an alteration of the
transmyocardial ventricular pressure gradient in microseg-
ments of the myocardium. Should this occur, the repolarization
process could possibly be reversed in the microsegments of the
myocardium. Accordingly, when the ventricular gradient is
normally directed but shorter than normal, the T-wave abnor-
mality is caused by the altered sequence of depolarization.

Complicated left ventricular conduction system block:
When there is complicated left ventricular conduction system
block, one or more of the following abnormalities may be
present: the QRS duration may be > 0.12 s, the mean spatial
QRS vector may be directed more than �30º to the left and
may be directed abnormally, posteriorly, or anteriorly, a pri-
mary T-wave abnormality is identified when the ventricular
gradient is directed abnormally, and a primary spatially ori-
ented S-T-segment vector may be directed > 60º away from
mean spatial T vector, indicating that it is not part of the repo-
larization process.

A primary T-wave abnormality is caused by a mixture of
the T-wave abnormality associated with the conduction de-
fect, which is due to the reversal of the repolarization process
throughout most of the microsegments of the left ventricle,
plus an additional abnormality that is localized, such as is-
chemia or fibrosis. The ventricular time gradient is directed
abnormally in such tracings. When the condition is not obvi-
ous by simple inspection of the tracing, it is useful to plot the
ventricular gradient (Fig. 12).

Right ventricular conduction system block: When there is
uncomplicated right ventricular conduction system block, the
QRS duration is 0.12 s, the mean QRS vector is directed
<+120º to the right and anteriorly, the initial 0.02 QRS vector
is normally directed, the terminal 0.02 s QRS vector is direct-
ed to the right and anteriorly where the right ventricle is locat-
ed, and the QRS-T angle approaches 180º. There is a sec-
ondary T-wave vector and a secondary S-T-segment vector,
and the ventricular gradient is normally directed, but shorter
than normal.

Complicated right ventricular conduction system block:
Complicated right ventricular conduction block is said to be
present when the duration of the QRS complex is > 0.12 s, or
the mean spatial QRS vector is directed > + 120º to the right in
the frontal plane, or when the mean spatial initial 0.02–0.04 s
QRS vector is directed abnormally due to infarction, or when
the mean spatial S-T-segment vector is directed ≥60º from the
mean T vector, or when there is a primary T-wave abnormali-
ty identified by an abnormally directed ventricular time gradi-
ent (Fig. 13).

The mechanisms responsible for these electrocardiograph-
ic findings are conceptually similar to those discussed under
left ventricular conduction system block.

Conclusion

The concept of the ventricular time gradient is 70 years old.
Following the teaching of Frank Wilson,1 several investigators
and clinicians pointed out the importance of understanding the
concept, but failed to convince clinicians that its actual mea-
surement was of great clinical value.

In retrospect, it is easy to discern the two major reasons
why the determination of the ventricular time gradient re-
mained the tool of only a few experts. First of all, the concept
is not easy to grasp, and second the methods used to calculate
its direction and size were too time consuming to be used by
busy clinicians.

The use of vector concepts, as described by Grant,9 to inter-
pret electrocardiograms makes it possible to determine the di-
rection and size of the spatial electrical forces that create the
deflections in electrocardiograms.9 Accordingly, it is relative-
ly easy to determine the direction and size of the mean spatial
QRS vector, the mean spatial T vector; and the ventricular time
gradient. Accordingly, it seems wise to look once again at the
concept that Wilson believed would create a new and better
way of interpreting certain aspects of electrocardiograms.

Grant taught us that the identification of the spatial QRS–T
angle contains most of the information obtained by calculating
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the ventricular time gradient. There are two times, however,
when it is sometimes useful to determine the direction and size
of the ventricular time gradient in the electrocardiograms of
some patients with left or right ventricular hypertrophy and in
some patients with left or right ventricular conduction system
block. This is true because the interpreter must be able to de-
termine whether the T-wave abnormality is a secondary or a
primary T-wave abnormality.

In addition, it is reasonable to believe that the ventricular
time gradient, which is directed away from the myocardium
where repolarization is delayed, is a more accurate indicator of
the location of an abnormal time delay of myocardial repolar-
ization than the direction of the mean T-wave vector.

Finally, in this manuscript, our emphasis has also been
placed on the possible meaning of a short but normally direct-
ed ventricular time gradient.
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FIG. 13 (A) The mean P vector is directed normally. The duration of
the QRS complex is 0.14 s in lead I indicating complicated left ven-
tricular conduction system block. The mean QRS vector is directed
at about �2˚ in the frontal plane and is about 40˚ posterior. The
mean T vector is directed at about �178˚ in the frontal plane and
about 30˚ anteriorly. The amplitude of the mean QRS is larger than
usual, but this can occur in patients with ventricular conduction de-
fects and does not always indicate hypertrophy. The area subtended
by the QRS complexes is about the same as the area subtended by
the T waves. Note that the ventricular time gradient is directed ab-
normally, signifying that a primary T-wave abnormality is present
in addition to that produced by the conduction defect. The mean ST-
segment vector is directed parallel to the mean T vector, which indi-
cates a secondary S-T-segment abnormality. The patient may well
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have an area of segmental ischemia of the left ventricle in addition
to the T-wave abnormality caused by the conduction defect. Such
an abnormality would be difficult to identify without calculating the
ventricular time gradient.

This tracing was recorded on an 82-year-old man with triple-ves-
sel coronary atherosclerotic heart disease. He had multiple myocar-
dial infarcts, a large heart, and heart failure.

(B) Vectors are used to illustrate the direction and size of the mean
QRS complex and mean T wave that are described narratively in the
legend of Figure 13A. Note that the ventricular time gradient is di-
rected abnormally outside the left lower quadrant of the frontal dis-
play system. This indicates that there is a primary T-wave abnormal-
ity in addition to the T wave abnormality that is secondary to left
ventricular conduction system block.


