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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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Introduction

Wilson’s classic communication, coauthored by Macleod,
Barker, and Johnston, entitled “The Determination and the

Significance of the Areas of the Ventricular Deflections of the
Electrocardiogram” was published in 1934.1*

They wrote:

It is the purpose of this article to describe a method of
analyzing the electrocardiogram which has not been em-
ployed heretofore and which yields information not ob-
tainable in other ways.1

Except for Bayley and Monti,2 Wilson’s concept, later
called the ventricular gradient, was understood by only a few
researchers and even fewer clinicians.2

Ashman and his colleagues wrote four masterful articles on
the subject in 1943.3–6 They hoped to interest others in the ven-
tricular gradient, but their well-written articles produced no
ground swell of interest in the subject.

Burch and Winsor wrote about the subject in their book A
Primer of Electrocardiography in 1945.7 Even though their il-
lustrations were superb and their description of the gradient
was perhaps the clearest ever written, they failed to stimulate
clinicians to use the ventricular gradient in their daily work.

Finally, even Barker, who was one of the authors of Wil-
son’s original paper,1 seemed to lose interest in the subject. In
1952, in his book The Unipolar Electrocardiogram he wrote,

At the present time, the determination of the ventricu-
lar gradient is not a practical procedure for general use in
electrocardiography. The theoretical foundations upon
which it rests, however, are of utmost importance.8

Grant developed vector electrocardiography in the late
1940s and early 1950s. His classic book, Clinical Electrocar-
diography, was published in 1957.9 Grant’s work, which was
based on Wilson’s concepts, made it possible to use vector
concepts in the routine analysis of tracings. In fact, his
method incorporates certain aspects of the gradient itself and
makes it possible to determine the direction of the ventricular
gradient when such a computation is needed. Even he, how-
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ever, rightfully insisted that it was not necessary to calculate
the gradient in every tracing, especially if his method of anal-
ysis was used.9a

The purpose of this article is to define and explain the ven-
tricular gradient and to discuss when the calculation of its di-
rection and size is of clinical value today.

Definition of the Words

The word ventricular is understood but the word gradient
confuses many interpreters of electrocardiograms. The mean-
ing of the word is best understood by citing examples in which
a gradient exists. Suppose the slope of a road going up a moun-
tain has an altitude gradient of 100 feet. The measurement is
made from the lowest part of the road to the highest part of the
road. Suppose the peak systolic pressure gradient across an
aortic valve in a patient with aortic valve stenosis is 100 mm of
mercury. This measurement is made by subtracting the peak
systolic pressure in the aorta (which is 100 mm of mercury)
from the peak systolic pressure in the left ventricles which is
200 mm of mercury. The difference in pressures is called a
pressure gradient.

When a cell loses all of its electrical charges, it is considered
to be depolarized (there are no electrical charges on the cell).
The depolarized cell is said to be excited. This is followed by a
period of electrical inactivity, which is followed by repolariza-
tion (the restoration of electrical charges). When all parts of the
cell are able to restore the electrical charges after the same
amount of time has elapsed, there is no time gradient. On the
other hand, when a part of the cell restores its electrical charges
following a delay in time that is greater than the time required
for the rest of the cell to restore its electrical charges, a time
gradient is produced. This was called a T-altering force or a T-
delaying force by Grant.9b Stated another way, the ventricular
gradient is the mathematical symbol that illustrates the varia-
tion of the duration of the excited state of a cell, or a group of
cells (including the entire ventricular muscle).

This simply stated preamble is added here with the hope it
will prepare the reader for the remainder of the discussion in
which the details of the ventricular time gradient and its cur-
rent clinical use are described.

Required Background Information

A Hypothetical Cell

Many workers in the field have described and illustrated the
electrical behavior of a single, isolated, hypothetical myocar-
dial cell, but none have done it better than Burch and Winsor.10

The discussion and diagrams used in this section are based on
their discussion of the subject.10

The reader must remember that the following text and illus-
trations deal with the events taking place in a hypothetical cell.
Accordingly, the discussion and figures do not accurately por-
tray the events, but are designed to teach a very complicated

process which is often ignored because of its complexity. For
example, the depolarization and repolarization of a single cell
cannot create an electrocardiogram as shown in the figures.
Also, the arrangement of the electrical charges created by ions
inside and outside the cell membrane is far more complex than
shown here. Still, the imperfect discussion and figures teach a
concept that is otherwise difficult to grasp by busy clinicians.

It is useful to imagine a single cell that is shaped like a
sphere and has a surface membrane that is endowed with the
innate ability to create electrical charges. Negative charges
are located on the inner surface of the cell membrane and pos-
itive charges are located on the outside of the cell membrane
(Fig. 1). Note that each negative charge is matched with a pos-
itive charge. In your mind, you should perceive that each of
the matched charges creates a small arrow that represents an
electrical force. Note too that there is an imagined measuring
device that records the electrical activity of the cell. The mea-
suring device records an upright deflection when the sum of
all of the electrical forces is directed toward the positive pole
of the machine and a negative deflection when the sum of all
the electrical forces is directed away from the positive pole of
the machine.

Although a saggital view of the cell is shown in the figure,
one must remember that the cell is spherical in shape and that
the charges (and arrows) are located on all parts of the cell
membrane. A three-dimensional cell such as this is considered
to be a polarized or resting cell.

The Process of Depolarization

Suppose the right side of the cell is stimulated by an electri-
cal source that originates outside the cell. This causes the
electrical charges to vanish from that part of the cell that is
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FIG. 1 A hypothetical cell. It should be considered as being shaped
like a sphere. The measuring device itself is shown below. The nega-
tive pole of the measuring device is located on the right and the posi-
tive pole of the measuring device on the left. The recording of the de-
flection is shown in “lead I” in the upper left corner.

Polarized resting cell

Recording

R L
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stimulated initially (Fig. 2A). The cell loses its charges in an
orderly manner that is referred to as depolarization. This caus-
es the measuring device to record an upright deflection. When
one-half of charges vanishes, the deflection would reach its
greatest amplitude (Fig. 2B). When about three-fourths of the
charges vanish, the deflection would exhibit less amplitude,
but would remain upright (or positive) as shown in Figure 2C.
When all of the charges are gone, the cell is said to be com-
pletely depolarized or excited (Fig. 2D). The recorded upright
deflection will remain in the wake of depolarization until re-
polarization begins.

Note that the process of depolarization is directed from right
to left, creating an electrical force that is also directed from
right to left. Note also that the deflection in the recording is di-
rected upward.

The Process of Repolarization after a Uniform 
Time Lag

After a period of time, during which the recording devise
records no electrical activity, the electrical charges begin to

reappear on the cell membrane. If one assumes that all parts of
the cell are equally capable of restoring its electrical charges
after the same period of time delay, then the restoration of
charges will occur on the cell where the charges were initially
lost. Accordingly, as shown in Figure 3A, the restoration of
electrical charges will begin on the right side of the cell where
they initially vanished.

Figure 3B shows the repolarization process at the halfway
point, Figure 3C shows the repolarization process at the three-
quarter point, and Figure 3D shows the completion of the re-
polarization process. The cell is now completely repolarized
and is resting.

Note that the repolarization process is directed from right
to left, creating an electrical force that is directed from left to
right. Note also that the deflection in the recording is direct-
ed downward.

This simple series of figures should be studied carefully. For
example, they show that the area subtended under the upright
deflection is positive and represents a crude QRS complex. It
is equal in size to the area subtended under the negative deflec-
tion which represents a crude T wave. Figure 3 shows that the
vectors representing the QRS complex and T wave are equal in
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(A) Early depolarization

Recording

Stimulated

R L

(B) Depolarization at halfway point

Recording

R L

(C) Depolarization (beyond halfway)

Recording

R L

(D) Completely depolarized (cell excited)

Recording

R L

FIG. 2 (A–D) See text and legend in Figure 1.
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size, but are directed opposite to each other. The vector sum of
the two is zero. Under these circumstances, the depolarization
process predetermines the direction of the repolarization pro-
cess because the restoration of electrical charges is delayed af-
ter the same length of time. Since the charges are restored after
the same time delay in all parts of the cell, there would be no
time gradient.

The Process of Repolarization after a Nonuniform
Time Lag

The following discussion shows what can happen when we
tamper with the membrane of the isolated hypothetical cell.
Suppose the right side of the cell is cooled and the coolest
point is located as shown in Figure 4A. The depolarization
process, that begins when an outside stimulus is applied to the
right side of the cell, would not necessarily be interfered with
and would proceed as shown in Figure 2A through D. How-
ever, the repolarization process would be influenced consider-
ably by the cooling. The restoration of charges on the right

side of the cell would be abnormally delayed to the degree that
the rebuilding of charges would begin on the left side of the
cell. This profoundly changes the direction of the repolar-
ization process (Fig. 4B and C). Note that the repolarization 
process begins on the left side of the cell and that the process
of restoring the charges is directed from left to right, creating
an electrical force that is directed from right to left. This pro-
duces an upright T wave. The sum of the electrical forces for
the depolarization of the cell (a crude QRS complex) and the
sum of the electrical forces for the repolarization of the cell (a
crude T wave) can be viewed as vectors and are represented
by arrows. When this is done, the direction and size of the vec-
tors representing depolarization and repolarization are identi-
cal (Fig. 5). The ventricular time gradient would be twice as
long as the vectors representing depolarization and repolariza-
tion. The gradient is actually computed by adding the mean
vector representing all of the electrical forces produced by de-
polarization and the mean vector representing all of the elec-
trical forces produced by repolarization. This is accomplished
by forming a parallelogram using the QRS vector and T vec-
tor as its sides; the diagonal of the figure is the ventricular gra-
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(A) Early repolarization

Recording

R L

(B) Repolarization at halfway point

Recording
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(C) Repolarization nearing completion

Recording
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(D) Repolarization complete (begins resting state)

Recording

R L

FIG. 3 (A–D) See text and legend in Figure 1.
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dient. The ventricular time gradient, represented as a vector, is
three-dimensional just as the QRS and T wave vectors are
three-dimensional.

Notice in Figure 4B–C that the excited part of the cell per-
sists longer than it does in Figure 2. This teaches, as Burch and
Winsor pointed out so clearly, “that a vector representing the
gradient points in a direction from a point in the cell in which
the duration of the excited state is longest to that in which it is
shortest.”10a

What Creates the Ventricular Gradient in the 
Human Heart?

It is accepted that the depolarization process of the ventri-
cles begins, for the most part, at the endocardium and is direct-
ed toward the epicardium, creating an electrical force that is di-
rected in the same direction. It is also accepted that the repolar-
ization process of the ventricles begins, for the most part, in the
ventricular epicardium and is directed toward the endocardi-
um producing an electrical force that is directed in the opposite
direction. The latter is reminiscent of the electrical activity of
the hypothetical cell that is cooled on the right side (Fig. 4).
The question then arises as to why this occurs in the heart of a
normal adult! Grant taught that the QRS complex, which is

created by depolarization, develops early in ventricular systole
when the pressure in the ventricles is just developing, whereas
the T wave is produced later in ventricular systole after the
right and left ventricular peak pressure has passed, but when
the intraventricular pressure is much higher than it was when
the QRS complex was created.11 He also taught that the pres-
sure was higher in the endocardium than in the epicardium and
that this delayed the restoration of electrical charges in the en-
docardial area of the heart.11 He thought of this phenomenon
as a transmyocardial pressure gradient.11 Therefore, the repo-
larization process is forced to begin in the epicardium rather
than the endocardium. This, of course, reveals that the normal
adult human heart creates a normal ventricular time gradient
each time it contracts. The gradient is directed away from the
area of the heart where there is a delay in the repolarization
process. However, this concept must not be construed to con-
tradict the fact that the direction of the repolarization process
(the T) is predetermined by the direction of the depolarization
process (the QRS) because it is, although somewhat indirectly.

Whereas the foregoing explanation of the mechanism that
is responsible for the ventricular time gradient in the adult hu-
man heart is plausible, it does not answer all of the questions. If
the mechanism just described is correct then why is there a
QRS-T angle in a normal heart? The answer might lie in the
concept that the transmyocardial pressure gradient is not uni-
form throughout the ventricular myocardium.

How to Determine the Directions and Size of the
Ventricular Gradient

Grant proposed a simple method for determining the spatial
direction and size of the electrical forces that create the deflec-
tions in the electrocardiogram.11a He pointed out that the
frontal plane direction of the mean QRS and T vectors could
be determined instantly by inspecting the routine 12-lead elec-
trocardiogram. He taught that when an electrical force was
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(A) Right side of the cell is cooled
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(B) Repolarization begins
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(C) Repolarization complete (begins resting state)
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FIG. 4 (A–C) See text and legend in Figure 1.

FIG. 5 When the mean QRS vector and mean T vector are located
in the same direction and are equally large, the ventricular gradient
will be twice as large as either of them. When the mean QRS vector
is located in a certain direction and the mean T vector is of equal size
and is located exactly opposite to the direction of the mean QRS vec-
tor, the ventricular gradient will be zero.

T

QRS gradient
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parallel to a given extremity lead axis, it produced its largest
deflection in that lead, and when an electrical force was per-
pendicular to a given extremity lead axis it produced its small-
est deflection in that lead.11a The area subtended by the part of
the tracing being studied should be used to make the calcula-
tion. Accordingly, when the mean QRS and mean T-wave vec-
tors are being studied, the net area subtended by the entire
QRS and T waves is used to determine the size of the deflec-
tion. Therefore, it is necessary to subtract the area subtended
by the part of the deflection that is below the baseline from the
area subtended by the part of the tracing above the baseline.
Using Grant’s method, it is possible to determine the frontal
plane direction of the mean QRS and T waves with acceptable
accuracy. Grant also created the method used for determining
the spatial direction of the electrical forces produced by the
electrical activity of the heart. He pointed out that the antero-
posterior direction of the frontal plane projection of an electri-
cal force could be determined by using the transitional com-
plex in the chest leads to estimate how far the electrical force
was directed anteriorly or posteriorly.11a This is possible be-
cause the transitional complex identifies the transitional path-
way which is the body surface extension of the zero potential
plane. Since the zero potential plane is perpendicular to the
electrical force that produces it, it is possible to determine the
approximate number of degrees an electrical force is directed
anteriorly or posteriorly.

The frontal plane direction and size of the ventricular time
gradient can be determined by completing the parallelogram
using the QRS and T vectors as its sides. The diagonal is the
ventricular time gradient. The ability to do this is why we must
reconsider the value of calculating the ventricular time gradi-
ent in the interpretation of electrocardiograms. The spatial di-
rection of the ventricular time gradient can also be calculated,
but it is not nearly as precise as the frontal plane calculation of
the gradient. This is because the size of the precordial lead de-
flections, which are used to make the calculation, is influenced
by the nearness of the electrodes to the heart itself.

In the beginning, Wilson et al. enlarged the tracings and
used a planimeter to measure the area subtended by the total
QRS complexes and T waves in two bipolar extremity leads.1

This, of course, requires considerable time and is not practical
for clinical usage. Others estimated the area subtended by the
QRS complex and T waves by multiplying one half of the du-
ration of a deflection by the amplitude of the deflection; even
this is too time consuming. Grant’s method of interpretation by

simple inspection of the net areas of QRS and T waves is usu-
ally adequate to make the calculation.

As will be discussed subsequently, it is not always neces-
sary to establish the size or the ventricular gradient. This is true
because at times the direction of the gradient is clearly abnor-
mal. There are times, however, when the size of a normally di-
rected ventricular gradient is important. See later discussion.
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