
H

E
d
H

F

d
s
p
a
h
t
w
W
t
p
s
t
o
t

I
D
p
b
o
p
e
r
i

e
t
p
a
h
a
t
o
t
t
c
w
e
a
t

A
D
9
l

1

ISTORICAL REVIEW

lucidation of the spatial ventricular gradient and its link with
ispersion of repolarization
armen H.M. Draisma, MSc, Martin J. Schalij, MD, Ernst E. van der Wall, MD, Cees A. Swenne, PhD
rom the Department of Cardiology, Leiden University Medical Center, Leiden, The Netherlands.
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The ventricular gradient, a notion conceived by Wilson et al
uring the 1930s, has contributed considerably to a better under-
tanding of the ECG manifestations of the cardiac repolarization
rocess. The power of the ventricular gradient is its ability to
ssess the primary factors that contribute to the T wave (i.e.,
eterogeneity of action potential morphology throughout the ven-
ricles) in the presence of secondary factors contributing to the T
ave (i.e., heterogeneity in ventricular depolarization instants).
here T-wave morphology is an ECG expression of heterogeneity of

he repolarization, the ventricular gradient discriminates between
rimary or secondary causes of such heterogeneity. Besides the
patial ventricular gradient (Burger’s three-dimensional elabora-
ion of Wilson’s two-dimensional concept), body surface mapping
f local components of the ventricular gradient has emerged as a
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eterogeneity. The latter is believed to contribute to localization
f arrhythmogenic areas in the heart. The spatial ventricular gra-
ient, which can be computed on the basis of a regular routine ECG
nd does not require body surface mapping, aims to assess the
verall heterogeneity of ventricular action potential morphology.
his review addresses the nature and diagnostic potential of the
patial ventricular gradient. The main focus is the role of the
patial ventricular gradient in ECG assessment of dispersion of
epolarization, a key factor in arrhythmogeneity.

EYWORDS Action potentials; Repolarization; Dispersion; Primary
wave; Secondary T wave; QRST integral; QRS axis; T axis; QRS-T

patial angle

Heart Rhythm 2006;3:1092–1099) © 2006 Heart Rhythm Society.

echnique for assessing local ventricular action potential duration All rights reserved.
ntroduction
uring the evolution of electrocardiography, several ECG
arameters arose that initially enjoyed increasing popularity
ut were later were abandoned because of severe criticisms
r lack of understanding. One such conceptually complex
arameter is the ventricular gradient, conceived by Wilson
t al1,2 in the 1930s. The ventricular gradient never entered
outine electrocardiography, although it still figures in lead-
ng textbooks.

Several review articles about the ventricular gradient
xist in the literature3–5; however, none focuses on use of
he spatial ventricular gradient for assessing ventricular dis-
ersion of repolarization, which is mechanistically linked to
rrhythmogenesis. Dispersion of repolarization of a given
eartbeat, electrocardiographically reflected in its T wave,
rises from superimposition of (1) the heterogeneity,
hroughout the ventricles, of the action potential morphol-
gies for that given heartbeat; and (2) the heterogeneity of
he ventricular depolarization instants as they result from
he conducted impulse that gave rise to the beat under
onsideration. Theoretically, a pure primary or secondary T
ave would result when all ventricular myocardium was

xcited at the same time instant or when all ventricular
ction potentials had identical shapes, respectively. In prac-
ice, both primary and secondary factors contribute to the T

ddress reprint requests and correspondence: Dr. Cees A. Swenne,
epartment of Cardiology, Leiden University Medical Center, PO Box
600, 2300 RC Leiden, The Netherlands. E-mail address: c.a.swenne@
ave, and these contributions cannot be unraveled by T-
ave analysis alone. The power of the ventricular gradient

s its ability to assess heterogeneity of the ventricular action
otential morphology independent of secondary factors.

Although reentrant spiral-based tachyarrhythmias can be
nitiated in conditions of homogeneous action potential
orphology,6 multiple tachyarrhythmias potentially deteri-

rating into ventricular fibrillation appear in a situation of
ncreased heterogeneity of action potential morphology.7

oreover, reducing action potential morphology heteroge-
eity has an antiarrhythmic effect.8 Therefore, measurement
f the ventricular gradient may considerably contribute to
xperimental and clinical arrhythmology.

rigin of the concept of the
entricular gradient
n 1933, Wilson et al9 published a paper in which, after
dentifying the transmembrane potential as the source of the
CG, forward calculations were given for the potential
istribution around a muscle fiber. Based on these princi-
les, the same group reasoned that the QRST integral in an
CG lead (total area under the curve over the QT interval;
arts with positive deflections in the ECG are counted as
ositive, parts with negative deflections are counted as neg-
tive) depends solely on the heterogeneity of the action
otential durations (APDs) in the muscle fiber (“local vari-
tions in the excitatory process”) and not on the order in
hich the muscle cells are activated.1,2

The postulate of Wilson et al regarding the properties of

he QRST integral was experimentally reaffirmed many

. doi:10.1016/j.hrthm.2006.05.025
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ears later, first by Gardberg et al10 in an isolated muscle
trip and later in the complete heart by Abildskov et al.11

ilson’s “ventricular gradient”, as the QRST integral was
ermed since its introduction,1 was, from the beginning,
ecognized as a potential ECG tool for discriminating be-
ween primary and secondary T-wave phenomena.12

ectorial approach: The spatial
entricular gradient
he representation of the momentaneous electrical forces
enerated by the heart as a single dipole of which strength
nd direction are expressed in a vector of given magnitude
nd direction dates back to Waller.13 Vectorcardiography
merged from these principles and aims to construct the
eart vector from an assembly of ECG limb and chest
eads.14

In the vectorial approach, the scalar definition of the
RST integral according to Wilson (i.e., the area under the
RST curve in a given ECG lead) is generalized as the spatial

ntegral of the area formed by the moving spatial heart vector
uring the QRST interval. Consequently, the latter integral is
vector in three-dimensional geometric space, of which the
agnitude, as in the scalar approach of the ventricular

radient, has the unit voltage · time.
The first report of the measurement of a spatial ventric-

lar gradient appeared in 1954.15 In 1957, Burger16 pub-
ished the analytical proof that this vectorial QRST integral,
hich he referred to as the “spatial ventricular gradient”, is
roportional to the volume integral of the APD gradient
ver the heart. This analysis established the spatial ventric-
lar gradient as an index for APD heterogeneity throughout
he heart.

irection of the ventricular gradient
n his mathematical analysis, Burger16 demonstrated that
he maximum diastolic potential of cardiac myocytes figures
s a proportionality constant in the equation for the integral
f the heart vector over the QRST interval. As the diastolic
ransmembrane potential is negative, this inverts the direc-
ion of the gradient that, contrary to intuition, points to the
riefest APDs in the heart instead of the longest APDs.1

his concept has been verified experimentally.17

RST integral in one ECG lead; QRST
ntegral maps
n 1979, theoretical elaboration of the ventricular gradient
oncept by Plonsey18 showed that the (scalar) ventricular
radient in a specific ECG or epicardial lead is obtained by
eighting (vectorially multiplying) the APD gradient by the
ector lead field during volume integration. The more a
iven lead is sensitive for the electrical activity in a partic-
lar area of the heart, the more the ventricular gradient in
uch a lead expresses the local properties of that part of the
eart. In this review, we concentrate on the vectorial ap-
roach of the ventricular gradient (“spatial ventricular gra-
ient”), which yields one single vector of given size and

irection for one heartbeat of a given person. The lead- s
ependent approach of the ventricular gradient in body
urface mapping may be useful for finding localized inho-
ogeneities in the heart. By definition, the spatial ventric-

lar gradient, which can be derived from the 12-lead ECG,
annot discern between global and local phenomena be-
ause it lumps all APD inhomogeneity in the heart into one
ingle integral.

entricular gradient as an index for
eterogeneity of action potential morphology

n 1983, Geselowitz19 theoretically proved that the QRST
ntegral is determined by spatial heterogeneity in the area
nder the action potential rather than by heterogeneity in
PD alone. Hence, heterogeneity in action potential resting

mplitudes, peak amplitudes, upslopes, downslopes, and
urations all contribute to the ventricular gradient. This
omewhat more generalized concept casts the ventricular
radient into an index of heterogeneity of action potential
orphology in the ventricles of the heart.

ancellation and the ventricular gradient
ancellation of electromotive forces in the heart greatly

educes body surface potentials and ECG amplitudes. An
stimated 75% of the electrical energy is canceled during
entricular depolarization; during repolarization this esti-
ated percentage is 92% to 99%.20 In a similar way, action

otential morphology gradients in different sites of the heart
ay have opposing directions and cancel out during inte-

ration.21 This might explain why, in computer simulations
sing a model of the heart consisting of elementary cubic
nits, QRST integrals decreased when APDs were reas-
igned in a random selection of these units.22 Notably,
andom APD assignment made the model more susceptible
o the initiation of ventricular fibrillation. Obviously, this
rtificial mathematical manipulation dissociates the changes
n the local APD gradients (increase due to random redis-
ribution) from the changes in the ventricular gradient (de-
rease due to cancellation).

PD heterogeneity under physiologic
nd pathophysiologic conditions
he ventricular gradient integrates gradients in the action
otential morphology throughout the heart; one major as-
ect of action potential morphology is APD. Multiple stud-
es have searched for the existence of transmural, apico-
asal, and left ventricular–right ventricular APD gradients.
n extensive review by Burton and Cobbe23 on this topic
as been published. The results of these studies are some-
imes conflicting, most likely due to differences in species,
ethodology, terminology, and interpretation.24 With these

artly conflicting results, it is not possible to make a fair
ducated guess of the normal size and direction of the
entricular gradient in animals or in man. Moreover, at-
empts to establish normal values of the ventricular gradient
n man have revealed a considerable variability between
ubjects.25 Hence, it may be better to longitudinally mea-

ure intra-individual trends in the ventricular gradient than
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o transversally measure interindividual differences in the
entricular gradient.

During ischemia/infarction, APD gradients in the heart
hange dynamically due to dynamic APD changes in the
schemic area. During a brief initial period, ischemia in-
uces APD prolongation26; thereafter APD shortens. Short-
ning is more pronounced in ischemic epicardial areas than
n ischemic endocardial areas.27,28 In remodeled hypertro-
hied hearts after myocardial infarction, APDs in affected
reas are prolonged.29

In a biologic model (canine arterially perfused left ven-
ricular wedge preparation) of the congenital long QT syn-
rome types 1, 2 and 3, transmural APD gradients are
ccentuated by preferential prolongation of M-cell APDs.30

In the Brugada syndrome, action potential morphology
eterogeneity is increased by heterogeneous early phase 1
ction potential notch accentuation and heterogeneous loss
f APD dome and APD prolongation in the right ventricular
picardium.31

Data from a wedge model of short QT syndrome suggest
hat in this disease, APD gradients are enhanced by prefer-
ntial endocardial and M-cell APD abbreviation.32

Body surface maps of patients with Wolff-Parkinson-
hite (WPW) syndrome show longer activation-recovery

ntervals over the preexcited area, suggesting longer APDs
n the preexcited area. This explains why the direction of the
patial ventricular gradient differs between patients with left
r with right accessory pathways. Preexcitation-induced
PD changes in patients with WPW syndrome may occur
ue to cardiac memory.33

entricular gradient and the T wave
he T wave in the ECG reflects the heterogeneity of repo-

arization throughout the ventricles.4 In 1964, Van Dam and
urrer17 attempted to simultaneously activate canine ven-

ricles by high-intensity electrical stimuli. The T wave thus
btained approximates the hypothetical T wave that de-
ends only on action potential morphology heterogeneity
hroughout the heart and that does not depend on the ven-
ricular depolarization sequence. In 1971, this hypothetical

wave was called “the primary T wave” by Abildskov
t al.34 In both publications it was mentioned that the area
nder the primary T wave equals the ventricular gradient.
bildskov et al34 also defined the hypothetical “secondary T
ave” (the T wave that arises on the basis of depolarization
eterogeneity only, in the absence of any action potential
orphology heterogeneity). The T wave that is measured in
regular ECG originates from the resultant of these primary
nd secondary factors.

econdary T-wave changes and the
entricular gradient
ltered ventricular activation sequences (e.g., occurring
ith extrasystoles, intermittent bundle branch block, and

ardiac pacing) cause wide QRS complexes and secondary
-wave changes. With unaltered action potential morphol-

gy distribution, the ventricular gradient should be insensi- d
ive to such changes. However, since the introduction of the
entricular gradient, it has been observed that extrasystoles
ppear to change the ventricular gradient.4 Wilson et al2 had
lready reported this phenomenon and ascribed it to mea-
urement errors, physiologic variability due to respiration,
nd an altered mechanical contraction pattern due to alter-
tions in the activation pathway. Since then, several mech-
nisms have been identified that contribute to altered action
otential morphology distribution throughout the heart when it
s activated in an abnormal order, including altered electrotonic
nfluences,35 altered cellular electrophysiologic properties due
o premature excitation,36 and cardiac memory.

-wave memory and the ventricular gradient
n a classic publication, Rosenbaum et al37 described how,
fter several hours of right ventricular pacing, the T waves
f normally conducted sinus beats remain altered with re-
pect to the sinus beats prior to pacing. This T-wave mem-
ry lasted for several days. Also, intermittent bundle branch
lock was demonstrated to induce changes in the T waves of
ormally conducted beats. They reported that in lead V2, the
entricular gradient of the paced beats changed as T-wave
emory developed. Taken together, these observations

roved that altered secondary conditions that are present for
relatively short time can induce primary changes that

ersist for a (much) longer time. Since this seminal study,
ultiple mechanisms for long-term and short-term cardiac
emory have been revealed, such as altered gap junction

istribution, altered Ito and IKr distribution, alterations in

Ca,L, and altered electrophysiologic responses to antiar-
hythmic agents.38 The ventricular gradient would be an
ppropriate ECG parameter for keeping track of such dy-
amic changes in action potential morphology distribution
hroughout the heart.

epolarization heterogeneity, reentrant
rrhythmias, and the ventricular gradient
eterogeneity of the repolarization is associated with risk of

ife-threatening cardiac arrhythmias, as it is functionally
inked to dispersion of refractoriness,39 which facilitates
eentrant ventricular tachycardias.40

Spach and Barr41 measured the full activation and repo-
arization sequence by multiple epicardial and transmural
lectrodes in recovered closed chest dogs, selected based on
aving normal upright T waves in lead II. They found that
he epicardium repolarized first although it depolarized last.
esults of the classic mapping study in human hearts by
ranz et al42 are in agreement with the findings of Spach and
arr,41 showing, when pooling the results for all endocar-
ial and epicardial mapping sites, a negative linear relation-
hip between activation time and APD.42 This inverse rela-
ion between activation time and APD would contribute to

relative stabilization of repolarization.42 Hence, in the
ormal heart (normal electrophysiologic matrix, normal ac-
ivation sequence), the ventricular gradient reflects a normal
egree of APD heterogeneity that compensates for a normal

egree of activation time heterogeneity.
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Abildskov et al3 suggested that the QRST area was
mong the promising ECG parameters for reentry risk as-
essment, and several subsequent articles showed that the
RST area distribution over the body surface indeed cor-

elated with arrhythmia vulnerability. In this approach, ar-
hythmia risk was conceptually coupled to altered primary
actors, that is, altered local APD heterogeneity reflected in
n altered local lead dependent ventricular gradient. Obvi-
usly, increased dispersion of repolarization, caused by al-
ered APD dispersion and likely reflected in an altered
entricular gradient, is not sufficient for arrhythmia occur-
ence. A second condition, the occurrence of an appropriate
riggering stimulus, such as an ectopic beat, also must be
ulfilled.

elation between the spatial ventricular
radient and the QRS and T axes

t follows from the mathematical definition and from cal-
ulus2,16 that the spatial ventricular gradient (spatial QRST
ntegral) is simply and straightforwardly the vectorial sum
f the vectorial QRS integral and the vectorial T integral. By
efinition, the QRS and the T integrals assume the same
irection (not the same magnitude) as do the QRS and T
xes. In humans, the QRS axis usually points slightly pos-
erior, inferior, and to the left, and the T axis usually points
nterior and also inferior and to the left. Consequently, the
entricular gradient points usually anterior, inferior, and to
he left, roughly along the long axis of the heart, in the
irection of the apex (Figure 1).25 As the ventricular gradi-
nt points in the direction of the briefer action potentials, it
an be deduced that corresponding apicobasal and/or endo-
ardial-to-epicardial action potential morphology trends
briefest action potentials apically/epicardially) must neces-
arily exist.1

elation between spatial ventricular gradient,
RS and T integrals, and the QRS-T angle
an Oosterom43 provided important insight into the ECG
eflections caused by the ventricular depolarization process,
ction potential morphology heterogeneity, repolarization
rocess, and their relationship. Van Oosterom, after endors-
ng Burger’s mathematical proof16 that the integral of the
eart vector over the QRST interval is proportional to the
olume integral of the heterogeneity of APDs, demonstrates
hat the integral of the heart vector during depolarization
spatial QRS integral) depends on the heterogeneity of the
ctivation instants, whereas the integral of the heart vector
uring repolarization (spatial T-wave integral) is propor-
ional to the dispersion of repolarization (provided QRS and

do not overlap).
This analysis clearly establishes the electrocardiographic

elationship between primary factors (APD dispersion, mea-
ured in the ECG as the ventricular gradient), secondary
actors (dispersion in activation instants, measured in the
CG as the QRS integral), and the resulting dispersion of

epolarization (measured in the ECG as the T-wave inte-

ral). Of note, in electrocardiography, dispersion in ventric- o
lar activation currently is uniquely assessed by QRS du-
ation, thus neglecting QRS amplitude. However, to
lectrocardiographically assess the repolarization process,
oth T-wave amplitude and T-wave area (mostly scalar
ather than vectorial) are being used as indices of dispersion
f repolarization.44

A situation with increased QRS and T integrals is not
ecessarily associated with a large ventricular gradient. In a
ormal heart, pure secondary changes (e.g., altered intra-
entricular conduction sequence with ventricular ectopy)
ield wide and bizarre QRS complexes and T waves with
arge QRS and T integrals. However, in this case the angle
etween the QRS and T axes will be large (the ECG will be
iscordant), and the ventricular gradient, which is the vec-
orial sum of the QRS and T integrals, remains unchanged
no primary changes).

The spatial QRS-T angle, which increases by secondary
hanges,45 has proven to be an important prognostic ECG
ndex.46 Possibly, combining the spatial QRS-T angle with
he ventricular gradient could still further increase this prog-
ostic value, as this would add information about the ab-
ence or presence of primary changes. With pure secondary
hanges, only the spatial QRS-T angle would be enlarged,
hile the ventricular gradient remains unchanged. With

dditional primary changes (a less favorable condition), the
entricular gradient would be enlarged as well.

llustrative simulated ECGs
o illustrate the concepts mentioned, we generated five
istinct ECGs with ECGSIM,47 an in silico model for ECG
enesis (Figure 2). Subsequently, we analyzed these five
CGs using LEADS, our research-oriented ECG–VCG
nalysis program.48 This program derives a vectorcardio-
ram (VCG) from a conventional 12-lead ECG by using a
CG reconstruction matrix.49

The ECG in Figure 2A was generated by using the
CGSIM default parameter setting. It is a normal ECG,
ith a normal ventricular depolarization sequence and nor-
al APD heterogeneity. It is concordant in most leads and

as a QRS-T angle of 70°. This is well below the upper
ormal value of 105°.25
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igure 1 Spatial QRS integral (iQRS), T integral (iT), and ventricular
radient (VG, the QRST integral) for a normal ECG and projected in the
rontal plane. The QRS and T integrals have the same directions as the
RS and T axes, respectively. The ventricular gradient is the vectorial sum

f the QRS integral and the T integral.
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Figure 2 ECGs simulated with varia-
tions of heterogeneity in ventricular acti-
vation timing and action potential dura-
tion. During all simulations, maximal
diastolic potentials and mean action po-
tential duration were kept unaltered from
the ECGSIM default situation, which
yields a normal ECG (A). To generate the
primary T wave (B), all ventricular depo-
larization instants were set at zero time
while maintaining the normal action po-
tential duration heterogeneity. The sec-
ondary T wave (C) was obtained by using
the normal ventricular depolarization se-
quence and assigning all action potential
durations the mean action potential dura-
tion. An ECG with increased dispersion
of repolarization (D) was accomplished
by using the normal ventricular depolar-
ization sequence and by increasing action
potential duration heterogeneity without
changing the mean. Finally, a right ven-
tricular-paced complex (E) was simulated
by changing the ventricular depolariza-
tion order while maintaining normal ac-
tion potential durations. Onset and end
QRS and end T instants are indicated in
the ECG leads by vertical lines. As
ECGSIM models ventricular electrical
activity, no P waves are present. Insets
depict the corresponding QRS and T in-
tegrals and the ventricular gradient de-
noted as IQRS, IT, and ventricular gradient
(VG). All pictures were made in the spa-
tial plane set up by the QRS- and T-
integral vectors. The ventricular gradient
was always plotted vertically, the QRS
integral pointing to the left, and the T
integral pointing to the right. The QRS-T
spatial angle and the angles of the QRS
integral and the T integral with the ven-
tricular gradient are faithfully depicted in
the figures, as there is no projection dis-
tortion. The ratio of the vector magni-
tudes is also faithfully depicted; however,
for visualization purposes, scaling was
adjusted per inset. See text for details.
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The ECG in Figure 2B differs from that in Figure 2A in
hat it was generated without dispersion in the ventricular
epolarization instants: all myocardial cells depolarize at
he same moment in time. APD heterogeneity is still normal
default) in this simulation. As a consequence, the ECG has
o QRS complex and consists solely of the primary T wave.
ith absent QRS complex, the T integral and the ventric-

lar gradient by definition have the same magnitude and
irection.

The ECG in Figure 2C was simulated on the basis of the
ormal default ventricular depolarization sequence, but here
ll APDs have the same magnitude (average of the normal
efault APD distribution). As a consequence, the T wave is
urely of a secondary nature. The ventricular gradient has
agnitude zero, as there is no APD heterogeneity. Logi-

ally, the QRS and T integrals have equal magnitudes and
pposite directions.

The ECG in Figure 2D was generated with a normal
efault ventricular depolarization sequence but with accen-
uated APD heterogeneity by proportionally increasing the
onger APDs and decreasing the shorter APDs while main-
aining the normal default average APD.47 It has an almost
ormal QRS-T angle, as the gross APD distribution pattern
hroughout the ventricles was maintained. However, the
entricular gradient and the T integral are larger than nor-
al due to increased APD heterogeneity and increased

ispersion of repolarization, respectively.
The ECG in Figure 2E is a simulation of right ventricular

acing (by changing the ventricular depolarization sequence
ccordingly while maintaining the normal default APD dis-
ribution). Hence, it reflects the consequences of pure sec-
ndary changes. As discussed earlier, the spatial QRS-T
ngle is wide. Both the QRS and T integrals are larger
ecause of a greater disparity of activation and repolariza-
ion. Because there are no APD changes, the ventricular
radient remains the same as normal.

Although dispersion of repolarization is increased in the
CGs depicted in Figures 2D and 2E, the causes of this

ncreased dispersion differ completely (see also Figure 1 in
he review article by Burton and Cobbe23). In Figure 2E, the
ncrease in dispersion of repolarization is caused by a gross
ransventricular repolarization front that grossly follows the
epolarization sequence; such a repolarization pattern pos-
ibly is not arrhythmogenic per se.45 In contrast, in Figure
D there is fragmented repolarization throughout the ven-
ricles, which may render a substrate more vulnerable to
riggers that may induce reentrant arrhythmias.

otential diagnostic value of the
entricular gradient
s elaborated earlier, changes in the ventricular gradient are

aused by primary changes in the electrophysiologic matrix,
hereas secondary changes have no direct effect on the
entricular gradient. This characteristic of the ventricular
radient is potentially useful in ECG diagnostics in the
resence of abnormal intraventricular conduction, for ex-

mple, in the diagnosis of ischemic heart disease in the n
resence of preexistent right or left bundle branch block.
he diagnosis of ischemia based on 12-lead ECG is difficult

n these cases because conduction disturbances and isch-
mia may cause similar ECG changes. However, in a study
y Goldman and Pipberger,50 the ventricular gradient did
ot perform well compared with other ECG parameters in
he diagnosis of myocardial infarction in the presence of
entricular conduction defects. This could be due to the
arge range in normal values of the ventricular gradient.25

lso in their 1969 article, Goldman and Pipberger stressed
he potential additional value of serial ECG analysis (com-
arison of the suspect ECG with a previous nonsuspect
CG of the same patient) for this diagnostic purpose.

The ventricular gradient could be useful in detecting
rimary electrical disease, for example, the sharp APD
radients in the right ventricle that occur in the Brugada
yndrome31 likely would increase the ventricular gradient
agnitude. The Brugada syndrome has multiple ECG man-

festations, of which the “coved-type” T-wave morphology
n the right precordial leads is considered specific and the
saddleback-type” T-wave morphology is suspicious. In
ddition, intermittencies in its ECG expression are seen.
hether or not the ventricular gradient magnitude is ele-

ated in the typical Brugada ECG and remains elevated in
uspicious and intermittent episodes requires further study.

ith increasing knowledge about primary electrical dis-
ases and their ECG manifestations, it is reasonable to
urmise that the spatial ventricular gradient will be of diag-
ostic and prognostic value.

ore general use of the ventricular gradient
hether the ventricular gradient is useful in the setting of

CG diagnosis has not been validated. Additionally, and
ossibly more importantly, the spatial ventricular gradient
s, like heart rate, QRS duration, QT interval, and spatial
RS-T angle, a general descriptor of the ECG. As an
verall measure of action potential morphology heteroge-
eity in the heart, the ventricular gradient offers unique
nformation about the ECG in healthy and diseased sub-
trates under various conditions.

A novel general ECG descriptor, called “total cosine
etween R and T” and claimed to be based on the concept
f the ventricular gradient, was shown to have prognostic
alue in postmyocardial infarction patients.51 This promis-
ng result awaits further confirmation by a study comparing
he results based on total cosine between R and T with
esults based on ventricular gradient and in which the ex-
licitly formulated mathematical relation of total cosine
etween R and T with the ventricular gradient is given.

onclusion
he spatial ventricular gradient represents the lumped het-
rogeneity of action potential morphology throughout the
entricles. It is, like multiple ECG parameters, sensitive to
ancellation. In the normal heart, the ventricular gradient
xpresses a certain amount of physiologic APD heteroge-

eity that tends to compensate for heterogeneity in the
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epolarization instants of the ventricular myocytes. From
his point of view, a decrease as well as an increase in the
entricular gradient represents a less effective compensa-
ion, thus increasing the amount of dispersion of repolariza-
ion and, in the presence of triggering events, increasing
rrhythmogeneity.

The potential diagnostic value of the ventricular gra-
ient is to be found in the ECG diagnosis of ischemia in
he presence of preexistent conduction defects and in
ariable manifestations of primary electrical disease. Ad-
itionally, the ventricular gradient can be regarded as a
eneral parameter that characterizes the primary compo-
ent of dispersion of repolarization. As such, the ventric-
lar gradient could be useful in risk assessment. To our
nowledge, follow-up studies on its predictive value for
entricular arrhythmias in known arrhythmogenic sub-
trates have not been performed.

Because the direction and magnitude of the spatial ven-
ricular gradient can be computed from any routine clinical
2-lead ECG, its measurement is much less cumbersome in
omparison to the determination of, for example, QRST
ntegrals in body surface potential maps. In the setting of
outine clinical electrocardiography, this advantage of the
patial ventricular gradient probably outweighs the disad-
antage that it does not directly localize the myocardial
ource of disparity of action potential morphology. Of
ourse, changes in the ventricular gradient are detected most
ffectively by serial ECG analysis.
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