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Thoughts about the Ventricular Gradient and Its Current Clinical Use(Part | of 11)

J. WILLISHURST, M.D., MACP

Emory University, Atlanta, Georgia, USA

Summary: The concept of the ventricular gradient was con-
ceivedinthemind of Frank Wilsonintheearly 1930s. Wilson,
amathematica genius, believed that thecd culation of theven-
tricular gradient yielded information that was not otherwise
obtainable. The method of analysiswas not utilized by clini-
ciansat 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 hebdieved that if hismethod of anal-
ysiswasusad, it wasnot often necessary to computethedirec-
tion of the ventricular gradient. He did, however, describe an
easy way to computethedirection of theventricular gradient.
The current mgjor clinical use of theventricular gradient isto
identify primary and secondary T-wave abnormalitiesin an
€l ectrocardiogram showing left or right ventricular hypertro-
phy or |&ft or right ventricular conduction abnormalities. Inad-
dition, the author uses the term ventricular time gradient in-
stead of ventricular gradient in an effort to clarify the concept.
Findly, the author discussesthe possibleclinical significance
of anormaly directed but shorter than normd ventricular time
gradient, an attributethat hasnot been emphasized previoudly.
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Introduction

Wilson's classic communication, coauthored by Macleod,
Barker, and Johnston, entitled “The Determination and the
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Significance of the Areas of the Ventricular Deflectionsof the
Electrocardiogram” was published in 1934.1*
They wrote:

Itisthe purpose of thisarticleto describeamethod of
analyzing theelectrocardiogram which hasnot beenem-
ployed heretofore and which yieldsinformation not ob-
tainablein other ways.!

Except for Bayley and Monti,2 Wilson's concept, later
called theventricular gradient, was understood by only afew
researchersand even fewer clinicians.2

Ashman and hiscolleagueswrotefour masterful articleson
thesubject in 1943.3-% They hoped tointerest othersintheven-
tricular gradient, but their well-written articles produced no
ground swell of interestinthe subject.

Burch and Winsor wrote about the subject in their book A
Primer of Electrocardiographyin 1945.7 Eventhoughtheiril-
lustrations were superb and their description of the gradient
was perhapsthe clearest ever written, they failed to stimulate
cliniciansto usetheventricular gradient in their daily work.

Findly, even Barker, who was one of the authors of Wil-
son’sorigina paper,! seemed to loseinterest inthe subject. In
1952, inhisbook The Unipolar Electrocardiogramhewrote,

At the present time, the determination of the ventricu-
lar gradientisnot apractical procedurefor generd usein
dectrocardiography. The theoretical foundations upon
whichit rests, however, are of utmost importance®

Grant developed vector electrocardiography in the late
1940sand early 1950s. Hisclassicbook, Clinical Electrocar-
diography, was publishedin 1957.° Grant’swork, 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
makesit possibleto determinethe direction of theventricular
gradient when such acomputation is needed. Even he, how-

*Wilson et al. added this footnote to their article: “A preliminary
report based upon the material presented in the article cited as
reference 1 was published in the Proc Soc Exper Biol & Med 1930;
27:591. See dso Wilson, Macleod, and Barker: Tr Assoc Am Physi-
cians 1931;46:29.”
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ever, rightfully insisted that it was not necessary to calculate
thegradient in every tracing, especialy if hismethod of anal-
ysiswasused.%

The purpose of thisarticleisto defineand explaintheven-
tricular gradient and to discusswhen the cal culation of itsdi-
rectionand sizeisof clinica vauetoday.

Definition of theWords

The word ventricular is understood but the word gradient
confusesmany interpreters of eectrocardiograms. The mean-
ing of thewordisbest understood by citing examplesinwhich
agradient exists. Supposethed opeof aroad going up amoun-
tain has an dtitude gradient of 100 feet. The measurement is
madefrom thelowest part of theroad to the highest part of the
road. Suppose the peak systolic pressure gradient across an
aorticvalvein apatient with aortic valve stenosisis 100 mm of
mercury. This measurement is made by subtracting the peak
systolic pressure in the aorta (which is 200 mm of mercury)
from the peak systolic pressurein theleft ventricleswhichis
200 mm of mercury. The difference in pressuresis caled a
pressuregradient.

Whenacell losesal of itselectrical charges, itisconsdered
to be depolarized (there are no electrical chargesonthecell).
Thedepolarized cdll issaid to beexcited. Thisisfollowed by a
period of eectrical inactivity, whichisfollowed by repolariza-
tion (therestoration of eectrical charges). Whendl partsof the
cell are able to restore the electrical charges after the same
amount of time has elapsed, thereisno time gradient. On the
other hand, when apart of thecell restoresitselectrica charges
following adelay intimethat isgreater than thetime required
for the rest of the cell to restore its electrical charges, atime
gradientisproduced. Thiswascaled aT-dtering forceor aT-
delaying force by Grant.® Stated another way, the ventricular
gradient isthe mathematical symbol that illustratesthevaria-
tion of the duration of the excited state of acell, or agroup of
cdls(including the entireventricular muscle).

Thissmply stated preambleis added here with the hopeit
will prepare the reader for the remainder of the discussionin
which the details of the ventricular time gradient and its cur-
rent clinical usearedescribed.

Required Background I nformation
A Hypothetical Cell

Many workersinthefield have described andillustrated the
electrical behavior of asingle, isolated, hypothetica myocar-
dia cell, but nonehavedoneit better than Burch and Winsor. 19
Thediscussion and diagrams used in this section are based on
their discussion of the subject.10

Thereader must remember that thefollowing text andillus-
trationsdeal withtheeventstaking placeinahypothetical cell.
Accordingly, the discussion and figuresdo not accurately por-
tray the events, but are designed to teach avery complicated

processwhichisoftenignored because of itscomplexity. For
example, the depolarization and repol arization of asingle cell
cannot create an eectrocardiogram as shown in the figures.
Also, thearrangement of theelectrical chargescreated by ions
ingdeand outsidethe cell membraneisfar morecomplex than
shown here. Still, theimperfect discussion and figuresteach a
concept that isotherwisedifficult to grasp by busy clinicians.

It is useful to imagine a single cell that is shaped like a
sphere and has a surface membranethat isendowed with the
innate ability to create electrical charges. Negative charges
arelocated ontheinner surface of the cell membraneand pos-
itive charges arelocated on the outside of the cell membrane
(Fig. 1). Notethat each negative chargeismatched with apos-
itive charge. In your mind, you should perceive that each of
the matched charges createsasmall arrow that representsan
electrical force. Notetoo that thereisan imagined measuring
devicethat recordstheé ectrical activity of thecell. Themea
suring device records an upright deflection when the sum of
all of theeectrical forcesisdirected toward the positive pole
of themachine and anegative deflection when the sum of all
theelectrical forcesisdirected avay from the positive pole of
themachine.

Although asaggital view of thecdl isshowninthefigure,
onemust remember that the cell isspherical in shapeand that
the charges (and arrows) are located on al parts of the cell
membrane. A three-dimensiona cell such asthisisconsdered
tobeapolarized or resting cell.

TheProcessof Depolarization
Supposetheright sdeof thecdl isstimulated by an el ectri-

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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Polarized resting cell

Fic.1 A hypothetica cell. It should be considered asbeing shaped
likeasphere. Themeasuring deviceitself isshown below. Thenega-
tive poleof the measuring deviceislocated on theright and the posi-
tive poleof themeasuring device ontheleft. Therecording of thede-
flectionisshownin“lead1” inthe upper |ft corner.
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stimulated initially (Fig. 2A). Thecell losesitschargesinan
orderly manner that isreferred to asdepolarization. Thiscaus-
esthe measuring deviceto 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) asshownin Figure2C.
When al of the charges are gone, the cell is said to be com-
pletely depolarized or excited (Fig. 2D). Therecorded upright
deflection will remainin thewake of depolarization until re-
polarization begins.

Notethat the processof depolarizationisdirected fromright
to left, creating an electrical force that is also directed from
right toleft. Note al so that the deflectionin therecording isdi-
rected upward.

TheProcessof Repolarization after aUniform
TimelLag

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

regppear onthecal membrane. If oneassumesthat all partsof
the cell are equally capable of restoring itselectrical charges
after the same period of time delay, then the restoration of
chargeswill occur onthe cell wherethe chargeswereinitialy
lost. Accordingly, as shown in Figure 3A, the restoration of
electrical chargeswill begin ontheright side of thecell where
they initialy vanished.

Figure 3B showsthe repolarization process at the halfway
point, Figure 3C showsthe repolarization process at thethree-
quarter point, and Figure 3D showsthe completion of there-
polarization process. The cell is now completely repolarized
andisregting.

Notethat the repolarization processisdirected from right
toleft, creating an electrical forcethat isdirected fromleft to
right. Note also that the deflection in the recording is direct-
ed downward.

Thissmpleseriesof figuresshould be studied carefully. For
example, they show that the area subtended under the upright
deflectionispositive and representsacrude QRS complex. It
isequd inszetothe areasubtended under the negative deflec-
tionwhichrepresentsacrude T wave. Figure 3 showsthat the
vectorsrepresenting the QRS complex and T waveareequd in
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(C)  Depolarization (beyond halfway)

(D) Completely depolarized (cell excited)

Fic.2 (A-D) SeetextandlegendinFigurel.
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(B)  Repolarization at halfway point
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(D) Repolarization complete (begins resting state)

Fic.3 (A-D) SeetextandlegendinFigurel.

size, but aredirected oppositeto each other. Thevector sum of
thetwoiszero. Under these circumstances, thedepolarization
process predeterminesthe direction of the repol arization pro-
cessbecausetherestoration of e ectrical chargesisdelayed af-
ter thesamelength of time. Sincethe chargesarerestored after
thesametimedelay in dl parts of the cell, therewould be no
timegradient.

TheProcessof Repolarization after aNonuniform
TimelLag

Thefollowing discussion showswhat can happenwhenwe
tamper with the membrane of the isolated hypothetical cell.
Suppose the right side of the cdll is cooled and the coolest
point is located as shown in Figure 4A. The depolarization
process, that beginswhen an outside stimulusisapplied tothe
right side of the cell, would not necessarily beinterfered with
and would proceed as shown in Figure 2A through D. How-
ever, therepol arization processwoul d beinfluenced consider-
ably by the cooling. The restoration of charges on the right

sideof thecdll would beabnormally delayed to the degreethat
the rebuilding of charges would begin on the |eft 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 chargesisdirected from I eft to right, creating
an electrical forcethat isdirected fromright toleft. Thispro-
ducesan upright T wave. The sum of the electrical forcesfor
the depolarization of thecdll (acrude QRS complex) and the
sum of theelectrical forcesfor therepolarization of thecell (a
crude T wave) can be viewed as vectors and are represented
by arrows. Whenthisisdone, thedirection and sze of thevec-
tors representing depol ari zation and repol arization areidenti-
cd (Fig. 5). Theventricular time gradient would betwice as
long asthevectorsrepresenting depol arization and repol ariza-
tion. The gradient is actually computed by adding the mean
vector representing dl of thee ectrica forcesproduced by de-
polarization and the mean vector representing all of the elec-
trical forcesproduced by repolarization. Thisisaccomplished
by forming aparallelogram using the QRS vector and T vec-
tor asitssides; thediagond of thefigureistheventricular gra-
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(A)  Right side of the cell is cooled (B)

Repolarization begins

(C) Repolarization complete (begins resting state)

Fic.4 (A-C)SeetextandlegendinFigurel.

dient. Theventricular timegradient, represented asavector, is
three-dimensional just as the QRS and T wave vectors are
three-dimensiond.

Noticein Figure 4B—C that the excited part of the cell per-
sistslonger thanit doesin Figure 2. Thisteaches, asBurchand
Winsor pointed out so clearly, “that avector representing the
gradient pointsin adirection fromapoint inthecell inwhich
theduration of the excited Stateislongest to that inwhichitis
shortest.” 102

What CreatestheVentricular Gradientinthe
Human Heart?

It is accepted that the depol arization process of the ventri-
clesbegins, for themost part, at theendocardium andisdirect-
ed toward the epicardium, creating an e ectrical forcethat isdi-
rectedinthe samedirection. It isal so accepted that the repolar-
ization processof theventriclesbegins, for themost part, inthe
ventricular epicardium and isdirected toward the endocardi-
um producing an electrical forcethat isdirectedintheopposite
direction. Thelatter isreminiscent of the electrical activity of
the hypothetical cdll that is cooled on theright side (Fig. 4).
The question then arisesasto why thisoccursinthe heart of a
norma adult! Grant taught that the QRS complex, which is

QRS ! gradient
T

Fic.5 Whenthemean QRS vector and mean T vector arelocated
inthe samedirection and areequally large, the ventricular gradient
will betwice aslarge aseither of them. When the mean QRS vector
islocated inacertain direction andthemean T vector isof equa size
andislocated exactly oppositeto thedirection of themean QRS vec-
tor, theventricular gradient will bezero.

created by depolarization, developsearly inventricular systole
whenthe pressureintheventriclesisjust developing, whereas
the T wave is produced later in ventricular systole after the
right and left ventricular peak pressure has passed, but when
theintraventricular pressureis much higher than it waswhen
the QRS complex was created. ! He also taught that the pres-
surewashigher intheendocardium thanin theepicardium and
that this delayed therestoration of dectrical chargesintheen-
docardia areaof the heart.11 Hethought of this phenomenon
asatransmyocardial pressure gradient.X Therefore, the repo-
larization processisforced to begin in the epicardium rather
than the endocardium. This, of course, reveal sthat the norma
adult human heart createsanormal ventricular time gradient
eachtimeit contracts. The gradient isdirected away from the
area of the heart where there is adelay in the repolarization
process. However, thisconcept 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 depol arization
process(the QRS) becauseit is, dthough somewhat indirectly.

Whereasthe foregoing explanation of the mechanism that
isresponsiblefor theventricular timegradient in the adult hu-
man heartisplausible, it doesnot answer al of thequestions. If
the mechanism just described is correct then why is there a
QRS-T anglein anormal heart? The answer might lieinthe
concept that thetransmyocardia pressuregradient isnot uni-
form throughout the ventricular myocardium.

How to Deter minetheDirectionsand Sizeof the
Ventricular Gradient

Grant proposed asimplemethod for determining the spatial
direction and sizeof theedlectrical forcesthat creastethe deflec-
tions in the eectrocardiogram.t!a He pointed out that the
frontal plane direction of the mean QRS and T vectors could
bedeterminedinstantly by inspecting theroutine 12-lead el ec-
trocardiogram. He taught that when an electrical force was
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parale to agiven extremity lead axis, it produced itslargest
deflection in that lead, and when an electrica force was per-
pendicular to agiven extremity lead axisit produced itssmal -
est deflectioninthat lead. 112 The areasubtended by the part of
thetracing being studied should be used to make the calcula
tion. Accordingly, whenthe mean QRS and mean T-wavevec-
tors are being studied, the net area subtended by the entire
QRSand T wavesisused to determine the size of the deflec-
tion. Therefore, it is necessary to subtract the area subtended
by the part of the defl ection that isbel ow the basdinefrom the
area subtended by the part of the tracing above the basdine.
Using Grant's method, it is possible to determine the frontal
planedirection of themean QRS and T waveswith acceptable
accuracy. Grant al so created the method used for determining
the gpatia direction of the eectrical forces produced by the
electrical activity of the heart. He pointed out that the antero-
posterior direction of thefrontal plane projection of an el ectri-
cal force could be determined by using the transitional com-
plex inthe chest leadsto estimate how far the electrical force
was directed anteriorly or posteriorly.1 2 Thisis possible be-
causethetransitional complex identifiesthetransitional path-
way whichisthebody surface extension of the zero potentia
plane. Since the zero potential plane is perpendicular to the
electrical forcethat producesit, it ispossibleto determinethe
approximate number of degreesan electrical forceisdirected
anteriorly or posteriorly.

Thefrontal planedirection and size of the ventricular time
gradient can be determined by completing the parallelogram
using the QRS and T vectors asitssdes. The diagonal isthe
ventricular timegradient. Theability todothisiswhy wemust
reconsider the value of calculating the ventricular time gradi-
entintheinterpretation of eectrocardiograms. The spatid di-
rection of the ventricular time gradient can aso be calculated,
but itisnot nearly asprecise asthefronta plane caculation of
the gradient. Thisisbecausetheszeof the precordia lead de-
flections, which areused to makethe cal cul ation, isinfluenced
by the nearnessof the el ectrodesto the heart itsdlf.

In the beginning, Wilson et al. enlarged the tracings and
used a planimeter to measure the area subtended by the total
QRS complexesand T wavesin two bipolar extremity leads.!
This, of course, requires considerabletimeandisnot practical
for clinical usage. Others estimated the areasubtended by the
QRScomplex and T waves by multiplying one half of the du-
ration of adeflection by theamplitude of the deflection; even
thisistootimeconsuming. Grant'smethod of interpretation by

simpleingpection of the net areas of QRSand T wavesisusu-
ally adequateto makethecal culation.

Aswill be discussed subsequently, it is not always neces-
sary to establishthesizeor theventricular gradient. Thisistrue
because at timesthedirection of the gradient isclearly abnor-
mal. Therearetimes, however, whenthesizeof anormaly di-
rected ventricular gradient isimportant. Seelater discussion.
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