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Thoughts about the Ventricular Gradient and Its Current Clinical Use

(Part 1 of I1)
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Part | of thispaper, induding Figs. 1-5, appearedinthe April
issueof Clinical Cardiology (Clin Cardiol 2005;28:175-180).

Summary: The concept of the ventricular gradient was con-
ceivedinthemind of Frank Wilsonintheearly 1930s. Wilson,
amathematica genius, believed that the cal 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 creste vector
electrocardiography, but hebeieved that if hismethod of anal-
ysiswasused, it was not often necessary to computethedirec-
tion of the ventricular gradient. He did, however, describean
easy way to computethedirection of theventricular gradient.
Thecurrent mgor clinica useof theventricular gradientisto
identify primary and secondary T-wave abnormalitiesin an
electrocardiogram showing | eft or right ventricular hypertro-
phy or left 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 possibleclinica significance
of anormally directed, but shorter thannormd, ventricular time
gradient, an attributethat has not been emphasized previoudly.
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TheM echanism for and Char acteristicsof theNormal
and Abnormal Spatial Ventricular TimeGradient
in Adult Human Subjects

M echanism for theProduction of theNormal Spatial
Ventricular TimeGradient

As stated earlier, one theory that explains the endocardial
time delay of therepolarization process present in the normal
human heart isthat the transmyocardia pressureishigher in
the subendocardium of both ventriclesthanin the subepicardi-
um. Thisdelaysthetimethat the endocardium beginsto repo-
larize. Stated another way—the duration of the excited Sateis
prolonged in the endocardium. Remember, when therepol ar-
ization processisdirected inacertain directionit producesan
electrical forcethat isdirected in the oppositedirection. This
forceisreferred to as the mean T-wave vector. To restate for
emphasis—the reason the mean spatia repolarization vector
(T-wavevector) inthe normal adult heartisnot directed in ex-
actly the same direction asthe mean spatia QRS vector may
bethat the endocardial pressurethat producesthe repolariza-
tion delaying process may not be equaly distributed through-
out theventricles. Thisiswhy aspatia QRS-T angleof 0°—60°
ispresentinmost normal adult human hearts.

TheDirection of theNor mal Spatial Ventricular
TimeGradient

Thefrontal planedirection of the normal mean ventricular
timegradient islocated between + 20°and + 70° (Fig. 6A).7 Its
normd direction is aimost parallel with the mean anatomic
axis of the ventriclesthat may be more vertical or horizontal
than suggested by Figure 6A. Accordingly, one can assume
that therange of norma is0°to + 90° (Fig. 6B).

Althoughitismoredifficult and lessaccurate to determine
theanteroposterior direction of thenormal ventricular gradient
of the normd adult subject, it isusualy located about 10° to
20° anteriorly or posteriorly to thefrontal plane.

TheSizeof theNormal Ventricular TimeGradient

Thenormal ventricular timegradient isusually larger than
the mean spatia QRS vector; thisisillustrated in Figure 7.
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Fic.6 (A) Theshaded frontal plane areaindicatesthelocation of thefrontal planedirection of the normal ventricular timegradient in adults.
Thedirection seemsto parallel the anatomic axisin most hearts. (B) Because the anatomic axis of the normal heart may occasionally be more
vertical or morehorizontal than shownin (A), it isacceptableto consider that thenormal frontal planesdirection of theventricular time gradient

islocated between 0° and + 90°.

Note that the direction of the mean spatial T vector is deter-
mined by the summation of the hypothetical T-wave vector
andtheventricular timegradient.

When atracingisviewed, it isuseful to ask—giventhedi-
rection and size of themean spatial QRS vector that is present
in an dectrocardiogram—where should the direction of the
actual mean spatia T vector belocated to be considered nor-
mal. Theanswer isarrived at by determining the vector sum of
the mean spatia hypothetical T-wavevector plusavector rep-
resenting the normal spatia ventricular time gradient which
should bedirected 0°~-90inthefronta plane, no morethan 10°
to 20° anteriorly or pogteriorly, and is larger than the mean
QRSvector.

M echanismsResponsiblefor an Abnor mally Directed
Spatial Ventricular TimeGradient

When the spatial ventricular time gradient is directed in
any direction except 0°to + 90°inthefrontal plane, or whenit
isdirected morethan 20°to 30° posteriorly or anteriorly, itis
likely to beduetolocaized nonphysiologic causessuch asis-
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 epicardia
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Fic.7 Thisdiagram illustrates how the direction of the recorded
mean T vector iscreated. It isthe vector sum of the hypothetical T-
wave vector, which isequal in size to the mean QRS vector and is
precisely oppositetoit, and the ventricular time gradient.

ischemiaor severegeneraized epicardia damagedueto peri-
carditis(Fig. 9).

M echanismsResponsiblefor aNormally Directed but
Shorter than Usual Spatial Ventricular TimeGradient

When the spatial ventricular time gradient isnormdly di-
rected between 0°and + 90° and isno morethan 10°to 20° pos-
terior, but isshorter than themean spatiad QRSvector, itisusu-
ally dueto a physiologic response of left or right ventricular
hypertrophy dueto systolic pressure overload or uncomplicat-
ed |eft or right ventricular conduction system block (Fig. 10A
and B and later discussion). It may rarely bedueto generaized
ischemiaor epicardia damage dueto pericarditis.

TheClinical Useof theVentricular TimeGradient

There are only two common el ectrocardiographic abnor-
malitiesinwhichthe determination of thespatia directionand
size of the ventricular time gradient gives additiona clinica
information that is not otherwise available. They are l€ft or
right ventricular hypertrophy and left or right ventricular con-
duction system block.
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Fic.8 Thisfigureillugtrates the fronta plane representation of a
ventricular time gradient that islocated outside the normal 0° to 90°
areaof thefronta planedisplay system. It indicatesthat the excited
state of themyocardia cellsisprolongedinalocaized areaof the su-
perior portion of theleft ventricle. Stated another way, thereisan ab-
normaly long timedelay beforerepol arization beginsin that area
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Fic.9 Thisfigureillustrateswhat may happen whenthereisagen-
eralized epicardia delay intherepolarization of theventricles. The
direction of the mean T vector will be opposite to that of the mean
QRS vector. When it islonger than the QRS vector, the ventricular
gradient will bedirected as shown above.

L eft Ventricular Hypertrophy

Systolic pressure overload of theleft ventricle: Initidly, the
€lectrocardiogram may bennormal whenthereismild left ven-
tricular hypertrophy due to systalic pressure overload of the
left ventricle. Themean QRS vector isdirected from —20°to +
90rinthefrontal planeand 30°to 50° posteriorly. Theduration
of the QRS complexis<0.10s. Attimes, theremay beonly an
increase in QRS amplitude as determined by a 12-lead QRS
amplitudethat isgreater than 185 mm.12 However, anincrease
in QRSvoltageaoneonly permitsan e ectrocardiographic di-
agnosisof probableleft ventricular hypertrophy. Whenthereis
also aleft atria anormality, or the appropriate S-T- and T-
wavevectors, adefinite diagnosis of left ventricular hypertro-
phy can bemade. Initidly, thedirectionand s ze of theventric-
ular time gradient may be normal. When the mean spatial T
vector isdirected about 130° away from themean spatial QRS
vector, the ventricular time gradient becomes shorter thanthe
mean spatial QRS vector, but can be normally directed (Fig.
11A). The T-wave abnormdlity isreferred to asasecondary T-
wave abnormality. When the mean spatial T vector becomes
180° away from the mean spatial QRS vector, the spatial ven-
tricular timegradient becomes zero (Fig. 11B).

Themeanspatid S-T segment vector isusudly directedrel-
atively pardld withthemean spatia T vector andisalsodueto
theforcesof repolarization. Itisreferred toasasecondary S-T
segment vector. 13,14

Mechanisminvolved: Itis proper to ask why thereisan ST-
T-waveabnormality in the electrocardiogram of patientswith
left ventricular hypertrophy dueto systolic pressure overload.
Whereasthereisno definiteanswer to thisquestion, deductive
reasoning suggeststhefollowing anatomic-physiologic expla-
nation. When theleft ventricular systolic pressureissufficient-
ly elevated and the ventricular wal hasacertainthickness, the
transmyocardid pressuregradient may bediminished or dim-
inated although the transmyocardia pressure itself may be
higher than normal. Thiswould causeareversal of therepolar-
ization process. The ventricular time gradient would remain
normdly directed athough itss ze may become shorter. This
abnormality isreferred to asasecondary T-waveabnormality.

How does one determine whether or not thereis an addi-
tional cause for the ateration of the direction of the mean
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Fic.10 (A) A normally directed, but abnormaly 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.

spatial T vector? After all, acondition suchasmyocardia is-
chemiadueto coronary atherosclerotic heart diseaseis com-
mon in patientswith left ventricular hypertrophy. It isuseful
to plot the spatial ventricular time gradient in patients with
left ventricular hypertrophy dueto systolic pressure overload
becausethe small € ectrocardiographic changes produced by
the added abnormalities dueto ischemia, or some other con-
dition, may escapethe casua ingpection of thetracing. When
the ventricular time gradient is directed abnormally in such
electrocardiograms, it is possible to conclude that there are
two abnormalities of repol arization—onedueto theleft ven-
tricular hypertrophy itself and the other due to ischemiaor
some other condition (Fig. 12). Thisabnormality isreferred
to asaprimary T-wave abnormality.

Diastolic pressure overload of theleft ventricle: Theelec-
trocardiographic abnormalities dueto diastolic pressure over-
load of the left ventricleinitialy are different from those oc-
curring with systolic pressure overload of the left ventricle.
Theamplitude of the QRS complexes may beincreased and a
left atrial abnormality may be present. The direction of the
mean QRSvector may befrom —20°to 90 inthefronta plane
and 30° to 60° pogteriorly. The mean spatiad S-T vector and
mean spatia T-wave vector may becomelarger than usua, but
may benormally directed. TheS-T vector isduetolargeforces
of repolarization; therefore, themean spatial ST vector tends
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Fic.11 (A) When the mean spatial T vector becomes more than
+130° away from the mean QRS vector, the ventricular time gradi-
entwill be normally directed but shorter than the mean QRS vector.
(B) Whenthemean spatia T vector isdirected oppositeto the mean
QRS vector, thefrontal plane representation of the ventricular time
gradient will be zero.
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tobepardld withthelargemean spatid T vector. The ST seg-
ment vector isreferred to asasecondary ST-segment change,
because it is actudly 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
theventricular timegradient may later shifttobesimilar tothe
abnormalities described under systolic pressure overl oad.

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, theendocardia surface areaof theleft ventricleis
enlarged and this, plusthefact that the systolic pressurewithin
theleft ventricleislower thanitiswhen thereissystolic pres-
sureoverload, explainsto somedegreewhy themean ST and
T vectorsand the ventricular time gradient areinitialy differ-
ent from the abnormalities caused by systolic pressure over-
load of theleft ventricle.
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Source: Reproduced from Hurst W and Woodson GC Jr: Atlas of
Satial eector Electrocardiography, p. 91. New York: The Blakiston
Company, Inc., 1952. Copyright J. WillisHurst.

Fic.12 (A) The mean P vector isdifficult to plot because the p
waveisdifficult to see, but suggestsinteratrid block. Themean QRS
vector isdirected at + 30° inthefrontal plane and about 40° posteri-

Right ventricular hypertrophy: The same concepts men-
tioned above are a o operative when thereisright ventricular
hypertrophy (Fig. 10).

Additional comments; Using deductivereasoningitispos-
sible to postulate that when the ventricular time gradient is
normally directed but is smaler than normal in patientswith
left or right ventricular hypertrophy, ageneralized alteration
of theventriclesmight be present. Inthe setting of left or right
ventricular hypertrophy, it may be related to the decreasein
transmyocardid pressure gradient that devel opsin the course
of hypertrophy dueto systolic pressure overload and later on
in the course of diastolic pressure overload. Such an abnor-
mality could also occur when thereis generaized epicardia
damage such asoccurswith generalized ischemiaor general-
ized pericarditis.

When the ventricular time gradient isdirected abnormally
inpatientswithleft or right ventricular hypertrophy, theremay
bean additiond localized condition, such asischemiaor fibro-

(B) +90

orly. Theduration of the QRS complex is0.08 sand its 12-lead am-
plitude is about 204 mm. The mean T vector is directed at about
—170 inthefrontal planeand about 40° anteriorly. The number of
small squaressubtended by the T waveinleads| and |1 suggeststhat
theareaunder the T waveisdightly greater than the areaunder the
QRS complexes.

Theventricular time gradient is computed as shown above. Note
that it isnot directed normally—it liesoutsde the | eft lower quadrant
of thehexaxid display system: Thisisa primary T-waveabnormality.

Thistracing showsagreater than normal 12-lead amplitude of the
mean spatia QRS vector and a T-wave abnormdlity indicating left
ventricular hypertrophy. These two abnormalities indicate systolic
pressure overload of the left ventricle. The mean S-T vector in this
tracingispart of repolarization becauseitispardle tothemean T vec-
tor. The ventricular time gradient is directed abnormally indicating
that somethingin additiontoleft ventricular hypertrophy isproducing
the T-wave abnormality. It isdescribed asbeing aprimary T-waveab-
normality that would be difficult to recognize unless the ventricular
timegradient wascalculated.

The patient was 51 yearsold and had essentid hypertension. The
abnormal ventricular time gradient indicates that a primary T-wave
abnormality is present in addition to the abnormality caused by |eft
ventricular hypertrophy.

(B) Vectorsareused toillustrate the direction and size of themean
QRS complex and mean T wavethat are described narratively inthe
legend of Figure 12A. Notethat the ventricular timegradient isdirect-
ed abnormally outside the I eft lower quadrant of the frontal display
system. Thisindicatesthat thereisaprimary T-wave abnormality in
additiontothe T-waveabnormality that issecondary toleft ventricul ar

hypertrophy.
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g5 that isresponsiblefor the T-wave abnormadity. Insuch cas-
es, theabnormally directed ventricular time gradient has pro-
duced aprimary T-wave abnormality.

L eft or Right Ventricular Conduction System Block

L eft or right ventricular conduction system block issaid to
be present when the duration of the QRS complexis=0.12s.
A conduction defect can a so be present when the QRS dura-
tion isnormal, but the instantaneous spatially oriented QRS
vectorsarenot crested inthe normal sequential manner.

L eft Ventricular Conduction System Block

The term left ventricular conduction system block should
replacetheterm left bundle-branch block. 15 The new term fits
our current anatomic and e ectrophysiol ogic knowledge of the
subject moreaccurately thanthe ol der term.

Uncomplicated left ventricular conduction system block:
When thereisuncomplicated left ventricular conduction sys-
tem block, the QRS duration is0.12 s, the mean spatial QRS
vector isdirected < 30°totheleft and isalwaysdirected dight-
ly posteriorly. Thetermina spatidly oriented 0.02 QRS vector
isdirected to theleft and posteriorly toward the left ventricle.
Themean spetially oriented T vector may bedirected no more
than 90° away from the mean spatial QRS vector, but iscom-
monly directed almost 180° from that vector. When the block
isuncomplicated, the T waves appear to be abnormal, but the
ventricular gradient is normally directed and is shorter than
normal. The T-wave abnormality isreferred to asasecondary
T-wave abnormality. The direction of the mean spatid S-T-
segment vector is normally directed within 60° of the mean
spatia T-wavevector. ThisS-T vector iscaled asecondary S-
T-segment vector and isactualy dueto repolarization; itispart
of the T wave13.14

Wheat causestheabnormd looking T wavewhenthereisun-
complicated |eft ventricular conduction system block? Most
text booksareslent on thismatter, but using deductive reason-
ing one can reasonably suspect that whenthe S-T and T waves
are produced in the |eft ventricle there is an dteration of the
transmyocardial ventricular pressure gradient in microseg-
mentsof themyocardium. Should thisoccur, therepolarization
process could possibly bereversed inthemicrosegmentsof the
myocardium. Accordingly, when the ventricular gradient is
normally directed but shorter than normal, the T-wave abnor-
mality iscaused by thealtered sequence of depolarization.

Complicated left ventricular conduction system block:
Whenthereiscomplicated | eft ventricular conduction system
block, one or more of the following abnormalities may be
present: the QRS duration may be>0.12 s, the mean spatia
QRS vector may be directed more than —30° to the left and
may be directed abnormally, posteriorly, or anteriorly, apri-
mary T-wave abnormality isidentified when the ventricular
gradient isdirected abnormally, and a primary spatially ori-
ented S-T-segment vector may be directed > 60° away from
mean spatia T vector, indicating that itisnot part of therepo-
larization process.

A primary T-wave abnormality is caused by amixture of
the T-wave abnormality associated with the conduction de-
fect, whichisdueto thereversa of the repolarization process
throughout most of the microsegments of the left ventricle,
plus an additional abnormality that islocalized, such asis-
chemiaor fibrosis. The ventricular time gradient is directed
abnormally in such tracings. When the conditionis not obvi-
ous by simpleinspection of thetracing, it isuseful to plot the
ventricular gradient (Fig. 12).

Right ventricular conduction system block: When thereis
uncomplicated right ventricular conduction system block, the
QRS duration is 0.12 s, the mean QRS vector is directed
<+120°totheright and anteriorly, theinitial 0.02 QRS vector
isnormally directed, theterminal 0.02 sQRSvector isdirect-
ed totheright and anteriorly wheretheright ventricleislocat-
ed, and the QRS- T angle approaches 180°. There is a sec-
ondary T-wave vector and a secondary S-T-segment vector,
and the ventricular gradient isnormally directed, but shorter
than normal.

Complicated right ventricular conduction system block:
Complicated right ventricular conduction block issaid to be
present when the duration of the QRS complexis>0.12s, or
the mean spatial QRSvector isdirected >+ 120°totherightin
thefronta plane, or when the mean spatial initial 0.02-0.04s
QRSvector isdirected abnormally dueto infarction, or when
themean spatial S-T-segment vector isdirected > 60°fromthe
mean T vector, or when thereisaprimary T-wave abnormali-
ty identified by an abnormally directed ventricul ar timegradi-
ent (Fig. 13).

The mechanismsresponsiblefor these e ectrocardiograph-
ic findings are conceptually similar to those discussed under
left ventricular conduction system block.

Conclusion

Theconcept of theventricular timegradientis 70 yearsold.
Following theteaching of Frank Wilson,! severd investigators
and clinicianspointed out theimportance of understanding the
concept, but failed to convince cliniciansthat its actua mea-
surement was of greet clinica value.

In retrospect, it is easy to discern the two magjor reasons
why the determination of the ventricular time gradient re-
mained thetool of only afew experts. First of all, the concept
isnot easy to grasp, and second the methods used to calculate
its direction and size were too time consuming to be used by
busy clinicians.

Theuseof vector concepts, asdescribed by Grant,°tointer-
pret e ectrocardiograms makesit possibleto determine the di-
rection and size of the spatial electrical forcesthat creste the
deflectionsin eectrocardiograms.® Accordingly, it isrelative-
ly easy to determinethedirection and size of the mean spatia
QRSvector, themean spatia T vector; and theventricular time
gradient. Accordingly, it seemswiseto look onceagain at the
concept that Wilson believed would create a new and better
way of interpreting certain aspectsof eectrocardiograms.

Grant taught usthat theidentification of the spatiadl QRS-T
anglecontainsmogt of theinformati on obtained by caculating
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Fic. 13 (A) Themean Pvector isdirected normally. The duration of
the QRS complexis0.14 sinlead | indicating complicated | eft ven-
tricular conduction system block. Themean QRS vector isdirected
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 QRSislarger than
usual, but thiscan occur in patientswith ventricular conduction de-
fectsand does not dwaysindicate hypertrophy. The areasubtended
by the QRS complexesis about the same as the area subtended by
the T waves. Notethat the ventricular time gradient isdirected ab-
normally, signifying that a primary T-wave abnormality is present
inadditiontothat produced by the conduction defect. Themean ST-
segment vector isdirected pardld tothemean T vector, whichindi-
catesasecondary S-T-segment abnormality. The patient may well

the ventricular time gradient. There are two times, however,
whenitissometimesuseful to determinethedirectionandsize
of the ventricular time gradient in the electrocardiograms of
some patientswith eft or right ventricular hypertrophy andin
some patientswith | eft or right ventricular conduction system
block. Thisistrue becausetheinterpreter must be ableto de-
termine whether the T-wave abnormality is asecondary or a
primary T-waveabnormality.

In addition, it is reasonable to believe that the ventricular
time gradient, which is directed away from the myocardium
whererepolarizationisdelayed, isamoreaccurateindicator of
thelocation of an abnormal time delay of myocardia repolar-
ization than the direction of themean T-wavevector.

Findly, in this manuscript, our emphasis has aso been
placed on the possible meaning of ashort but normdly direct-
ed ventricular timegradient.
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have an areaof segmental ischemiaof theleft ventriclein addition
to the T-wave abnormality caused by the conduction defect. Such
an abnormality would bedifficult toidentify without calculating the
ventricular timegradient.

Thistracing wasrecorded on an 82-year-old manwith triple-ves-
sdl coronary atherosclerotic heart disease. He had multiple myocar-
did infarcts, alarge heart, and heart failure.

(B) Vectorsareusedtoillugtrate the direction and size of themean
QRS complex and mean T wavethat are described narratively inthe
legend of Figure 13A. Notethat the ventricular time gradient isdi-
rected abnormally outsidetheleft lower quadrant of thefrontal dis-
play system. Thisindicatesthat thereisaprimary T-wave abnormal-
ity in addition to the T wave abnormdlity that is secondary to left
ventricular conduction system block.
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