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INTRODUCTION 

PURPOSE OF THIS PAPER: The purpose of this paper 

is to review the literature on the influence of iso

lated right ventricular hypertrophy on the standard 

clinical electrocardiogram. An attempt has been made 

to glean from tb.e literature a discussion of all the 

electrocardiogr-aphic changes that have been ascribed 

to right ventricular hyper-trophy, in general., and to 

the electrocardiographic changes that have been as

cribed to patients with pulmonary stenosis, in par

ticular. It is hoped that with the aid of this pa

per' e organization of various investigator's objec

tive cri ter·ia and subjective comments with regard to 

a particular change in the electrocardiogram in .right 

ventricular hypertrophy, the reader will gain added 

insight into the value of the electrocardiogram in 

· the diagnosis of isolated right ventricular- hyper

trophy.

PULMONARY STENOSIS AS A SOURCE FOR THE STUDY 

OF RIGHT VENTRICULAR HYPERTROPHY: Though right vent

ricular hypertrophy 1s associated with a myriad of 

heart diseases, both acquired and congenital, pul

monary stenosis was chosen, as it represents an ideal 

prototype in the etiology of isolated right ventr1-
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cular hypertrophy. This idea was suggested by 

Braunwald and associates (1955) who stated, 11 Tb.e 

accurate determination of ventricular hypertrophy 

and preponderance is the foremost task of the elec 

trocardiogram in congenital heart disease . Certain 

congenital cardiac lesions produce essentially uni

later al ventricular hypertrophy and the electro

cardiograms of pa tients with such m&lformations 

affords the opportunity for studying electrocardio

graphic criteria of ventricular hypertrophy. " (15) 

Kossmann (1962) noted, " In the presence of severe 

outlet obstruction of either ventricle with the 

ventricular septum intact the electrocardiogram will 

accurately reflect hypertrophy of the obstructed 

ventricle ." (75) Pruitt (1962) com rnented, "Pure 

hypertrophy should ensue when a ventricular chamber 

maintains a normal stroke volume against an excep

tionally high resistance to flow, and accomplishes 

this work without sacrifice of myocardial nutri

tion or efficiency. These requirements can be met 

by the ventricle suppl ying either the pulmonary or 

systemic circulation, and the corresponding clini

cal state is encountered in young pa tients having 

2 



isolated pulrnonic or aortic stenosis. 11 (75) Fi 

nally in a recent study on a correlation between 

the hemodynarnic and electrocardiographic changes 

associated with pulmonary stenosis, Hugenholtz and 

Gamboa (1964) said, "It appeared useful to study 

only those cardiac lesions in which increased pres

sure would be the dominent persistent hemodynamic 

change and thus should be the chief factor related 

to adaptive processes . Isolated outflow obstruction 

caused by congenital pulmonic valvular stenosis of 

varying severity was selected as the optimal model 

in which to conduct this study. 11 (63) It is with 

this rationale that this paper under takes the study 

of pulmonary stenosis and right ventricular hyper

trophy. 

SCOPE OF THIS PAPER: This paper has not been 

intended to be a critical review of the literature. 

Rather than to analyze the statistical significance 

or scientific strengths or weaknesses of the refer

ences included, it is only the conclusions and gen

eral comments leading up to these conclusions that 

this paper will attempt to review. 
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GENERAL COMME.NTS ON EU,CTROCARDIOGRAPHIC ANALYSIS 

THE SIGNIFIC ANCE OF THE ~Ll..CTROCAlillIOGRAPHIC DE

TERMINATION OF CARDIAC HYP~RTROPHY: In general, the 

literature has considered the significance of electro

cardiography in the diagnosis of ventricular hyper

tro phy with hi gh regard. Wood ( 1950 ) stated, 11 The 

electrocardiogram is the most reliable clinical means 

of deciding which ventricle is predominent, and the 

point is of utmost importance in differential diag

nosis. " (129) Kossmann (1958) commented, "It is 

maintained by many that hypertrophy is an anatomic 

modification of the heart which is more evident from 

electrocardiographic deviations it causes than from 

any other clinical or laboratory examination." (74) 

Similarly, according to Burchell (1962), 11 The elec

trocardiogram is the best single method available to 

us clinically as an indicator of predorninent hyper

trophy of e 1 the r ventricular chamber . " ( 75 J Dotter 

(1957) studied the value of electrocar d iography rela

tive to radiology in the diagnosis of cardiac hyper

trophy and concluded, " In tbe diagnosis of congeni

tal heart disease, when competent r adiographic and 

electrocardiographic interpretations concerning 
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ventricular enlargement are not in agreement the 

electrocardiogram is apt to be correct." (42) 

Despite this high regard, the electrocardio

gram is not without its weaknesses, and Jensen (1960) 

clearly pointed this out by stating, "The electro .. 

cardiogram simply measures the electrical potent ials 

which are generated by the myocardial cells as they 

polarize and depolarize during the cardiac cycle and 

are transmitted through the adjacent heterogenous 

tissues to the electrodes a t the body surface. The 

electrocardiogram cannot measure directly the thick

ness of the ventricular wall or the diameter of the 

cardiac valve orifaces, and attempts to quantitate 

these parameters from the electrical phenomena repre

sented on the clinical electrocardiogram are at best 

haza rdous, frequently inaccurate and often completely 

erroneous." (65) In a somewhat similar vein, Koss

mann (1953) stated, "It is unsound practice to make 

final anatomic cardiac diagnoses from the f'onn of the 

electrocardiogram without recourse to other clinical 

and laboratory data." (73) 

THE CORKELATION OF ELl,CTROCARDIOGRAPHIC AND 

ANATOMIC EVIDENCE OF HYPERTROPHY: After a consid

erable amount of autopsy correlation studies, 
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Kossmann (1953) concluded, " Probably less - and our 
a, 

own observations indicate consider ab ly less - th%n 

70~ of pa tients with ri Bht or left ventricular hy

pertrophy will show the electrocardiogra phic con

fi guration "characteristic " for the chamber involved. 

Correlations in ge neral will be better the gre a ter 

the hypertrophy . 11 (73 ) In a l ater work Kossmann 

(1958) noted, in reference to another worker 1 s au

topsy controlled series> tha t the d isease in most of 

these patients was so far advanced tha t death re

sulted. He comme nted, 11 .h;ven so, using the best 

criteria av a ilable, both i n ex t re mity and precordial 

le ads, the correctness of the di agnosis could be 

esta b lished definitely by the electr ocar d i ogra phic 

method only in approxima tely 70 fo .Clear ly in less 

adv anced stages of hypertro phy the incidence of posi

tive electroc a rdiogra phic find ine: s will be lower. " 

(74) Simila rly Scott (1962) sta ted, "It should be 

emphasized tha t be c ause of t he hig h inc idence of 

abnorma lly he avy he arts occuring in an unselected 

auto psy populati on this may result, in autops y con

trolled studies, in what appe a rs to be a gre a ter 

accur acy in the electr oc a rdio gra phic diag,nosis of 
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ventricular hypertrophy then ma y actually be the 

ca se. 11 
( 75) Scott ( 1960) and 'v',a lker and associates 

(1955) concluded that though the accuracy of right 

ventricular hy pertrophy has va ried e xtremely (from 

as low as 23%), in most instances when the pa ttern 

of ri ght ventricular hy pertrophy is enc ountered in 

the electroc 5rdi ogram, the di a gnosis will be sub

stantiated at a utopsy. (103, 120) . 

Myers (1948) found tha t in his group of autopsy 

control led ca ses of ri ght ventricular hypertrop hy , 

there did not appear to be any direct cor r elation 

betw een ca rdiac weight, ventricular r atio or t hi ck

ness of ri ght ventricul ar wall and the electrocardio

gra p~ic pattern. (71) Similarly Fraser and Turner 

(1955) s tudied cases of both ac q uired and congenital 

he art d ise a se and found a striking l a ck of correla

tion between the e l e ctr o ca r d iogra phic and anatomic 

evidence of ri ght ventricular hy pertrophy. They 

noted particularly poor corr e l a tion between the 

better developed electr ocardio gra p hic signs of ri ght 

ventricular hy pertrophy and the more pronounced de

grees of anatomic ri ght ventricular hy pertrophy. (47; 

Ace ord ing to Human ( 1964 ) , "The poor correlation 
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between electrocardiographic and anatomic hyper-

tr op h y i s a we 11 known fa ct • 11 
( 6 4 ) 

THE RIGHT VENTRICULAR PhESSURE A~D ITS RE

LATION TO RIGHT VENTRICULAR HYPEnTR.OPHY .A1"D THE 

ELECThOGAFillIOGRAlv1: Jewett (1960) rationalized , 

11 The ri~ht ventricular pressure is probably at 

least as good a guide as measurements taken at 

autopsy, since terminal dilitation is thought to 

be very common and this event bas a marked effect 

on the observed thickness of the ventricular wall. 11 

(66) Orme (1952) stated that it seemed reasonable 

to assume that there would be a correlation between 

the degree of hypertrophy in the muscle wall and 

the ventricular pressure, however, he was quick to 

add, "Reasonableness alone without any experimental 

basis, should never be the foundation of any medi

cal diagnostic procedure. 11 (95) 

Most of the series reportine electrocardio 

graphic evidence of right ventricular hypertrophy 

have been restricted to diseases associated with 

increased pulmonary artery or right ventricular 

pressure. Johnson and co - workers (1950) found 
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that all their patients except one with electro

cardiographic evidence of ri Bht ventricular hyper

trophy had pulmonary artery pressure sreater than 

30 mm Hg. (67) Cosby and his colleagues (1953) have 

demonstrated similar findings. (35) ~a lker, Scot t 

and Helm (1955) suggested that factors such as in

creased pressure in the right side of the heart and 

in the pulmonary circui\ in addition to incre a sed 

muscle mass, may contribute to the electroc ardio

graphic pattern of ri ght ventricular hypertrophy. 

(119) Joos (1954) found that right ventricular 

systolic hypertension and the gradient between 

right ventricular systolic pressure and pulmonary 

sys t olic pressure were grossly related to the occur

rence of ri ght ventricular hy pertrophy by the elec

trocardiogram. 

According to Sodi-Pallares (1956) the electro

cardiogram in pure pulmonary stenosis may vary from 

normal or sli ghtly altered tracings to those repre

senting maximal ri ght ventricular hypertrophy of the 

systolic overloading type. He attributed these 

variations in the electrocardiobram to the systolic 

hypertension of the ri g ht ventricle. He considered 
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three principle types of electrocardiogram accord

ing to ri g ht ventricular pressure: sli ght, with 

right ventricular pressure less then 90 mm Hg.; 

moderate, with ri ght ventricular pressure from 90 

to 130 mm Hg. and marked, with ri ght ventricular 

pr es sure gr eate-r than 130 mm Hg. ( 110) In a later 

work (1959) he stated that in pure pulmonary steno

sis the electrocardiogram closely correlates with 

the hemodynamic alterations. (113) 

Engle and collea gues (1960) made an extensive 

study of the electrocardiographic evaluation of 

pulmonary stenosis. They found that composite evalua

tion (correlative evaluation of numerous electro

cardiographic criteria) permitted distinguishing 

among patients with mild (right ventricular pressure 

below 80 mm Hg.), moderate (pressure 80 to 140 ) and 

severe stenosis ( pressure over 140 mm Hg.). They 

considered the level of systolic pressure in the 

ri ght ventricle as an indicator of the severity of 

stenosis. When the electrocardiogram was normal, 

they observed tha t the ri ght ventricular pressure 

was consistantly less than 501nm.Hg . (45 ) 

Others have found the relationship of t he ri ght 
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ventricular pressure and the electrocardiographic 

changes to be considerably les s specific. Benti-

v iglio ( 1960) stated, "The severity of the steno

sis and height of the systolic press ure in the right 

ventricle cannot be gauged in the individual patient 

by the character of the tracing. Although some mean 

measurements change in value with increasing degrees 

of stenosis and right ventricular hypertension, in 

an individual they cannot be expected to reflect a 

certain degrEie of right ventricular hypertension. 11 

(8) Similarly Kjellberg (1955) concluded that, "the 

individual electrocardiographic variations are so 

l arge that it is not possible in a particular case 

to draw any definite conclusions regarding the de

gree of severity." (71) Hellerstein (1963) felt 

that despite the good correlation for right sided 

systolic overloading, the electrocardiogram can be 

used only in terms of a predicted value for a group, 

and not for an individual patient. (26) 

Braunwald (1955) found no significant differ

ence in the severity of the hypertrophy of the right 

ventricle, or the level of the right ventricular 

pressure in those patients with normal electrocar-
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diograms showing ri ght ventricular hypertrophy, and 

he found that he could establish no correlation :be

tween the amplitude of any single deflection or com

bination of deflections and the level of the ribht 

ventricular pressure. (15) -Gordon and Goldberg (1951), 

Blount (1954), Donoso (1955) and Kahn (1959) came to 

similar conclusions. (54, 11, 41, 69) 

THE PROBLEM OF AGE I N THli DETERMINATION OE RIGHT 

VENTRICULAR HYPERTROPHY FR OM THE ELliCTROC ARD I OGRAM: 

It is well known that there are many differences in 

the normal ele ctrocardiogram of a child and that of 

an adult, and it is generally a greed that due to the 

differences in the electrocardio gram inherent in dif

ferent a ge groups that the diagnosis of ri bht ven

tricular hypertrophy is more diffi c ult in infants 

and children than in adults. (54, 103) Friedman (1963) 

elaborated on the problem: "The electrocardiogram of 

normal inf ants and children is characte rized by ri ght 

vent ricular preponderance. Ri ght ventricular hyper

trophy in childr en incre a ses the tend ency to ri ght 

axis deviation and produces a furt he r increa se in 

ri ght ventricular potentials. However, the differ

entiation between physiJlo gic and patholo g ic ri bht 
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ventricular preponderance in young children is often 

difficult or impossible because of the similarities 

and overlap in the electrocardiographic patterns of 

both. The normal adult electrocardiogram is essen

tially a levocardiogr·am because the ventricular mass 

is composed largely of left ventricle. To offset 

this ventricular predominance so that the specific 

diagnostic alterations of the ri t ht ventricular hy

pertrophy become apparent in the electrocardiogram, 

the right ventricle must enlarge considerably. Even 

then the diagnostic signs may fail to appear. This 

accounts for the relative frequency with which the 

electrocardiogram is normal in the presence of right 

ventricular hypertrophy. " (48) 

With this difference in mind, an attempt has 

been made throughout the subsequent discussions in 

this paper to separate those comments and criteria 

used for adults and those which refer directly to 

infants or children. 

TERMINOLOGY .AND THE ELECTROC ARDIOGRAPHIC DIAG

NOSIS OF RIGHT VENTRICULf\R HYPERTROPHY: Such terms 

as predominence, hypertrophy, preponderence, and 

enla rgement have been used throughout the electro-

13 



eardiographlc literature. Pardee (1920) explained, 
r 11 

••• it was not the actual hypertro phy of one of' the 

other ventricle which caused the changes in the elec

trocardiogram, but the relation of the state of hy

pertrophy of each ventricle to the other. For this 

re a son it has become necessary to speak of the re

cords as showing right or left ventricular predomi

nence inste ad of hypertrophy." (96) More recently 

Friedman ( 1963) commented, 11 .Al though it is usually 

not possible in the electrocardiogram to distinguish 

between ventricular hypertrophy and/or dilitation , 

the term hypertrophy has gained acceptance by common 

usage. Actually the term enlargement is preferable 

since it includes both hypertrophy and dilitation. 11 

(18) 

This terminology has been retained in its ori

ginal form in the references reviewed in this paper~ 

VECTOR VEKSUS UNIPOLAR ANALYSIS OF THE ELECTRO

CARDIOGRAM; Opinions in the literature have dif

fered considerably on the relative values of vector 

versus unipolar analysis. Two examples of relatively 

contratictory opinions from two highly respected 

workers in the field are given as representative. 
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Grant ( 1957) stated, "It is not meant by this that 

vector methods should supplant the more familiar 

"pat tern" methods of inter pr eta t ion, but rat her that 

they should supplement them. From the clinical point 

of view, when a tracing has the classic pattern of 

acute myocardial infarction, it is no more necessary 

to convert it into vectors than it is necessary to 

get an accurate measu re ment of body temperature when 

the patient has an obvious raging fever. However, 

when the tr ac ing is perplexing or borderline, or 

when there is a slight difference in a follow-up 

tr acing which is difficult to evaluate, then the 

vector method is the most accurate, objective, and 

rational method for interpretation that is so far 

available. 11 
( 57) On the other hand, Pipber ger· ( 1964) 

stated, "It so:m became obvious that vectorelectro

cardiography cannot be used for quantitative studies. 

The method is crude and allows only an estimation of 

spatial relationships that does not lead to quanti-

tative statements. 11 
( 99) 
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.9fi§ VECTOR FACTORS IN RIGHT VENTRICULAR. HYPERTROPhY 

AND PULMONARY STENOSIS 

Many authors have made general positive cor

relations of ri ght axis deviation and right ventri

cular hypertrophy. (7, 25, 50, 51, 56, 78, 117, 126) 

Allanby and Campbell (1949) actually equated right 

ventricular preponderance and ri ght axis deviation. 

(3) Abrams and ¼ood (1951) noted that it is impor

tant to distinguish right ventricular hypertrophy-

an anatomic change-from right axis deviation, "the 

electrical position of the heart". (2) Brumlik 

(1958) stated, 11 From force of habit, one is inclined 

to equate right and left deviation of the electrical 

axis of QRS with ri ght and left ventr·icular hyper

trophy, and vice versa. Though a homolateral hyper

trophy and axis deviation may co-exist, such concor

d ance is far fr om being the rule." ( 79) 

Probably the strongest critic of t he i mportance 

of axis deviation was Braunwald (1955). In his 

study of congenital heart d isease he concluded, 

"Little diagnostic signific ance should be attached 

to the mean electrical axis obtained from the stan

dard leads." He found tha t less than two-thirds of 

16 



his series with ri Eht ventricular hypertrophy had 

right axis deviation. Of his twenty patients with 

pulmonary stenosis, he reported that eleven had ri ght 

axis deviation, five had no axis deviation and four 

had left axis deviation. (15) Wilson (1944) felt 

that left axis deviation is " .•. theoreticaLly pos

sible, but apparantly rare " in cases with right ven

tricular hypertrophy. (126) Donoso (1955) mentioned 

that left axis deviation may occur in the presence 

of anatomic, electrocardiographic and vectorcardio

graphic evidence of right ventricular hypertrophy. 

(127) 

In conjunction with their discussions about 

the mean QRS axis to the ri6ht, Grant (1950, 1957) 

and Cabrera (1959) have also described a shift of 

the mean axis anteriorly. (56, 59, 25) Phillips 

(1958) elaborated on this point in an enlightening 

fashion. His work was not based on cases of pul

monary stenosis, but his postulations were adapted 

for ri ght ventricular hy pertrophy in general. He 

described a pattern of evo l ution of the electro

cardiogram in three stages. In the first stage, 

the electromotive forces are directed leftward and 
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posteriorly (normal electrocardiogram). In the 

second stage, there is a ri5htward but still pos 

terior direction of the electromotive force. In 

the third stage there is anterior as well as right

ward direction of the mean spatial vector (tall R 

waves over the right chest as well as right axis 

deviation). Patients in this last category of 

Phillips' series had the heaviest hearts with the 

thickest right ventricular walls. He concluded that, 

11 
••• those electrocardiographic criteria for right 

ventricular hypertrophy that depend pri marily on 

anteriorly directed forces tended to detect only the 

more advanced forms of ri~ht ventricular hypertrophy, 

whereas those criteria that are based on the riBht

w~rd (although still posterior) d irection of the 

mean spatial vector tended to detect lesser degrees 

of right ventricular hypertrophy." (98) The reader 

is referred to the section of this paper on "The 

Rie:,ht Precordial QRS " in which the significance of 

the deep S wave in the right precordials is dis

cussed. This bears an important relationship, 

from the "unipolar " approach concerning this con

cept .. 
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Taussig (1960) stated that, "Right axis devia

tion and evidence of right ventricular hypertrophy 

are characteristic of pure pulmonary stenosis. 11 

She observed that when pulmonary stenosis is extremely 

mild, the electrocardiogram may show only right axis 

deviation and the unipolar leads will be normal. (118) 

Abrahams (1951) and Marquis (1951) also noted the per

sistent correlation of pulmonary stenosis and right 

axis deviation. (2, 86) 

Campbell (1952) commented on right axis devia

tion in pulmonary stenosis and other causes of ri~ht 

ventricular hypertrophy. He said, 11 It has long been 

clear to me, and no doubt to many others that extreme 

right ax is deviation (large SI and RIII with insig

nificant RI and SIII) is common in many forms of pul

monary stenosis and other con5enital heart diseases, 

much rarer in mitral stenosis, and quite unusual in 

chronic pulmonary disease. The more detailed know

ledge of ri8ht ventricular preponderance obtained 

from chest leads has not greatly changed this im

pression.11 (29) 

Some workers have considered right axis devia

tion in relation to right ventricular pressure in 
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patients with pulmonary stenosis. Depasquale (1960) 

found that the degree of orientation of the mean 

frontal QRS to the right varied directly with the 

right v entr i cula r systolic pressure. {38) Gotzsc he 

( 1950) commented, "Our patients showed a certain 

correlation between pronounced axis deviation and 

high ventricular pressure, but it must be emphasized 

tha t even pronounced pulmonary stenosis need not be 

associated with ri ght axis deviation. " (55) Engle 

and co-workers (1960) found right axis deviation to 

be relatively insensitive in distinguishinB mild , 

moder ate and severe cases of r i 1::;,ht ventricular h.y 

pertrophy since it was almost always present in 

those with systolic pressures over 50 mm Hg. (45) 

Jewett (1960) concluded that, "There is s ome rela 

tionship of QRS axis and right ventricular pressure ." 

He found that with ri ght ventricu l ar pressure greater 

than 100 mm Hg. ri ght axis was consistently present. 

(66) Sodi-Pa 1lares (1956) •stated that sli e::,ht pul-

monary stenosis (right ventricular pressure less 

th an 90 mm Hg . ) usually has a mean frontal QRS axis 

appr·oaching 90 degrees and that with moderate pul

monary stenosis (ri6 ht ventricular pressure 90 to 
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130 mm Hg.) the QRS axis moves more to the right 

(about 100 degrees). He found that the axis increases 

to the right with increasing severity of pulmonary 

stenosis, but it does not usually reach the superior 

sextants. (110) In a later work , Sod i-Pallares (1958) 

compiled his cases of pulmonary stenosis without re

gard to age or severity and found the following dis

tribution: 0 to 60 degrees - 3 fa , 60 to 120 degrees -

59fo, 120 to 180 degrees - 34fo, 180 to minus 60 de

grees - 0/4. (111) 

Scott (1960) pointed out, "The value of axis 

deviation has undergone cycles of waxing and waninB 

populari t y . When the standard leads constituted the 

mainstay of electrocardiographic leads, ribht axis 

deviation was given considerable importance in the 

diagnos is of ri~ht ventricular hypertrophy. With 

the introduction of the unipolar extremity and chest 

leads, the importance attached to the axis devia

tion diminished. However, with the considerable 

interest at present in vectorcardiography, the 

evaluation of frontal plane projection of the mean 

QRS axis in the scalar electrocardiogram has again 

gained favor • 11 
( 103) 

21 



A few have established actual numerical cri~ 

teria of axis deviation on which they base an e lec

trocardiographic di a gnosis or suspicion of right 

ventricular hypertrophy. Scott (1960, 1962) stated 

that right axis deviation of plus 110 degrees or 
r 

greated in the adult and plus 12v degrees or more 

in the child under three years of age were included 

in his criteria for ri Bht ventricular hypertrophy. 

(103) Hollman (1958) considered an electrical axis 
on 

over 120 degrees a criteri~ for right ventricular 

hypertrophy after one month of abe . (62) Nadas 

(1957 ) in his textbook of pediatric cardiology des 

cribed ri ght axis deviation (dee p Sin I and tall R 

in III) of 120 degrees o.r more as " suggestive of 

ri ght ventricular hypertrop hy. " (94) Schleris (1963) 

and Sokolow and Edgar (1949) said that a right axis 

deviation greater than 110 degrees was one of their 

criteria for ri e:, ht ventricular hypertrophy. (10?, 116) 

Bodi-Pallares (1956) stated that an axis beyond 90 

degrees in an adult is stronBlY suggestive of right 

ventricular hy pertrophy. (110) Grant (1950) felt 

that beyond the age of 40 a vertical axis or frank 

ri ght axis deviation usually means right ventricular 
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hypertrophy except in tr1in individuals. (56) 

Friedman (1963) made a distinction between 

right axis deviation and abnormal right axis devia 

tion. He described right axis deviation as indica

ting a mean electrical axis between plus 91 and 

minus ~ degrees. He commented, "The values for 

no axis deviation, right axis deviation etc. are 

purely descriptive and do not imply normality or 

abnormality . The range of normal values is vari

able. Age and body build are significant factors 

in determining the normality or abnormality of the 

degree of axis deviation in any individuals. 11 He 

described abnormal right axis deviation, in adults , 

as indicating a mean electrical axis between plus 

110 and minus 90 degrees. He noted that that a 

right axis deviation between plus 110 and minus 90 

degrees may be abnormal, but that it is frequently 

a normal varient, particularly in young adults or 

asthenic individuals. He described abnormal ribht 

axis deviation, in children, as indicating a mean 

QRS to the right of plus 120 degrees - in those from 

three months to sixteen years of age. He stated 

that in infants under one month of age, marked 
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right axis deviation may occur normally, and it is 

difficult to define standards of abnormality. In 

infants between one and three months of age, he 

felt abnormal right axis deviation is probably pre

sent if the mean QRS lies to the right of 140 de 

grees. (48) 

The question of the effect of position of the 

heart on the axis deviation has plagued those who 

have studied the electrocardiogram since the time 

of Eintoven in 1913. (44) In more recent studies, 

Kossmann (1948) described change in heart position 

in the thorax, distinct from right ventricular hy

pertrophy, which may cs use right axis deviation. 

In considering the presence of ri ght axis deviation 

in ri ght ventr·icular hypertrophy, he concluded, 11 It 

is doubtful tha t the hypertrophied ri ght ventricle, 

except in rare instances, c an cause ri ght axis de

viation by itself. It appears to have a dominant 

effect on the electrocardiogram by changing the 

position of the heart in the thorax. " (72) In a 

later study, Kossmann ( 1953) r·epor ted on a. case 

of proven ri ght ventricular hypertrophy with left 

axis deviation and a case of proven left ventricular 
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hypertrophy with right axis deviation. He noted, 

"Hypertrophy had little to do with the mean direc 

tion of ventricular depolarization except insofar 

as it determined the position of the heart in two 

patients with widely different thoracic configura

tions. The combinations of short, round thorax 

with right ventricular hypertrophy and long, flat 

thorax with left ventricular hypertrophy were of 

such a nature tha t in each instance position of the 

chambers with respect to the extremities used for 

leading in the frontal plane far outweighed the 

effect of any preponderance caused by hypertrophy 

of one or the other ventricles. " (73) 

Burchell (1949) stated, ".As axis deviation 

in the st andard leads depends on the position of 

the heart as well as the relative hypertrophy of 

one ventricle, the electrocardiographic diagnosis 

of ventricular hypertrophy will depend mainly on 

changes in the precordi a l leads. " (23) Blacket 

(1951) found that increased right axis deviation 

su ggested increased severity of right ventricular 

hypertrophy in his series of cases of isolated 

pulmonary stenosis. He pointed out, however, 
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that, "As this measurement depends so much on the 

position of the heart, it cannot be expected to 

supply precise information about the ribht ventri

cle. " (9) Lepeschkin (1951) stated that dilitation 

of the right ventricle (not with particular refer

ence to etiology) may cause clockwise rotation of 

the heart about its long axis and thereby produce 

right axis deviation. (80) 

Jensen (1960) described a case of ~ectus exca

vatum displacing the heart leftward and causing 

deviation to the right of the mean frontal QRS 

vector. (65) A similar case was described by 

SC Ott ( 196 2 ) • ( 7 5 ) 

Lasser and Grishman (1951) were critical of 

those who claimed unusual axis deviation was due 

to rotation or chan5e of position of the heart. 

In describing cases of ribht ventricular hyper

trophy with axis deviation between 180 and minus 

90 degrees, they stated, "It does not appear likely 

that anatomical rotation of the heart alone would 

be capable of causing such marked alterations in 

position and form of the vectorcardiogram. Careful 

examination and angiocardiograms failed to disclose 
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any anatomical rotation or displacement of the 

heart of sufficient degree to account for the very 

marked unusual vector pathways reported here . 11 (78) 

Grant (1953) showed in a careful anatomic-electro

cardiographic study that there is rarely more than 

a 20 degree variation in the ana tomic long axis of 

the heart in either the normal subject or the sub

ject with ma rked right or left ventricular hyper 

trophy regardless of body build. (57) 

Other factors have also been considered in the 

development of ri ght axis. Friedman (1963) found 

that, though ri ght ventricular enlargement is the 

most frequent cause for ri ~ht axis deviation, other 

causes include: pulmonary emphysema, superior myo

cardial infarction, inferior myocardial infarction, 

~cute car pulmonale, anterolater myocardial infarc

tion and normal variation in young adults and as 

thenic individuals. (48) Scott (1962) also men

tioned normal hearts and anterolateral myocardial 

infarction with right axis deviation. (75) Wilson 

(1944) and Scott (1962) described rare instances 

where ri ght axis deviation occurs in patients with 

left ventricular hypertrophy. (126, 75) 
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Finally, a few workers considered the impor

tance of the QRS vector in the horizontal plane. 

They described the occurrence of a horizontal loop 

which, when viewed from above, rotates clockwise. 

This was described as consistently occurring in 

right ventricular hypertrophy and in no other con

ditions except left bundle branch block. (15, 41, 

74) 
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T~ hIGHT PhLCOhDIAL QRS IN RIGHT V~~TRICULAR 

HYPERTROPHY AND PULM0NAR~ ST~10SIS -- ---
THE R wAVE , S WAV~ AND R/S RATIO; Scott (1960) 

observed that the current electrocardiographic diag

nosis of right ventricular hypertrophy has been 

based largely on criteria which depend primarily on 

changes in the right precordial leads. He included 

among these an increase in the height of the R wave, 

a decrease in the depth of the S wave and an in

crease in the R/S ratio. (He also mentioned delay 

in the onset of the intrinsicoid deflection and ST 

and T wave changes which will be discussed in later 

parts of this pape~) (103) 

Wilson (1944) described the changes as a 

" reversal of normal precordial lead relationships " 

in the presence of riBht ventricular hypertrophy. 

In the leads from the risht side of the precordium 

he found that the R waves constituted the chief com

ponent of the Q,RS and that the S wave was either ab

sent or relatively small in comparison with the R. 

(126, 127) Friedman (1963) described a tall R wave 

in the right precordial leads as one of two char

acteristic patterns that are seen in right 
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ventricular hypertrophy (the other being the R ' 

complex-the latter will be discussed in another 

section of this paper). He, as well as Grant (1957), 

ascribed the tall R wave patterns to rightward and 

anterior rotation of the cardiac vector. (48, 59) 

Abrahams and Wood (1951) studying cases of 

pulmonary stenosis with normal aortic root divided 

right ventricular hypertrophy into four grades 

according to unipolar chest lead appearances: (1) 

slight - Rand S waves about equal in amplitude in 

Vl, (2) moderate - R wave dominent in Vl but S wave 

still present, (3) severe - R tall in Vl, S small or 

absent (and T usually inverted) and (4) similar to 

3 but extending across the chest to V3, V4 or even 

V5. ( 2) 

Bentiviglio (1960) in a study of cases of 

pulmonary stenosis wi t h intact septa found that the 

majority showed evidence of right ventricular hy

pertrophy which he equated with the presence of 

R/S greater than 1, or a pure, notched or slurred 

R in V4R, V3R and Vl-the frequency increasing with 

the severity of the stenosis. He also noted the 

amplitude of the S wave in Vl decreased in 

30 



association with increasing severity of stenosis. (8) 

Camerini (1956) concluded that in an adult tbe pat

tern of R greater than Sin V4R was almost invari

ably diagnostic of right ventricular hypertrophy and 

was encountered most frequently in subjects with con

siderable rather then slight right ventricular hyper

trophy. (27) Cosby (1952) stated that tall R waves 

over the right ventricle, usually tallest in Vl and 

an R/S ratio over the ritht ventricle of greater 

than 1 were included in his criteria for the diag

nosis of right ventricular hypertrophy . (34), 

Kjellberg (1955) described the tall R wave in 

Vl as the most charact6ristic electrocardiographic 

change in pulmonary stenosis. (71) Human (1964) 

believed that the large R wave in the leads over

lying the hypertrophied ri5ht ventricle is probably 

produced by a similar mechanism under all circum

stances, irrespective of whether it is a p5rt of a 

qR, rsR' or pure R pattern. He added that current 

criteria d epend primarily on (abnormal axis deviaw 

tion and) the change in the riE,ht precordial leads, 

and the R/S ratio in these leads has proved to be 

of great value in the recognition of ri~ht 
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ventricular hypertrophy. (64) Numerous others in 

the literature have presented similar conclusions 

involving an increased amplitude of the R wove, decr

eased amplitude of the S wave and increased value of 

the R/S ratio in cases of pulmonary stenosis (3, 12, 

86) and in general for rigb.t ventricular hypertrophy 

(74, 75, 83, 91, 110). 

Lantman (1954) found a decreased amplitude in 

the R wave as a consistent post -o p6retive change 

after repair of pulmonary stenosi s. ( 77) 

The presence of a deep S wave in lead Vl or V2 

usually is not associated with ri 6ht ventricular 

hypertrophy althou5h it has been mentioned as occur

ring in right ventricular hypertrophy in congenital 

heart disease. (41, 79) Shubin (1958) presented 

and reviewed 10 cases of iJolated right ventricular 

hypertrophy in which deep S waves were present in 

either Vl, V2 or V3. He concluded that it is quite 

possib le th~t the R/S ratio in these leads may be 

less than 1.0 and risht ventricular hypertrophy may 

still be present. He noted that as the vector loop 

is displaced anteriorly, as in early right ventricu

lar hypertrophy, there will be decreased po£1tive 
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voltage in Vl and V2, however S waves will occur if 

the vector loop moves more posteriorly as occurs in 

more advanced ri ght ventricular hypertrophy. (105) 

THE FAI.SE POSITIVE RIGhT PnE~ORDIAL R WAVE : 

Cabrera and Monroy (1952) found that an increase in 

voltage of the R wave in Vl was characteristic of 

the " systolic overloading" ty pe of ventricular hy

pertrophy of the right ventricle, but they added 

that a tall R could also be an expression of "dia

stolic overloading 11 of the left ventricle. (24) 

Rosen (1964) pointed out tha t a tall R in the 

ri ght precordium could be falsely interpreted as a 

sign of right ventricular hypert r ophy and actually 

be due to a technical error (recording of aVF- a 

fairly common occurrence), right bundle branch 

block, or a posterior wall infarction. (100) Scott 

(1962) explained tha t a strictly posteri or myocar 

dial infarct will , in association with its tall R 

waves in the right precordial le ads, produce se

quential ST segment depression and tall T waves 

which will help distinguish these cases from those 

with right ventricular hypertrophy. (75) 

Angle (1964) has considered esophageal hiatus 
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hernia as a possible cause for isolated tall R 

waves in the rig,ht precordium. (4b) 

RELATI0NShIPS WITH THE RiuhT V~NTRICULAR 

PRESSURE: In considering the relationship of elec

trocardiographic changes in the rieht precordial 

leads and right ventricular pressure the most com

monly referred to parameter has been the R wave. 

Engle {1960) found that the amplitude of the R wave 

in Vl gave the highest correlation, of all the cri 

teria he used for right ventricular hypertrophy, 

with right ventricular systolic pressure in their 

series of cases with isolated pulmonary stenosis. 

(45) Sodi-Pallares (1958) described with slisht 

pulmonary stenosis (right ventricular pressure 

less than 90 mm Hg .) normal or slibhtly increased 

amplitude of R Vl, with moderate pulmonary steno

sis (right ventricular pressure 90 to 130 mm Hg.) 

an R Vl definitely elevated "with an essentially 

positive QRS ", and with marked pulmonary stenosis 

(right ventricular pressure greater than 130 mm hg.) 

the changes in Vl seen in a greater number of chest 

leads both to the right and left of Vl. ( 112) 

Silverman and co-workers (1956) found all 
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twemty patients (with pulmonary stenosis and intact 

ventricular septa) who had a rieht ventricular pres

sure of 100 mm Hg. or more showed R waves in V4R or 

Vl of 20 mm or over. ( 107) Sch.ler is and coll eagues 

(1963) concluded from the data on his series of cases 

of pulmonary stenosis, 11 .Although exceptions exist, 

the Dmplitude of the R wave in Vl tends to increase 

as the right ventricular systolic pressure increases. " 

(102) Luna and Grow (1961) in a study of pulmonary 

hypertension and systolic overloading of the rig,ht 

ventricle concluded, "The ratio of rie;ht ventricular 

to systemic pressure correlated ¼ell with the con

figuration of the initial component of the QhS com

ponent in lead Vl. 11 (84) DePasquale and Burch (1960) 

found in their cases of congenital isolated pulmon

ary stenosis, "The ratio of the amplitude of the R 

wave to thet of the S wave in Vl was directly re lated 

to the pressure recorded in the rie::ht ventricle. " 

(38) Ohme (1952) stated, "There appe ared to be a 

correlation between ri ght ventricular pressure and 

the height of the R wave in Vl. " ( 93) 

Caylor and co-workers made some somewhat confus-
-

ing comments in their study of the relation of 
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systolic pressure in the ri5ht ventricle to the 

electrocardiogram. They stated, "The ra t io of 

pressure (right ventricular) to voltage (of h in 

Vl) is quite variable and pressure therefore cannot 

be predicted from a pressure to voltage ratio. The 

ratio is less variable when the pressure is greater 

than 100 mm Hg., but it does not correlate well 

enough to allow accurate calculation. " They found 

that patients with a right ventricular pressure 

less than 75 mm Hg. (that is those with milder 

degrees of pulmonary stenosis) have little or no 

increase in ribht precordial voltage. They did 

find, however, that there is a "correlation coeff'i

cient for the regression equation" of the 1nessure 

to voltage relation. Using pressure equals three 

times the voltage in mm plus 47, they claimed that 

a fairly accurate prediction of the pressure could 

be made from the height of the R wave in Vl. They 

stated, "Patients with an h wave in Vl of 20 mm or 

greater almost always had systolic pre s sur e s of a t 

least 100 mm Hg. and conversely patients with R Vl 

less than 20 mm rarely had pressures above 100 mm 

Hg. 11 (30) 
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Blount and co-workers (1954) observed that 

all their patients with isolated pulmonary steno-

sis who demonstrated a tall R wave in Vl pre-opera

tively, had a significant decrease in the R wave 

post-operatively-after repair of the pulmonary steno

sis. They stated that this reflected a ~ecrease in 

right ventricular pressure, but that they could find 

no quantitative relationship between the fall in the 

right ventricular pressure and the decrease in R Vl 

amplitude. ( 12) 

The followin3 workers have been impressed with 

the lack of correlation of these facto rs. Cosby et. 

al. (1952) calcul~ted correlation coefficients re

lating mean right ventricular pressure with risht 

ventricular work and R/S ratio in Vl. They con

cluded that none of these factors appear to be mathi

matically related. (34 ) Jewett ll960) concluded that 

there is no a pparent linear relationship between the 

amplitude of Vl Rand the ribht ventricular pres 

sure. He stated that the R/S ratio in Vl gives poor 

correl8tion with the right ventricular pressure. (66) 

Kjellberg (1955) found the correlation between the 

pressure in the right ventricle and the amplitude 
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of the R wave in Vl 11 is not j)articularly strong. " 
,_ 

(71) Human (1965) studied eibhty patients with 

right ventricular hypertension and found no corre 

lation between the height of the R wave or the R/S 

ratio in Vl and the height of the ri5ht ventricular 

pressur e. (64) 

THE RIGHT PREC0RDIAL QRS 11 ChILDR~N: A num

ber of authors have noted that it is common for the 

R wave to be dominent (R/S ratio greater than 1) in 

the majority of inf ants and children during the 

first one to three ye ars of life . (60, 80, 94, 110 , 

111, 131) Gordon (1951) stated that the R/S ratio 

at birth is normally infinity in V4R and Vl; it 

gradually approaches one at about three years of 

age; and it is normally less than one thereafter. 

He described an R/S ratio over one in V4R or Vl 

in those over three years of age as indicative of 

"right heart strain". (54) 

Scott (1960) noted that after age three the 

majJrity of children will show an R/S ratio less 

than one in Vl, althoueh eccasionally this may not 

occur until age five or even older. He described 

a monophasic R or a qR pattern in the right 
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precordials as being one of the more important 

electrocardiographic criteria for the diagnosis 

of right ventricular hypertrophy in infants and 

children. (103) In Nadas ' text on pediatric car

diology (1957 ) tall, unslurred R Vl and V2 with or 

without a q wave and with small if any s wave is 

described as unquestionably indicative of right 

ventricular hypertrophy. (94) Further comments 

on the right precordial QRS factors in children 

are included in a latter section of this paper on 

quantitative criteria of the right precordial QB.S. 

QUANTITATIVE CONSIDERATION OF TBE h IGHT EhE

CORDI.AL QRS: Though Nadas ( 1957) states, 11 The 

diagnosis of ventricular hypertrophy should seldom, 

if ever, be bas ed on voltage alone.", Nadas, as well 

as a few others, have established definite numerical 

(based on voltage) criteria on which they diagnose 

right ventricular hypertrophy. (94) 

NBdas stated that R in V4R or Vl greater or 

equal to 20 mm without an S wave could be considered 

indirect evidence of right ventricular hypertrophy. 

(94) Sokolow (1949) considered h Vl greater or 
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equal to 7 mm a criteria for right ventricular 

hypertrophy. (115) Engle (1960) observed that 

when the right ventricular systolic pressure was 

over 140 mm Hg., the R wave in Vl, exceeded 20 mm 

in amplitude. When the R wave in Vl was more 

then 10mm in amplitude, the pressure was over 80 

mm Hg. (45) Orme (1952) stated that the R in Vl 

greater than 7 mm in those over 5 years old and 

greater than 11 mm in those under 5 years indicated 

right ventricular hypertrophy. (95) Friedman 

(1963) used R Vl greater or equal to 7 mm in adults, 

greater or equal to 16 mm from 1 year to 16 years 

and greater or equal to 20 mm in those under 1 year 

as criteria for right ventricular hypertrophy. (48) 

Braunwald (1955) considered n Vl greater than 15.5 

mm in those over 20 years, greater than 16.7 mm in 

those from 10 to 20 years, greater than 20 mm in 

those from 1 to 10 year~ and greater than 29 mm in 

those under 1 year of age as criteria for right 

ventricular hypertro phy. (15) 

Friedman (1963) aad Hollman (1958) established 

criteria for right ventricular hypertrophy by maxi

mum R/S ratio in Vl. These criteria are tabulated 
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below for comparison: 

Friedman ' s criteria (48) 

R/S Vl greater than: 

6.5 
4.0 
2.4 
1.6 
1.0 

from 

• • • • 

0-3 months 
3-6 
6 mo.-3 years 
3-5 yr. 
6-15 & adults 

Hollman's criteria (62) 

R/S Vl greater than or 
equal to: 

7.0 from 
4 .5 •.•. 
2.5 
2.0 
1.5 

1-3 mo. 
4-11 
1-2 yr • 
3-5 yr · 
6-15 yr• 

Orme (1952) considered R/S Vl greater than 1 in those 

over 5 years of age and greater than 4 in those under 

5 years of age to indicate ri ght ventricular hyper

tro 9hy. (95) 

THE RIGHT PRECOhDIAL R 1 (PRiivJE) COMFLEX.: The 

occurr e nce of the secondary R wave in the riBht pre

cordials has been correlated with cases of pulmon

ary stenosis by a number of investigators (9, 10, 

12, 45, 102, 107), and it has been correlated with 

ri ght ventricular hypertrophy, in general, by con

siderably more. (6, 13, 14, 15, 19 , 24, 26, 40, 43, 

48, 59, 64, 75, 88, 94, 103, 106, 110, 111) Most 

of these latter studies have been concerned with 

the signific ance of right bundle block in el ther 

its incomplete or c ornplete form and its re la ti on 

to ri ght ventricular hy pertrophy. 

Booth, Chou and Scott (1958; summarized their 
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criteria for right bundle branch block. It is 

recorded here in its entirety to make the subse

quent discussion more meaningful. 

Booth et. al. criteria for RBBB: 

1) S wave in lead I. 
2) Primary and secondary R waves in leads 

from the right precordium with the R 1 

exceedin~ the initial R wave in height, 
i . e • r sR , r SR ' . 

3) Delay in the onset of intrinsicoid de
flection in the right precordial leads 
greater than 0.05 second. 

4) An S wave in V5 or V6. 
5) No initi al Q waves over the riEht pre-

cordium. 
The block was deemed incomplete if the 
QRS interval measured 0.08 to 0.11 se
conds inclusive, and complete if the 
QRS inter val measured 0.12 second or 
gr eater . ( 13 ) 

Blacket (1951) found the "right ventricular 

hypertrophy pattern " and the " incomplete right 

bundle branch block pattern" with equal frequency 

in cases of pulmonary stenosis, and he observed 

that the occurr ~nce of one or the other pattern 

did not seem to depend on the severity of the 

lesion. (9) Silverman (1956) concluded that there 

seemed to be no correlation between the degree of 

ri~ht ventricular hypertrophy in his s~ries of cases 

of pulmonar y stenosis and the presence of incomplete 

right bundle branch block. (107) 
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Although complete bundle branch block has 

been reported in c a ses of pulmonary stenosis (10), 

widening of the QRS int erval, according to Scherlis 

(1963) is rare in isolated pulmonary stenosis. (102) 

Blount (1954) described a transition of the 

QRS in Vl from a typical ri ght ventricular hyper

trophy pattern to one suggestive of incomplete 

right bundle br anch bloke) in cas e s of pulmonary 

stenosis after operative re pair. He theorized that 

this change may reflect a stage in regression of 

the ri ght ventricular hype rtrophy pattern or may 

reflect the dilitation of the ri~ht ventricle with 

an alter a tion in t he type of ventricular stress. 

(12) Cabrera (1952) also consid er ed incomplete 

ri ght bund le branch block as a r eflection of a chanee 

in ventricular stress; he described incomplete and 

complete ri ght bundle br anch block as character

istic for 11diastolic over load ine, of t he right ven

tricle. " The t e rm diastolic overload ing, accordin e::, 

to Cabrer a , indicate s tha t the ventricle is con

tracting against an increa sed residual blood volume 

in diastole, resulting from eithe r incre ased flow 

or valvular insufficiency. The greater the initial 
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length of th.e fibers the more powerful the cardiac 

contraction will be. The basic compensation is 

thus ventricular dilitation and increased stroke 

volume. In contrast they considered pulmonary 

stenosis as resulting in 11 systolic overloading" 

which leads to the development of concentric hy

pertrophy and a different electrocardiographic 

picture. (24) 

Scott (1960) stated that the rSh 1 pattern in 

Vl, when it occurs in right ventricular hypertrophy , 

is ordinarily associated with risht ventricular 

dilitation. This dilitation is thought to cause 

stretching and in some other way interfere with 

the right ventricular conducting network, and as 

a result cause slowing of the ri ~ht ventricular 

conduction. (103) 

Human (1965) studied 80 cases of systolic 

right ventricular hypertension 5nd found no typi

cal pattern for " systolic overloading" in the 

right precord ial lead (Vl) . He found that Rand 

rsR ' patterns oc curred in roughly equal propor

tions. (64) 

In the general consideration of bundle branch 
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block and its relat i onship to hypertrophy , Master 

(1940) stated, "We have been impressed with the 

frequent occurrence of cardiac enlargement usually 

of mBrked degree, when bundle branch block is pre

sent. Furthermore we have found that left bundle 

branch block is usually associated with enlarge

ment of the left ventricle and ri~ht bundle branch 

block with that of the right ventricle. We be 

lieve that these relationships are causal , not 

fortuitous. Our observations make it evident that 

ventricular enlargement and myocardial disease 

are almost constantly present when the electro 

cardiogram shows bundle branch block. " (98) Dow 

(1950) stated that persistent incom~lete ribht 

bundle branch block is very so~d evidence of ribht 

ventr i cular hypertrophy. (43) Grant (1957) stated 

that if the terminal frontal QRS vector is direc 

ted riEhtward and inferiorly with no prolongation 

of the QRS interval with an R ' at Vl, 11 
. .. right 

vent rict...:. l ar hypertrophy is nearly always present:.__._~• 

(59) Schler i s (1963) described the rsR ' in V3R 

or Vl with an intrinsic def l ection of 0.05 - 0. 75 

as a criterion for right ventricular 
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hypertrophy . (102) Camerini (1956) considered the 

rSr ' pattern not to be diagnostic, while the rSR ' 

was thought to be suggestive of right ventricular 

hypertrophy. (27) 

In contrast to those who have been impressed 

with the correlation of bundle branch block and 

hypertrophy , Booth and colleagues (1958) concluded, 

11 
••• in cases unselected as to postmortem etiologic 

diagnosis, the _presence of right bundle branch 

block, either complete or incomplete, does not 

necessarily indicate ri ght heart hypertrophy or 

even heart disease at all. Right bundle branch 

block is merely su5gestive, but certainly not path

ognomonic of right ventricular hypertrophy. 11 (14) 

Simi la r ly Sod i - Pa llar es ( 1956) stated, 11
.fYi complexes 

in the right precordials are expressions of incom

plete ri ght bundle branch block which in about 75% 

of cases represent ri ght ventricular hypertrophy, 

but in other cases there may be no ribht ventricu

lar hypertrophy. " (110) With reference s pecifi

cally to infants and children, Sodi-Pallares (1958) 

stated , "There are instances in which the ventr i

cular complex shows a double positivity sug3esting 
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some degree of right bundle branch block. From 

the clinical point of view most of these are nor

mal. " (111) 

Bryant (1958) stated that ribht ventricular 

hypertrophy in the presence of a major degree of 

incomplete right bundle branch block can be diag

nosed from the electrocardiogram with little accu

racy. (19) Braunwald (1955) concluded, "Tb.e cri

teria of right ventricular hypertrophy derived in 

the presence of normal conduction mus t not be 

applied to an electrocardiogram with an fiSfi ' pat 

tern from the right precordium, since this pattern 

may represent a conduction disturbance. " (15) 

Scott (1960) concluded that the diagnosis of right 

ventricular hypertrophy in the presence of right 

bundle branch block is frou5ht with considerable 

difficulty. He added that right bundle branch 

block is associated with enlargement of the left 

ventricle either alone or in conjunction with 

right ventricular hypertrophy in too many cases to 

render it a significant sign of an isolated ribht 

ventricular lesion. (103) 

The rSR ' pattern has been interpreted by some 
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to be a manifestation of localized right ventri

cular hypertrophy. Kossmann (1962) interpreted 

the rSR ' pattern to represent hypertrophy of the 

right ventricular outflow tract unless " ••• the R' 

is broad and accompanied by broad S waves in leads 

I, V5 and V6. 11 The latter description he felt in

dicates terminal slowing of the inscription of the 

QRS which he th.ought, 11 
••• is more likely to be due 

to incomplete right bundle branch block. 11 (75) 

Myers (1956) and Silver (1959) distinguish 

two types of rsR ' patterns according to the dura

tion of the initial r. They attribute rsR ' patterns 

with initial r waves of less than 0.025 seconds to 

hypertrophy of the crista-supraventricularis, 

whereas those with an initial r wave greater than 

0.03 seconds represent incomplete right bundle 

branch block. (93, 106) Blount (1957) stated, 

11 
••• The rSR ' pattern with a total QRS time of O .08 

to 0.10 seconds observed in certain congenital and 

acquired lesions ... is due to hypertrophy of the 

right ventricular outflow tract rather than to 

incomplete ri ght bundle branch blo(S.k. 11 
( 13) 

Many investigators have attempted to correlate 
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the height of the secondary R wave with the severity 

of right ventricular hypertrophy or right ventricu

lar hypertension. Scott (1960) stateJ that with 

an R ' greater than 10 mm right ventricular hyper

trophy was present. (103) Barker (1949) agreed with 

this value of a 10 mm R ' wave (6), but he revisbd 

this fibure to 15 mm in 1952 because he felt the 

lower figure resulted in a significant number of 

false positive diagnoses of ritht ventricular hy

pertrophy. (5) Kossmann ( 1962) f e 1 t that in the 

presence of incomplete right bundle branch block 

tall secondary R waves (greater than 10 mm in 

height) may, but do not necessarily, indicate con

comitant right ventricular hypertrophy. (75) 

Friedman (1963) considered a secondary R wave of 

greater than 6 mm as an indication of probabl~ 

right ventricular hypertrophy. (48) Nadas (1957), 

commenting on the electrocardiogram in infants and 

children, stated that the incomplete ri3ht bundle 

branch block pattern in the risht precordials con

sisting of rsR ' probably indicates ri~ht ventri

cular hypertrophy if the h 1 is more than 10 mm. 
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He added that the narrower the QnS complex and the 

taller the R ' , the more right ventricular hyper 

trophy is suggested. (94) 

Dodge and Grant (1956 ) observed that in cases 

of intermittent ri ght bundle branch block that the 

R ' wave in Vl ranged in height from 4 to 12 mm in 

90% of their 80 cases and was 20 and 23 mm in two 

cases. In none of these was there ev i dence of 

r i ght ventricular hypertrophy prior to the dev 

elopment of the block . They thus demonstrated 

the range of deformity that rieht bundle branch 

block may produce in the absence of electrical 

evidence of right ventricular hypertrophy prior 

to the development of the block. They concluded 

that the magnitude of the deflection of the last 

0.04 seconds must exceed these values (20-23 mm) 

considerably before the diagnosis of right ventri 

cular hypertrophy plus ri ght bundle branch block 

can be made. (40) Barker and Valencia (1949 ) and 

Wilson (1947) showed similar i l lustrations of in

termittent ri ght bundle branch block in which the 

secondary R wave in Vl was 15 mm, yet during nor 

mal intraventricular conduction there was no 
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electrocardiographic evidence of ri ght ventricu

lar hypertrophy. (6, 128) Levine (1958) also 

made a comparable observation. (81) 

Human (1964) found no correlation between the 

hei ght of the R ' wave and the height of the ven

tricular pressure in pa tients with ri ght ventri

cular hypertension. (64) Booth and co-workers 

(1958) concluded that " If one attempts to relate 

the hei ght of the R ' wave over the ri ght precor

dium to the r atio righ.t ventricle/left ventricle 

thickness, there c an be noted no correlation be

tween the voltage p roduced over the ri 5h.t precor

dium and the relative pre ponderance of the left or 

right ventricle." (14) 

Other fact ors have been considered to aid 

in the diagnosis of right ventricular hypertrophy 

in association with ri ght bundle branch block. 

Friedman (1963) felt that a prima ry R greater than 

8mm or an R ' /S ratio gre ater than 1.0 with a nor

mal QRS interval is an indication of probable right 

ventricular enlargement. (48) Hellerstein (1963) 

believed that with right bundle branch block an 

R/S ratio gr eater- than 1.0 in Vl suggests ri ght 
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ventricular hypertrophy. (26) Human (1964) stated 

that he could find no correlation between the n ' /S 

ratio in Vl and the heisht of ventricular pressure 

in patients with ri6ht ventricular hypertension. (64) 

THE RIGHT ffiECOh.DIAL VENTnICULAR ACTIVATION 

TIME: The terms ventricular activation time, pre

intrinsicoid deflection, and intrinsicoid deflectioB 

hBve been used considerably in the recent electro

cardiographic literature. Apparently these ex

pressions have been considered synonymous, but few 

have actually defined their usabe. Friedman (1963) 

defined " intrinsic deflection" as the deflection 

that signifies activation of muscle directly be

neath the exploring electrode of a uni~olar lead. 

(48) This is a theoretic deflection which has 

been considered comparable with the intrinsicoid 

deflection as actually seen on the clinical elec

trocardiogram. Friedman (1963) stated that the 

time of onset of the intrinsicoid deflection is 

measured from the be ~inning of the QRS complex to 

the peak of the R wave and that it is measured only 

in the precordial leads. He commented, 111/vhile the 

intrinsicoid deflection has 
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been considered as representing depolarization of 

that portion of the ventricular myocardium beneath 

the exp loring electrode of a unipolar precordial 

lead, present opinion regards the intrinsicoid de

flection as re presenting the turning point of a 

cardiac vector along the axis of derivation of 

the lead." (48) 

Without particular regard for its theoretic 

implications, many workers have, in general, con

sidered a delayed or pro longed ventricular activa

tion time or pre-intrinsicoid deflection or intrin

sicoid deflection as suggestive or characteristic 

of right ventricular hype rtrophy. (15, 23, 43, 74, 

91, 117, 126,) Scott (1960) stated, "Delay in the 

onset of the intrinsicoid deflection in the ri Eht 

pr ecordial leads in risht ventricular hypertrophy 

has constituted an integral part of the conven

tional criteria of ventricular hypertrophy. Al

though the exact significance and importance of 

the intrinsicoid deflection is at the present time 

still uncerta in, it is an empiric observation that 

the onset is delayed in at least some cases of 

ventricular hypertrophy. 11 (103) Carter (1964) 

53 



noted that there was an " unexpected high correla

tion of the ventricular activation time with right 

ventricular wall thickness" in his autopsy control

led series. (31) Friedman (1963) stated that the 

time of onset of the intrinsic oid deflection is de

layed in the risht precordial leads in ri5ht ven

tricular hypertrophy because the vectors repre

senting activation of the right ventricle usually 

occur later in the QRS interval then they do nor

mally and are of increased magnitude. (48) 

The following workers were more specific, in 

terms of actual time, in their consideration of 

ventricular activation time prolongation in right 

ventricular hypertrophy. As a point of reference, 

in the right sided precordial leads, such as Vl 

or V2, the time of onset of the intrinsicoid de

flection has been stated to normally be 0.03 se

conds or less. (48) Goodwin (1952), Scott (1960) 

and Orme (1952) considered a ventricular activa

tion time lreeter than 0.03 seconds in Vl to be 

due to right ventricular hypertrophy. (52, 103, 

95) Nadas (1957) described an intrinsicoid de

flection of 0.03 seconds or more i n Vl or V2 , if 
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not associated with bundle branch block , as good 

evidence of right ventricular hy pertrophy. (94) 

Myers (1948) included in the precordial pattern 

which he considered d i egnos tic of right ventri

cular hypertrophy an abnormally long ventricular 

activation time which he stated was between 0.03 

and 0 .05 seconds. (91) Sodi-Pallares (1956) sta

ted that the intrinsicoid deflection was usually 

delayed greater than 0.035 seconds in right ven

tricular hypertrophy. (110) Schleris (1963) con

sidered the intrinsicoid deflection in Vl from 

0.035 to 0.05 as diagnostic of right ventricular 

hypertrophy. (102) Grant (1957) descr ibed the 

R wave in Vl as prolonged to 0.04 seconds or longer 

with ri ght ventricular hypertrophy. (59) (It 

should be noted here that the R wave duration is 

not actually the same as the ventricular activa

tion time.) Sokolow and Lyon (1949) used a ven

tricular activation from 0 .04 to 0.07 in Vl and/ 

or V2 as one of their criteria for ribht ventricu

lar hypertrophy. Hollman (1958) considered the 

onset of the intrinsicoid deflection in Vl of o.04 

seconds or greater in the absence of ri~ht bundle 
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branch block in those from one month to 15 years 

of age to be diagnostic of risht ventricular hy

pertrophy. (62) 

One can only speculate on why an upper limit 

of prolongation of the ventricular activation was 

chosen in some of the above references, but it 

seems reasonable to assume that·this is to rule out 

cases with right bundle branch tlock. According 

to Friedman (1963) in riEht bundle branch block 

the time of onset of the intrinsicoid deflection 

in Vl or V2 is delayed to 0.07 to 0.08 seconds. 

(48) Further discussion of the diagnosis (of the 

diagnosis1 of right ventricular hypertrophy in as

sociation with right bundle branch block has been 

included in an earlier part of this paper.) 

In the study of isolated pulmonary stenosis, 

Sundell (1957) substantiated the delay in intrin

sicoid deflection as a criteria for right ventri

cular hypertrophy in his ser ies. (117) Blount 

(1954) found the intrinsic oid deflection greater 

than 0.03 seconds in Vl in 9 of 10 patients with 

isolated valvular pu lmonary stenosis without re

gard to the severity of the disease. (122) 
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Bentiviglio (1960) described an increasing pro

longation of the ventricular activation time in 

the right precordia ls associated with increasing 

severity of stenosis. (8) Lantman ' s (1954) study 

on the electrocardiogram of patients before and af

ter surgical repair of their pulmonary stenosis 

revealed that the intrinsicoid deflection in Vl 

decreased to normal in post - operative electrocar 

diograms. ( 77) 

Consideration of the relationship of risht 

ventricular press ure and intrinsicoid deflection 

le¢d .Blacker (1951) to state , "Some relationship 

should exist between the intrinsicoid deflection 

and the right ventricular pressure , for the rie:;ht 

ventricular pressure must be a measure of the 

stenosis, while the intrinsicoid deflection is re 

lated to the muscle mass of the ventricle. However 

the intrinsicoid deflection is somewhat ase rela

ted and patients may show a lar5e variation in 

right ventricular pressure on account of anxiety. 

In spite of these deficiencies , measurement of the 

intrinsicoid deflection in lead Vl does give a 

fairly 500d indication of the height of the right 
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ventricular pressure and the severity of the di -

sease . 11 
( 9) Engle ( 1960) found a dEJ la yed intr in-

sic oid deflection in Vl in alm~st all cases with 

a right ventricular systolic pressure greater 

th.an 50 mm Hg. and therefore considered it rela 

tively insensitive in distinguishing mild, moderate 

and severe cases of pulmonary stenosis. (45) 

Taussig (1960) described a slight delay in the on

set of the intrinsicoid deflection appearing in 

right ventricular 11 strain 11 as the pressure in the 

right ventricle increased to levels over 120 mm 

Hg . (118) Friedman (1963) stated that the measure 

ment of the time of onset of the intrinsicoid de

flection has limited value in the diagnosis of 

r ight ventricular enlargement because , when it is 

delayed, the electrocardiJgram usually shows other 

abnormalities which permit the diaeJlosis to be 

made . (48) 

Cosby (1952) studied cases of coneenital 

heart disease and elevated right ventricular pres

sure and could find no mathematical relationship 

of the pre-intrinsicoid deflection and the ri~ht 

ventricular pressure. (34) Similarly Jewett (1960) 
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concluded that progressive pro longation of the 

intrinsicoid deflection could not be correlated 

with right ventricular elevation. (66) 

Finally, Milnor (1957) stated tha t he does 

not make measurements of the intrinsicoid deflec

tion because he believes that it is both "misleading 

in theory and of no value in practice. 11 (4u) 

THE RIGHT PRECORDIAL Q wAVE : Although con

sideration of an initial downward deflection in 

the r i t ht precordial QRS complex es has not taken a 

major place among the classic signs of right ven

tricular hype rtrophy, it has been considered by a 

number of workers in its association with right 

ventricular hypertrophy, as well as pulmonary 

stenosis and/or elevated ri s ht ventricular pres-

sure. 

Schlerlis (1963) and McGregor (1950) consid

ered the Q wave in Vl and/or· V3h as diagnostic of 

ri s ht ventricular hy pertrophy. (102, 89) Wilson 

(1944), Myers (194 8 , 1950) and Brumlik (1938) 

considered the ri ght precordial Q as characteris

tic of riEht ventricular hypertrophy. (127, 91, 

92, 74) Myers (1950), however, added that such 
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a change can occur and thus be confused with an 

anterior myocardial infarction. (92) Nadas (1957) 

described the Q wave in V4R or Vl as indirect evi

dence of right ventricular hypertrophy. (94) 

Hollman (1958) used the presence of a Qin Vl as 

a criterion for right ventricular hypertrophy in 

pa tients from one month to fifteen years of age. 

(62) 

Cabrera (1963) described a very tall single 

R wave with a notched tip with a tiny initial and/ 

or terminal negativity (Q and/or S wave) in Vl as 

commonly associated with severe rilht ventricular 

systolic overloading. (26) 

Friedman (1963) considered the qR complex in 

the ri ght precordials to be a variant of the "R 

pattern", with the difference being that the ini 

tial septal vector, inst ead of being directed 

rightward and anteriorly , is oriented slightly 

leftward. He stated, "Why this should occur has 

never been adequately explained. " Nevertheless 

he felt that in adults and children (age limit 

was not specified) a qR or qRs pattern in leads 

Vl and/or V3R is diagnostic of right ventricular 
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enlargement regardless of the amplitud6 of the 

deflections, provided pre-excitation (¼olff

Parkinson- White syndrome) , myocardial infarction 

or the combination of myocardial infarct and right 

bundle branch block are ruled out. (48) 

Two reports were found in which the right 

preco r dial Q wave was associated with right ven

tricular pressure. Bentiviglio (1960) studied 

cases of pure pulmonary stenosis and found that 

the incidence of Q waves in V3R and Vl increased 

with increasing severity of stenosis and incre a s

ing ri Eht ventricular pressure. (8) Luna (1961) 

studied patients with pulmonary hy pertension and 

reported that when the ri 5ht ventricular pressure 

was more than 15 mm Hg. greater than the systemic 

pressure, a Q wave in Vl was present in 78fo (of 

28 cases) whereas when the right ventricular pres

sure was no more than 15 mm Hg. different from the 

systemic blood pressure, the Q wave was present in 

only 5fa (of 114 cases), and when the rlcht ventri

cular pressure was more than 15 mm Hg. less than 

systemic pressure, the Q wave was not present in 

any of 85 cases. (84) 
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ConsideratiJn of the etiolo5y of this pattern 

led Human and colleagues (1964) to comment, " It 

seems to us the rsR ' and qR patterns in Vl are 

essentially similar patterns and probably repre

sent hypertrophy of the outflow portions of the 

crista regions of the right ventricle. " They ob

served that with simultaneous recordinb of a ri5ht 

precordial lead with V6 that the q wave in the 

former lead followed the q wave in V6 by O.vl se

conds. They reasoned that the initial r of the 

rsR ' pattern may be lost in the preceeding iso

electric line during transmission to the precor

diurn. (64) Myers (1956) and v.asserberger (1958) 

also considered the q wave as an atypical expres

sion of an incomple te ribht bundle branch block. 

(93, 121) 

According to \rHlson and associates (1947), 

the initi Al q wave in Vl could be due to a "de

creased density of the junction betwe en Eurkinje 

and ordinary muscle in certain areas as a result 

of dilitation of the chamber. 11 (128) Lepeschkin 

(1951) stated that the q wave in Vl corresponds 

to electrical forces due to activation of the 

62 



septum from the rie:,ht to the left, 11 
••• which are 

no l onger opposed by those due to radial activa 

tion of the lateral wall of the right ventricle, 

as these appear later and are perhaps smaller due 

to decreased density of transitions between the 

conducting system and myocardium as a consequence 

of dilitation. 11 (80) 

According to Sodi-Pallares, Bisteni and Herr -
I 

mann (1952) the presence of qR com9lexes in the 

right precordial leads may present in congenital 

and other cardiopathies having an enlarged ri~ht 

atrium . They have postulated that if the risht 

atrium is enlarged enough the electrodes located 

in the right precordium face the epicardium of the 

right atrium inste ad of the right ventricle and 

register the potentia ls normally encountered on 

the surface or inside of the right atrium. But 

they added, "T hat this configuration is considered 

evidence of right ventricular hypertrophy rests 

simply on the clinical and pathologic fact that 

enlargement of the right atrium almost invariably 

is accompanied by hypertrophy of the corresponding 

ventricle. " (108) 
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THE LEFT PREC OfiDIAL QR~ IN RIGHT VEN-TF.IC ULAR liY

PERTROPHY A~D PULMONAhY ST~NOSIS ----
As reversal of the normal right precordial 

pattern (from a predominantly negative Q.nS comp

lex to one which is more positive) has been des

cribed as characteristic of right ventricular hy

pertrophy, similarly there has been general a~ree

ment in the literature describing reversal of the 

normal left precordial pattern. Thus descriptions 

of the left precordial leads in patients with 

right ventricular hypertrophy have included, in 

general, decrease in the amplitude of the R wave, 

increase in the depth of the S wave and a result

ant decrease in the R/S ratio. (34, 38, 83, 74, 

75, 89, 81, 49, 127) 

Bentiviglio and co-workers (1960) concluded 

from their studies on cases of isolated pulmonary 

stenos is that the duration and amplitude of the 

S wave increased and the amplitude of the R wave 

decreased in association with increasing severity 

of stenosis. (8) v,ith regard to the significance 

of the increased duration of the left precordial 

S wave, ½asserburger (1962) noted, 11 .Although the 
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rR ' or rsR ' pattern in ri5ht precordial ~~S com

plexes are identified with both right ventricular 

preponderance and incomplete ribht bundle branch 

block, the broad left ventricular S wave of in

complete right bundle branch block aids in dif

ferentiating them on a conventional electrocar-

d 1 o gr am . 11 
( 121 ) 

Actual criteria for the maximum depth of the 

normal left precordial S wave were established by 

Sokolow and Lyon (1949) and Orme and Adams (1952) 

at 7 mm in V5 or V6. (115, 95) Braunwald (1955) 

established the maximum normal S wave in lead V5 

b~ age as follows; less than one year-30mm, one 

to ten years-13mm, ten to twenty years-ll.3mm, 

and greater than twenty years - 14.3mm. 

Goodwin (1958) noted that while the common-

est cause of a deep S wave in V5 is isolated or 

dorninent right ventricular hypertropl'y, it may 

also occur in anterior infarction with or without 

right ventricular hypertrophy. Thus any electro

cardiogram showing an rS pattern in V5 or V6 

should be interpreted with caution, and the pos

sibility of a concealed infarct should be considered. 

(53) 
65 



Criteria for the minimum norm a l R wave in the 

left precordi a l leads were established by Sokolow 

and Lyon (1949) at 5 mm and by Braunwald and co

workers (1955) according to age as followel less 

than one year-0 mm, from one to ten years-5 mm, 

from ten to twenty years-3.Smm,and greater than 

twenty years-2 mm. (15) 

Consideration of the n/S ratio in V5 or V6 

in adults has led a number of investigators to 

regard ratios less than one as indicative of ri ght 

ventricular hypertrophy. (75, 95, 115) Hollman 

(1958), considering the R/S ratio with regard to 

age, stated that the R/S ra t io in VS in infants 

under three months of age normally is always 0.6 

or greater, while in ri~ht ventricular it is 0.5 

or less-this being of particular value in the 

diagnosis of ri t ht ventricular hypertrophy in the 

very young. His criteria for ri ght ventricular 

hypertrophy included an R/S ratio equal or less 

than the following: from one to three months-0.5, 

from four to eleven rnonths-0.7, from one to two 

years-0.8, and from three years t hrou gh adulthood-

0.9. (62i 
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Engle (1960) found in his series of cases of 

pulmonary stenosis that when there was reversal of 

the normal Rand S wave relationship across the 

precordium so that the S wave was the predominent 

deflection in V5 or V6, the right ventricular pres

sure was 100 mm or more. (45) 

The left precordial ventricular activation 

time or pre-intrinsicoid deflection does not appear 

to have attained the prominence in the literature 

as that of its right precordial counterpart. 

Three articles were found, however, which did 

describe it as being relatively short or relatively 

early in rifht ventricular hypertrophy. (34, 91, 

127) 
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THE PRE.C0.ttDIA.L 11 rS 11 PATTIBN 

The 11 rS 11 pattern cannot rishtly be included 

in the discussion of either the ritht or left pre

cordials, as its presence can be evaluated only in 

terms of all the pr ecordial leads. Thus it will 

be considered separately. 

This pattern, as suggested by its name, con

sists of an initial small nositive deflecti~n (r 

wave) followed by a relatively large negative de

flection (S wave) seen in all the precordial leads. 

Though this pattern in the left precordials cor

responds mor1.: or less with what many consider char

acteristic of rieht ventricular hypert1ophy, its 

ri ght precordial pattern does not conform to the 

characteristics usually ascribed to rieht ventri 

cular hypertrophy. Nadas (1957) stated that he 

considered the le ast certain indication of ribht 

ventricular hypertrophy in the chest leads to be 

marked rotati~n of the heart resulting in rs or 

RS deflections from Vl to V6. (94) Kossmann (1962) 

described small r and deep S wav6s extending across 

the precordium as possibly indicating dilitation 
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or hypertrophy of the trabecular region or inflow 

tract of the right ventricle. (75) Scott (1962) 

noted that anterolateral myocardial infarction 

may produce an rS pattern in the left precordial 

leads and falsely suggest right ventricular hyper

trophy. (75) According to Friedman (1963) the rS 

pattern in all the precordial leads is suggestive 

but not diagnostic of right ventricular enlarge

ment. He described it as also being found in 

emphysema. (48) 

67-c 



• 

ST .AND T ViAVE <.,I-iANGES IN F.IGHT Vb,NTRICULAn HYP.2.n -

TROPHY tND PULMONARY STENOSIS 

GENERAL ASSOCIATION OF RIGHT VENTRICUL.Ah 

HYPERTROPHY WITH T wAVE CHANGES: Wilson (1944) 

stated that in preponderant hypertrophy involving 

either ventricle, the T waves of the leads in 

which the largest R waves occur are very commonly 

inverted. More specifical1y he describ6d the T 

wave in right ventricular hypertrophy to be char

acteristically inverted in the right precordium. 

(127) Similarly Littmann (1949) described inverted 

T waves in Vl, V2, and V3 as characteristic of 

right ventricular hypertrophy , whereas Myers (1948) 

found only a 11 
••• tendency to h.ave inversion of the 

T in Vl." in right ventricular hypertrophy. (83, 

91) 

GENERAL ASSOCIA 'l'ION OF PULMONAhY STI!.NOSIS 

WITH ST AND T WAVE CHANGES: Marquis (1951) des

cribed ST depression and inverted T waves extend

ing across the chest towards the left as the usual 

features of pulmonary stenosis. (86) Sodi-Pallares 

(1956) stated that T wave changes occur only in 

pulmonary stenosis of marked severity. In such 
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cases the Tin Vl and other right prec or di al leads 

is flattened or negative and in extreme cases is 

11 ischemic ", that is, deep and peaked - the latter 

being highly suggestive of pure pulmonar y stenosis. 

He added that with increasing severity of pulmonary 

stenosis the frontal axis of the T wave deviates 

to the left in opposition to the frontal mean axis 

of the QRS which deviates to the r ight. (110) In 

1959 he qualified his previous comments on severity 

of pulmonar y stenos is by stating that, 11 v, i th severe 

stenosis the T waves in the right precord ial leads 

are usually positive when the right ventricular 

systolic pressure is lower th.an the systemic pres

sure. " (113) 

Taussig (1960) stated that in cases of pul 

monary stenosis as the pressure in the ribht ven

tricle increases to 120 mm Hg. the pattern of 

right ventricular "strain" develops in which the 

T wave becomes inverted across the left precordium . 

(118) Engle and colleagues (1960) found that when 

right ventricular systolic pressure in cases of 

pulmonary stenosis was over 140 mm Hg. there was 

deep inversion of the T waves in the right pre-
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cordial leads, aVF and often in leads II and III. 

They also noted that the changes in the T waves 

were frequently associated with ST segment depres

sion in the same leads. (45) 

In Lantman ' s study (1954) on post-operative 

changes after repair of pulmonary stenosis, he 

found that the ST segment depression and T wave 

inversion in leads II, III, aVF, and Vl disappeared. 

(77) 

Goodwin (1952) discounted the importance of 

T wave changes. He concluded, "Inversion of· the 

T wave in precordial leads Vl to V3 was not found 

to be a valuable sign of ri5ht v~ntricular hyper

trophy, since it was often present in normals. 

Conversely, the Twas often upri5ht in the same 

leads in right ventricular hypertrophy. " (52) 

T WAVE CHANGI!,S IN .ASSOCIATION WI 'i.' H DIFFE.Rb.NT 

DEGREES OF SEVERITY OF RIGHT VENTRICULAR HYPE....~ThOPHY: 

In 1933, before the present standard precordial lead 

system was well established, ½ilson described the 

T wave changes in right ventricular hypertrophy 

only in the standard leads. He noted that right 

ventricular hypertrophy with inversion of the T 
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waves in leads II and III is associated with the 

largest hearts and with the greatest increase of 

pressure in the pulmonary circuit. According to 

Wilson , next in severity is the right ventricular 

preponderance with only T inversion in lead III 

and least in severity is the patient with ribht 

ventricular preponderance without any inversion 

of the T wa ve . (87) Only two other authors were 

found whose statements about T wave changes in 

right ventricular hypertrophy could be i mplicated 

in the standard and augmented leads-both making 

statements using general vectorial analysis. 

Grant (1957) stated that there is little change 

in the direction of the ST and T vectors in right 

ventricular hypertrophy. However, he noted that 

when hypertrophy is marked the ST and T vectors 

may point leftward and posteriorly, away from the 

lie of the right ventricle and opposite to the 

direction of the mean Q,RS vector. Friedman (1963) 

described similar changes which he called the 

" strain pattern" . (59, 48) 

All of the remaining literature reviewed, 

with regard to T wave changes, confined its 
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comments to T changes in the precordial leads. 

Abrahams (1951) and Blacket (1951) both d6scribed 

'r inversion in Vl and the extension of this inver

sion across the chest to V3, V4, or ev6n VS as 

suggesting increasing severity of right ventricu-

lar hypertrophy. (2, 9) In conjunction with his 

comments on the precordial T wave chan~es, Blacket 

commented, "The pre cordial leads have furnished the 

most direct and convincing evidvnce of ri~ht ventri

cular hypertrophy. " (9) Brumlik (1958), l~adas (1957), 

Cabrera (1959) and Silverman (1956) made similar 

observatiJns correlating the inversion of the T 

wave and depresslJn of the ST segment a cross the 

precordium toward the left with increasing seve r ity 

of right ventricular hypertrophy. (74, 94, 25, 107) 

Cabrera ( 1963), in describing an "almost stereo-

typed electrJcardiJgram for cas - s with systemic 

pressure values in the ritht ventricle " , listed a 

negative T wave i n Vl and a minus-plus T wave in 

lead V2 as being usually _present and accompanied 

by a de_pr essed ST segment. He concluded, "The 

diagnostic value of these is not infallible, but 

clear separation of these pa tterns may sugges t the 
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diagnosis. " (26) 

Caylor (1958) found that patients with right 

ventricular pressures of 150 mm hg . or hi5her al

most always had ST and T wave changes. (30) Sil

verman (1956) observed that none of his patients 

with right ventricular pressure less than lvO mm 

Hg. showed abnormal ST or T wave chan~es. (107) 

Campbell and co-workers (1954) studied cases of 

11 sirnple pulmonary stenosis with closed ventricular 

septum " (including some cases with atrial septal 

defects) and noted that, "Ftight ventricular pre

ponderance was found in all the c yanotic t,I oup, 

generally with deep T inversion across the chest 

leads to V4 and sometimes to VS and V6. 11 But in 

the acyanotic group the T inversion across the 

chest leads was " less constant, but still common." 

In addition they found that in all the patients 

with T inversion to V4 , whether cyanotic or aqyano

tic the right ventricular systolic pressure was 

over 100 mm Hg. and often greatly over this. 

There were however some where this pattern was 

absent although the systolic pressure was greater 

than lvO mm Hg. (29b) In conjunction with T wave 
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changes and their relationship with cyanosis, 

Kjellberg (1955) stated that a negative T wave in 

the precordial leads in an adult is not a reliable 

indication of the degree of severity of pulmonary 

stenosis. He noted tha t these chanses have oc

curred chiefly in patients with severe cyanosis. 

( 71) 

T WA VE, CHANGES IK CHILDHOuD A.ND Tlif:.I.h h.E...i..J.ITiu~ 

TO ~IGHT VENTRICULAR HYP~hTGOPHY: All of the pre

vious comments on T wave changes either implicitly 

or explicitly referred to the electrocardiogram 

in the adult, with the possible e~ce~tion of ~adas 

(1957) from which the reference source was his 

textbook Pediatric ~ardiology. (94) After a re

view of the T wave in the normal infant and child 

and notation of its marked difference from the 

normal adult T wave pattern, the f ollowing com

ments referring to both the normal and abnormal 

infant and child T waves seem noteworthy. 

Kjellberg (1955) made the following comments 

regarding the inverted right precordial T wave in 

children, "A negative T wave in Vl throu8h V4 has 
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been regarded as highly characteristic of severe 

pulmonary stenosis and often decisive as an in

dication for operation. In children the correla

tion between the negative T wave in different pre

cordial leads and the risht ventricular pressure 

is not so evident, since a negative T may occur 

normally in V4 up to five years of age and in V3 

up to ten. 11 (71) Ene_le (1960) similarly stated, 

"The leftward spread of T wave inversion might be 
0. 

expected to be more reliable in adults then in 

children, since T wave inversion may be normal 

throush V4 in the latter. 11 (45) 

Gros (1951) described normal T wave altera

tions as follows: in children less than 24 hours 

old the Tis upright or diphasic in V4fi, Vl and 

V2 and inverted in V4, V5 and V6; thereafter, 

there is a gradual reversal of the T wave direction 

so that at the fourth d &y all have inverted T waves 

in V4R, Vl and V2 and upriE:ht T waves in V5 and V6. 

(60) 

Whereas the negative or inverted T wave has 

been regarded by some as a significant sign asso

ciated with right ventricular hypertrophy in the 
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adult, the positive or upright T h~s been similarly 

associated in the child . Cabrera (1959) noted that 

a positive Tin the right ~recordials in patients 

less than 10 years old, with minimal or absent al 

terations of the QfiS complex , is valuable for de 

tecting a mild hypertension of the right ventricle 

(systolic pressure about 40 mm Hg.) , and in a later 

report (1963) he stated that an u9riEht T wave in 

the right precordial leads after 2 weeks of abe 

usually mEans " systolic overloading of the ri5ht 

ventricle ." (25, 26) Kossmann (1962) and Scott 

(1960) included in their criteria for ribht ven

tricular hypertrophy in infants and children a 

positive Tin Vl after the first 48 hours of life . 

(75, 103) Nadas (1957) described a ~ositive Tin 

Vl beyond the first 24 hours as suggestive of 

right ventricular hypertrophy. (94) Kieth (1958) 

qescribed the positive T wave in Vl between 1 and 

12 years of age as suggestive of right ventricular 

hypertrophy. (70) Friedman (1963) felt that a 

positive T wave in lead Vl from the third or fourth 

day of life till the twelth year, particularly when 
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associated with an R/S ratio greater than 1.0 in 

this lead, is strongly suggestive of right ventri

cular enlargement. (48) 

Ziegler (1956) found that T waves are normally 

positive in the ribht precordial leads during the 

first 24 hours of post-natal life, that there is 

progressive inversion of this deflection during 

the subsequent three to five days, and that only 

in a small percenta ~e of cases is it again posi

tive after the first decade. He p)stulated that 

the most likely explanatioL for these T wave char

acteristics is the neonatal pu lmonar y artery and 

right ventricular hypertension incident to incom

plete expansion of the lungs and later decreasing 

arteriolar resistance secondary to the assumption 

of progressively normal function. He )bserved 

that within a given QRS pattern there is a direct 

relationship between the incidence of positive T 

waves in the leads from the ritht side of the pre 

co rd i um a nd the d e gr e e of e 1 e v a t ion of r i 5 ht v en -

tricular mean pressure. He concluded, 11 The oc

currence of pos itive T waves in the right precor

dial leads after the first 24 hours of life is 
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highly suggestive-if not actually diagnostic 

of right ventricular hypertension and therefore 

/al..2thologic right ventri cular b.ypertrophy of the 

so-called 11 systolic-overload 11 or 11 pressure - work 11 

type. 11 He added that 11 
••• the earliest recogniz

able and least complicated precordial lead pattern 

of pressure hypertrophy of the right ventricle, 

particularly in infants, consists of a sinele 

peaked RS complex • •• followed by a positive T wave 

in the right :;irecord ial leads, 11 and he considered 

this pattern to represent minimal to moderate right 

ventricular hypertrophy. However, with greater 

degrees of risht ventricular hypertrophy , as ob

served in marked pulmonary stenosis with a closed 

interventricular septum, he found that there is 

frequently a pattern of right bundle branch block 

(notched, or double peaked h) and inverted instead 

of upright T waves in the r i ~ht precordium . He 

st ated that it has been suggested tha t in this 

l atter type of precordial lead 9attern some esti 

mate of the degree of ri~ht ventricular enlarge 

ment can be made by the extent of T wave inversion 

across the 9recordium . 
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The final paragra ph of liegler's paper follows 

in its entirety as it is particularly appropriate 

to this discussion. 

"This discussion of the importance of 
positive T waves in ri5ht precordial leads 
would not be complete without an added word 
of caution. Throughout the d iscussion it 
has been understood, of course, that the T 
wave patterns described are observed in pa
tients in whom the clinical condiLion is 
consistent with the presence of sinble or 
combined cardiac chamber enlargement of the 
type specified. The occurrence of T wave 
positivity in right precordial leads as an 
isolated or inconsistent finding cannot 
necessarily b e i nte:rpreted in the manner 
described, since there are other factors 
which may also produce this patterm. Es
pecially in older children and adults it 
may be entirely normal, as it so frequently 
is during the first day of life. lt may 
also occur in such diverse situations as 
hyper potassemia or coronary a rt8ry occlu
sion with posteri or wall myocardi a l in
farction, The word of caution is, there
fore, that one must interpret the electro
cardiographic observations disc ussed, as 
one should dat,,t'a obteined by pr dctically 
any laboratory procedure, in the li ght of 
the clinical situation and not as isolated 
information. " ( 130) 
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P WAVE CHbNGES IN RI&HT V~NTRICULAR HYPERTROPHY 

AND PULMONARY STRNOSIS 

The occurrence of large peaked P waves has 

been correlated with cases of pulmonary stenosis 

by numerous investigators. (3, 9, 7, 11, 29, 38, 

43, 45, 59, 66, 71, 77, 86, 94, lu2, 107 , 110, 

lll, 118, 129) However Jewett 1 s (1960) correla -

tion was decidedly minimized by his conclusion 

that "P wave abnormalities are minimal in the el

ectrocardiograms of patients with pulmonary steno

sis. 11 (66) In general the occurrence of such 

waves ls considered an electrical manifestation 

of right atrial hypertrophy , (48, 94, 110, 123) 

but this has also been considered as indirect 

evidence of right ventricular hypertrophy. (43, 

48, 62, 94) 

The prominence of this change has been as

cribed by most to be most evident in lead 11. 

(3, 9, 29, 62, 86, 94) Hollman (1958) considered 

a P wave of 3 mm or more in lead II or 2.5 mm or 

more in any other lead a criteria for right ven

tricular hypertrophy from one month of life through 

adulthood. (62) Others also mentioned its 
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prominence in lead I, Ill, aVf, and the right pre

c QJr a i a 1 1 ea d s . ( 11 , 3 8 , 4 8 , 71 , 11 O ) Sod i - Pa 11 a r e s 

(1956) described this change in pulmonary steno

sis as " ... usually in I and II, but sometimes in 

II and III, 11 implying a left axis shift of the 

mean P vector rather than a ri ght axis shift. (110) 

On the othe r hand, Friedman (1963) described a 

ri 5ht axis shift of the mean electrical axis of the 

P wave as characteristic of ri 5ht atrial enlarge

ment. (48) 

Sodi-Pallares (1956) noted, "These P changes 

are rela ted not only to ri eht atrial enlareement, 

but also to low oxygen saturation in blood i.e. 

under 70 ;6 . 11 (110) Wood (1950) inferred an asso

ciation with oxygen saturation when he stated, 11 £' 

pulmonale is common, therefore not very helpful in 

all cyanosed cases (of congenital heart disease), 

but in acyanotic cases it usually means pulmonary 

stenosis or severe pulmonary hy pertension. " (129) 

Numerous investigators have considered P 

wave chane.,es in rel a tion to rie:.ht ventricular 

pressure. Taussig (1960) ex plained, "The P waves 

reflect the amount of work re quired of the auricle. 
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As the pressure in the r i ght ventricle r ises, the 

pressure in the right atrium also rises and the 

right atr ium undergoes dilitation and hypertrophy. 

Under such circumstances the P waves are both 

broad and tall, consequently they resemble the 

Appalachian mountains rather than the tall sharp 

peaks of the Himalayas. " (118) Bentiviglio (1960) 

concluded that the duration and amplitude of the 

P wave increases with incre as ing severity of pul

monary stenosis. (8) Blacket (1951) described a 

11 surprisingly good correlation II between the am

plitude of the P waves in lead II and the mean 

right ventricular pre ssure, the la t ter which he 

believed mirrored the severity of the pulmonary 

stenos is. He cone lud ed that 11 
••• while moder ate 

stenosis and normal sized P waves lless than 2 mm) 

can coexist, abnormally high P waves are a sign 

of severe stenosis prov ided they are not due to 

posit ion of the heart. " (9) Kjellberg (1955) con

cluded, "The hypertrophy and dilitation of the 

right atrium which occurs in severe pulmonary steno

sis are reflected in a tall P wave over the ribht 

precordium, however the P wave may be normal even 
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in severe stenosis, and peaked P waves may be pre

sent in moderate stenosis. 11 (71) Schleris (1963) 

stated that the increased amplitude of P waves in 

pulmonary stenosis was more fre quent in thooe with 

the highest right ventricular pressures. (102) 

Braunwald (1955) described 20 patients with pul

monary stenosis of which only 3 had abnormal E waves. 

Each of these patients had right ventricular pres

sures greater than 120 mm Hg. (15) Silverman (1956; 

concluded that there was a cood correla tion of P 

pulmonale and rieht ventricular hypertrophy when 

the right ventricula r pressure was gre a ter than 

100 mm Hg. Conversely none of his 25 patients with 

ri ght ventricular pressures below lu0 mm hg. showed 

P pulmonale. (107) Engle (1960) described high 

peaked P waves as appearing when the ri ~ht ven

tricular pressure was over 140 mm Hg. in cases of 

9ulmonary stenosis. (45) 

In support of the conce pt of P wave correla

tion with pulmonary stenosis, Lantman (1954) des

cribed a decre a se in the P wave to nor mal ampli

tude as a typical post-oper a tive change after 

pulmonary stenosis repair. (77) 
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DePasquale (1960) noted that the P wave tended 

to be prominent , but he concluded that its magni 

tude showed no significant relationship to the 

pressure in the right ventricle. (38) Finally in 

Jenssn ' s (1960) study of the 11 False --Positive b.lec 

trocardiogram " he described increases height of the 

P wave in association with emotional stresses, ex

ercise, ingestion of food , smoking and hyperventila

tion. Naturally increased amplitude of the P wave 

secondary to these factors may su5gest right atrial 

hypertrophy and confuse the interpretation in hearts 

where this artifact is marked. (65) 
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MISCELLAN~OUS CHANGES OF TH~ QRS I~ RlvHT VE~TRI 

CUL.AR HYPERTROPHY AND PUL1v10NARY ST.B...tlOSIS ----
QRS Dlffi..ATI0N: Relatively little information 

was found in the literature relating QRS duration, 

per se, and pulmonary stenosis and/or risbt ven

tricular hypertrophy , suggesting its probable 

lack of importance in this regard. Bentiviglio 

(1960) noted that the duration of the QnS increases 

with increas i ng severity of pulmonary stenosis.(8) 

~ilson (1944) stated that in riLht ventricular 

hypertrophy , 11 
• • • the QRS interval is rarely much 

greater than normal. " (128) Barker (1952) con

cluded that the QRS duration is not ordinarily 

prolonged, 11 
••• because the pathway of excitation, 

the rilht free wall is not, except in extreme ribht 

ventricular hypertrophy, as long as it is in the 

left free wall. 11 (5) Bayley (1958) explained, 

11 .Activation of the rie:ht ventricle is normally 

completed in ab8ut 0.06 seconds or less. There

fore a norarnl QRS of 0 .09 seconds would not be

come prolonged until marked ri~ht ventricular 

hypertrophy had developed. In fact, ordinarily in 

uncomplicated right ventricular hypertrophy the 
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QRS interval should not be prolonged beyond 0 . 10 

seconds. 11 (7) Sundell (1957) concluded that no 

correlation could be found between the Q,hS inter

val and the increased ri~ht ventricular ~ressure 

and right ventricular hypertrophy associated with 

pulmonary stenosis. (117) DePasquale (1960) noted 

that the QRS interval was prolonged in association 

with the ri5ht ventr i cular hypertrophy of atrial 

septal defects, however he observed that it was 

not prolonged in pulmonary stenosis. (38) 

Further consideration of the Q,_qs duration has 

been made in the earlier part of this paper review

ing incomplete and complete tundle branch block. 

QRS CHANGES IN Thb.. s·r Al~D1-1Fi.D .Al\JD LIMB LE.ADS; 

In considering both the standard leads (I, II, and 

III) and the limb leads (aVR , aVL, and aVF) with 

regard to unipolar interpretation (c . f. vector 

interpretation), probably lead aVR has received 

the most attention in the electrocardiographic 

literature in reference to changes seen in ri6ht 

ventricular hypertrophy. Myers(l948) noted that 

lead aVR is often equivical or normal when clas 

sical signs of right ventr i cular hypertrophy are 
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demonstrable in Vl, but on the other hand, it may 

exhibit an unusually prominent and definitely ab

normal R wave when normal findings are present in 

Vl and V2. He added, however, that the diagnosis 

of ri ght ventricular hypertro phy cannot be ba s ed 

upon the findings in aVR, in the absence of any 

sup 9ortive findings in the precor d ial le ads. t91) 

Marquis (1951) described a tall R in aVh as a 

usu a l feature of pulmonary stenosis. (86) Nadas 

(1957) considered a dominent R or n ' in avn as 

characteristic of right ventricula r hypertrophy. 

(94) Scott (1960) stated that the d ominent h in 

aVR is a useful criterion for the diagnosis of 

ri s ht ventricula r hypert r ophy in those under age 

3. (103) Wasserburger (196 2) said, 11 A t a ll pre

dominent late R wave in aVR serves to denote an 

adv anced degr ee of ri5ht ventricular hypertrophy, 

whether the classic pa tterns of ri ght ventricular 

preponderance or an incomplete ri Eht bundle branch 

block associated with ri5ht ventricular preponder 

ance presents on the routine electrocardiogram. " 

(122) 

Engle (1960;, found a predominent h in aVR was 
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present in almost all cases of pulmonary stenosis 

with right ventricular pressures greater than 50 

mm Hg. and therefore it was considered relatively 

insensitive in distinguishing mild, moderate and 

severe cases. 

Sokolow and Lyon (1949) and Schleris (1963) 

both considered an R in aVF.. greater than or equal 

to 5 mm in height as one of their criteria for 

right ventricular hypertrophy. (115, lv2J Orme 

and Adams (1952) described an n in aVR ereater than 

5 mm in those less than 5 years of age and greater 

than 3 mm in those over 5 years amonc their cri

teria for right ventricular hypertrophy. (95) 

Braunwald (1955) made the diagnosis of risht ven

tricular hypertrophy when then in aVR exceeded 

the following maximum normals: under one year-

9 mm, from one to ten years-19.5mm, from ten to 

twenty years-8 mm, and over twenty years of age-

3 mm. ( 15) 

Hollman (1958) considered the R in aVR in 

relation to th.e whole Q,R.S complex in this lec:,d 

and established that an n/S or R/Q ratio greater 

than 1.0 indicated right ventricular hypertrophy 
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in those one month or older. (62) Goodwin (1952) 

turned this ratio around and stated, 11 A Q/h ratio 

less than one in aVR, although in itself merely 

a sign of extreme clockwise rotation or backward 

tilting of the heart, is a highly suggestive in

direct sign of right ventricular hypertrophy, 

although its absence does not exclude the diagno

sis. It is e particularly important sign in cases 

in w hi c h Vl i s no r ma 1. " ( 5 2 ) Lant man ( 19 5 4 ) d e s -

cribed a decrease to normal in the R/Q ratio in 

aVR in patients with pulmonary stenosis after sur

gical repair. (77) 

In 1914 Lewis suggested a method of obtaining 

an index of ventricular predominence by adding· the 

value RI minus RIII to the value SIII minus SI. 

(82) In 1918 White and Eock considered this same 

inde~: in the following formula: Index = (UI plus 

DIII) minus (DI plus UIII), where U indicates the 

amplitude of the primary upward deflection and D, 

the amplitude of the primary downward deflection. 

They found values of plus 20 and minus 15 to be 

close to the borderline of normality. They con

sidered values of minus 15 to minus 18 usually 
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indicate right ventricular preponderance, and be

yond minus 18 always indicate right ventricular 

preponderance. (123) In 1924 ~hite and Burwell 

revised these figures to minus 10 rather than 

minus 15 as borderline normal with respect to 

right ventricular preponderance. (124) Pardee 

(1920) stated, 11 0f all the formulas which have been 

considered for determining the ventricular pre

dominence from the electrocardiogram, the sim~lest 

to apply and the one giving the smallest apparent 

error is the formula suggested by Lewis of (RI 

plus SIII) minus (SI plus RIII) . 11 (96) Sodi

Pallares (1956) stated that the Index of Lewis 

(which he equated with the net voltage in lead 

III subtracted from the net voltage in I) has 

been very useful to resolve the question of whe

ther a given axis deviation is due to ventricular 

hypertrophy or due to body constitution. He also 

mentioned use of the Jinich Index in which Index 

= (UaVL plus DaVF) minus (UaVF plus DaVL) and 

stated that values under minus 11 were suggestive 

of right ventricular hypertrophy. (110) 

The value of measuring the amplitudes of 
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deflections in the limb leads was commented on by 

Ensle ( 1960); 11 .Ampli tudes of the R and S deflec

t ions in the limb leads were not tabulated separ

ately since they bore a close resemblance to the 

amplitudes described in the right and left pre

cordial leads. Patients with an abnormally tall 

R wave in Vl and deep Sin V6 showed a tall R in 

a VF and lead III and a deep S in lead I. 11 (45) 

Only a few workers, in addition to the one 

ju s t mentioned above, have described characteris

tic changes in the individual li mb or standard leads 

that are characteristic of ri ght ventricular hy per

trophy. Nadas (1957) noted that a deep Sin lead 

I and a tall R in III is suggestive of right ven

tricular hypertrophy. (94) Cabrera (195 9 ) des

cribed systolic overloading of the right ventri-

cle as characteristically producing an rs pattern 

in lead I and a qR pattern in III. (25) Sodi

Pallares (1956) stated tha t with right ventricu-

lar hypertrophy lead aVL shows a sma ll n wave and 

deep S wave, and aVF shows a prominent R wave pre

ceded by a q wave. ( 110) 

Bentiviglio (1960) stated that he found the 
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duration of the S wave in lead I increased in 

association with increased severity of stenosis 

in his series of cases of pure pulmona ry stenosis. 

(8) 

The pattern of small r waves and large S 

waves in the standard leads I, II, and III has 

been associated with pulmonary stenosis specifically 

(111, 114), and right ventricular hypertrophy, in 

general. (48, 59, 94, 126) Grant (19:57 ) and Fried 

man (1963) described the S1S2S3 syndrome as being 

characterized by: (1) predomine ntly negative de

fl6ctions of the S wave type in the three standard 

leads, (2) a normal QRS interval, and (3) usually 

a small r ' deflection at Vl. From a vector stand

po int, this was described as having the terminal 

QRS vector directed ri~htward, superiorly and 

usuelly slightly anteriorly. It was stated that 

the syndrome is seen under five different circum

stances: (1) in young adults with no detectable 

evidence of heart disease , (2) in con~enita l heart 

disease when associated with right ventricular hy 

pertrophy , (3) in severe cor pulrnonale, (4) in 

emphysema with or without cor pulmonale, and (5) 

in acute myocardial infa rction. Grant added that 
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this syndrome is sup 9ortive , but by no me ans diaB

nostic of ri t ht ventricular hy pert r ophy , unless the 

terminal QR.S vector is also gre atly increased in 

mae.,nitude . (59 , 48) 
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SU~TI-iARY 

INTRODUCTION: 

The purpose of this paper has been to glean 

from the literature a discussion of all the EKG 

changes that have been ascribed to isolated ri ght 

ventricular hypertrophy. 

Emphasis was placed on isolated pulmonary 

stenosis, as it represents an ideal prototype as 

the etiology of isolated right ventricular hyper

trophy. 

This paper was intended only as a review of 

the literature ' s discussions and conclusions . It 

was not intended to be a critical review. 

GENERAL COMMENTS 0~ EKG ANALYSIS: 

The EKG has been considered with very high 

regard as a clinical tool, with due regard for 

its weaknesses. 

Opinions are highly variable on the correla

tion of EKG and anatomic evidence of ri5ht ventri

cular hypertrophy. Probably less than 70fa with 

autopsy evidence of right ventricular hypertrophy 

will show EKG evidence of this. EKG evidence is 

more likely to be 
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substantiated at autopsy. 

There has been a general association of ele 

vated rie:,ht ventricular pressure and rit-,.ht ven

tricular hypertrophy and ~KG changes associated 

with right ventricular hypertrophy. The degree 

of positive correlation in individual cases is 

controvers i al- the preponderance of opinion being 

that it is qui t e variable. 

There is a progressive chan5e in the EKG from 

infancy to old age such that what may be normal 

for one age group is atnormal for another. There 

is a gradual change from a predominance of right 

ventricular potentials at earlier ages to one of 

left ventricular potentials at older ages. 

Various terms such as predominance , hyper 

trophy , preponderance and enlargement are used 

in the literature more or less synonymously with 

regard to the EKG. 

The value of vector versus unipolar or pat

tern interpretation is quite controversial. Most 

investigators use both methods. 
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QRS VECTOR FACTORS IN RIGHT v~NTRICULAh HYP~RTROPHY 

AND PULMONARY STENOSIS: 

Opinion has varied on the value of axis devia

tion from one extreme in which right axis devi ation 

(RAD) is equated with right ventricular hypertrophy, 

to a more moderate position in which a general cor

relation of RAD is made with right ventricular hy

pe rtrophy with awareness that RAD may sometimes be 

due to other causes, to the other extreme in which 

RAD has no correlation with right ventricular hy 

pertrophy. Most have taken the previously men

tioned moderate position. 

Generally in an adult a mean frontal QRS axis 

at about 90° first suggests rieht ventricular hy

pertrophy and one at 110° or beyond is considered 

fairly diagnostic. 

For children axis deviation to the right of 

120 to 140° has been considered characteristic of 

right ventricular hypertrophy in those older than 

one month. 

Consideration of other causes of abnormal RAD 

includes: thin body bu ild, abnormal position of 

the heart in the thorax, pulmonary emphysema, 
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myocardial infarction, cor pulmonale , left ventri

cular hypertrophy, and occasionally also normal 

hearts in younger individuals. 

A few workers have considered the horizontal 

~Rs vector loop characteristic of riBht ventricu

lar hypertrophy if it rotates clockwise as viewed 

from above and left bundle branch block can be 

ruled out. 

THE RIGHT PRECORDIAL QRS IN RIGHT VENThICULAR 

HYPERTROPHY AND PULMONAhY STENOSIS: 

The EKG diagnosis of right ventricular hyper

trophy has been based largely on criteria in the 

right precordial leads, including a relative in

crease in the hei ght of the R wave, decrease in 

the depth of the S wave, and increase in the R/S 

ratio. The R/S ratio greater than 1.0 in adults 

in lead Vl is a very common criterion for right 

ventricular hypertrophy. Some correlated a pro

gressive change in these parameters with progres

sively increased hypertrophy. The possibi lity of 

right ventricular hypertrophy in association with 

deep S waves was considered in milder cases of 

right ventricular hypertrophy. 
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Consideration of causes of the false - positive 

(tall) ri ght precordial R wave have included: dia 

stolic overloading of the left ventricle , techni 

cal error (e.g . recording of aVF) , right bundle 

branch block , myocardial infarction and hiatus 

hernia. 

The parameters of the QRS in the right pre 

cordium have been correlated with ri ght ventricu 

lar pressure - the height of R in Vl generally being 

considered most valuable. An equal number have 

commented on the lack of good co r relation here. 

I t has been noted that the R/S ratio in the 

majority of infants and chi l dren is greater than 

1.0 during the first 3 to 5 years of life. Lack 

of an S wave or minimal S wave in the ribht pre 

cordi a ls was considered very diagnostic of ri c ht 

ventricular hypertrophy. 

The maximum normal R wave in the ri t ht pre 

cord i um in the adult has been cons i dered from 

7 mm to over 15 mm. Between five and twenty years 

of age the maximum norm a l R wave ranged from 7 to 

20 mm ; from one to five ye a rs, 11 to 29 mm ; and 

under one ye a r, from 20 to 29 mm . 

98 



The maximum normal fi/S ra t io in the right 

precordium ranbed from 1.0 to 1.5 in those from 

five through fifteen years of age; from three to 

five years, 1.6 to 2.0 was the r ange of maximal 

normal; from six months to three years 2.0 to 4.0 

was considered; and for those under three months 

the maximum normal ranged from 4.0 to 7.0. 

The occurrence of a secondary n wave in the 

right precordium has been correlated with pulmon

ary stenosis and ri s ht ventricular hypertrophy, 

and in most references it was considered in re

lation to right bundle branch block. Right bun

dle branch block was described as reflectin~ pos

sible right ventricular dilita t ion, diastolic over

loading of the ri t ht ventricle, ri~ht ventricular 

hypertrophy, right ventricular hypertrophy in 

association with left ventricular hypertrophy, 

localized right ventricular hypertrophy, intra

ventricular conduction defect, or possibly no 

heart disease at all. The height of the R ' wave 

at which right ventricular hypertrophy has been 

considered in adults has ranged from 6 to 23 mm 

and in children greater than 10 m~. Other 
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criteria included R greater than 8 mm, E ' /S greater 

than 1.0, and R/S greater than 1.0. 

Many workers have considered a delayed or pro

longed ventricular activation time (also known as 

prewintrinsicoid or intrinsicoid deflection) as 

suggestive or characteristic of right ventricular 

hypertrophy. .Abnormal delay ranged from greater 

than 0.03 or 0.04 seconds. Some found that the 

ventricular activation time could be directly 

correlated with right ventricular pressures; others 

found no correlation and no value in this parameter. 

The right precordial Q wave has generally been 

considered diagnostic or at leas t characteristic 

of right ventricular hyJer trophy-provided ant er -

ior myocardial infarction, ~re-excitation, and 

• right bundle branch block are ruled out . Some 

have found strong positive correlation with the 

incidence of right precordial Q waves and eleva

t ed right ventricular pressure. Other possible 

causes of right precord i al Q waves have included 

dilitation of the right ventricular wall, and 

enlarged right atrium . 
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THE LEFT PRECORDIAL QRS IN rtIGHT VENTRICU~R 

HYPERTROPHY AND PULMONAhY STENOSIS : 

There has been general agreement in the li

terature describing reversal of the normal left 

precordial pattern with decrease in the amplitude 

of the R wave, increase in depth of the S wave, 

and a resultant decrease in the R/S ratio. This 

pattern was also described following anterior in

farction. The minimum normal R wave in the left 

precordials in adults ranged from 2 to 5 mm. The 

maximum normal S wave in adults ranged from 7 to 

over 14 mm. The minimum R/S ratio in adults ranged 

from 0.9 to 1.0; the minimum h/S ratio in children 

decreases progressive to a lower limit of 0.5 for 

those under three months of ase. 

THEi PRECORDIAL "r S II P.ATT.E.rtN: 

This pattern consists of a small r wave and 

relatively large S wave seen in all the precor

dial leads and has been considered as minimal 

evidence of right ventricular hypertrophy. It 

has also been described with ant erolateral infarc

tion. 
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ST AND T WAVE CHANGES IN RIGHT V~NTRICULAR 

HYPERTROPHY AND PULMONARY STENOSIS: 

There has been a general correlation of the 

presence of ST depression and T wave inversion in 

the right precordial leads in adults with right 

ventricular hypertrophy or advanced pulmonary 

stenosis. This has been referred to as the "strain 

pattern" . Others have discounted the correlative 

value of these changes. Some have correlated these 

ST-T wave changes with decreased oxygen saturation. 

The ST-T wave changes described for adults 

have generally been found of very little value in 

analysis of the EKG of the infant or child. The 

precordial T wave was described as being normally 

upri3ht in the right precordials and inverted in 

the left precordials in the first 24 hours of life 

with a gradual reversal so that at the fourth day 

the right precordials have inverted T waves and the 

left precordials have positive T waves. The posi

tive right precordial T wave has been strongly 

correlated with right ventricular hypertrophy in 

patients from 24 hours up to 10 years of age. 
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P WAVE CHANGES IN RIGHT VENTRICULAR HYPERTROPHY 

AND PULMONARY STENOSIS: 

The occurrence of large peaked P waves has 

been correlated with right atrial hypertrophy 

secondary to right ventricular hypertrophy. This 

change has usually been considered most prominent 

in lead II. The enlarged P wave is usually des

cribed as peaked and greater than 2.5 to 3 mm in 

height. The peaked P wave was correlated by some 

with oxygen saturation. Others discreted the value 

of the P wave, and notation of its being abnormal 

with emotional stress, exercise, ingestion of food, 

smoking and hyperventilation was mentioned. 

MISCELLANEOUS GRANGES OF THE QRS IN RIGHT VENTRI

CULAR HYPERTfiOPHY AND PULMONARY STENOSIS: 

Relatively little information was found with 

regard to the QRS duration. Most considered the 

QRS to be usually normal in duration in right 

ventricular hypertrophy. 

The presence of a tall R in lead aVR was 

noted to be of value in the diagnosis of right 

ventricular hypertrophy. The use of the Lewis 

and Jin1ch index was considered. Changes in the 
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standard and limb leads was generally consistent 

with changes in axis deviation and otherwise not 

too helpful-except that increased right ventri

cular potentials was correlated with increased 

likelyhood of ri ght ventricular hypertrophy. 

The s1s2s3 syndrome was correlated with ribht 

ventricular hypertrophy, but also with normal hearts, 

cor pulmonale, emphysema, and acute myocardial in

farction. 
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