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THE VENTRICULAR COMPLEX IN LEFT VENTRICULAR HYPER- 
TROPHY AS OBTAINED BY UNIPOLAR PRECORDIAL 

AND LIMB LEADS 

MAURICE SOKOLOW, M.D., AND THOMAS P. LYON, M.D. 
SAN FRANCISCO, CALIF. 

HE electrocardiographic patterns of left ventricular hypertrophy or left T ventricular strain in standard limb lead records have received considerable 
attention from Less detailed attention has been paid to the 
pattern of left ventricular hypertrophy when using the unipolar limb and pre- 
cordial leads. The typical pattern obtained by unipolar techniques has been 
described previously, 11-16 but the atypical ones and those showing lesser degrees 
of abnormalities have not been detailed adequately. The practical importance 
of the electrocardiographic position of the heart and of the time of onset of the 
intrinsic deflection of the ventricular complexes as an aid in diagnosis has been 
emphasized already.11J6 The purpose of the present investigation is to evaluate 
the criteria, using unipolar limb and precordipl leads, for the recognition of the 
atypical and early patterns of left ventricular hypertrophy; to determine the 
frequency of the characteristic changes noted by Wilson and his associatesll; 
and to study the diagnostic value of the electrocardiographic position of the heart 
and of the time of onset of the intrinsic deflection (ventricular activation time). 

MEVHODS AND SUBJECTS 

Two hundred patients were selected whose electrocardiograms were abnormal 
and in whom a cardiac disorder capable of producing increased strain on the left 
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ventricle (srrch as hypertension, aortic valvular lesions, coarctation of the aorta, 
paten1 ductus artcriosrls) was present. Fifty-three patients were excluded fronl 
this study because they had received digitalis or quinidine, had angina pectoris 
or known coronary dkease, or because their electrocardiograms exhibited bundle 
branch block or Q waves consistent with the possibility of myocardial infarction. 
One hundred forty-seven patients remained of whom 90 per cent had hyperten- 
sion exceeding 155/95, with a mean blood pressure of 197/117, and a mean in- 
crease in the transverse diameter of the hearPo of 15.8 per cent. Electrocardio- 
graphic studies of the patients in this group were made as will be described in  
detail later. As controls, 151 normal subjects, whose histories, physical exam- 
inations, electrocardiograms, and roentgenograms of the chest gave negative 
results, were studied similarly. This control group consisted of healthy nurses, 
medical students, members of the house staff, and flying personnel of a com- 
mercial airline. 

The augmented 
unipolar limb leads (aVL, left arm; aVR, right arm; and aVp, left leg) and the 
unipolar precordial leads (V, through V,) were then obtained by the method of 
GoldbergerI7 in his modification of Wilson's central terminal. In addition, 
seven-foot chest films were taken in all but fourteen cases. 

The electrocardiographic abnormalities considered to be particularly 
significant included the criteria previously noted in the l i t e r a t ~ r e , ~ - ~ ~ ~ ~ * ~ ~ ~  as well 
as the variations in the unipolar leads to be described. 

The electrocardiograms were analyzed in tabular form on master sheets, 
all waves of each record being carefully measured (with a magnifying lens if 
necessary). The amplitude of upright waves was measured from the upper edge 
of the base line to the peak of the wave; that of inverted waves, from the lower 
edge. Calibration corrections were applied, if necessary, for standardization 
(1.0 cm. = 1.0 mv.). Particular attention was paid to the voltage of the R and S 
waves in the precordial and unipolar extremity leads ip order to calculate the 
ratios to be described. Gubner and Ungerleiderlo have emphasized the diagnostic 
importance of high voltage of the QRS complex in the standard limb leads in 
left ventricular hypertrophy, The data to be presented will aid in establishing 
the importance of high voltage in the precordial and extremity leads which had 
not been evaluated by the authors just mentioned. In addition, data on the 
total left ventricular potentials (the sum of the amplitudes of the R wave in 
Lead Vg  and the S wave in Lead V,) of normal subjects were compared with 
those of patients with left ventricular hypertrophy. 

The mean age of the normal subjects was 35.1 years. 
The standard limb leads were obtained first in each case. 

RESULTS 

Table I summarizes the statistical data obtained in the cases of left ven- 
tricular hypertrophy, in the entire normal group as well as in the subjects with 
left axis deviation included in the normal group. Table I1 summarizes the criteria 
obtained from a study of our data for the diagnosis of left ventricular hypertrophy 
when the changes occur in the presence of hypertension or a cardiac lesion putting 
strain on the left ventricle. Table 111 summarizes the frequency with which the 
various electrocardiographic abnormalities were encountered. 
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TABLE 11. THE CRITERIA FOR THE DIAGNOSIS OF LEFT VENTRICULAR HYPERTROPHY 

1. Standard l ipb  leads 
(a) Voltage R I  + SS = 25 mm. or more. 
(b) RS-TI depressed 0.5 mm. or more. 
(c) 'rl flat, diphasic, or inverted, particularly when associated with (b) and a prominent 

li wave. 
(d) T, and 'Ts diphasic or inverted in the presence of tall K waves and (b). 
(e) Ta greater than T I  in the presence of left axis deviation and high voltage QRS 

complex in Leads I and 111. 

2. l'recordial leads 
Voltage of R wave in Vs or V S  exceeds 26 millimeters. 
RS-T segment depressed more than 0.5 mm. in Vd, v6, or VS. 
A flat, diphasic, or inverted T wave in Leads V4 through V6 with normal R and 
small S waves and (b). 
Ventricular activation time in v6 or VS = 0.06 second or more, especially when 
associated with a tall R wave. 

limb leads 
RS-T segment depressed more than 0.5 mm. in aVL or aVF. 
Flat, diphasic, or inverted T wave, with an R wave of 6.0 nini. or more in aVL or 
aVP and (a). 
Voltage of R wave in aVL exceeds 11.0 millimeters. 
Upright T wave in aVR. 

TABLE 111. THE FREQUENCY OF ABNORMALITIES IN UNIPOLAR LIMB AND PRECORDIAL LEADS IN 
LEFT VENTRICULAR HYPERTROPHY 

~~ 

Total number of cases 147 
Total number of cases with normal or borderline standard leads 34 
Abnormal RST-T findings 136 

Lead I 69 
Lead I1 and/or 111 20 
Leads V 4 through V 6 111 
Lead aVL 88 
Lead aVR 38 
Lead aVF 40 

R I  + S I  = 25 mm. or more 26 
R in Vr or R in VI - 26 mm. or more 29 
R in V L =  11 mm. or more 33 
R in v6 + S in VI  = 35 mm. or more 48 

vation time) 0.06 second or more in V, or V 4. 

Abnormal voltage 67 

Delayed onset of the intrinsic deflection (delayed ventricular activa- 
52 

The cases of left ventricular hypertrophy were divided into three groups, 
depending on the size of the heart as determined by the method of Ungerleider 
and In the group whose cardiac size fell within the normal range 
(+- 10 per c m t  of the expected), i t  was found in SOIIW that the contour of the left 
border of the heart suggested left ventricular hypertrophy. For purposes of 
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uniformity these cases were classified in the group with no cardiac: enlargement. 
No definite association was observed between cardiac size and electrocardiographic 
abnormalities. In many instances, significant electrocardiographic: findings were 
noted in  the absence of cardiac enlargement. The reverse was seen less fre- 
quently. 

Fig. 1.-H. H.. a 58-year-old man. U78776. Normal subject with horizontal 
podtion of the heart and left axin deviation ( - 20'). 

Position of the Heart.-The electrocardiographic position of the heart wm 
I t  will be seen that  the majority of the 

Because of the horizontal 
I t  will be shown later that 

determined in each case (Table IV). 
patients had horizontal or semihorizontal hearts. 
position of the heart, left axis deviation was present. 
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the electrocardiographic patterns of patients with horizontal hearts are those 
described in the literature as typical of left ventricular hypertrophy.6~~ Some 
of the cases classified as intermediate in position may in fact have been semi- 
horizontal because the major abnormalities in these cases were seen in Lead aVL. 
Although the R wave was significantly upright in both Leads aVL and aVF, 
the contribution of the left ventricle was often seen to  a greater degree in the 
changes in the left arm lead. 

An attempt was made to differentiate the electrocardiographic findings in 
normal horizontal hearts with left axis deviation from the electrocardiographic 
abnormalities found in hearts with left ventricular hypertrophy and left axis 
deviation. Table I reveals that  the findings in the electrocardiograms of normal 
subjects with left axis deviation do not differ significantly from the findings in 
the entire normal control group. No RST-T abnormalities or abnormal voltage 
of the R or S waves occurred in the standard, unipolar limb, and precordial 
leads in normal horizontal hearts (Fig. l ) ,  although it is perhaps possible theoret- 
ically for very marked counterclockwise rotation to cause an inverted T wave 
in aVL.29 Furthermore, the time of onset of the intrinsic deflection was not 
found to be greater than 0.05 second in the normal individual. 

TABLE IV. THE ELECTROCARDIOGRAPHIC POSITION OF THE HEART AS OBTAINED IN 147 CASES 
OF LEFT h N T R I C U L A R  HYPERTROPHY 

Horizontal 31 
Semihorizontal 52 
I n t ermedia t e 30 
Semivertical 26 
Vertical 6 
Indeterminate 2 

147 
- 

The RST- T Pattern of Left Ventricular Hypertrophy in Horiaontal Harts.- 
‘She importance of abnormalities of the RS-T segment and T wave in the recog- 
nition of left ventricular hypertrophy is clearly seen from Table 111, these changes 
being the most frequent of all the abnormal findings. 

The patterns of left ventricular hypertrophy seen in horizontal and semi- 
horizontal hearts (Figs. 2 through 5 )  show the “typical” changes in the standard 
leads because the position of the heart is horizontal. The left ventricular poten- 
tials (V, and v6) are directed toward the left arm (aVL) which in turn result 
in changes in Lead I. Hence, the typical RST-T variations of left ven- 
tricular hypertrophy in horizontal hearts may be seen in Leads I ,  aVL, 
and V I  through v6. The precordial leads were usually the first to become ab- 
normal, but occasionally the left arm lead revealed flat or inverted T waves 
when the RST-T changes in the precordial leads were borderline (Fig. 4).lo-l1 

This was true even though precordial leads were taken in  the seven positioris in 
both the third and fifth intercostal spaces. The abnormalities seen in Lead 
aVL were usually more marked than those noted in Lead I but,  as a rule, were 
less striking than those found in Leads V and V 6. 
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Depending on the stage of evolution of the electrocardiographic pattern, 
the RST-T changes were'minimal (Lead I in Fig. 3), moderate (Lead aVL in 
Fig. 2), or marked (Lead V 5  in Fig. 5). In the well-developed pattern, the 
typical RST-T relationship, as previously emphasized by Rykert and Hepburn5 

Fig. 2.-E. G., a 72-year-old woman, U132714. Hypertenaion. Left ventricular hypertrophy in 
a horizontal heart. Note the RST-T abnormalities in Leads I, aVL, VS. and VS. In addition, the 
intrinsic deflection occurs in 0.06 second in VS. the voltage ok the R wave in aVL oquals 14 mm., and 
R, + 92 equals 28 mm. 

and by Kaplan and K a t ~ , ~  was clearly seen in the left precordial leads and, de- 
pending on the position of the heart, these same abnormalities a.ppeared in the 
left arm or the left leg lead. This contour was significant and was characterized 
in its typical form by an RS-T segment that  was depressed and bowed upward 
and by a T wave that was inverted and asymmetric (V, in Fig. 5 ) .  The RS-T 
segment and T wave were both directed downward, in contrast t o  the usual 
appearance in coronary disease where the RS-T and T are in opposite directions 
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if the KS--1' segment is elevated or depressed. 1 1 1  the earl>, tlcvclopiiig stages of 
left ventricular hypertrophy, the RST-T relationship was less clear. Often the 
T wave decreased, in size before' the changes in the RS-T segment appeared or 
slight depression of the RS-T segment was associated with a lowered T wave; 

Fig. 3.-1. R..  a 69-year-old man. U133478. HyperGtiiision. Left votilricular hypertrophy In a 
horizontal heart. d o t e  the characteristically abnormal RHT-'1' roiit.our i l l  Vs and R V L  with the early 
RS'1'-T contour in Lead T. The voltage of RI  + SI. of R Sir  aVl., awl of R i l l  VS + S in VI aro also ab- 
normal. 

in these cases the RS-T segment and T wave were not always in the same direc- 
tion early in the disease (Lead I in Figs. 2 and 3 ) .  Some patients have the char- 
acteristic RST-T relationship of left ventricular hypertrophy in one lead (V, in 
Fig. 3) with the early relationship in another (I,catl I in Fic. 3) .  

Low T waves were frequently observed in the left precortlial lcatls in the 
patients with left ventricular hypertrophy, although no record was classified as 
abnormal on the basis of low T waves. To quantitate this finding, the ratio 
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Fig. 4.-A. D., a 30-year-old woman. Hypcrtensioii of eight years' duratioli. Cardiac enlarge- 
Standard leads normal e\cepL tliaL tho ratio T ~ T I  is 1 in prfaence of lnft axin 

A flat 'I' wave iri aVr. with ati R wave of !I mm is the only almormaliLy ewept that the com- 
'l'liiq rr(*ortl rrprrsriits II lC  earliegt findings i n  

ment +26 per cent. 
deviation. 
bined voltage of R in V g  and 8 i n  VI is 44 milliinotrrs 
left ventricular hyperLroghy i n  a srmiliorizon(nl lirarl . 

in V g  and/or V e  hat1 an I</T ratio in thcsc lcatls equalling or exceeding the max- 
imum normal ratio of 10. I t  was of ititcrcst to note that the I< wave was absent 
in Lead Va in otil!. sis of the 147 patients with left ventricular hypertrophy and 
in none in Leads Vr,  V 5 ,  or VG. 

The RS1'- I' Pallern of Left I'enlricular lljlpertrophy in Electrocardiographically 
Vertical Hearts.--'l'hc c.IectrocartliograI)hic patterns of lrft veil tricrilar hyper- 
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arid Va show 1 l 1 ~  siiiii(* t)pe of al>iiornialitics iii I d t  VIWI ricmlirr Ii!pc.rtrophg, 
whether the hcart is vertically or horizontally placed (Figs. 2 through 9) .  Varia- 
tions in the standard leads in these casc's iiicrcly rcflcct t l i ( b  c 4 ( ~ t  roc.iIrdiograpllic 
position of tlw Iicart, and tlic position <Ictcriiiiiic.s whct1ic.r tliv IM)twtial changes 
of Vr antl 1 ' 6  (rcprcsenting the left vcntriclc) arc traiisiiiilt(.(l to t l iv  left Icg 
(and hence to Leads I t  antl I I I ) ,  or to the left arm (and I1cw-c- to  1n:acI I ) .  
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Lead aVF was a t  times of definite diagnostic value when left ventricular 
hypertrophy occurrcd in a vertical heart, as illustrated in Fig. t8. In  this par- 
ticular case the changes in Leads 11 and I11 were not diagnostic and the only 
abnormalities in Vb and Ve were slight depression of the RS-T segment. Possibly 
LeadsV, or Vs woutd have shown greater abnormalities if the transitional zone 
had been displaced farther to the left. Ncvcrtheless, with the usual records, the 
significant ahnormalities were seen mainlj- in Lead aVF. This particular record 

Fig. &-T. hf. ,  a 39-year-old woman, U 136780. Hypertension. Left ventricular hypertrophy 
Not,e the RST-T ahnormalities in Leads 11, IIT. and aVp. and to a lesser extent, in a semivertical heart. 

In V4 through Vs. 

was interpreted as representing left ventricular hypertrophy when the daily 
records were being routinely read; no history of the patient was available. 
When the patient -was seen later, it was found he had hypertension. 

Intrinsic Deflection.-Wilson and his associates" emphasized the importance 
of the time of appearance of the intrinsic deflection in the recognition of ventrimlar 
hypertrophy and bundle branch block. They stated that the time from the onset 
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of the QRS to the peak of the R wave or the beginning of the abrupt downstroke 
of the QRS represents the time interval required for the passage of the impulse 
through the ventricle to the epicardium underlJ-ing the exploring electrode: 
This time interval will be referred to in  this paper as the “ventricular activation 

Fig. 7.-D. H.. a 26-year-old man. U125144. Coarctation of the aorda. Cardiac tmlargement, 
Typical left ventricular hypertrophy ilk a vertical heart with sbrtormalities in Leads 11, 20 per cent. 

111. 8VP. v6, and VE. 

time.” An increased mass of m~~ocartl iuni,  as prescn t i n  left ventricular hyper- 
trophy, would be expected to delay this time interval required for the passage of 
the impulse to the epicardium. I n  thrce different series of riormal. subjects, 
comprising 280 c a ~ e ~ , ~ ~ , ~ ~ , ~ ~  the onset of the intrinsic deflection (ventricular 
activation time) in Leads V S  or V S  was less than 0.06 second. Kossmann and 
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In fifty-two cases (35 per cent), the left ventricular activation time was 0.06 
second or greater (but less than 0.08 second). The mcan ventricular activation 
time in v5 or v was 0.05 second in contrast to 0.04 second in the normal group. 
In 40 per cent of the cases of left ventricular hypertrophy, the time of onset of 
the intrinsic deflection was normal even though other typical findings, such as a 

Fig. 9.-M. C. .  a 39-year-old womau, U128549. Hypertension. The voltage of R in V6 and 
The ventrlcular activation time equals 0.06 second in VS and Vr. Early M in VI equals 49 mlllirneters. 

RST-T abnormalities are seen in Lead aVF. 

depressed R-ST segment and invertctl 'I' wavw, wcrc prcscnt (1;ig. 5). In some 
patients, however, with long-standing hypertension and roentgenologic evidence 
of left ventricular enlargement, a delayed intrinsic deflection in Lead v5 or V S  
was the only abnormal electrocardiographic sign. Is one justified in diagnosing 
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lcft vcntrictilai- I i ~ - ~ x ~ i - i r o i ) I i > .  soIt.I!. I ) > -  t l i t>  imwm1-c~ nf ;in intrinsic tlrflwtioii tlinl 
is dclaycd iii V s  o r  V,? No norinal intlivitlual in thc. t lircc available scrics 
(total of 280 ~ a s c s ) " ' * ~ ~ ~ ~ : !  hatl a vcnt riciilar activation t inic of a:; much as 0.M 
second. The majorit!- of I)atic!nts with left bundlc Iw-aiich block (Wilson's 
criteria") hat1 a wiiti-icular activation t inic I)c,twccii 0.08 ant1 0.14 sccontl; 
none was forintl 10 I ) ( *  sliortcLr."' I n  coil trast , a1q)roxiiiiatcly SO per ccnt in Sot& 
Pallares' sc+sJ" ant1 lift ! ~ - t \ \ o  of 147 (3.5 1)c.r cciit) i n  thc ~ ) r c ~ c i i t  scrics of le f t  
ventricular Ii).1)c~i-t ro[)li! ,  h a t 1  a \.ciil i k r i l a i -  activation limo of 0.06 sccoiitl o r  
longer. I t  must I ) ( ,  c~oiicliitictl tha t  such a finding, cvcn as an isolated abnor- 
mality, should wcigli hcavil!. i n  favor of a diagnosis of Icff. vciitricular hypcr- 
trophy, cspcciallJ- i f ,  i n  atltliiion to a clcla)wl intrinsic clcflrction, the R wave is- 
tall an t i  thc ?' wave is r-clativcl). low i n  thc sanic lcael. 

I t  was consitlcrctl nf interest to note the association bctwcen sizc of thr 
heart (as ol)taiiicstl T i - o i i i  thc trniisvciw tlianictt.r o f  thr heart and thc t a l h  of 
I Jngcrlcitlcr ant1 (*lark?") ant1 t hc vciitricular activation tinic. l'hirtecn (25 pcr 
cent) of the fift\,-two 1)aticnts i i i  the scrics of 147 who hatl a vcr-itricular activa- 
t ion t imc of 0.06 sccoii(l ha(l no cartliac crilargcnicnt. Of thc ninctjr-five persons 
i n  \ \ , l ioni  this i i i i i c ,  i i i t t * i . \ . a l  IVAS I(sss 11i;11i  0.06 sc.c.ontl, tliii-t!. (31 licr ccnt) hat1 no 
cardiac enlargcmcii t . 'lliiis, no association I)etwceii a tlcla).ctl intrinsic dcflcc- 
tion antl transvcrsc. cardiac tliamrtcr could bc dcnionst rated. Cardiac hyper- 
trophy may be I)r(wiit ,  Iiouxw~r, without rocntgcnologic cvirlcnce of cardiac 
cnlargcmcn t .  

~nirnven/rici~knr Cnn/~rrc~ion.----'l'lie rclatioiiship I)t.twtrccn the ventricular 
activaGon time antl thc total QI-S duration was studictl. It has heen previously 
showii that  in left ventricular h).l)crtrophy thc total QliS tluration may exccctl 
0.10 scvmtl ,  oftcn lwiiig 0.1 2 scwmtl wit limit the c lectroc~rdio~~raphic  pattcrii 
of left huntllc I)ranrh 1)loc.k lwiiig I)rcsciit.ll 'l'his was coiitiriiictl bly a study of the 
paticnts in  this scrics i n  whom the QRS duration was 0.1 1 or 0.1 2 second. This 
cluration-was prcscnt in cightccn (12 per cent) of the 147 cases under discussion. 
In typical left huntlle I)ranch block, the left ventricular activation time almost 
always cxccctlctl 0108 second, whcrcas it w r y  rarely reached this figure in left 
vcwtricular hypcrtrol)li)~. I~itrthcrniorc, in left ventricular hypertrophy with a 
QliS duration of 0.12 sccontl antl a tlclajwl intrinsic clcflcction of 0.06 or 0.07 
sccoiid, the pcak of I< i i i  tho ventricular complcx usually was found to be tall and 
sharp. I n  left t)untlle Iranch Itlock, the peak of R in 1,eads V:, or V a  is broad 
tol)pctl, notchctl, nr "h4" sliapctl, wtlcctiiig the dclay i n  the sprcal:l of thc impulsc 
I hrougli thc h b f t  v(wti~ici(*. ' I ' l i ( ~ i ~  was no coiistaiit rt,lationsliii) I)vtwccn thr tinic 
of oiisct- of thc iriti.iiisic. tltsflcctioii i n  1,catl V s  and the total QliS duration. Sonic 
paticnts hatl a i iornial  activatioii time with a QlLS of 0 . 1  2 sccoiid, wliilc others 
had a delayed intrinsic tlcflcctioii with a QliS of 0.10 sccontl. 'The significance 
of these findings is not yet rlcar. 

VoZtage.-'Thc importance of thc voltage of the QRS complex was adequately 
dcmonstratctl i n  ihc prcscnt scrics ('I'aMc 111). In sonic cascs the increased 
voltage was sccii nioii I hs or ).cars Iwforc iincquivocal l<S'I'-T ciiangjcs occurred 
and as such was a valiial)lc (bil1-ly tliapiostic fiiitling (1;igs. 1 0  ant1 11). 
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The voltage of K and S in thc unilxhr leads can be SCC'II in 'Table 1. The 
mean height of the It wave in 1'1 in left ventricular hypcrtrophy was 18.9 mm., 
and in norniql subjects with horizontal hcarts 11.8 nini. with a,stanclard devia- 
tion of & 5.4 millimctcrs. The maximum amplitude of R in V' in normal sub- 
je& w& found to be 26 niilliin&crs. This ainplitiidc was excectled in twenty- 
nine cases (20 pcr cent) of lcft vciitriciilar hypertrophy. Thc amplitudes of the 
waves in the augnicntctl unipolar cslrviiiitp Icacls usc.cl iii this study are 50 
Iwr cent grcatcv than t I i ( ~  d)ti i i l l tvI iii the- til1iIx)Iilr liiiil) 1r;icla actxiding to the 

method of Wilson. Also of valuc was tlic voltage of li  in a\',.. Thc amplitude 
of this wave in normal horizontal hcarts wis foiiiitl to I)c 4.6 iiini. with a standard 
cleviation of & 2.5 nini., in contrast to thc cascs of lcft vciitricular hypertrophy 
in wlhch the corresponding figure was found to be 8.1 It 4.8. In normal hori- 
zontal hearts, 99 per ccnt of thc siibjccts may 1 ~ '  rxpcctccl to have an R wave in 
~ V I ,  of lcm ~liaii 11.1 millimeters. 111 nornial nuI)jccts ttic lilitSilliUtii K in aVL was 
found to be 10.5 millimeters. This voltage was cscccdutl in tliirty-thrce cases 
(22 per cent) of left veiitricular hyrrtrnphy. T h e  clkippcdc value of the 
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0.3 
1 . 2  
1.4 

forty-two cases of left ventricular hypertrophy in which this ratio could be de- 
termined (indicating an R wave in V1 and an S wave in Vt,), fourteen cases 
(33 per cent) exceeded the maximum normal ratio of 100. 

(0- 1 .O)  0.08 0.11 
(0.1-13) 0.65 2.05 
fO.1-10) 2 . 6  6.1 

TAIILE v. THE R/S RATIO I N  T H E  U N I P O L A R  PRECOKDIAI .  I.k:AI>S 01; C A S S S  01.' I . l iYT V E N T R I C U L A R  
HYPERTROPHY AS C O M P A R E D  W I T H  NOKMAL S U R J I i C T S  

- 

R I N  V s  4- S I N  VI NOKMAI. __ _______ ____ ____ ____ 

HIS ratio 
V1 
V? 
VS 
v4 
vs 
I J S  

LITT V I ~ N I  H I C U L A R  H Y P ~ K T K O P H Y  
-- - -  ------- 

M E A N  

0.3 
0.2 
1.4 
4 .1  
7.3 
9.0 

. 

S O H M A L  1,Iil:'l' \'IINI'KlCUI.AK H Y P E K T K O P H Y  

3.8 5 . 8  6 .6  

5.0 (2.3-22) 11.2 

K A N G E  

(0-0.6) 
(0-20) 
(0-56) 

(0.2-38) 
(1 .6-50) 
(4.2-38) 

I{/S in Vs 
li/S in  V1 

Mean 
Standard deviation 
Range 

3 2 . 0  
26.9 

3.1-100 

98 
91.5 

13 -400 

The sum of the total left ventricular potentizls (S wave i n  V1 plus I< wave 
in V60r R wave in V,) proved to be of definite diagnostic importance ('l'able VI I ) .  
The mean sum in the normal subjects was 19.9 f 5.6 nim.; in  only six (4 per cent) 
of 150 normal individuals did the sum exceed 30 and iioiic exccetletl 35 milli- 
meters. This is in contrast to the findings obtained in the 147 patients with 
left ventricular hypertrophy in seventy-two (49 per cent) of whoni the sum of 
the S wave in V1 and the R wave in V r  or Vs exceeded 30 nim. and in forty-eight 
(32 per cent) of whom this sum exceeded 35 millimeters. I n  approximately one- 
third, therefore, of the cases of left ventricular hlyertropliy the sum of 13 in Vg and 

Mean 
Standard deviation 
Range 

19.9 
k 5.6  

0-3 i 

30 
f 10.4 
12-65 



362 A.N.E. October 2001 Vol. 6, No. 4 Sokolow et al. History of Electrocardiology 

-__-__ 

MIN. MAX. 
I 

0 

S in V1 exceeded the maximum sum obtained in normal subjects. In some cases, 
abnormal voltage of R in Vs or VS and S in VI and minor T-wave changes were 
the only abnormalities (Fig. 4). Re-evaluation of some of the electrocardiograms 
of patients with hypertension not included in the present study because the 
records were interpreted as normal revealed a number that would have been 
classified as abnormal if the data on voltage here presented had been used. 
The single measurement of the s u m  of the R waves in V K  or v6 (whichever is 
larger) and the S wave in V1 is an apparently reliable criterion of left ventricular 
hypertrophy (Table III).* 

The variety of data on abnormally high voltage proved helpful because the 
high voltage was seen in different combinations in different cases. Fig. 2 illus- 
trates high voltage of the R wave in aVL (14 mm.) and high voltage in the sum 
of R1 + S3  (31 mm.); the sum of S in V I  and R in Vs  is within normal limits 
(31 mm.). In Fig. 4 the voltage of R I  + S 3  (21 mm.) and of R in aVL (10 mm.) 
is within the normal range, yet S in V1 + R in v6 is definitely abnormal (45 mm.). 
In  Fig. 3 all three measurements of voltage are high. 

Q Waves.-The evaluation of the Q waves in the unipolar precordial and 
limb leads is no less difficult than in the standard limb leads. The criteria 
suggested for abnormality of the Q waves vary widely.24~26~26 A Q wave may 
normally be found in the left precordial leads and in any unipolar lead taken 
from a point on the body toward which the left ventricular potentials are directed. 
Thus, in horizontal hearts, a Q wave may normally be seen in aVi  as well as in 
Leads Vq  through v6; in vertical hearts, Q waves can be found in aVF and in 
Leads V q  through v6. Q waves were commonly seen in our cases of left ventric- 
ular hypertrophy, being found in approximately one-third of the cases in the left 
precordial leads anti in Lcad aVL (Table VIII). Rarely did the Q waves exceed 

--__I 

NO. MEAN 
--_ ___ 

n n 

TABLE VIII. THE Q/R RATIO IN PATIENTS WITH LEFT VENTRICULAR HYPERTROPHY 
AS COMPARED WITH SUBJECTS WITH NORMAL HEARTS 

I I 

i o 0.1 j 
( 0 0.16 ) 
( 0 0.21 ) 
( 0 0.75 1 
( 0 14.0 ) 
( 0 0.28 ) 

NORMAL I 

21 0.043 
48 0.055 
S1 0.072 
43 0.147 
17 6.02 
38 0.15 

I LEFT VENTRICULAR HYPERTROPHY 

0 0  1 ,% 1 8.025 
0.04 

49 0107 
65 0.087 
20 0.238 
43 4.97 
58 0.1 

ST. DEV. 

0 
0 
0.002 
0.032 
0.039 
0.043 
0.165 
2.96 
0.06 

0 4 0.06 
0 0.03 I 5 ! 0.072 

ST. DEV. 

0 
0.05 
0.059 
0.002 
0.038 
0.045 
0.178 
4.75 
0.14 

MIN. MAX. 

0 
( 0 0.13 ) 
( 0 0.14 ) 
( 0 0.1 ) 
( 0 0.23 ) 
( 0 0.25 ) 
( 0 1.0 ) 
( 0 20.0 ) 
( 0 0.77 ) 

*A recBnt patient followed to autopsy illUStx'ates the diagnostic Va1Ue of the voltag0 of the pWrdirl 
lesds. A 18-year-old boy with coarctation of the aorta had a nonnalaized heart by x-ray study. The 
electrocardiogram was entlrely normal except that the sum of the R wave in Vr and the 8 wave in V, 
equalled 60 millimeters. The 8 wave in Vr was 36 mlllirnetera (the maximum obtained in our normal 
rubjecta was 29 mm.). At autopy the left ventricular wall measured 2.0 cm. in thickness. There WBL~ 
no coronary dieease or myocardial fibrosis. The heart weighed 300 gram. 
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LEAD 

V! 
Vl 
VB 
VC 
VI 
VC v I. 
V P  
Vn 

3.0 mm. in depth in left ventricular hypertrophy, and w l i e i i  the Q waves were 
of that depth, the R waves in the corresponding lead were tall. The maximum 
Q/R ratio in the left precordial leads in left ventricular hypertrophy was found 
to be 25 per cent (Table VIII). 

The interpretation of Q waves, especially in Lead aVL in  semivertical hearts, 
is extremely difficult. When the Q is wide (0.04 second), when it represents 
50 per cent of the QRS complex, and when it is followed by a convex elevated 
RS-T segment and a late inversiqn of T, a lateral myocardial infarction should be 
suspected.27 Unipolar leads made in the second and third intercostal spaces 
should be taken if the routine precordial leads are not diagnostic in order to recog- 
nize a high anterior lesion. However, in sonic cases, no further electrocardio- 
graphic support for myocardial infarction can be elicited by exploratory pre- 
cordial leads. In the normal subjects of our series in  whom Q waves in aVL 
represented 50 per cent of the R wave, the total QRS complex was small (less 
than 5.0 mm.). 

NO. 
- ~ .  

59 
145 
150 
150 
151 
151 
91 
142 

TABLE IX. THE RATIO OF THE AMPLITUDES OF THE R A N D  T WAVES (li/T 1IArIo) IN PATIENTS 
WITH LEFT VENTRICULAR HYPERTROPHY AS COMPARED WITH SUBJECTS WITH NORMAL HEARTS. 

THE RATIO IS CALCULATED ONLY W H E N  THE T WAVE IS UPRIGHT; FLAT, 
DIPHASIC, OR INVERTED T WAVES ARE EXCILJDED 

- 

NORMAL 
(151 CASES) 

ST. DEV. 
___ 

0.9 
1.4 
1.6 
2.3 
1.6 
1.9 
1.9 
3.2 
0 

MEAN 

1.4 
1.4 
1.9 
3.1 
3.5 
4.1 
2.6 
4.6 
0 

RANGE 

(0.3-7 ) 
(0.2-12) 
(0.3-13) 
(0.3-9 ) 
(1.0-9 ) 
(1.7-10) 
(0.1-10) 
(0.3-14) 

0 

LEFT VENTRICULAR HYPERTROPHY 
(147 CASES) 

NO. 

68 
123 
114 
99 
68 
60 
40 
81 

-- 
MEAN 

1 .o 
1.3 
3 .O 
6.1 
10.9 
11.1 
8 . 1  
4.4 
0 

I 
jT.DDV. 1 RANGE 

I 
(0.1-4 
(0.1-7 ) 

3 . 2  (0.1-20) 
3.9 (0.6-23 j 

(2.744) 
6.6 (2.7-34) 
7.4 (0.3-28) 

ASSOCIATED CORONARY DISEASE AND MYOCARDIAL INFARCTION 

Coronary arteriosclerosis is commonly found at autopsy in patients with 
hypertension and left ventricular hypertrophy. I t  is not surprising, therefore, 
that changes typical of myocardial infarction or coronary insufficiency frequently 
coexist with signs of left ventricular hypertrophy. The factors of left ventricular 
hypertrophy and coronary insufficiency cannot be adequately separated when 
the RS-T contour and T-wave changes are characteristic of coronary insuffi- 
ciency.* Probably myocardial infarction can be diagnosed in conjunction 
with left ventricular hypertrophy when the Q ,  RS-T scgmciit, ant1 T-wave changes 
typical of myocardial infarction are present concurrently with signs of left 
ventricular hypertrophy, such as high voltage and typical RST-T changes. 
One of the major values of unipolar precordial and limb leads is their ability to 
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uncover an unsuspected myocardial infarction (usually anteroseptal and old) 
when the standard limb leads are either normal or the abnormalities are non- 
specific. Many instances of myocardial infarction are clinically occult, and 
unipolar studies in patients in whom myocardial infarction is common (for ex- 
ample, patients with hypertension) will allow unsuspected myocardial infarction 
to be recognized occasionally. Despite the fact that myocardial infarction 
clinically may not be typical, it is rarely completely silent. In a recent study 
of thirty patients with hypertension in whom a previously unsuspected diagnosis 
of myocardial infarction was made from the unipolar leads, practically all had 
Some episode in the past history compatible with the diagnosis.2’ Sudden 
weakness, sunstroke, sudden cardiac failure, hmiplegia, pulmonary embolism, 
and sudden paroxysmal nocturnal dyspnca were frequently noted in the relatively 
recent past history of these patients. Therefore, unipolar leads are valuable 
not only in delineating the characteristic features of left ventricular hypertrophy, 
but in excluding or establishing the presence of associated coronary insufficiency 
or myocardial infarction. 

DISCUSSION 

The electrocardiographic diagnosis of left ventricular hypertrophy depends 
upon proper evaluation of two particular problems in so far as the standard 
limb leads are concerned: (1) the differentiation of “normal” from “abnormal” 
left axis deviation ; (2) the interpretation of RST-T changes (especially in Leads 
11 and 111) in the absence of left axis deviation and in the absence of abnormal 
RST-T changes in Lead I .  As far as the first problem is concerned, the diagnosis 
is fairly simple when the typical RST-T changes of left ventricular hypertrophy 
occur in association with high voltage QRS waves and left axis deviation. When 
the RS-T segment and T wave in Lead I are essentially normal and the voltage 
of R1 and St is not abnormal, the problem is more difficult. I t  is then necessary 
to study the precordial and iinipolar extremity leads in order to differentiate 
transverse position of the heart or counterclockwise rotation of the heart on its 
longitudinal axis2* from left ventricular hypertrophy. Left axis deviation and 
the associated transverse position of the heart in young people should immedi- 
ately arouse suspicion of abnormality, especially if the individual is of average 
build. Horizontal or semihorizontal hearts with left axis deviation were in- 
frequently found in normal subjects under the age of 40 years in the absence of 
obesity or conditions, such as pregnancy, that elevate the diaphragm.23 Many 
persons who were overweight did not have horizontal hearts as  might be ex- 
pected.23 In older and stout individuals, left axis deviation and transverse 
hearts were more commonly sBen without left ventricular hypertrophy, and 
additional substantiation was required from the precordial and unipolar limb 
leads in order to establish a diagnosis. These leads were of particular value 
because i t  was not uncommon for typically abnormal RST-T signs to be found 
in Leads Va or  Va o r  aVL when they were absent or not characteristic in Lead I 
(Fig. 3). At times, because of unknown factors, possibly rotation, the abnormal 
left ventricular potentials may be transmitted to the left arm, and Lead aVr, 
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may be more abnormal than Va or V s  (Figs. 10 and 11); this, however, was un- 
usual. Because Lead I reflects the difference in potential between the left and 
right arms, an abnormal T wave in the left arm niay be neutralized by the poten- 
tial of the right arm, and hence Lead I niay be normal and Lead aVL abnormal. 
The deviation of the T wave to the right, with T,  becoming equal to  or greater 
than TI in the presence of a horizontal or semihorizontal heart, reflects the 
abnormality of the T wave in aVL. Such progressive “rightward deviation” 
of the T wave in the standard leads occurs coincidentally with progressive 
lowering of the T wave in aVL in cases of hypertension with horizontal hearts 
(Figs. 10 and 11) and we have found the observations of Proger and Minnich’s 
and of Ashman and HiddenIg to be of value. Even when both Lead I and Lead 
aVL are abnormal, the degree of abnormality is usually greater in the left arm 
lead (Fig. 11). Therefore, the unipolar left arm lead (aV,), as well as the unipolar 
precordial leads (especially Vb and Ve), are very helpful in evaluating the signifi- 
cance of left axis deviation iii thc staritlard leads in t h r  prcscnrc of normal 
RS-T segments and T waves. 

In the interpretation of RST-T changes in the standar? leads in the absence 
of left axis deviation, or in the presence of right axis deviation, unipolar pre- 
cordial and extremity leads are even more valuable (Fig. 7). As already noted, 
the typical pattern of left ventricular hypertrophy with left axis deviation and 
abnormal RST-T in Lead I occurs in individuals with horizontai hearts (Fig. 5). 
Because of the transmission of the left Ventricular potential to the left leg in 
persons with vertical hearts, the characteristic RST-T changes of left ventricular 
hypertrophy will occur in the left leg lead and i n  standard Leads I1 and 1 1 1  
(Fig. 7). The precordial leads, howcvcr, in left ventricular hypertrophy in 
vertical hearts are similar to those obtained in left ventricular hypertrophy in 
horizontal hearts. The dissimilarity in the standard leads in vertical and 
horizontal hearts (the absence of left axis deviation and the presence of the major 
abnormalities in Leads I 1  and 111 in the former) merely reflects the position 
of the heart. An appreciation of this fact will allow the ready recognition of the 
RST-T changes of left ventricular hypertrophy, no matter in what lead they occur. 
Recourse to the precordial leads will resolve the diagnostic dilemma, especially 
when right axis deviation is present. Since right axis deviation with inversion 
of T1 and T;) may occur in both right arid left vcntricular hypertrophy, a study 
of the precordial leads may reveal the characteristic changrs in voltage of the 
QRS, in the RST-T waves, and in the ventricular activation time in the left 
precordial leads if left ventricular hypertrophy is present. The typical findings 
of right ventricular hypertrophy will be noted in Leads V1 and V2 if the abnor- 
malities in tbe standard leads are due to right ventricular hypertrophy. 

The data presented on voltage of the QRS complexes in the precordial leads 
should prove helpful in providing supportive evidence of left ventricular hyper- 
trophy in the early stages of the developing pattern. This is especially true 
in patients in whom the heart is not horizontal (Fig. 9). The data  on voltage 
provided by Gubner and Ungerleider’O will be adequate in most cases of left 
ventriciilar hypertrophy with horizontal hrart. In thcsc patients the voltage 
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is often equally abnormal in both standard and prccordial leads, although cx- 
ceptions in both directions may occur; the various data on voltage are com- 
plementary. In hearts that are not horizontal, even in semihorizontal hearts, 
we have found abnormal voltage of the QRS in the unipolar left arm lead and/or 
in the precordial leads (S in V1+ R in Vs) and yet the voltage in the standard 
leads (R1+ SJ was not abnormal. In these cases, the additional information 
Qffered by the data on voltage presented here was of definite diagnostic value.‘ 

SUMMARY AND CONCLUSIONS 

1. 

2. 

A statistical stiitlyis prcscntcd of the unipolar prccordial and augmented 
limb leads in 147 cases of left ventricular hypertrophy. 

The patterns of left ventricular hypertrophy are described with par- 
ticular attention to the early abnormalities found (depressed RS-T segment with 
flat or low diphasic T waves, abnormally high voltage of the QRS complex, 
and delayed onset of the intrinsic deflection). 

The characteristic and diagnostic changes in the precordial leads found 
in the cases of left veniricular hypertrophy studied include, in order of frequency: 

A depressed RS-T segment and asymmetric inversion of the T wave in 
Lead Vg  or Va. In early cases, the T wave may be low and diphasic or flat in 
association with depression of the RS-T segment. 

Abnormalities in voltage of thc QRS complex in which the R wave in 
Vs or V s  exceeds 26 mm. and/or the sum of the R wave in Vc and the S wave in 
V I  exceeds 35 mm. 

The onset of the intrinsic deflection (the ventricular activation time) 
exceeds 0.05 second in Lead Vg or Vc. 

The same characteristics noted in Va and Vs often appear in aVL in 
horizontal hearts and in aVF in vertical hearts. The changes in these unipolar 
extremity leads usually are less striking but occasionally may be more abnormal 
than the changes in the precordial leads. 

Abnormalitics in the lcft arm lcatl (aV,,) usually are reflected in Lead I, 
and the pattern of left ventricular hypertrophy in the standard leads described 
as “typical” in the literature occurs in individuals with horizontal hearts. The 
abnormalities seen in Lead aVL usually are more striking than those found 
in Lead I. 

6 .  Abnormalities in the left leg lead (aVF) usually are reflected in Leads I1 
and 111, but to a lesser degree. Individuals with abnormalities in these leads 
have been shown to have vertical hearts and the standard leads will disclose no 
axis deviation or right axis deviation, and the pattern described in the literature 
as “atypical” will appear. 

7. The diagnostic significance of the voltage of the left ventricular potentials 
as reflected by the sum of the R wave in Vr or Vs and the S wave in VI is empha- 

3. 

(a) 

(b) 

(c) 

4. 

5. 

*Since this paper was submitted for publication, twenty-two patienta in whom the diagnosis of 
left ventricular hypertrophy was made by the electrocardiographic criteria here presented have been 
examined at autopsy. In twenty patients the left ventricular thickness equalled or exceeded 1.5 cm. 
and in the remaining two patients the heart Weights were 600 grams and 420 grams respectively. The 
left ventricular thickness in these two patientn was 1.2 centimeters. 
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sized. Thirty-two per cent of patients with left ventricular hypertrophy had the 
sum of these two potentials exceed 35 mm., whereas in no normal person did 
this sum egceed 35 mm.; in 96 per cent of normal individuals the sum was found 
to be below 30 millimeters. 

8. The voltage of the R wave in V6 and in aVL was helpful in the diagnosis 
of left ventricular hypertrophy. In 20 per cent of the patients with left ven- 
tricular hypertrophy, the voltage of R exceeded 26 mm. in Vs  and in 22 per cent 
this voltage exceeded 10 mm. in aVb the maximum values found in normal sub- 
jects according to our data. 

The importance of the time of onset of the intrinsic deflection (ven- 
t+Aar'activation time) is discussed. In 35 per cent of patients with left ven- 
tricular hypertrophy the ventricular activation time was 0.06 second or more, 
in contrast to the fact that this delayed time was not encountered in any of 150 
normal subjects. 

In the evaluation of left axis deviation and RST-T abnormalities in 
the standard limb !eads, unipolar extremity and precordial leads are confirma- 
tory and often of critical diagnostic importance. 

Horizontal or semihorizontal hearts were found in eighty-three (56 
pcr cent) while vertical or semivertical hearts were found in thirty-two (22 per 
cent) of the patients with left ventricular hypertrophy in this series. 

Low T waves were frequently noted in Leads V 5  and Vs in association 
with tall R waves, resulting in a high R/T ratio. Fifty per cent of the patients 
in this series had an R/T ratio in VF, and/or V s  exceeding the maximum ratio 
of 10 found in the normal subjects. 

The authors wish to  express their thanks to Mrs. Suzanne Cahill, Mrs. Doris Tuttle, and 
Mrs. Angelina Galente for valuable technical assistance. We are also grateful to Dr. John C. 
Talbot for statistical advice. 
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