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INTRODUCT IOI 

The electrocardiograph is Taluable 1n three gen

eral abnormal1t1es of the heart: namely, arrhythmia.a, myo

cardial inf'arctiona, and cardia c hypertrophy. lt is 

within the realm of' the latter to which this paper per

taina. 

For years empiricism baa reigned 1n the electro

cardiographic diagnosis of left ventr1cular hypertrophy. 

Rigid criteria have been eat down for the diagnosis. Re

cently Scott!!�• (l) correlated the BKG cr1ter1& of' nu

merous groups--Gubner and Ungerleider, Katz, Schaab, Rosen-

111&n and Katz, Goldberger, Goulder and Kissane, liloth, lfyers 

and Klein, Wilson and associates, and Sokolow and Lyon-

with autopsied cases proven to have lef� ventricular by

pertro,I;ily. In their study, the criteria ot Sokolow and 

Lyon proved to be the most accurate. In recent years 

spatial vectorcardiography has been introduced, for which 

Grant baa been the main crusader. Thia rmthod provides a 

more liberal means for cardiac evaluation and allows for 

variances of the EKG, as it takes into consideration age, 

body build, and associated diseases. It is the purpose 

of this paper to compare these two approaches by corre

lating the criteria of Sokolow and Lyon, and Angle w1th 

cases of proven le1ft ventricular hypertrophy. 



CAUSSS OF HYBIRTRO PHY 

Persiate t hypertension or valvular 1nauftic1ency 

causes changes in the heart. These changes are a result 

of increasing d1aatol1o filling and systolic residue. If 

this assumes significant -Pl"Oportions (that 1s, beyond the 

peak of Starling's curve), atra1n, stretching or d1lata-

t ion occurs. This reau lta in greater 1n1.t1'.al length in 

fibers which gives a pera1atence of exaggerated contrac

tion. Thi.a event•ally leads to hypertrophy of the muscu

lature of the heart. :lot only hypertension and valvular 

insuff1ciency lead to hypertrophy. Impaired nutrition 

causes 1nJury to cardiac muscle. This in tum causes di

latation and consequent hypertrophy. Thus, decreased b lood 

supply to cardiac muucle o r  toxic or inflammatory states 

may produce hypertrophy. In ool"Onary 1nauff'1ciency, hy

pertrophy occurs between periods of relative anoxia, ac

cording to Conolly and Littmann (2). 

I.t has not be en Pl"O ve d , howe ve r, that by pe rt ro phy 

increases the s treagth of the contracti on, although 1t does 

increase its effectiveness. It has been shown that in 

strenuous exercise the cardiac work per unit of time 1n a 

human with a normal heart may exceed that. required of the 

heart in a .Patient with cardiac bypertropb.y. Thus, it ap

pears that the no nnal heart 1■ oa»able ot as great atrength • 
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of contraetion as is produced ordi na.ri ly by the hypertro

phied heart. G1'6nt otfers the suggeation that pemaps hy

pertrolilY makes possible the maintenance of increased work 

over a long period of time. Perhape eypertPoPhy supplies 

some metabo Uc or energy substrat1on to accommodate to the 

increased work. He concludes that hypertrophy may not be 

a source of increased work but a consequence (3). 

VENTRICULAR EXCITATIOlT 

Normally left ventricu lar excitation extends first 

down. the endocardial surface of the anterior and diaphrag

matic walls of the left ventricle toward the base on the 

superior and posteri or endocardial surfaces, usually ter

minating at the remotest poaterobasal region of the free 

wall. The epicardia l excitation tends to follow this same 

sequence, but more slowly. The terminal �S vector force a, 

therefore, as they are the resultant·ot vectors from the 

la.at epicardial reg1ona to be depolarized, tend to be di

rected poste riorlJ and somewhat leftward. This is the 

normal sequence of events and explains the direction ot 

the mean fitS vector in the normal subject (4). 

It haa long been known that hypertrophy produces 

changes on the electrocardiogram. These deviations from 

the normal are a result of changes 1n the spread of the 

excitation wave through the ventricula r wall. 

    3



What account• tor the various deviations seen 1n 

lett ventricu lar hypertrophy? Fenicbel (5). 1n 1932. sug

gested that the deTiation of the electrical axis 1n ven-

tricular preponderance �e probably a n  effect ot the greater 

potential differences generated by the wall of the more hy

pertrophied ventricle. Grant (4) offers a more detailed 

explanation by stating that hypertrophy dela.yll the pro

gression of the exc itation across the myocardium. This 

results 1n an extensioa of the �riod of epioardial exc1ta

tion and more clearly sepa,ratee in t.1me the vectors ganer

a;ted from the la■t region of the left ventricle from those 

generated from the more intermediate regions. Thus, the 

terminal vectors are more exclusively contributed from the 

superior and posterior regions of the left ventr1c le 1n 

the hypertrophied than in the normal heart. and hence have 

a mor� superior and posterior direction than normally. 

Alao because of the increase 1n epicardial surface the mag

nitude o.f these -,ectors is greater. Another factor lead1ng 

t o lettward deYiat1on of the mean Q.RS vector is the bowing 

superiorly and posteriorly of the tree wall of the left 

veniric le seen in some case a. 

Wilson, JlacLeod, and Barker {6) add that because 

ot the fact that the wave of excitation travels much taster 

along the endocarlial surface than it does across the wall 

of the left ventricle. hypertro�y causes a greater 

i, • 
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difference in rate of movement and this c.auaes the wave of 

excitation ad vancing across the myoc ardial wall to become 

more and more obliqUI to the surface ratber than perpen-· 

dicul.&r as in the normal subject. This causes the d1rea

tion of the mean '4RS 'Rctora to be: more leftw ard and pos

terior with left ventricular hypertrofi>,y than in the nor

nil heart. 

SDIILAR STUDil'S 

In l.930, Wilson and Herrmann (7) correl ated .the 

�s interval with ·ventricular weight and the thickness ot

the wall of the left ventricle. 

Levine and Phillipa {8), 1n 1951, ua1ng KG cr1-

teria of Wilson and his c.o-workere; correctly diagnosed 

25 of 37 caaes of left ventricular hypertrophy proven at 

autopsy. 

1lotb, )(yers, and Klein (9), in 194'1, analyzed the 

tindinga in the precordial lead s in 84 cases of pathol ogi

cally proved cases of left_ ventricul ar hypertrophy. In ad• 

dition, a control group of 52 ca.ees in which the hearts 

were normal at autopsy and 50 young male hearts that were 

normal by clinical and roentgen examination were studied. 

Thq rePOrt that in 98!:per cent of-:-the nol'ma.l&., the time- 111-

terval from the onset of the r,tS to the peak of the R was 

l ess than. .OS second. In 93.1 per cent ot the normal s,
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the time interval from the onset of the R wave' to 1ta peak 

was less than .04 second. Of the 84 cases studied with 

left ventricular eypertrophy proved at autopsy, 40.5 per 

cent showed an abnormal �-R aacl/or R duration. They a_lso 

found that ditferentiat.ion bet.ween the pattern of left ven

triau lar hype rtroi:m.y and of normals could not be mad e from 

the a�plitude of the R waves 1n V5 and V6. In 1914, Lewis 

(lO) and 1n l.922, Herrmann and Wils on (11) correlated EKG 

findinga on the standard limb leads with the weight of the 

left ventricle. 

Grant (12) meticulously studied heart position at 

auto pay and relate cl pos i t1on to e le ctrocardiogr a_phic fl.nd

inga. He s bowed t•t. Q;RS axia deviations commonly seen 

with ventricular hypertrophy are not. due to anatomic ro

tation of the heart. The lie of the left and right ven

tricles in the body was remarkably similar in all hearts, 

nol"!'D.al and bype rtrophia. In the presence of left ventricu

lar hypertrophy, the electrical axis was often markedly ro

tated leftward while th e anatomic position of the left ven

tricle in these cases was essentially the s ame as 1n the 

normal heart. 

Lipaett and Zinn (13) analyzed the preeordial and 

a ugmented limb leads ot 73 elec\rocardiographs from pa

tients with autopsy evidence of combined ventr1cular hy

pertrophy. 
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lSTHODS ill} JIATERIALS 

The autopsy protocol• of the Pathology Department 

of the University of Nebraska College of Medicine and The 

Bishop Clarkson Memorial Hospital in Omaha were examined� 

and cases with a left ventriculJa.r thickness ot U mm. or 

more and a heart weight of more than expected normal for 

the length of the body (14) were collected. Any caae from 

within the University of Nebraska which had a right ven

tricular thickness of more than 5 mm. was not included. 

Because of different techniques 1n imasurement, 

any case from Bishop Clarkson Hospital which had a right 

ventricular thickness ot more than. 8, mm. was not included. 

Cases with left bundle branch block, right bundle branch 

block or thoee with pa thologic evidence ot myocardia l in

farction were not included. The last electrocardiogram 

taken before death was used unless the laa\ record was 

technically unsatisfactory. 

The amount of left ventricu lar hypertrophy was 

graded, using heart weight as basis f or c lassification. 

Hypertrophy was c lassified one t o  four plus according to 

heart weight above the upper limits of normal employing 

Zeek's (14) criteria. The electrocardiographs were read 

and results classified from Oto 4 plus according to the 

number of criteria present sat1ety1ng the diagnosis of 

left ventricular hypertrophy. Two sets of d1agnost1c 
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criteria were used. nauely, Sokolow and Lyon. and Angle.

Sokolow and Lyon ha18 formulated the following 

criteria for the diagnosiS of left ventricular hypertrophy 

from the unipolar limb leads: (l ) RS-T segment depressed

more than 0.5 mn. in aVL or a VF; (2) flat, diphasic or 1n

verted T waves, with an R wave of 6 mm. or more 1n aVL or 

av-I and item l; (3) voltage of R wave in aVL greater than

ll mm. or in aVF greater than 20 mm.; (4) upright T wave

in aVR. Aleo used was the following cr1ter1a of Sokolow 

and Lyon tor diagnosis ot left ventricular hypertrophy 1n 

the preco rd ial leads: (1). the �-T segments are dep:resaed

and the T waves low or inverted in V5 or V6; (2) R wavea

in V5 or V6 exceed 26 mm.; (3) the onset of the 1ntr1ns1-

0oid deflection in V5 or V6 exceed■ 0.05 seconds; (4) the 

R to T ratio in V5 or V6 is 10 or greater: (5) the R to S 

ratio in Vl is greater than 100; (6) the sum of the R wave 

in V6 or V6 and the S wave in Vl exceeds 35 mn. 

Angle uses the followlag criteria for diagnosis of 

left ventricular hypertro�y: (1) high voltage of R for 

age and body build.; (2) left or posterior deviation of �s

axia tor average normal tor age and body bu1ld; (3} widened 

�8 for age; {4) delayed 1ntr1naicoid deflection; (5) qR 

in lead showing tallest R; (6) sr-t changes 1n lead• w1th 

R. 

Because of the nature of the criteria of Sokolow
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and Lyon, these did not lend themselves well to tabulation 

and critical evaluation;_ thµe, they were not classified 

ac cording to hypertrophy nor t abulated. Rigidity of the 

criteria did not. allow cr-it1cal ev aluation in case, with 

emphysema, obesity, anasarca, etc. 

Evaluation of 1>3pertro phy of the left ventr1c le 

based on Angle's criteria was accomplished 1n the follow

ing manner: Varying degrees ot emphasis were Placed on 

different criteria. Also of an individual cr1ter1a, the 

amount of abnormality shown {incor,P0]."8.ting in the evalua

tion changes produced by accompanying c ollditions as body 

build, non-related diseases, etc.) was evaluated and upon 

these results, the final evaluation of the EKG, as to the 

amount of hypertlrofh,y, was based. Kost emfhasi.8 was placed 

on voltage and secondly on poste r1or axis deviation suc

ceeded by the following in decreasing amount of emphaaia: 

(1) ST-� de pression, (2) left axil deviation, (3) widening

of Q,'RS complex, (4) delayed intrinsicoid deflection, and 

(5) g;R 1n leads with tallest R waves.

RESULTS 

As mentioned, the amount ot hypertrophy was not 

evaluated on basil of Sokolow and Lyon criteria. Evalua

tion baaed on .Angle's criteria is tabulated 1n Table I. 

There is remarkably goocl correlation between EKG 
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TABlii I 

0011P ARUJOli OF AlIGI& • S BVAt OAT IOJi WITH 

POST lERTlbl KVALUATIOJJ 

Case lfumber Angle Po.at mortem 

l I II 

2 I.. I 

3 II II 

4 II Ill 

5 I I 

6 I II-

., II- II 

8 ff II 

9 I I 

10 I I 

ll I/al Ill 

12 I - II II 

13 Ill/ II 

lf I II 

15 I /If 

lo I Ill 

17 #I II 

18 II II 

19 I Ill 

20 I /fl 

21 II - Ill fl/ 

22 I Ill 
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evaluation an d p0st mortem evaluation 1n the cases from 

the University Hospital. Discrepancies are noted in the 

cases taken from the Bishop Clarkson Memorial lioep1tal 

(cases 15-22). These may be based on different technique 

used by prosectors, but may be r esult of the different 

type of patients seen at private boa pital as compared to 

the charity hos pltal. Heart• from the caarkson Hospital 

tended to be he&Tier in general than ones from the Uni

versity Hoapital, which may be a result of the nature and 

nutritional status of patients seen at Clarkson. Thia la 

mere speculation, howeyer, and as stated this may represent 

only differences in ind1Vidual prosectors and their tech

niques. As indioated previously, the measurements for the 

right ventricular thickness were in general larger � cases 

from Clarkson, again indicating probable differences 1n 

tec·hnique at the pest mortem examination. 

Causes for diacreian.cies may be explained on basis 

of incipient variances in body build or unrelated accompany

ing diseases as emphysema, hiatus hem1a. etc. 

In all caees was one or mo re of the c rite rta of 

An gle satisfied. In the two cases 11ated aa C. the changes

were minimal with exception of p0ster1or ax1s deviation, 

thus qualifying the evaluat ion. 

In only one case of hypertrophy were the EKG f 1.nd

inga nonnal as appraised by criteria ot Sokolow and Lyon. 

ll 



Thia case showed on� paste rior axis dev1ation, which did 

not show changes in Sokolow's criteria. The case in point 

is Number 22 which, by .Post mortem examination, showed a 

heart weight of 520 grams and was graded as three plus 

hypertrophy. ·Thia was rated C according to Angle's cri

teria . In reviewing the chart this patient showed, besides 

hypertena ion and diabetes, :f'ind1ngs of DJ:l.rke d pulmonary 

fibrosis and pulmonary arter1oscleros18. '?he case was 
--

taken from Clarkson's files and showed right ventricular 

thickness ot 5-? mm. and left ventricular thickness ot

S't-T changes· were found most frequently. In all 

but one case were there ST-T abnormallties. 1n one case 

the ST-T changes we xe minima l. Voltage changes, however, 

as w ell as axis deviation eapeci al17· posterior axia devi

ation, were most helpful 1n e,valuation of th.e degree ot

hypertrophy, and to these factors can be accredited the 

satiafactor,y results 1n this evaluation. Sokolow's r1g1d 

c'riteria would not allow proper evaluation of the voltage 

of the R wave. 

REKARKS 

Only the p0eitivity of the two authors• cr1ter1a 

in cases of proven caaes of left ventricular hypertrophy 

were teated in this pa,per. False positives, obviously, 
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could not be tested by method used. 

SlJDARY Alm CONCLUSIONS 

l. The criteria of Sokolow and Lyon and Ang1e tor

the diagnosis of left ventricular hypertrophy have been 

analyzed in 22 cases of left ventricular hypertrophy proven 

at post mortem examination. 

2. The criteria of Sokolow aml Lyon did not al

low critical evaluation and tabulation of the degree of 

hypertrophy, wher eas according to the c ri teria of Angle 

the e lectrocardiographa we re critically analyzed and e valu

ated as to degree ot hypertrophy. 

3. All cases ba,sad on Angle •s criteria showed

evidence of hypertrophy on BKG. 

4. :Svaluation of degree of hypertrophy on bae1s

of Angle •s criteria showed remarkably g ood correlation. 

5. Only one case baaed on cr iteria of Sokolow. and

Lyon showed no changes dlagnoatio of left ventricular hy

pertrophy. 

6. ST-r o•ange e we re to und mo st. tre que nt. ly.

'Z. Voltage changes and axis deviation, espec 1ally 

posterior axis deviation, were foOD.d to be most helpful in 

evaluation of degree of hypertrophy, these being found 1n 

most cases of marked hypertrophy. 
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