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1. Introduction

Is cardiac enlargeae:at present? This is an age old question

which the physician considers as he examines a patient w1 th pos

sible cardiac disease. In congenital heart disease, essential 

hypertension, renal disease, etc., the determination of cardiac 

enlargement is necessary- f'or diagnosis and prognosis. 

There are at present, three 1111.jor methods of detendning 

cardiac enlargement. These are physical examinatl.on, chest 

roentgenography, and the alectrocardiograa. 

In lef't ventricular qrpertrophy, physical examination may 

reveal the PMI to be displaced laterally and the iapo.lse sus

tained. Percussion aay re'n!al an increased area or cardiac 

dullness. Physical examination is still a basic and useful 

means of evaluating cardiac enlarge:m.ent. 

Chest roentgenography- by fluoroseopy andx-ray films allows 

the examiner to aciilally en.luate specific cardiac measurements. 

Alterations in the normal outline and shape of the heart suggest 

enlargement. Left Tentricalar enlargement is manifested by 

elongation and bn1glng of the left ventricular curve, or "the 

boot shaped heart. 11 Fluoi-oscopy i s  usually more sensitive than 

chest x-ray and alterations in size, shape and outline ot the 

heart are more easily noted. The routine method of estimating 

cardiac enlargement by x-ray, is the use of the 6-f'oot PA film 

of the chest. The transnrse cardiac diameter is measured and 

compared with the non:nal diameter-. Sex, age, height and weight 
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are variables which detenrlne cardiac size. Tables which predict 

the normal heart size for the particular patient in question, 

taking into account the above mentioned variables, have been 

worlced out. One s11.ch representative table has been presented by 

Ungerleider and Clark. other tables and various :methods or

measuring the heart size may be found in roentgenologic text

books. 2 To quote: "all these :methods give strikingly similar

results ••• one wh:1.ch most nearly satisfies our needs should be 

selected and adhered to." 

The introduction of the Electrocardiogram into clinical 

medicine introduced another avenue of cardiac diagnosis. Ein

thoven, in 1907, .first obserYed that certain valve lesions when 

acoompanied by great cardiac enlargement, gave electrocardio

graphs with QRS complexes of' distinctive type. EinthoTen also 

noted that these amonnal curves were often of great amplitude. 3,h

Leld.a5 in 1914, confirmed Einthoven's earlier obsenations but

also noted many noraal electroeard1ograph1.c tracings exhib:L ted 

Einthoven 's signs of right and of left ventricular hypertrophy' 

in minor degree. He found the average values or the indiv.l.dual 

QRS deflections in a large series or cases of aortic insu.ff':l.

ciancy and found as cOllp8.red with the normal subject, a conspicu

ous increase in the amplitude of the R wave in Lead I, the S 

wave in Lead III, a decrease or the S wave in Lead I and the R 

wave in Lead III. 'l'he groundwork for use or the electrocardio

graph in evaluating cardiac hypertrophi, seemed to h�ve been laid. 

2 



!ht, note that Lew.bs5 also collllllented on the tact that many normal

persons might show apparent signs of cardiac :tvpertrophy on their 

electrocardiographic tracing. In this same Yein, Hermann and 

Wilson in 1922 correlated the eleetrocardi.ograph with post mor-

tem observations. They used a relatively large series •f .59 

cases and concluded that the relative weight of the twe ventricles 

was but one of the many factors which might influence the fora 

of the irentricular complex or the electrocardiogram. They tel t 

this one influence would only predominate when the heart was 

grossly hypertrophied; and when the ventricular weight was below 

250 grams there was no definite relation between the fo1111 er the 

ventricular coaplex and the relative weight or the two ventricles. 

Through the years following, attempts have been made to establish 

criteria which would be more rigid and conelusi ve in establish

ing ventricular hy'pertrophy' by electrocardiographie means. 

The scope of this paper is intended to review the diagnosis 

of left ventricular hypertzophy by electrocardi.ograpbic means. 

The ·criteria used in u.king this diagnosis will be presented in 

the discussion. One of the most striking changes is increased 

aapli tude of the QRS eoJl})lexes. It bas been realized by inves

tigators718 
that age of the patient (as "Nell as height, weight,

sex, etc.) plays a role in detendning normal apli tude. For 

example: Vaquero, Id.aon., and M•on
8 

found the max:i.mum normal

ampll tu.de of R-V-5 for adults 50-6o years of age to be 17 .o mm., 

while for adults under age 40 the normal was 28.h mm. If 
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amplitude is nonnall.y greater in the young adult than in the 

older age groups, can 1 t be used as a diagnostic er.I. teria tor

left ventricular hy'pertrophy in the young adult? This is the 

primary investigative portion of this paper. 

2. Discussion

The criteria •f left nntricular hypertrophy which have been

noted in the elactreeardi.ograph by various investigators are as 

follows: 

A. Left Axis Shift

B. QRS Pattern

1. Limb Leads

2. Unipdlar Leads

c. Intrinsicoid Deflection

D. RST-T Changes

1. Limb Leads

2. Unipc,lar Leads

E. Amplitude

1 •. Liab Leads 

2. Unipolar Leau

Lef't bis Shift 

The electrical axis of the heart is determined by observing 

the degree of positive or aegative deflection in the various 

leads. As the QRS potential in aVL, Lead I, and precordi.al leads 

5 and 6 becomes more positive; in Lead III, and precordial leads 

4 



l and 2 more negative, left axis deviation is said to be taking

place. Kaplan and Katz,9 reported that left axi.s deviation was

present in 8o per cent o:t cases of left ventricular hypertrophy.

They felt if it were not present in left ventricular hypertrophy-,

it might be due to a neutralizing effect of a concolllitant ri«ht

ventricular }\rpertrophy er a change in heart position. Gold

berger10 found that in left ventricular hypertrophy the long axl.s

of the heart is ustiall7 quite oblique, and left axis deviation

is present; �owever, normal or even right a.xis deviation aa:, be

present, depending on the long axis of the heart. The variable

axis of the heart in the human subject makes this criterion dif

ficult to evaluate. Kaplan and. Katz found in their report that

25 per cent of their norm.al patients showed left axis deviation.

Chamberlain and � fwnd in a series or middle age pa tienta

approximately 25 percent showed left axis shift. Factors tending

to make. heart posi ti.on more horizontal 'Will produce seeaing left

axis derlation, aaong these being body stature, obesity,12 and

pregnancy. 13 Therefore, while left axis deviation is of ten

found in left ventricular hypertrophy, its incidence in the nor

mal subject is too great to make it a sensitive eri terion in

evaluating left ventricular h1P9rtropby.

QRS Pattern 

The pattern or tall upright R waves in Lead I, avt, precordi

al 5 and 6, with small S waves; of small or absent R waves in 
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in Leads III and precordial leads 1 and 2, with deep S waves, is 

considered indicative of left ventricular tv"Pertrophy.14,3,b

Intrinsicoid Deflection 

This is a measure of ventricular activation time. It is the 

duration of time from the beginning of the QRS COl!plex to the 

height of the R wave. If intra-Titntrieular heart block is present, 

it is of no value. Sbkel()W and 1,yonlS include it as a criterion 

and place O .05 seconds as the upper lind. t of normal in leads V-5 
16 and V-6. Diaoncl considers its value questionable and publishes 

concurring opinions in bis textbook.

RST-T Changes 

The BST-T changes considered characteristic of left ventricu

lar hypertropq are a depressed ST segaent which is bowed upward, 

followed by a T wave that is inverted and asymmetric.15,l7,l0,9

Diagraaatically, it appears as in diagram below. 

Sokolow and Lyon�$ ,oint out· that this pattern first presents 

itself in.the left precordial leads V-5 and V-6; next in lead 

aVL, and then in Lead I. It is to be remembered however, that 

depression of the ST segment and inversion of the T wave is not 

specific for left ventricular hypertrophy-; in fact, in vector

cardiography, the sbift of the ST vector to a 1ao degree angle 
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w1 th the QRS vector is considered to be merely a refiectien of 

cardiac strain.18 It uy also be seen in digitalis effect, but

in this it is more of a flattening of the ST segment to make it 

merge iaperceptibly·td.th the T wave instead of the depressed ST 

having an upward conn.rlty separating it from the inverted asym

metric T wave.9 It is the characteristic abnomal eentour to

which most authors call attention. Li ttman
19 feels ST-T changes

of "'°S or V-6 trul)" refiect left Yentricular strain while ab

normal amplitude more nearly reflects hypertrophy, and while they 

are usually seen tocether, they may be seen separately. On the 

negative side Sense-.ch20 is of the opinion that many serious mis

takes in interpretiig electrocardiocraphs are made by '1, 'ring too 

ll'llch portent to ST-1' changes. He presents a list or h7 conditions, 

not due to primary heart disease, in which strain pattern may 

occur as his evidenee of the non-specificity of these c�es. 

Notwithstanding, the weigkt of opinion favors ST�T changes as a 

sensitive criterion in left ventricular hypertrophy-. They were 

present in 1)6 of 147 eases of left Yentricular hypertrephy in 
1� 

the Sokolow and Lyon series. 

Amplitude 

Increased amplitude of electrocartiographic tracings in cases

of gross left Tentrieu.lar hJ'pertrophy is often the JllOSt outstand

ing abnormality seen in the tracing9 The question as to whjy 

}v'pertrop:by of the cardiac lllUScle should result in increased 
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potential with large aapli tu.de o:t the QRS coaplexes has not been 

fully answered. The following has been considered by Lipman and 

Ma 
• 21

ss1.e. 

n (1.) The resultant wctor is magnified by the increased 

preponderance of the thickened left ventricular wall; in 

other words the left ventricular depolarization continues 

unopposed by right ventricular depolarization for a greater 

than normal peried. This explanation assumes that there 

is little or no associated hypertroph,Y of the right ventricle. 

(2.) The hypertrophied fiber has dilllinished internal • 

resistance as a result of its increased cross-sectional area. 

This tends to increase the magnitude of the potential. 1"' 

the equation, lmF : V/R where V is voltace and R, resis

tance, as resistance decreases, the :&!IF increases. 

(3.) The enlarged ventricle exposes a greater portion of 

the heart to the explering electrode, or expressed in 

another way, the angle subtended by the electrode is ab

normally large by virtue of the hypertrophied ventricle. 

The effect on the potential recorded by the electrode is 

Jllllch the same as if the electrode were moved closer to 

the epieardial surface, wi. th the result that the p0tential 

is increased and a high amplitude R wave is thereby re

corded." 

In reality it is p1"9bably a combination or all three factors. In 

left ventricular hypertreptiy the QRS in leads over the hyper-
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trophied left ventricle, particularly the precordial leads V-� 

and V-6, are large and positive. Large positive QRS coaplexes 

are seen in Leads I and aVL. Leads facing the comparatively 

small right ventricle, such as the precordial leads V-1 and V-2, 

are negative. It smuld be realized that perhaps bod;r blild, 

thickness of chest ..U., age of patient, uy play a part in 

detel'Jli.ning Ulpli tude of QRS complexes. 

Amplitude � Standard � Leads 

If the total voltage of the R wave in Lead I and S WllTe in 

Lead m equals 25 mm. or more, left ventricular hypertr«,phy is 

suggested.22,23,7 In normal hearts Oubner and Un�erleiier found

that only 1 per cent had the sum of the R wave in Lead. I and the 

S wave in Lead ill in excess of 24 mm. 23

Amplitude of� aVL 

Shack, Rosenaan, and Katz reported a maximum normal value of 

12 mm. in R-avt in t.h.eir series. 24 Goulder and Kissane reported

that in 165 patients with left ventricular hypertrophy, 63 per 

cent were characterised in Lead aVL by an R wave greater than 

10 mm. 25

For the use of the above leads, it was recognized that 

electrical axis of the heart MUst be taken into consideration 

when evaluating aapll tude as a criterion for left ventricular h;r• 

pertrophy. Goulder and Kissane•s .seri.es2� included only the 

horizontal or semi-h�rizontal hearts. Heine, Sackett and Serber, 
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in a large s eries 10�) of male veterans, concluded that: the 

eri teri.a of ampli t11de R-Lead I plus 5-Lead III be 25 111111. er 

greater, and BaVL be 11 mm. or greater, (which were usually 

positive in the sam.e patients) were only valid in estimating 

left ventricular h1,ertropby- when the heart posi ticm was hori

zontal or semi-hori.zontal.7

bpli tude 2£ Precordi.al Leads 

Heine, Sac kett, and Serber in their study'7 found that the 
I 

criteria based on hlgh amplitude in the precordial leads were 

more sensitive than those · based on high aapli tu.de in the limb 

leads. Sokolow and Lyen had recognized this in an earlier 

report,1' and also  felt that the precordial leads, especially

V-5 and V-6, showed the SaJfte type of abnorma.11 ty- in left ventricu

lar h;ypertropl\Y whether the heart was vertically or horlsontally

placed; however, Heine, Sackett, and Serber7 felt the highest

association betwen precord:1.al amplitude and left -ntntricul.ar

hypertrophy could be1 found in the vertical heart and in the

patient under 40 years of age. Sokolow and Lyon15 recognized

the val ue of using more than one cri teri.a in evaluating left

ventricular hy'pertrophy. '!'heir work has been cited earlier in

this article regardi(ng intrinsicoid deflection and RST-T pattern.

They emphasize the diagnostic significance or the sum of the R

wave in V-5 or V-6 and the S wave in V-1. Thirty-two per cent

of patients with lef't. ventricular hypertrophy had the SUJll of
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these two potentials exceeding 35 mm. In 96 per cent of' normal 

individuals the Sllll was found to be below 30 &1. 'l'hey also es

tablished 26 mm. as the upper limit of normal for R in V-5 and 

V-6. Heine, Sackett, and Serber agreed that R in V-5, 6, plus

S in V-1 greater tl'lan 35 11111. was the JllOst sensitive criterion, 

being positive in 71 per cent of their 149 cases of left ven-

tri c:mlar hypertroplty ami Ol!ll,- intrequentl,- was this criterion 

negative when any of the other criteria were positive. '!be:, 

found R in V-5, 6, plus S in V-1 greater than 35 11111., to be 

positive in only 1.5 per cent of 261 cases w1 thout left ventricu

lar hypertrophy. 

As noted above Sokolow and Lyon gave the maxi.JIIWR normal 

amplitude of V-5 and V-6 u be 26 mm. Kossman and Jolmston 

26 reported amplitudes of R-V-5 up to 33.0 llffl. in normal adults. 

Vaquero, Limon and t.1aon8 in a series of ;oo nomals found the

maximwn amplitude ot R-V-S for adults under age 40 was 28.h mm.; 

in the decade 40-50, it was 20.7 mm.; from '50-60, 17.0 :nm. For 

R-V-6s In adults under 40, 24.4 mm.; 40-50 2 19 mm.; 50..(:0,

15. 5 mm. Noth, Myers and ne1n27 round an average aapll tude of

R-V-6 to be 16.2 mm.. in 84 pathologicall,- proved cases of left

ventricular hypertroi,m,-, 9.2 mm. in a control series of 52 cases 

in which the hearts 11ere normal at autopsy, and 10.5 mm. in 50 

young male adults with normal hearts b.r physical and roentgen 

examination. For R-t-5 the:, found the average amplitude was 17.0 

mm. in 58 autopsy proved cases of left ventricular b;ypertropey,
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10. 7 mm. in 25 autctpsy proved normal hearts and l.h.l mm. in the

50 nomal adult males. Adequate explanation could not be found 

for the lower figures .found by these workers • 

.3. Methods used !!!_ Present Study 

Consecutive tracings were analyzed from the files of the 

Veterans Hospital, Omaha, Nebraska. The age range of patients 

was from 19 to 29 years of age. The tracings selected were from 

patients who had no evidence of heart disease and whose tracinga 

had original.ly been taken as a portion of examl.nation prior to 

surgery, eleetroconirulsive therapy, or some other condition not 

related to cardiac pa tholou. The records were analyzed :tor 

amplitude of the R wave in leads V-5, V-6, and aVL; for the sum 

of R-V-5 and S-V-1; .for RST-T changes in leads V-5, V-6, and aVL; 

and for axis deviation. The following data was obtained and is 

presented in Table�. 
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Table 1 

Data Obtained from 222 Normal EKG's 
of Males 19-29 Years of Age 

No. A�e Amplitude blplitude Amplitude 
R-v .. s R-V-6 R-V-5 S-V-1

1 26 12 9 25 
2 29 20 14 25 
3 27 15 12' 26 
4 22 26 24 34 

28 16 10 22 
6 24 23 15 34 
7 25 14 12 29 
8 29 19 14 28 
9 ·29 11 7 21 

10 27 24 18 39 
11 29 10 :5 15 
12 21 21 17 29 
13 29 10 7 16 
14 28 16 13 25 
15 26 12 10 20 
16 29 18 12 26 
17 25 13 9 18 
18 26 21 13 37 
19 18 15 13 27 
20 26 15 10 28 
21 22 18 17 33 
22 24 12' 11 25 
23 26 18 15 30 
24 28 18 12 30' 
25 29 6 5 14 
26 25 13 11 23 
27 28 20 15 20 
28 26 15 12 JO 
'29 29 19 16 29 
30 27 13 10 18 
31 29 10 7 18 
32 27 17 14 24 
33 29 25 19 37 
34 24 15 11 26 
35 28 15 13 27 
36 26 13 9 18 
37 27 26 21 .33 
38 26 21 15 26 
39 25 25 17 28 
40 29 21 16 29 

13 

Amplitude 
R-avt

- "'

:::-a�:S 
2.5 
1 
4 
3 
4 
l 

1 
7 
l 

1 
l 

1 
1 
1 
2 
l 

l 

4 
1 
1 
2.5 
2 
l 

o.�

3
0.1 
0.1 
2 

2 
o., 
1 

A.xis Deviation 

right 

left 
left 
.. 

right 

r:tght 
left 

left 

left 

right 
left 
right 
right 

right 
left 
left 

right 

left 

right 
right 

right 



No . Age Amplitude Amoli tude Amplitude Amplitude Axis Deviation 
R- V- 5 ~- V- 6 R- V- S S- V-1 R- aVL 

41 24 15 12 17 3 right 
42 29 17 15 32 1 
43 29 13 10 15 2 
44 26 14 11 28 1 
45 28 13 11 26 5 left 
46 28 19 14 28 
47 24 17 12 21 2 
48 25 16 12 26 3 left 
49 29 28 24 39 o . 5 
so 29 17 12 JO 2 
51 24 23 17 38 s left 
52 27 24 19 29 4 left 
53 23 15 ltl 19 1 
54 25 12 10 24 o.s 
55 26 25 16 28 5 left 
56 28 13 10 18 4 
57 24 24 18 38 2 
58 25 20 14 25 0 . 5 
59 26 18 21 22 4 
&J 25 18 21 20 1 right 
61 27 24 15 35 5 
62 18 16 11 21 o.5 rl@'ht 
63 26 12 10 26 1 right 
64 26 7 9 10 1 left 
65 28 8 5 13 1 right 
66 25 13 11 25 1 right 
67 26 14 10 22 2 
68 28 15 11 20 2 
69 23 13 13 25 
70 26 16 13 24 3 
71 21 19 12 23 1 right 
72 25 16 13 21 3 rigrit 
73 24 14 9 27 1 
74 24 18 13 26 2 
75 24 13 7 19 2 
76 21 14 11 21 2 right 
77 26 15 12 23 2 
78 24 22 20 31 1 
79 26 15 12 22 left 
80 26 8 7 16 
81 25 20 15 32 1 
82 29 18 11 23 3 
84 26 14 11 18 1 
85 29 20 16 26 
86 20 19 12 32 1 
87 28 14 14 20 2 
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No. Age .A.mpli t ude Amplitude Anlplitude Amplitude A.:xis lleviation 
R-V-5 R-V-6 R-V-5 S-V-1 R-aVL

88 29 14 10 24 z 

89 25 13 14 16 4 left 
90 27 16 13 25 5 
91 27 18 15 30 right 
92 20 15 11 23 l right 
93 20 17 l.7 28 

94 22 14 11 20 1 
95 26 14 11 20 1 
96 23 10 9 25 
91 26 11 10 26 
98 23 12 8 19 2 
99 26 16 12 25 o.5

100 25 15 9 29 2
101 28 18 13 27 4 left 
102 28 22 15 3r; 1
103 28 19 14 25 o.5
104 29 10 9 13 8 left 
105 29 20 16 25 5 left 
106 29 16 11 30 4 left 
107 27 25 16 45 0.1 
108 24 11 11 .31 
109 23 17 15 28 
110 26 13 11 24 
ill 28 20 15 28 
112 25 20 14 28 2 
113 23 10 9 16 1 
114 20 15 15 37 1 
us 24 24 20 44 3 -

116 28 20 15 26 1 
117 23 17 12 32 
118 28 15 12 25 2 

119 2B 17 15 22 1 
120 25 18 13 27 2 right 
121 29 :!6 17 30 2 

122 25 18 13 25 1 
12.3 28 1 6 15 right 
124 26 13 11 16 1 
125 21 18 11 25 3 left 
126 26 9 8 12 l 
127 23 22 18 29 1 
128 27 17 15 22 5 left 
129 25 19 18 30 1 
130 29 21 14 '1,3 6 left 
131 28 15 11 27 
132 29 10 8 15 right 
133 25 17 16 29 
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- No. Age Amplitude .Amplitude Amplitude Amplitude Axis Deviation 
R•V-5 R-V-6 R-V-5 S-V-1 R-a.VL

134 28 18 13 23 5 left 
135 29 17 16 27 1 
1.36 25 18 18 33 ".l
137 29 12 8 14 
138 29 13 11 18 
139 29 24 16 34 2 
140 26 12 12 27 1 
141 25 14 12 16 1 
142 26 10 9 18 0.5 right 
143 25 13 11 23 
144 18 10 7 20 2 
1.45 22 23 16 33 1 
146 27 26 20 38 o.5 
147 25 14 10 26 
148 28 9 8 17 o.5 right 
149 27 24 16 28 2
150 29 20 17 29 1
151 23 16 12 23 5
152 27 12 12 20 2 

153 21 17 15 31 2 right 
154 22 25 20 25 2 right 
155 28 13 11 15 
156 29 17 14 25 
157 24 30 20 39 5 left 
158 29 11 8 17 
159 20 13 14 18 1 
160 29 10 9 20 1 right 
161 24 24 20 28 l 
162 21 11 10 17 1 
163 28 15 10 23 
164 28 12 8 18 0.5 
165 29 17 15 23 2 
166 24 14 15 26 4 left 
167 24 10 8 18 1 
168 25 14 10 18 l 
169 22 18 13 24 2 
170 29 15 14 27 2 
171 19 15 11 20 l 
172 24 15 13 33 
173 27 19 14 29 1 right 
174 27 15 12 17 4 
175 18 15 11 20 1 
176 25 13 11 23 0.5 right 
177 28 19 11 26 1 . left 
178 22 16 12 21 2 left 
179 26 7 6 18 right 
180 24 16 13 31 1 right 
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No. Age Amplitude Amplitude Amplitude Amplitude Axis Deviation 
R-v-s R-V-6 R-v-s s-v-1 R-aVL

181 24 l4 13 20 l right
182 27 10 8 14 2 right 
183 26 19 u 31 5 left 
184 29 19 15 25 o., 
185 27 12 9 18 right 
186 23 18 16 · 22 right 
187 23 18 13 28 o., 
188 26 19 lh 30 o., right 
189 28 33 24 38 2 
190 20 15 10 32
191 28 19 17 26
192 28 22 17 22 2 right 
193 28 18 16 27 right 
194 28 9 7 16 5 left 
195 24 12 7 20
196 29 21 12 26 3 right 
197 28 l4 11 24 O.', right 
198 25 20 10 27 4 left 
199 28 12 10 19 2 right 
200 26 16 12 27 right 
201 29 24 22 31 5 left 
202 22 15 10 27 1 
203 24 25 21 31 3 left 
204 28 21 17 28 right 
205 24 17 11 33 4 left 
206 26 16 12 23 2 left 
207 26 19 u 22 0.5 right 
208 23 lS 12 24 1 
209 28 16 11 29 3 left 
210 26 10 10 .19 2 left 
211 24 27 15 36 o.s right 
212 29 16 11 26 1 
213 23 16 13 20 2 left 
214 22 19 11 23 3 left 
215 23 13 11 24 right 
216 29 20 17 32 2 right 
217 27 20 17 32 2 right 
2i8 24 17 11 25 2 right 
219 29 24 18 29 2 
220 26 12 10 29 1 right 
221 23 15 14 24 left 
222 29 20 16 26 1 
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4. Analysis � Diseussion 2f Data

.Axis Deviation 

As noted preTi.0111.sly in discussion portion of this paper, 

axis deviation is a nriable dependent on physiologic fac tors as 

body btlild, etc. No attempt was made in this study to correlate 

these factors with electrical axis of the heart, but rather it 

was only noted what percentage or male patients, without heart 

disease, in the third decade of life, showed axis deviation. Of 

the 222 cases: 

-- 125 showed electrical: axis within normal liJld ts, 

-8 56 showed right axis deT.i.ation, 

41 showed left axis deviation. 

The 125 cases which had noraal electrical axis, represent 56.) per 

cent of the total. The 56 cases vi th right u:Ls deviation repre

sent 25.1 per cent. Left axis deT.i.ation in 41 cases represents 

18.4 per cent of the total. 

RST-T Pattern 

In none of the records analyzed was there evidence of abnor

mali tr of the RST-T pattern. 

Amplitude 

In lead aVL: 

-- 54 had no measurable R wave • • • • 

-- 24 showed R-aVL measuring less than 1 mm. 
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-- 102 showed R-aVL •asuring from 1-3 mm.. 

31 showed R-aVL measuring from 3-5 mm.. 

• • •

. . 

•- 11 showed R-avt •asur!.ng 5 mm.. or greater • • • 

Prev.1.ous investigators had found maximum normal Talues of 10, 11, 

and 12 mm.2,,7, i,,24 In this present series 95.5 per cent of'

patients had R-aVL measuring less than 5 mm • 

.lmpli tu des of' R-V-5 

22 had V-5 ampli -tnde or 10 mm. or less • . . . • 9.9%

37.3%83 had v .. ; amplitude or 10-15 mm. • • • • • • 

80 had V-5 qplitucie of 16-20 mm • •  

29 had V-5 amplitude of 21-25 mm. 

• • 

. . • • • • 

. . . . . . 7 had v-5 aapli tude of 26-30 mm. 

1 had V-5 amplitude of 33 mm • •  . . . . • • o.4%

or the 222 tradincs analyzed in this study- �6.4 per cent had 

amplitudes of R-V-5 of 25 :mlll. or less. Only J.6 per cent exceeded 

25 mm. The a..-erage aapli tude would be less than 20 tnm"•, but 25 

mm., would seem to represent the maximum normal. This :may be com-

pared with figures found � preTi.ous authors. 

-Sokolow and t,ol1� •. . ... . •••.• 26,

• • • • . . . • • 33

mm. 

mm. 
8

-Vaquero, Li.Jlon, and L1110n • • • • • • • • • 28.4 mm.

-Noth, Myers, and Klein27 • • • • • • • • •  l.h.l J1U11.
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Amplitude or �

-- 52 had V-6 ampli bl.de of 10 mm. or less • • • • 

-- 121 had V-6 ampli tu.de of 10.;..15 mm. • • • • 

-- 39 had V-6 amplitude ot 16-20 mm. • • 

10 had V-6 am.pli:tnde of 21-25 mm. • • • • • 

;;� Ther@'.>wete·.no·:a:aplitudes greater than 25 mm. in lead V-6. 

or the 222 tracings 95S per cent had amplitudes of less 

than 20 mm. This lbuld a:A)ear to represent the maximum nonnal 

amplitude while the average aapli tude would be in the 10-15 mm. 

range. Previous in'VestigMC>rs have found these figures: 
15 

-Sokolow and Iqon • • • • • • • • • • • 26 mm.

-Vaquero, Limon and Lillon • • 

-Noth, Myers and Klein27 •

Amplitude 2£ R-V-5 plus s-v-1

• • 

. . . . • • 

. . . • • •

24.4 mm.

10.5 mm.

00 had sum or 10 mm. o r  less • • . . . . 

. . . . . . l4 had sUJI or 10-15 mm. • • 

43 bad sUJl of 16-'20 mm. • • • • • • • • • lh.8%

65 had sum or 21-25 mm •• • 

64 had sum or 26-30 mm •• 

24 had sum of 31-35 mm. •• • 

9 had sum of 3�0 mm • • •

l had sum of 43 Jlllll. 

l had sum or 44 mm.

• • •

. . . 

• • • • • • 

. . . . . 

. . . . . . 

• 24.7%

• 28.8%

. . . . . 

• 10.8%

4.1%• • 

. . 

. . 

• • . . . 

. . . • • 

1 had sum or 45 111111 • • • . . . . . . . . 
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The results are soraewhat scattered, but agree roughly with fig

ures found b,r previous authors.1517 Of' the 222 cases 74.9 per

cent had amplitudes of 30 mm. or less, and 94.7 per cent had 

amplitudes of 35 nm. or less. The remaining 5.3 per cent repre

sent those patients which would be suspected of having left 

ventricular bypertrbphy by the criterion R-V-5 plus s-V-l equals 

35 mm. or less. 

,. Summary 

The need for e"taluation of cardiac hypertrophy bas been dis

cussed. The methods by 'Which this may be done have been pre

sented. These methods are: physical examination, evaluation of 

cardiac size and contour by means of the chest x-ray, and evalu

ation by electrocardtogra.pl'd.e analysis. Analysis by electro

cardiographic means bas been discussed in more deta:i,l. The 

findings in the eleclirocardiographi-c tracing which suggest lett 

ventricular bypertroph7 are: 

A. Left Axis Shift

B. QRS Pattern

{l) Tall R waves in Leads I, aVL, v..;S, and V-6.

(2) Deep S waves in Leads III and v .. 1.

C. Intrinsiceid deflection in leads V-5 and V-6.

(1) Intrj.ns.oid defiection greater than 0.05

seconds suggests left ventricular 1'\y'pertropby. 
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D. RST-T Ohatges

(1) These consist of a depressed, upward bowed,

ST segment w1 th asymmetric inversion of the T wave. 

These changes appear first in the precord::lal leads, 

next in lead aVL, then in Lead I. 

E. Increased Amplitude

(1) Increased amplitude of QRS complexes is noted.

in all leads. 

(2) The R waves are increased in leads I, aVL, v-,,

and v-6. 'Normal amplitudes for these leads have 

been established. 

(3) The S wave is increased in leads III and V-1.

Normal vahes have been established for the sum of 

amplitudes of R wave in Lead I plus S wave in Lead 

III; also tor the sum. of amplitudes of R wave in 

lead V-5 plus S wave in lead V-1. 

The relative fltequency and accuracy of these cri ten.a as

obtained by investigators in the field has been discussed. A 

series of 222 electlt>cardio«raphie tracings, or young ac:hlt 

male patients in the third decade of life without evident heart 

disease were analyzed for arls deviation; RST-T changes in leads 

V-5, V-6, and aVL; aapli tudes of R waves in leads V-5, V-6, and

aVL; and the sum of the amplitudes of R-V-5 and S-V-1. 
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6. Conclusions

A. Left axis deviatien in the young adult male is too vari

able to be of specific di.agnostic value in left ventricu

lar hypertrophy.

B. BST-T changes may be used as diagnostic criteria in the

evaluation of left ventricular hypertrophy in the young

adult male.

c. In this series the aMPlitude of R-a-VL in 95.5 per cent d

222 young a.d.ult males without evident heart disease was 

less than S mm., and amplitude in excess or 5 mm. is

th ought to be sugaesti ve of left ventricular hypertrophy 

in the youag adult male.

n. In this series, 96.4 per cent of patients had R-V-5 ampli

tudes of 25 mm. or less. Amplitude in excess or this

figure is thought to be suggestive of left nntricular

hypertropl'\r in the young adult male patient.

E. In this series 95.5 per cent of patients had R-V-6 upli

tudes of 20 mm. or less. Amplitude in excess of this

figure is 1iloaght to be suggestive of left ventricular

hypertrophy" in the young adult male patient.

F. In this series, the sum of R-v..:5 plus S-V-1 was 35 mm. or

less in 94.7 per cent of 222 re cords examined. It is

.felt that if the Slllll is in excess of 35 mm., it aay be

used as a criterion of left ventrieular hypertrophy in

the young adult male patient.
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o. The elect»oeardiograpbie criteria of left ventricular

hypertropllY apply to the young adult male •

.Acknowledgment and appreciation is expressed to R. E. Lemire, 

Jr., M.D., for his kind assistance and cooperation in the prepara

tion o� this paper. 
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