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The field of c~rdiac disease and its various mani

fes tations is large and its importance has increased 

with each decade, until now cardiac evaluatien should 

be one of the major points in any complete physical 

-examination. 

In evaluating a heart, one must determine the effic

iency with which that organ accomplishes its specific 

work. 'l'he specific work of the heart is to propel blood 

through the vessels in adequate quantity to meet the 

needs of the body tissues. Any deviation from the normal 

should be recognized early and correct diagnoses, by 

discrimination between the different grades 0£ heart 

disease, as accepted by the .American Heart .Association, 

should be made. 

The facilities available for determining the f'Wlc

tional capacity of the heart include the basic pr~ciples 

of physical diagnosis: inspection, palpation, percussion, 

and auscultation; accurate and complete history taking; 

and laboratory examinations; electrocardiogram, X ra:y, 

flouroscopy and blood studies. 

In this pa.per only one of the above mentioned ·tech

niques, the electrocardiogram, will be discussed. The 

discussion will be specifically confined to the electro

cardiographic findings in the presence of ventricular 

enlargement. Ventricular enlargement was chosen because 
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observed rcythmic contractions in a nerve muscle prepar

ation placed in contact with a beating heart. It wasn•t 

until thirty-one years later (1887) tba.t Waller (58) 

accomplished the latter. Cardiac curves were perfected 

soon after by Bayless and starling (1892) (9}. These 

men used capillary electrometers to record their work. 

This was quite unsatisfactory because proper contacts 

were hard to maintain. (13) 

'foday the string gaJ. vinometer rellla.ins as the basis 

for many modern machines, but since the first world war 

and the development of thermionic vacuum tubes and the 

mirror osillograph two new types of machines ba.ve been 

developed. 

The physicaJ. basis of aJ.l three machines is similar. 

The simplest explanation can be made of the string gal

vnnometer. This consists of a finely spun, gold plated 

quartz string which lies in a strong magnetic field. 

The string is approximately 3 to 7.5 microns in diameter 

or the size of a red blood cell. It is suspended on a 

carrier that is constructed so the tension on the strin~ 

can be changed. 'fhis provides a way of' standardizing 

the amplitude of allowed movement from the point of 

rest and controls the natural period. 
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The string is a conductor and the passage of a 

current through it produces a deviation from the resting 

position. The degree of movement depends upon the amount 

of current flowing and the tension of the string. There

fore, the displacement of the string from its resting 

position will vary in direct proportion to the degree of 

thrust exerted within elastic limits of the string. 

The actual movement for a given current is limited only 

by the string tension. 

The explanation for the above is on the basis of a 

reaction that arises between the constant magnetic field 

and a field created by the current passing through the 

conductor. This reaction is oriented at right angles to 

both the conductor and the steady magnetic field. The 

direction of movement may therefore be determined by 

the left hand rule of electricity. (26) 

The deflections of the string are optically pro

jected upon positive paper that runs in a vertical position. 

This projection is brought about by means of a beam of 

light that passes through two systems of lenses, a con

densing set behind the magnets and a proj ecting set in 

front of the magnets. The light passes through the 

magnets by means of a hole drilled in direct line with 

the string. · The standardization scale is projected upon 
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the film by means of calibrated lines marked on the 

front lens. The instrument is calibrated so that one 

mi llivolt will cause a string displacement of one centi

meter. The time intervals are measured by a timer run on 

an independent motor. This marks a heavy line for each 

.20 seconds and a thin line for each .04 seconds. 

In the electrocardiogram the current is derived 

from a potential drop that arises between two electrodes 

placed on the body surface, relative to various aspects 

of the heart. The current passes from the heart to the 

body surface through the blood and tissue fluids. 

These, in reality, are solutions of electrolytes. 

The standard points of contact are the right wrist, 

left wrist, left leg and precordiwn. These points may 

be coupled in any one of four combinations, each of which 

is referred to as a lead. (6) 

Lead 1 right arm to left arm 
Lead 2 right arm to left leg 
Lead 3 left arm to left leg 
Lead 4 precordium to left leg 

The Normal Electrocardiogram 

D.iring each cardiac cycle the electrical changes 

in the heart cause five different distinct movements of 

the galvinometer string. These have a wide variation 
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of normal and give definite pictures with specific path

ology. The deflections are either above or below a zero 

or isopotential line. This is governed by the direction 

of the electrical a.xis. The electrical axis is the 

resultant of the combined electromotive forces of the 

muscle fibers. Its direction changes constantly through

out the cardiac cycle. 

The waves inscribed throughout the cardiac cycle 

have been arbitrarily designated as P, Q, R, Sand T. 

P, R, and Tare usually directed upward, Q and S do~nward. 

The P wave represents the spread of the ~xcitation wave 

through the ventricles. The T wave is derived from the 

retreat of the impulse from the ventricles. 

!he configuration of these waves is explained by 

the theory of limited potential differences. It is an 

accepted fact that an excitatory impulse doesn•t- travel 

through the heart in an organized manner ,as set forth 

by the theory of distributed potential differences, as 

the base apex theory is ter.med, but follows a semicircular 

course along the bundle of His and Perkenji network 

throughout each ventricle. This presents a clockwise 

movement in .. the right ventricle and a counterclockwise 

movement in the left. 
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As the impulse travels along it excites the under

lying muscle. This excitation may occur at any point 

in a fiber or at several points. The excitation causes 

a point on the fibers surface to become relatively negative 

to the adjacent unexcited tissue. This negativity causes 

the adjoining tissue to become excited and the i mpulse 

progresses down the fiber. (7, 59) 

To explain this system of progression more thoroughly 

let us consider a hypothetical cell. The cell membrane is 

charged positive on its exterior surface and negative on 

its interior. These charges are paired and referred 

to as electrical doublets. '.the excitatory i mpulse acti

va~~s any one of these doublets and creates a point of 

negativity on the exterior surface which is surrounded 

by positive charges. These, in turn, are discharged and 

this progression exists throughout the cell. The doub

lets may be likened to small batteries connected in 

parallel, all the positive poles connected together and 

all of the n~gative poles connected together. 

As each fiber is activated in the complex s t ructural 

arrangement of the myocardium, multiple electrical cur

rents develope such that the direction of electron flow is 

outward through the heart, at the site of acti vity . These 

have different directions in individual cells at a given 
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moment and from moment to moment. Some currents for any 

given orientation of pick up electrodes neutralize others, 

while some will reinforce. It is the algebraic sum of 'these 

that determines the potential difference recorded grossly 

in the electrocardiogram. 

To consider this in more detail the changes in 

potential at the individual electrodes should be followed 

independently. Suppose to a hypothetical cell we attach 

two electrodes each of which is connected through a 

galvinometer with a separate indifferent electrode. As an 

im:euJ.se passes each electrode on the surface of the cell 

the corresponding galvinometer will move as a potential 

difference appears and disappears . This change in poten

tial may be recorded against time as a curve. The two 

curves may be identical and will vary only- in the rela

tive time that exists between the activation of the 

tissue underlying each electrode. Uow when the two 

electrodes on the muscle fiber are connected together 

through a galvanometer the algebraic sum of these waves 

is recorded. The complex curve thus produced includes 

both positive and negative phases and actually repre

sents the summation of all the currents simultaneously 

developed in the heart. (59, 9, 14) 
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'l.hese waves have definite time intervals in the 

cardiac cycle. Increase or decrease denotes pathology. 

The average duration of the P wave is .11 seconds. The 

upper limit interval that exists between the p wave and 

the R wave or P-R interval in adults, with an average 

heart rate, is .2u seconds. This is measured from the 

beginning of the P wave to the beginning of the R wave. 

The duration of the QRS complex averages from .04 to .08 

seconds, with an upper limit of .lo· seconds. The ·'R-T 

interval varies directly wit~ .thehea.rt rate , increasing 

as the rate decreases and dec~easing vqth,an increase. in 

rate. It, at the present time,' does not have much sig

nificance. The T wave fluctuates with the spread ?f the 

Q.RS complex, usually running .22 seconds or less. {6ft) 

Ventricular Enlargement 

Soon after the advent of clinicaJ, electrodardiograpey 

Einthoven (1906) (18) described characteristic c'lefiections 

which occurred in the three stan4ard leads in association 

with ventricular enlargement. (20) These have become 

well recognized, but the mechanism of the changes remains 

obscure. Before I begin a disc.ussion of the electro- _, 

cardiographic chariges, - let us first briefly revie.w a few 
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factors concerning ventricular enlargement: physiology, 

pathology and etiology. 

'lhe ventricles are the two lower heart chambers . 

Their specific function is to propel the blood into the 

pulmonary circulation (right ventricle) and systemic 

circulation (left ventricle). When their efficiency is 

i mpaired the heart must compensate. This can be done by 

increasing the rate or the site. '11ie former acts with 

a very narrow physiological limit; therefore the latter 

has to be relied upon. Heart size can be increased by 

dilatation of the chambers, hypertrophy of the fibers 

or both. Dilatation compensates by increasing the volume 
~-

of blood that can be held within the heart. The normal 

capacity for the right ventricle is 137 c.c. and that of 

the left ventricle 121 c.c. flYpertrophy brings about a 

change in the thickness of the walls and total weight of 

the heart. The left ventricular wall, in the adult 

heart, is normally of greater thickness than the right. 

Normal value for the right ventricular wall is 3-4 milli

meters at a point midway between the apex of the right 

ventricle and the pulmonary valve, and 10-14 millimeters 

for the left ventricle when measured between tpe. papil

l ary muscles and the mitral valves . these valves may 
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be distorted by dilatation. The only way to determine 

the degree of hypertrophy is to determine the total 

heart weight or the weight of each ventricle and compare 

the findings with a nonnal ratio. 

The normal weight of the heart has long been a 

disputed question. Snith (52) presents a plan that can 

be easily accepted. He considers the heart weight to 

be directly proportional to the size of an individual. 

He presents the following formula: 

Heart weight =.43 X mans weight in grams 
=.40 X womans weight in grams 

To actually determine the degree of hypertrophy 

of the two ventricles, they have to be weighed separately 

and the ratio of their weights determined. This can be 

done by means of Lewis• dissection technique. The normal 

ventricular ratio is 1.85:1 with a normal range of 1.7:1 

to 1.95:1. A ratio of .2:1 or more indicates -left ven

tricular hypertropey and a ratio of 1.5:1 or less indi

cates right ventricular hypertrophy. 

Ventricular enlargement is caused by strain exerted 

on the muscle fibers. This strain may be intrinsic or 

extrinsic. The former refers to localized pathology 
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within the heart such as valvular disease, myocarditis 

or myocardial infarction. The latter refers to systemic 

pathology as hypertension, anemia, myxedema and chronic 

thyrotoxicoses. A more complete classification is by 

means of the involved chambers. This is shown by table 

I. (2, 12, 48, 56) 

There are two explanations for ventricular enlarge

ment. ooe is on the basis of changes in hydrostatic 

pressure and the other is from direct insult to the 

muscle fibers by disease. '!hey both cause injury to 

the muscle fibers. The former first causes a stretch

ing of the fibers and thus dissipation of the normal 

reserve. The latter produces a direct injury. The 

reaction of the ·tissue to either type of injury is an 

increase in the size of the muscle fibers and thus a 

relative increase in the reserve. (67) 

The gross pathological picture depends upon , whether 

the greater ,part of the enlargement is due to dilatation 

or hypertrophy. When a preponderant muscle weight in

crease is present the so called concentric type of enlarge

ment is present. VJhen dilatation is in the greater 

balance, an eccentric type of enlargement is present. 

The micro-pathological picture shows an equal amount 
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TABLE I 

:B.-,,IO:t;OGY OF VENTRICULAR ENLARGEMENT 
Primary Left 

Ventricular Strain 

rr . Arterial Hypertension 
a. Ej__ssential 

I b. Secondary to kidney 
disease 

2. Aortic Stenoses 
3. Aortic Regurgertation 
4. Infarction of left 

entricle myocardium • 
5. Congenital defects 
a. Coa rctation of the 

ao:ttl;l; 
b. A. v. Septal defects 
c. Ductus .Arteriosus 

, Primari; Right 
Ventricular Strain 

1. Mitral ~oses 
2. Pulmonary f{Vperten-

sion 
a. Bronchiectases 
b. :E)nphysema 
c. Chronic interstitial 

pneumonites 
d . SH,icoses 

j • -Pultit0nar,y valve 
i disea.i:,e 

a. congenital 
I b. acquired 
4. Organic tricuspid 

~isease 
5. B.,ri Bari 
6. P,tvocarclial infarction 
7. Congenital lesions 
a. Tetro~- of Fallot 
b. A. V. Septal def ects1 

with or without asso 
ciated mitral stenQ

. ses 
S. Primary left heart 

failure 

Primary Strain 
bf Both Ventricles 

1. Multiple valvular 
disease 

2. Large nzy-ocardial 
infarcts 

3. Chronic pericarditis 
with_external ad
hes ions 

4. Severe .Anemia 
5. Myxedema 
6. Thoracic and spinal 

defects 
?. Renal disease 
8. A. v. Aneuryf mS 
9. Acute ~tyocarditis 

10. Von Girkes di sease 
11. Cardiac neoplasms 
12. Idiopathic congenital 

enlargement 
l J. Severe paroxysmal 

t achycardia in 
inf.ants 

~ 
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B 
FIGURE I 

C 

Left heart strain; left axis deviation (-40°)-QRS 
duration .o8 to .ff} , T waves and S-T segments normal. 

Left heart strain; no a.xis deviation, , T of less amplitude 
then T3 S-T, depressed one millivolt and S-T3 elevated one 
millivolt. 

Left heart strain; slight left a.xis deviation, O~ ampli
tude increased, T1,2 inverted. T3 flat, S-TJ.,2 depre ssed . 
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of enlargement of all the fibers and not an increase in 

the number of fibers. (28) 

.Electrocardiographic Findings in the Standard Leads 

The electrocardiograpbic changes first noted by 

Eithoven were (18) a deviation of the electrical axis. 

He wrote that when the right heart_was enlarged the devia

tion of the electrical axis occurred in lead one (figure IIB) 

and when hypertrophy or dilatation of the left heart was 

present the changes were :L~ lead three (figure IA) (10) 

He also noted that physiological displacement could account 

for changes in the anatomical axis and thus changes in the 

direction of the electrical axis. Therefore changes in 

the electrical axis on a physiological basis must be 

differentiated from changes brought about by increase 

in the size of the ventricles. When this is done, evalu

ation of the tracing can be made. To do this the position 

of the heart, wheth~r it lies in a vertical, normal or 

horizontal position must -be obtained. One of the ways 

that this can be done is by determining the direction of 

the electrical axis, and if it lies within certain limits 

that are considered normal, the shift is on a physiological 

basis. If the electrical axis lies above the horizontal 
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B 
FIGURE II 

C 

Left heart strain; left axis deviation (-350), T, inver
ted, &-T, depressed one millivolt, S-T elevs.ted 2 miJ.:ii
volts, discordant type of S-T segment. 

B. Chronic right heart strain; right axis deviation (t 110), 
T2 ,3 inverted, and S-T3 depressed one millivolt. 

C. Acute right heart strain; S]. present with small Q
3

, T2 
flat T3 inverted and S-T is depressed. 
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or past the vertical, abnormal displacement is present. 

Many hypotheses have been presented to determine 

the electrical axis. The first was Einthovents which may 

be briefly described as follows: (1) The body is a homo

genous conducting medium, which can be considered a sphere; 

(2) The electrical activity of the heart, at a given 

instant, may be considered as a dipole; (3) The dipole 

is located in the center of the sphere; (4) The right 

arm and left arm and left leg may be considered as linear 

extensions of three points on the periphery of the sphere. 

They lie in the same plane as the dipole and are located 

so that if they were joined together by straight lines, 

they would form the sides of an equalateral triang~e and 

represent the three sta..~dard leads of the electrocardiogram. 

Now, no matter how the dipole is situated in the sphere, 

perpendi culars drawn from the dipole to the sides of the 

triangle will be proportional to the potential drop mea

sured across the lead onto which the perpendiculars are 

dropped. These projections will be positive or negative 

depending on their relationship to a perpendicular bisec

ting each sitle of the triangle. (21) Now if the projec

tions of leads one and three are added together, their 

sum will always equal lead two. 
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The dipole or electrical axis occuring at any instant 

:Ln the cardiac cycle may be plotted by determining the 

sum of R1 - S}. and R3 - S3. These sums are then measured 

off in millimeters on the corresponding lead sides of the 

triangle. The dipole then lies on a line constructed 

between a. point in the center of the triangle and a point 

formed by the intersection of perpendiculars dropped from 

the sites plotted on the lead sides. 

The direction of this dipole or the electrical axis 

is determined by the angle formed between the dipole and 

the horizontal. This can be done in tvJO ways, either by 

formula or extension onto a circle surrounding the triangle. 

The lower half of this circle is considered positiv~ and 

the upper half negative. f:;ny' dipole forming an angle 

betvieen o0 and + 9o0 is considered normal axis. If it 

lies between oo and -20° normRl left axis deviation is 

present and if it lies between +900 and +110° normal right 

a.xis is present. If the dipole has an angle of greater 

than -20° it lies above the horizontal, and abnoriaal left 

axis dE'oviation is present and if the angle is greater 

than +110° it lies past the verticle, and abnormal right 

axis deviation is present. (67) 
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'rhis theory is valid except in curves where the 

values of correspondingly named peaks in the three · leads 

do not occur at synchronous points. Here simula.neous leads 

must be had. Except for this one instance this method 

is accurate enough for general use. (20, 46) 

Other methods used to obtain the electrical axis 

graphically are by means of Dieuaide 1s chart (16) and 

Bayley• s triaxial referance system. (9) · Several formulas 

have been presented for the same determination. Two of 

the mqst common are White•s (67) and the one presented by 

the Criteria Committee of the New York Heart Association. 

(15) White ts formula concerns the relationship of the R 

wave in lead one to the S wave of lead three and the R 

wave of lead three to the S wave of lead one. Mathemati

cally it is expressed (R1 f S3)-(R3 + S1)• With this, 

the normal range is from -10 or -15 to +20 or 430 • .Any

thing under this is right a.xis and over this is a left 

axis. 

T'ne Criteria Committee suggested that the deviation 

of the electrical axis be determined by finding the alge

braic sum of the QRS deflections of each of the three 

standard leads. 'rhen when the value is zero or positive 

in leads one and three and positive in lead t wo, there is 
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considered to be no devia.tion of the electrical axis. 

Left axis deviation is considered present when the sum 

of the QRS deflections i s positive in leads one and two 

and negative in lead three. If it is negative in leads 

two and three the degree of left axis is to be considered 

pathological. Right deviation of the electrical axis 

is considered to be present when the sum of the QRS deflec

tions is negative in lead one nnd positive in two t:md three. 

This is pathological if negative in leads one snd two and 

positive in only lead three. 

Another method by which the position of the heart 

may be determined and after which the pathology evaluated 

is through a comparison,.of the precordial leads with the 

limb leads. Wilson and Associates (62) have present~d a 
.. t ·. 

plan using the untpolar precordial leads and comparing 

them with the unipolar limb leads. ~ this method exact 

position may be estimated without confusion of axis devia

tion. The theory of unipolar leads will be discussed later 

in the paper. 

This plan is based upon the fact that the potential 

variations of the right a.rm (VR) is similar to the poten

tial variations of those parts of the heart 1 s surface that 

are nearest the right shoulder. The potential variations 
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of the left arm (VL) resemble the potentie1 variations of 

those parts of the heart's surface that are nearest the 

left shoulder; and the potential variations of the left 

leg (VF) are like the potential vari ations of the heartrs 

diaphragmatic surface. 

The potential of the right arm (VR) is usually 

negative throueriout the greater part of the QRS complex. 

The reason lies in the relation of the right shoulder to 

the great valvular orifices at the base of the heart and 

the negativity of the ventricle cavities i s transmitted 

through these orifices to the adjacent parts of the body, 

including the right shoulder. 

If the heaxt rotates into a horizontal position 

the right ventri cle will lie below the left ventri cle . 

Now the left leg lead will be exposed to a greater amount 

of right ventri cular influence and the left arm to greate1· 

a.,~ou.~t of left ventricular. The latter will resemble the 

pr ecordi al l ead s of the left chest. If the r everse ~s had 

the left leg vrill be exposed to more left ventricular 

influence than right and the left arm will be exposed to 

more right vent ricular influence than previousl y. Now 

the l atter will resemble the precordia.l leads from t he 

right side of the chest. (61) Different degrees of either 
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type of rotation exist. Due to the correlation existing 

between the limb leads and precordial leads, Wilson and 

Associates present the following chart to determine the 

relative position of the heart. 

Vertical Position (figure III) 

a. The ventricular complexes of lead VL 
resemble those of leads v1 and V2• 

' 
b. The ventricular complexes of lead VF 

resemble those of leads v5 and V6• 

Semiver tical Position 

a. The ventricular complexes of lead V~, 
resemble the ventricular complexes of 
leads v5 and v6• 

b. The QRS deflections of lead VL are small. 

Intermediate Position 

a. The ventricular complexes of leads V1 
and VF are simi lar in form and size and 
like those of leads v5 and v6 • 

Semihorizontal Position 

a. The ventricular complexes of lead VL 
resemble those of leads v5 and v6• 

b. The (-tlIB deflections of l~ad VF are small. 

Horizontal Position (figure IV) 

a. 'I'he ventricular complexes of lead V1 
resemble those of leads v5 and V6• 

b. The ventricular complexes of lead VF 
resemble those of leads V1 and V2• 

-
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Indeterminate Position 

a. There is no obvious relationship betv,een 
the ventricular compleses of the limb leads 
and those of the precordial leads. 

To summarize, it can be said that the axis deviation 

seen in ventricular enlargement is due to two factors. 

'Mlether these work alone or together remains to be determined. 

The first i s relative rotation of the heart or a 

change of relationship due to the enlargement of a ven

tricle. This causes a change of the normal relationship 

betvieen the heart mass and the paired electrodes. This 

distorts the normal picture in such a way that one lead, 

which was positive, will now be negative. 

The other factor is the change of time relationship 

that i s created by the enlarged muscle mass. As the fibers 

increase in size the currents arising at each electrode 

will create a phase relationship that causes one wave to 

be more negative than the other at a point later than 

normal. Therefore, negative deflection exists. This 

also explains the negativity seen in the leads taken · from 

the involved ventricles in bundle branch block. It also 

explains why the electrical axis is negntive in leads 

taken from the ventricle opposite the one containing an 
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ectopic point which creates extrasystoles. 

Besides the axis deviation there are other changes 

in the QRS complex in ventricular enlargement. These are 

increase oi' the amplitude and duration of the QRS complex . 

(figure IA) (60) Any amplitude that is equal to or greater 

thsn the allowed standardization can be taken as increased, 

and any duration of .00 to .11 seconds can be taken as 

an indication of ventricular hypertrophy. If the duration 

is longer, the various forms of bundle branch block must 

be eliminated. (66) 

'.lb.e explanation for the above two charu;:es has-not 

been as conclusively proved as that for axis deviation. 

It is thought both are due to the increase in muscle mass. 

'this would cause an increase in tlie period of activation, 

leading to an increase in amplitude. The increased .dur

ation i s explained by two theories. The first is that 

the increased muscle mass causes a prolongation of the 

conduction time; the second, anoxemia of the muscle will 

increase the conduction time. The latter has been proved 

in dogs, by clamping of the coronary arteries. This seems 

as if it would be quite possible in man because it i s an 

accepted fact that , as the muscle mass increases, the 

blood supply remains the same. Therefore an increased 
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muscle mass places more strain upon the vessels present 

and a relative anoxemia exists. {49) 

'!he Q wave is of- some significance by itself. (45 ,22) 

With hypertrophy of the left ventricle a small Qin lead 

one is associated with a deep Sin lead three. If a large 

Q exists in lead three associated myocardial disease is 

usually present, but not always. '.Ihe direct oppos ite 

holds for right ventricular hypertrophy . The only explan

ation is that strain on the myocardium causes a decrease 

in the conduction time of the in vol ve.d muscle. This muscle 

becomes activated later and this accounts for the initial 

downstroke of the QRS complex. 

Other changes, often associated with the above, are 

seen in the T waves . and S-'l' segments. These changes usually 

do not occur until advanced stages of myocardial strain 

are present. Then they appear in 88 per cent. (57) , 

In marked left ventricular strain T1 and T2 will 
I 

be inverted and T
3 

upright. (figure IC) Different grad-

ations of this exist--down to T1 being upright but of less 

amplitude than T3• (figure IB) These findings are usually 

associated vd th marked left axis deviation but it is not 

uncommon to find QRS3 positive and of increased amplitude. (4,ll) 

The S-T segment in a left heart i s below the isoe-
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lectric line iu lead one and slightly elevated in lead 

three. (figure IIA) This can be easily differentiated 

from the depression and elevation seen in acute cor onary 

disease because it is two millimeters or under here, while 

acute coronary elevation or depression is over two milli

meters. 

Right ventricular strain gives a comparable picture 

of T wave and S-T segment change s . However, there are 

present here two different types of changes, those associe.ted 

with chronic strain and those manifested by an acute condi-

tion , such as seen with an embolism of a pulmonary artery. (4,30) 

The changes seen in the chronic type are not as 

marked as those of left ventricular enlargement. (figure IIB) 

Usually some elevation of the S-T segment in lead one 

occurs with slight depression in lead three. T1 is al~ays 

upright , T2 and TJ show different degrees of changes, 

varying from a decrease in amplitude to a marked inver-

sion. The latter carries a graver prognosis. These are 

usually associated with a change in the direction of the 

electrical axis. 

In acute right heart strain, changes in the elec

trical axis are rare . (figure IIC) An s1 may develope and 

a small Q3 is often had. The S-T segment begins below 
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the isoelectric line in lead one. f2 and TJ may be flat 

to inverted. The S-T segments in these leads are convex 

toward the base line and may or may not show the diphasic 

appearance seen in coronary involvement. (46) 

The S-T segment changes of hypertrophy may be differ

entiated from those found in hypertrophied hearts with 

coronary sclerosis. In the former the convexity of the 

S-T segments are toward the base line or concordant (figure IC) 

while in the latter it is upward or discordant. (figure IIA) 

This point can be of much help in evaluating the prognosis. 

The latter is indicative of a pathological process that is 

irreversable. (2eJ Explanation i s emperical and has i been 

based on correlative findings between the electrocardiogram 

and autopsy. 

The literature discussing the direct cause of T 

wave and S-T changes is controversial. Robb and Robb (45) 

found the wave changes depended upon which layer or layers 

of muscle were involved. They concl uded tha t when only 

the superficial sinospira.l muscle was damaged changes would 

occur causing elevation of the S-T segment. If the super

ficial bulbospiral muscle was involved S-T depre ssion would 

be had in one lead with elevation in another. Also, if the 
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deep sinospiral and bulbospiral muscles were involved 

Rand T wave changes would occur. The fallacy in this 

proposal lies in the fact that other workers have been 

unable to produce the same changes, but have produced 

the opposite. Gubner and Ungerleider (23) demonstrated 

that if the interventricular pressure was raised the S-T 

and T waves showed changes. This places the strain on the 

deeper muscle layers. These men also showed that such 

conditions as chronic anemia, carbon monoxide poisoning, 

shock, overexertion, anoxemia and mechanical trauma could 

produce this same picture . These . all cause changes to 

occur in the subendocardial muscle layers. conclusive 

proof of the fact that embarrasment of the subendocardial 

region will first show electrocardiographic changes is 

found in work done by White . He demonstrated that suben

docardial infarcts heal less rapidly than those in the 

center of the myocardium or beneath the endocardium. (65) 

.Another theory is that metabolic strain caused by 

inadequate coronary circulation will bring about these 

changes. (1, 53) Inadequate coronary circulation causes a ·· 

collection of acid metabolites . This is explained by 

two factors, a decrease in capillary count per square 

millimeter of heart muscle is present and an increase in 
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thickness of the hypertrophied muscle cells exists. The 

former causes a relative decrease in the amount of nutri

ment for each cell. The latter makes rapid diffusion of 

oxygen, nutriments and metabolites difficult. The same 

electrocard.iographic changes are seen in cases with coro

nary sclerosis where a known decrease of blood to the 

tissues exists. Further evidence that the changes are 

due to a metabolic strain is that S-T and T wave changes 

may be reversible. 1'his has been observed to occur in 

cases in which marked lowering of blood pressure has atten

ded therapy of hypertension by various measures, such as 

sympathectomy and administration of thiocyanates, renal 

extracts and tyrosinase. (23) 

This same theory of metabolic strain can be used 

to explain the change seen in serial tracings in which 

slight left heart strain first appears and then with in

creasing fibroses of anoxemia, shows progressive grades 

of embarrasment. This . process nray continue .to completely 

involve , the "bundle of His and pro"d,uce a "bundle~"t>ranch 

block. 

Si gnificance of Precordial Leads 

Precordia.l leads are contacts made between the 

chest wall and a distant point on the body surface. They 
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have been standardized by the American Heart Association 

so that a deflection above the isoelectric line is consi

dered relatively positive and one below is relatively negative. 

In keeping with this standardization it is necessary 

that the precordial lead must be the ground point of the 

connection. For example, let us consider use of the regu

}er third lead position on the electrocardiogram gang 

switch. Here the electrical activity travels from the 

right arm to the left leg. Therefore, the left leg contact 

must be placed over the precordium where it acts as the 

exploring electrode and the right arm conta~t over the 

left leg to form the indifferent electrode. (46, 9) 

Precordial leads may be used either singularly or 

in multiple. The accepted positioning is in a line across 

the chest descenditig with the mass of the heart. (15) 

Lead one is found in the fourth intercostal space to the 

right of the sternum, lead two in the fourth intercostal 

space left of the sternum; lead three is located midway 

betv1een two and four and placed on the fifth rib, four is 

in the fifth intercostal space. at the left midclavicular 

lim. Lead five is at the anterior axillary line at the 

same level, six is in the left midaxillary line, :. a t the level 
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of four and five. Numerous other body leads are used. 

The above are employed more frequently. With the setup 

as explained the leads are referred to as CF leads. These 

letters stand for chest-foot. When a single precordial 

lead is referred to, in this paper, it is cF
4 

because this 

is the one in standard use at the University Hospital. 

In CF
4 

left ventricular strain causes a depression 

of the S-T segment and also a flattening to inversion of 

the T wave. Changes in the QBS complex vary with the 

position of the heart. In a ve r tical position the R wave 

will be of increased amplitude and duration, if horizontal 

a deep S wave will be present. Here confusion may arise 

again with differentiation from an anterior coronary. 

The absence of a Q wave and past his tory of an acute attack 

are the main points of differentiation. Right strain mani

fests itself in much the opposite way. The S-T segment 

is slightly elevated . (.5-1 mm .) The T wave is upright 

and with a verticle position one will have a deep S wave 

and with a horizontal position a large R wave. (57) 

The advantage of a single precordial lead in ven

tricular enlargement is resJ.ized when you consider that 

standard leads pick up cardiac changes in 64 per cent of 
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patients with hypertension and precordial leads 83%- (57) 

Pathology such as notching of the QRS complex, resulting 

from injury of t..11e myocardium, ·will alter axis changes in 

the standard leads, but not to as great an extent as in 

the precordial leads. Coronary sclerosis masks the pic

tures of strain by producing signs quite similar and a 

Pardee Qin lead three will confuse the picture in like 

manner. 

A recent contribution has been made in the field 

of precordial leads by Wilson and .Associates.(62) Their 

technique is to connect through a central ~erminal, composed 

of three 5000 ohm resisters, leads. from the three extrem

ities. This equalizes the potential variations found in 

the extremities and gives you an indifferent pole whose 

theoretical potential i s relatively zero. Thus you have 

a unipolar lead rather than a standard bipol ar lead. 

These leads are referred to as V leads. The advantage of 

this type of connection is that an equaliied potential 

gives more accurat~ recording of electrical changes in 

the cardiac cycle. The explanation is made on the basis 

that the amplitude of the precordium is approximately 

thirty times as great as in ru.1.y extremity. This increase 
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in amplitude is appreciated by anyone who he.s taken pre

cordial leads and had to cut their standardization into 

half to control the string. Elcplanation lies in the fact that 

as the location recedes from the heart, the amplitude 

will decrease with the square root of the distance. (3) 

Even though CF leads are more commonly employed, 

my discussion of multiple chest leads will be confined to 

Wilson or V leads. For general purpose what is said for V 

leads may be applied to CF leads. With the latter standard 

limb leads are used as comparison, to obtain the heart's 

position. In this way CF5 and CF6 ·will resembl e lead 

one. In the former the unipolar limb leads are used. 

The picture of a normal precordial curve (fig,.1.res III 

and IV), is characterized by very small R deflections and 

deep and relative broad S waves in leads from the right 

side of the chest. In these the peak of the R occurs 

early in the QRS interval and is f oilowed oy a la.1.·ge , 

abrupt do~nward movement which obviously corresponds to 

the intrinsic deflections of direct leads. The ventricular 

complexes of the leads from the left side of the precordium 

have a tall and relatively wide R component. This is often 

preceded by a small Q wave and followed by an S deflection. 
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The peak of the R ison the average about o.u2 seconds later, 

in leads from the left side of the chest than in leads from 

the right side. The transitional zone of these two different 

types of complexes varies from person to person and even 

within the same individual. It is usually found in leads 

from the third and fourth positions. (62) 

The value of multiple precordial leads in the diag

nosi s of ventricular strain ~s to correctly evaluate the 

exact heart position a.'ld at the same time determine the 

degree of strain. Since the method of. determining position 

has been previously explained, the following discussion 

will deal only with strain. 

In uncomplicated cardiac strain the findings are 

mai::u.y an exaggeration of the normal picture. The changes 

seen are not different from those of the standard leads. 

The leads affected are those that lie directly over the 

involved ventricles. 

In strain of the left ventricle (figure V) increased 

amplitude and widening of the QRS is seen in all leads, 

but is most pronounced in those from the left chest (v
4

, V5 

and v6). Other changes are the decrease in the amplitude 

to complete absence of an R wave from the right chest leads 
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FIGURE V 

VL resembles V:i. and V2; VF resembles V5 and v6• Therefore 
vertical position of heart is present . -QRS duration .09 
seconds, Transition in v4 - T waves in V5 and v6 inverted; 

' therefore left ventricular strain is present. 
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(Vi, V2 and V3). The transitionul zone is shifted to the 

left. The tl waves of the left side leads are increased. 

Often a prominent Q wave is present that increases in 

depth toward the left side of the chest. The peak of R 

comes abnormally late in the QRS interval and the T deflec

tions are inverted. 

In a high degree of right ventricular enlargement 

(figure VI), the picture appears much like that of bundle 

branch block, differing in that the interval is under 

.12 seconds and is not slurred or notched. As a rule the 

voltage of the chief QRS deflections are above normal 

although not as large as in left ventricular strain. In 

the leads from the right precordium the It wave is very 

large, the Q is frequently present, an' S wave is usually 

absent and the T deflections are commonly inverted. In 

some instances a small initial deflection precedes the first 

downward deflection of the QRS group. In the leads from 

the left side of the precordium the R deflections are 

abnormally large. In other words, the precordial curves 

are opposite in type to those obtained when the heart is 

normal. 

When the heart is enlarged it is usually in a hori

zontal or semihorizontal position. In either case the 
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FIGURE VI 

VL resembles v5 and V6; VF resembles Vi and v2 ; therefore 
heart i s in horizontal position. Vi and v2 are positive. 
V5 and V6 are negative. The normal picture i s reve1sed ; 
tnerefore right heart strain is present. 
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ahanges previously described will be found. When aver

ticle or semiverticle position is associated with ventri

cular enlargement, the picture is somewhat different. 

The semivertical position produces abnormally large R waves 

and usually inverted T waves in left ventricular enlarge

ment. Right ventricular enlargement produces large S 

waves in the standard precordial leads. A verticle posi

t i on of the heart with left ventricular enlargement, causes 

a r igh½ axi s deviation. Right ventricular enlargement produces 

a left axis deviation. (62) 

The explanation for changes here are the same. as 

previously outlined for the standard leads. The only 

addition to make is in spea.~ing of chest leads as a whole. 

Here the specific lead records the activity of the heart 

muscle lying directly under it. If the entire heart i s 

activated at the S?,me time a normal deflection occurs , 

but if some part of the heart becomes activated before that 

underlying the electrode, a Q wave is formed. The depth 

and duration of this Q will be determined by the t ima 

element involved. f muscle becomes activated after . the 

tissue underlying the electrode> an S wave will be inscri

bed upon the record, the depth and duration of which will 
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be determined by the time element involved. This i s not 

true in the case of normal leads v1 and Va because, as stated 

previously, the relative negativity of the ventricular 

cavities determine these deflections. (61) 

Discussion 

~1ectrocardiographic interpreta~ion i s based upon 

emperical knowledge gained by correlation of data obtained 

from electrocardiogrruns and clinical or post-mortem .obser~ 

vations, ~and ·well c-onstructed hypotheses. This information 

has provided the physical and physiological foundations 

of the science. At present, well established criter~a 

are available so that electrocar4iography is now an in

valuable clinical aid. Its value in diagnosis of ventri

cular enlargement . . has increased as the science has deve

loped. Today accurate evaluation of ventricular enlarge

ment can be made early and it is possible to differen

tiate whether the right or left ventricle is involved. 

The former statement is borne out by ~ase 89034 

at the University of Nebraska Hospital. Here the heart 

showed no signs of enlargement by X ray, but in the pre

sense of an electrical axis of ·-6o0
, an.ct a flat 'i'i _with 



I 

II 

I 

I 

-42--

no deviation of the S-T segment, definite signs of left 

heart strain were demonstrated on the electrocardiogram. 

This diagnosis was borne out by the finding of a heart , 

that weighed 400 grams with a left ventricular wall that 

measured 2 cm. in thickness at autopsy. 

The value in knowing the latter plays an important 

role in helping to determine- the etiology of the ventricular 

enlargement. This is especially important in certain 

cases where auscultation presents a confusing picture of 

multiple murmurs. This was well brought out in case 88683. 

The patient had an old rheumatic fever history and was 

diagnosed on the ward as a mitral stenoses. Becaus~ he 

was not reacting to digitalis theropy, an electrocardio

gram was run • . Instead of finding signs of right heart 

strain and fibrillation as would be expected with a rtli.tral 

stenoses the opposite picture was present. The electrical 

axis formed an angle of -3o0 , Ti was flat, S-T1 was depres

sed one millivolt and S-T3 was elevated one millivolt. 

The rate was regular. Autopsy showed a dilated heart, with 

a calcified, typical fishmouth aortic valve and only minimal 

involvement of the mitral valve. 

The prognostic value of the electrocardiogram in 
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ventricular enlargement is difficult to evaluate because 

it presents a picture showing only that such a condition 

exists. It does not tell you the degree of involvement. 

Therefore a single tracing only contributes to the prognoses when 

it is coupled with other laboratory tests and. clinical 

observations. It is true that on an emperical basis tracings 

showing marked T wave changes indicate more extensive 

pathology and should carry a graver progno~is. Still, no 

correlation can be made between the tracing and the a.mormt 

of pathology existing. 

Serial tracings have definite prognostic value 

for they trace the progression of changes as the dis~ase 

increases in severity. 

The electrocardiogram plays an i mporta..~t role in 

checking improvement and recovery of cases of bypert~nsion 

that respond to treatment. In th~se c~ses that respond 

to sympathectomy, tb;yocyanate treatment and so forth, the 

T waves in leads one and two can be seen to reverse their 

direction and even the direction of the electrical axis 

has been seen to revert back to normal limits. (7) 

The only instance where the el ectrocardiogram fails 

to be of any importance in ventricular enlargement is in 

cases where an equal or near equal enlargement of both 
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ventricles exists. Here the changes ,of electrical axis 

cancel each other. T wave changes may exist and when t hey 

do the balance is in leads one and two. 

A question often presented is whether or not the 

electrocardiogram is of any significance in determining 

' whether .enlargement is ~ue to dilatation. Hartog and 

von Niewenhuezen (45) maintain- the electrical axis changes 

are due to dilatation, while hypertrophy causes S-T segment , 

and T wave abnormalities. Their opinion is based upon the 

fact that left_axis deviation is most common in old age 

groups and this group of people show a greater incidence 

of dilatation. Also, they claim left axis deviation i s 

less common in hypertensive patients . This is oppostte 

from the findings of Smithwick and Associates and from 

information gained from the files of the Cardiology Depart

ment of the University of Nebraska Hospital. In both cases 

one of the earliest signs of hypertension noted was a shift 

of the electrical axis. The former group has proven this 

by .demonstrating that the electri cal axis as well as the 

T waves and S-T segments may reverse t heir direction after 

sympathectomy. 

The confusion arising over this poin~ lies in the 
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oasic fact causing axis change-relative rotation of the 

heart on its longitudinal axis and a shift of time relation

ship of the currents at each electrode. These changes can 

be caused by either d±latation or hypertrophy or both. 

The differentiation then lies upon facts obtained from the 

patient's history and other clinical data, rather than 

upon electrocardiogram. 

&'Ummary 

111.e electrocardiogram is of diagnostic importance 

in ventricular enlargement. Accurate interpretation can 

readily determine certain changes that have been proven 

by autopsy to be characteristic. 'I'hese changes are an 

abnormal shift of the electrical axis, depression to inver

sion of the T waves and elevation or depression of the S-T 

segments in specific leads. 

· It is possible to determine, with accuracy, whether 

the right ventricle or left ventric~e is involved . This 

accuracy increases in proportion to the degree of dissociation 

of the weight r atios of the t wo ventricles. 

In diagnosis of ventricular enlargement the position 

of the heart must be determined because a marked verticle 

or horizontal position may distort or confuse the evaluation. 
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The significance of the electrocardiogram i n ven

tricular enlargement lies in its value in early recogni

tion and helping to establish a diagnosis as viell as to 

follow what progress is being made in the therapy of hypertension. 

Conclusions 

1. The electrocardiogram has. been proven to be of 

a cl inical aid in diagnosis of ventri cular enlargement. 

2. I t demonstrates that ventricular enlargement 

is present, but at this t ime no direct correlation can be 

made between the curve recorded and the amount of pathology. 

3. The electrocardiogram is of no practical sig

nificance in determining whether the strain is due to 

dilatation, hypertropyy or both. 

4. The r elative position of the heart may be deter- · 

mined by correlating findings of the limb leads with the 

precordial le-ads. This is significant because it alleviates 

one of the greatest sources of confusion in the diagnosis 

of ventricular enlargement. 
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