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INTRODUCTION 

The proper evaluation of the electrocardiogram 

as an aid to diagnosis of heart disease in the aged has 

been contused by a lack of generally accepted limits 

for normal values. Part of this problem has been 

�erived from the debate on certain changes which have 

been considered as reflections of only the aging process 

per se. With these uncertainties it becomes appearant 

the value of knowing what changes occur within the heart 

anatomically and tunctionally which need not be con­

sidered sufficiently pathological to warrant the diagnosis 

of heart disease; and how, if at all, these changes 

are reflected by the electrocardiogram. As a corollaey 

to this concept is the value of tabulating the numbers 

of clinical and electrocardiographic changes in the 

aged, thus establishing the relationship of each to 

itself and to each other. 



TECHNIQUE OF STUDY 

Selection of Cases 

All patients entering Douglas County Hospital on 

the Medical, Surgical, Orthopedics, and Urology Services 

during a 5 month period and. 70 years of age or older 

were studied. The total number of cases reported was 

75, 20 being excluded because of such a short period 

of hospitalization that adequate records were not 

obtained. No attempt to screen this group was made 

and. it represents both ambulatory and bed patients, 

as well as thoEe with and without known cardiovascular 

disease. 'he patients under care at Douglas County 

Hospital on the services studied are indigent and are 

not rectricted as to sex, race, and color. .A record 

was made on each patient as to age, sex, color, hospital 

service, and primary diagnosis. 

Roentgenological Study 

All patients had full size chest films taken 

in the u~right position. Evidence of gross cardiac 

enl~gement or pulmonary congestion on a cardiac basi 

vra.~ ~sed as evidence of radiological abnormality, 

while those with such findings as ectasia or various 

degrees of calcification of the aorta were considered 

within normal limits for the purpose of this survey. 
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Clinical Study 

Careful histories and physical examinations were 

done on all of the patients \'lith :particular reference 

to the cardiovascular system. This was done either 

in part or totally by the author. 

Electrocardiograms 

Electrocardiograms were made on all patients 

lyine in bed with one pillow under their head using 

a General Electric Oardioscribe direct writing type 

ma.chine. The leads used were the same on all patients : 

Standard Leads 1,2, and J; Augmented Unipolar Limb 

Leads aVL, aVR, and aVF; and Precordial Leads Vl, V'Z, 

VJ , v4, V5, and V6. 

The author read all of the electrocardiograms 

using the established normal values for adults (1, 2) 

and the criteria for reading augmented leads as 

suggested by Goldperger . (3) In addition to reporting 

the accepted abnormal findings, premature beats and 

complexes with low voltage were noted. The cardiac 

position was recorded by the method of Goldberger, 

rather than calculating axis deviation. 
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RESULTS 

For the purpose of interpretation of the results 

this series of cases was divided into four groups. 

The number of cases in each group, their age, sex, 

and race is indicated in Table I. The age variation 

within the series was from 70 to 99. 

Definition of the Groups 

Groups 1 and 2 had clinical evidence of heart 

disease. The criteria used for this impression were 

active or past history of decompensation, angina, 

pressing substernal sensations, marked exertiona.l 

dyspnea and the physical findings of abnormally enlarged 

heart, murmurs including apical systolic murmurs of 

relative loud intensity, and thrill. Although some 

of the cases had evidence of only suggestive heart 

disease it was felt they should be included in this 

group to allow the so-called normal group to be as 

free as possible froc any clinical evidence of cardiac 

pathology. Group 1 was not hypertensive, group 2 was. 

Blood pressures of diastolic 90 mm. mercury ar-a systolic 

150 mm. mercury were considered the criteria for 

hypertension. 
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Grou~s 3 and 4 were considered free from heart 

disease clinically using the criteria mentioned above. 

Group 3 was hnertensive, group 4 was not . 

A tabulation of the electrocardi-ographic abnormalities 

demonstrated is made in Table 2. Further breakdown of 

the clinically normal groups as to specific a.ges, 

blood pressure, and primary diagnosis is available 

in Table J . 

Table 4 is a tabulation of the cardiac position by 

the method of Goldberger . 
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Table 1 

Group No. 1 No. 2 No. 3 Mo. 4 Total 

Sax Male 15 18 3 16 52 

Female 4 12 3 4 23 

Race White 16 28 .5 16 6.5 

Colored 3 2 l 4 10 

ge 70-79 8 24 5 10 47 

80-89 11 6 1 9 27 

90- 0 0 0 1 l 

Total NUl!lber 19 30 6 20 75 

The four interpretative eroups tabulated as to se~, race, 

age and total numbers. 
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Table 2 

Groups 1 2 

Total cases in groups 

Normal electrocardiograo (a) 
Normal electrocardiogram (b) 

19 30 

2 2 
0 O 

ormal sinus rhythm 

bnormalitie~ of rate, rhythm 

12 13 

solated A ~remature beats 0 
Isolate~ V ?re~turP beats 5 
Isolated :pre~..:::.ture nodr>l beats 2 
Si nus bradycardia I) 

Sinu:: arhythmia 0 
Auricular fibrillation 2 
Auricular flutter 0 

Conductioj defects 

Pro~one;ec A-V condu~tion 1 
R Bundle branc'h bloc!~ 3 
L Bundle branch block 1 
Intraventricular conduction def.l 

Ischemic lesions 

Myocardial ischemia 
Myocardial infarction 

ute 
Healed 
Suspect 

Hypertrophy and Strain 

L Ventricular Strain 

1 

., 
1 
4 

':t .,, 
L Yentricula!" Hypertro:r,hy 3 
L Vent. hypertro~hy and strain 1 
R Ventricular Strain 0 

3 
6 
1 
0 
1 
6 
1 

0 
7 
3 

4 

., 
2 

6 
3 
1 
1 

Digitalis 

1':>w Voltage q,RS 

4 11 

~ 2 

3 4 Tota~ Total 
% 

6 20 7.5 

6 14 24 32 
5 7 12 16 

6 1.5 46 61 

0 
0 
0 
1 
0 
0 
0 

0 
0 
0 
0 

0 

n 
0 
0 

0 
0 
0 
0 

0 

0 

2 
1 
1 
1 
0 
0 
0 

J 
0 
0 
2 

5 
12. 
4 
2 
1 
8 
1 

6 
16 
5 
':t .,, 
1 

10 
1 

7 9 
J /.J, 

8 10 
6 8 

O 5 6 

O 4 .5 
O J 4 
O 12 16 

2 11 14 
O 6 8 
0 2 J 
0 1 1 

0 1.5 20 

7 12 16 

The four interpretive groups tabuJc~~i as t o electrocardiographi 
dia~osis and the percentage oi each. 
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Table J 

Croup No. 3 

Age Primary Diagnosis No. of Elood Pressure 
cases 

71 
75 
76 
77 (2) 
80 

Fractures Z 
Prostatic hypertropby 1 
Diabetes mellitus 1 
Pneumonia 1 
Ecthyir.a 1 

Average age 76 

Group No. 4 

ge Primary Diagnosis Ho. of 
cases 

71 Fractures .5 
72 Pneumonia 4 
73 Hypochromic anemia 3 
7l't (2) Prostatic hY3)ertrophy 1 
76 Herpes zoster 1 
77 :Bronchial asthma l 
78 (2) Carcinoma o'! bowel 1 
79 Hodgkin 1 s disease l 
80 (2) Chronic alcoholic l 
82 (2) Diabetes mellitus l 
83 (3) 
8.5 
87 
99 

Average age 79 

151.1/ 88 
175/90 
180/90 
180/95 
168/100 
190/105 

Oases in Groups 3 and 4 t.'.::.bulated as to the number at each 
age and as to the primary diagnosis. 
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Table 4 

Group No . 1 lfo. 2 No. 3 No. 4 Total 

Horizontal 11 20 5 9 45 

Horizontal-
Intermediate 2 1 0 4 7 

Intermediate 4 2 0 4 10 

Vertical-
Inter:raediate 0 0 1 0 1 

Vertical 0 0 0 1 1 

Total 64 

Tabulation of the groups according to heart position 

using the technique of Goldperger, excluding those 

cases showing bundle branch block. 

9 



The Normal Groups 

In ma.king an electrocardiographic analysis of the 

normal hypertensive group 3 and the normal non-hY]?er­

tensive group 4 the measure~ents o1 the various intervals 

and their ru::ipli tud.es were tabulated as well as being 

used in the reading of the individual electrocardiograms. 

The two cases showing intraventricular conduction defects 

and the two cases with demonstrable left heart strain 

were excluded, thus leaving 6 cases in group 3 and 16 in 

oup 4. The material is listed below: 

Heart Bate varied from 57 to 93 in group 4, and 

from 55 to 88 in group 3. 

The PR interval was above normal limits in one 

case after evaluating it with respect to heart rate. 

In group 4 it varied frore .12seconds to .20 seconds 

with an average of .16 seconds In group 3 it also 

varied from .12 seconds to .20 seconds with an average 

of .16 second. s . 

The P waves were notched and. slightly irregular 

in two cases, but in none were there other evidences 

of auricular pathology. 
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The Q.T interval was measured and compared. to 

the ideal QT interval calculated by the use of :Bazett's 

formula. (4) In group 4, 7 of the 16 bad a re.tio 

greater than 1.09, t he usually accepte~ upper limit of 

normal, while 3 were . 9 or smaller. The range was 

fro~ .65 to l.15, with an average of 1.04. In group 3 

all 6 oz the cases had a ratio greater than 1.09, the 

average being 1.14 with a range from 1.10 to 1.23. 

The duration of the Q,RS complex wns under .10 

seconds in all of the cases recorded. Low voltage 

o! the QfLS complex was present in 7 of the 20 cases 

in group 4 and was not present in any of the 6 cases 

in group J. The standard for low voltage was a total 

excursion of the Q;tS complex of less than 5 mm. in each 

of the three a'U@llented unipolar limb leads. (3) 

No T wave changes such as inversion and alteration 

of shape were seen which were not correlatable to some 

known type of tracing. 

Premature beats were demonstrated in 4 of the 20 

cases in the entire group 4 series and in none of the 

6 cases in group 3. AuricuJ.ar prell'.ature beats and 

ventricular premature beats were the only abnormalities 
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in two of the tracings. The third showed evidence 

of defective intraventricular conduction as well as 

nodal premature beats, while the fourth showed a 

combination of auricular and ventricular premature 

beats as well as first degree A-V block. 

If low voltage Q,RS, sinus bradycardia, and 

premature beats are considered abnormalities then 

gro~p 4 has 13 cases or 65% with abnormal tracings, 

and group 3 has 1 or 18% abnormal tracings. However 

if these are considered not abnorw.al then the relative 

number of abnormal electrocardiograms changes to only 

JO% in group 4 and none in group 3. 
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DISCUSSION 

As in all of medicine, so also in this :particular 

study one of the most difficult questions has been 

establishing what can be considered the normal change 

,-Ti th age. Non-specific aging of the heart functionally 

without signifiga.tt structural change has been termed 

presbycardia by Dock. (5) Unfortunately from a clinical 

viewpoint as well as from the pathological anatomy this 

concept has nroved more theoretical than technically 

correct as :Boas and other workers have shot-m. (6,?) 

The Pathological Anatomy of the Aging Heart 

Many investigators believe that the changes 

shown in the aged heart are entirely a reflection 

of disease of the heart. It is known that hypertension 

is common in this group (8,9) and it, in association 

with arteriosclerotic heart and vascular changes or 

alone, is responsible for increased cardiac work with 

hypertrophy and dilitation. Such changee ~~~ also common 

in association with arteriosclerotic changes alone. 

:Both hypertension and arteriosclerosis with inc,-•easing 

deir.ands on coronary vessels of diminiclled caliber are 

influential factors in the production of myocardial 

ische,:r.ic changes. Willi us and Smith (10) studied .381 
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cases over 70 years of age at postmortum and found 

evidence of coronary sclerosis in all of their cases, 

being scarcely perceptable in only 2.5% but moderate 

to advanced in over 75% of the heartF, As well as 

these more common cor.ditions Congenital, Luetic, and 

Rheumatic Heart Disease are known to occur in the aged 

group. (11) 

The gross pathological findings in a series 

of 164 cases between the ages of 80 and 94 have been 

described by Ho,·rell. (12) His serj.es showed normal 

muscle in 50% with the findings of general fibrosis in 

16%, fatty changes in 5~. friable muscle in 17%, and 

brown atrophy in 12%. This series showed gross evidence 

of c~rdiac hypertrophy in 56% of the cases . 

Since the electrocardiogram can serve only as 

an aid in cardiac diagnosis it cannot reflect the etiology 

of any problem. As the diseasPd state can interfere with 

conduction or can cause cardiac dilation, hypertrophy, or 

strain, then these changes can often be seen as variations 

from the usual stimulation and recovery pattern of the 

heart. The electrocardiographic diagnosis of these 

conditions is thus directly related to the changes caused 
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by these diseases to the state of the mrocardiUI!l and 

the conduction system. (13) The problem of what 

findings are shown in the electrocardiogram by less 

specific changes, such as brown atrophy, is answered 

in part by Katz report (11 !, ) on the electrocardiogram 

in three cases of brown atrophy in \'lhich the findings 

were within normal limits, showing moderate left a.xis 

deviation. 

That at least from an electrocardiographic 

standpoint no evidence of cardiac abnormality need be 

found with increasing age is SU!)ported by Gelman 1s 

case (15) of a man 122 years old showing an essentially 

normal electrocardiogram. 
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a Comparison of Electrocardiographic Abnorr.ir. lities 

review of the literature der onstrates several 

approaches to the problem of study of the electro­

cardiogram in the aged. Three groups of papers have 

appeared: 

1.) A survey of non-selectet hospital and clinic 

type patients. 

2 . ) A survey of a cross-section group of ambulatory 

patients from a convalescent home 

J.) A survey of patients which ha•·') been selected 

on the basis of various criteria to be free 

of cardiac disease 

Table 5 shows the proportion of abnormal electro­

cardiograms reported by each investigator. The number 

of abnormal tracings ranges froM Hagen ' s group (16) 

with 1~ to Duthoit 1 s (17) with 97% . 

Wosika (18) showed 1.5 of 20 with normal electro­

carciogra.ms were normal clinically, while of his group 

of 90 with abnormal electrocardiograms JS were considered 

ree clinically. 

16 



17 

Table 5 

Date Type , ' Percent No.of Lower 
of Abnor....:-1 Cases age of 

Lee.d EKG cases 

General Group 

Willius 1931 Stand. 54.5 700 75 

Warnicke 1939 Stand. 59 70 65 

Dolgin 1949 - 68 71 65 

Wosika 19.50 Agn:.td. 80 100 80 

.Ambulatory Convalescent Home Group 

Duthoit 19.36 Stand.. 97 116 60 

Lohr (lq) 1939 Stand. 41 162 51 

Fox 1942 St. & IVF 66 JOO 60 

Fox 1948 St. & IVF 49 300 60 

Screened Non~Cardiac Group 

Gelnrui 1936 Stand. 50 60 61 

1-:)witt 1939 Stand. 26 100 70 

Eliaser 1941 St. & !VF 8.5 100 70 

Ta~~ 19LiJ+ St. & IVF 64 102 60 

cNamara 1949 St. w !TI 61 100 70 

Hagen 19.50 .l:l.gil! t d • 14 .56 70 

Tabulation of the number of abnormal electrocardiogTams 

found in various series. 



In the author ' s series 68% of the total cases 

had abnormal electrocardiograms. Of the group clinically 

free of heart disease JO% had ~bnormal tracings. 

Occas~~r-al prewature beats or low voltage of the Q,RS 

co~lex wa s the only abnormality in 8% of the group 

with cli~ical heart disease. 

The tY.!:)es of leads and the man~er of interpretation 

of the electrocardiograms have certainly been factors 

in the rrarked deviation of results obtained by the 

various authors. For the purpose of comparison of 

results it is difficult to include such variationc 

of o~inion as Levitt 1 s (20) that auricular fibrillation­

and prolonged PR interval are not n~n~rmal findi ngs, 

to that of Eliaser (21) who listed axis deviation as 

~n abnormality. Because of these interpr 0 tive 

differences the fine.ings are of value only when 

compared on a very broad ~cale. 

It is Wosi~a •s opinion (18), considering the 

problem of numbers of leads, that in pert the nunber 

of abnormal electrocartiogra~s in the aged group is 

almost proportionnl to the number of leads taken. 
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Thi3 probably is an exaggeration of fact, although the 

value of using more than .3 or 4 lea.de, particularly the 

use of augmented extremity leads, has been so thoroughly 

~roved that it wilJ not be discussed here . (3, 18, 22) 

~or a comparative basis, ;,articularly with reference to 

the position r--1> the heart, only those series which have 

been ta.1re11 using augmented unipolc.r e:xtremi ty leads 

have been chosen by the author. 

Electrocariiographic positioning o~ the heart 

has been done in ~ac~ of the series, however only in the 

reports of Wosika (18) and Hagen (16) has this been done 

using the designations suggester:l. ·by lzoliberger. This 

technique has avoided the earlier problem of trying to 

evaluate ,-rhich abnor.::'.lali ties are indicated by various 

degrees of axis deviation . In general the same pattern 

is evident in all of the series, namely the great 

preponderance of left axis deviation or more specifically 

horizo~tal heart. Left axis deviation has appeared 

in !rom 62% to 76% of the caseo of those authors which 

have re~orted their r~sults in that manner. (21, 23) 

The numbers of hearts in the various positic,,s 

as cE:.J.c,u.ate<l. in Wosika 1 s and Hagen's ceries are compared 

with those of the author in Table 6. 
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Investigator Wosika 

Horizontal 38 

Intermediate- 25 
Rorizo~t~l 

Intermediate 20 

Intermediate- 7 
Vertical 

Vertical 4 

Total No. of 94 
Cases 

Table 6 

Hagen Author's series 

Total Gr. 3 Gr. 4 

35 45 5 9 

- 7 0 4 

18 11 0 4 

- 1 1 0 

J 1 0 1 

56 65 6 18 

Tabulat~on of the position of the heart electrocartio­

grnphically using the technique of Goldberger and 

eAclud.ing cases of bundle branch block. c ... _pari sc:~ 

r::: the results of Wosika (18), Hagen (16) and the author. 

20 



One explanation for this prepont~~~nce of hor1s~~tal 

posit~on has been suggested by Hagen (16) who found 

a high degree of correlation between this and ectasia 

of the aorta . The finding of horizontal positioning 

of the heart cannot be generally considered a~ an 

~bnormality however. 

Left yent:-1 cular hyper"trO!)!'!r was present in 20% 

of the cases of Wosjka and in 10% of those of the author. 

Le:t heart strain was :f'ou.n:! in 11% of Wosilra I s cases and 

in 15% of those of t11e author. These find.i~gs were 

prjmarily observed in the cases with known heart 

disease. It is interesting to observe that neither 

,·ras :present i~ the si:::a.11 series of caces presented. by 

the author which werP considered. clinically normal 

for the exc:03ption of elevated blood pressure . 

.u.ricular fibrillation occurre~ fro:n 2 ~n 19% (20, 24) 

in various series, the highest in any survey of patients 

screened to exclude those with noticeable heart disease 

was Li,%. The author I s series showed 10% in the total 

group, with none in the groups chosen as clinically 

11or1tal. 
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First degree A-V block as a finding in each of 

the reported series has ranged from 2% to 40% (25, 21) 

varying in ,art by a lack of un1form criteria. 

Wosika (18) in his unselected group found 29 cases out 

of the 100 patients over 80 years of age, his determin~tion 

being based on the prolongation of the PR interval over 

.20 seconds. The majority of the authors analyzing 

selected groups of ei:senti2. lly non-cardiac patients 

found the incidence was smaller, namely 3% Gelman (26), 

2% Taran ( 25) , 3% I•IdT2..w3.ra ( 2?) , 4% Hagen ( 16) , and 

3% Dolgin (28) . The author had 9% in his total series, 

and 11% in the clinically normal groups. 

Premature beats have not been considered &s an 

abnormality by most authors. Their frequency in various 

series has been frcffi 4% (28) to J4.J% (24). The 

number has been approximately of the sa~e order of 

nagnitud.e, usually betwPen 15% and 25% in both the 

carefully controlled and the cross sectional studies. 

The author had an incidence of 24% in the total group, 

with 15% in the clinically normal group. Premature 

beats we.,.e the only abnormality recordec. 'in the electro­

cardiogram of 2 of the 20 patjents in the normal group, 

or 10%. 
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The recording of the incidence of bundle branch 

block has varied from 4.2% (24) to 17% (29), the exact 

fici-i.re in several series being cifficult to evaluate 

bccau~e of the gene~alized grou~ing of their conduction 

disturbances. The general finding of intraventricular 

conduction disturb~nces ranged above 5% in all series. 

In the author I s group bu.Tl.d.le branch block was found 

in 14% of thP total group, and evidence suggestive of 

disturbances in the interventricular conduction system 

in lo% o:f' the normal group. 

The relationshi~ of blood pressure to changes in 

the elect~ocardiogram in the aged has b8~n discussed 

extensively by Fox (30, 23). Although in one of his 

series he showed that 78% of the patients with abnormal 

electrocardiograms had increased blood pressure the 

correlation was not as obvious as it might at first 

appea r . This was demonstrated in part by showing trot 

increased blood pressLtre, particularly systolic, was 

present in over 60% of the patients in his study. He 

showed that in the groups with normal electrocardiograms 

and those with abnormal electrocardiograms approximately 

the srui1e per cent were hypertensive. 
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In the author's series the findings in the grou:r>s 

without clinical evidence of heart disease, both with 

a~d without hypertension, were comparable; in the 

patients with clinical evidence of heart disease , with 

and without hypertension, the proportions of abnormal 

electrocardiograms were compaa:able. 

Fox (2J) stated that he believed the abnormal 

electrocardiogram to be a function more of heart enlargement 

and disease procee3~s rather than of hypertension, 

excluding those cases w:l.th a markdd elevation of the 

diastolic pressure. This is in keeping with the findings 

of other authors (lJ) and is add.Hiomlly supported by 

the results of this investigation. 
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COUCLUS!Qi)T 

In studying the electrocardiogram o~ the aged, 

using augmented unipolar limb leads and precordial 

leads which have been demonstrated to show the most 

changes, one may expect to find betwPen 6ff%, and 84,% 

abnormal tracings in an unselected group of patients. 

grou.-9 carefully screened to exclude cardiovascular 

disease shows from 14% to 24% abnormal electrocardiograms, 

even if such conditions as low voltage of the Q,RS 

complex aPd :premature beats are listed as normal 

findings. 

Position of the heart is primarily horizontal 

in tne aged group. 

In patients otherwise free of cardiac disease 

frequent findings "lave been low voltage of the Q,RS 

complex, premature beats, and increase in the ~T 

ratio. Pathological studies do not support the 

contention that these changes result from the normal 

aging process of the heart, but suggests that they 

indicate pathological processes within the heart 

which are however of such insignifigance that they do not 

remarlredly alter its function. There are probably 

no changes reflected on the electrocardiogram caused 

t!.j 



by simple aging of the heart per se . It would not 

appear that mild elevation of the blood ~ressure, 

primarily systolic, without other evidence of heart 

disease is associated with any more electrocardiographic 

change tha.n ~ight be anticipated from a similar case 

free from hypertension. 

The electrocardiographic findings of fibrillation, 

A-V and intraventricular bloc>, acute infarction, 

coronarjr insufficiency, and heart strain and hypertrophy 

are the reflections of the same diseaEe processes 

which occur in the aged heart as well as in younger 

ones. 
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SUMMARY 

1. A report is made on 75 patients 70 years of age and 

older on whom standard, augmented uni~ol~r limb, and 

precordial electrocardiographic leads were taken, 

correlating the data with the clinical findings and 

tabulating the r~sults. 

2. A rPview of the literature is made comparing the 

prorortion of various cha!l_::;es found in previous 

series with those of tho author. 

J. The criteria for designating an electrocardiogram 

normal in the aged group is discussed, this being 

representative not changes which occur within the 

heart in the normal aging process but actru:l patholo~r 

which i~ of insufficient severity to alter the function 

of the heart. 
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