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The Electrocardiogram in Chronic Lung Disease
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The objects of this study were to assess the
value of the electrocardiogram in the diagnosis of
right ventricular hypertrophy caused by chronic
lung disease and to determine the effect of emphy-
sema on the electrocardiogram.

Criteria for right ventricular hypertrophy have
been suggested by many workers, for example,
Myers, Klein, and Stofer (1948), Sokolow and Lyon
(1949), Carouso et al. (1951), Scott et al. (1955),
Braunwald et al. (1955), Milnor (1957), Goodwin
and Abdin (1959), and Roman, Walsh, and Massie
(1961). However, except for the study of Roman
et al., the majority of patients included in these
investigations suffered from either congenital heart
disease or mitral stenosis, and comparatively few had
right ventricular hypertrophy due to chronic lung
disease. In some instances the presence of right
ventricular hypertrophy was assumed without con-
firmation at necropsy, and in the remainder it was
assessed by measuring the thickness of the wall of
the right ventricle. There has been no previous
investigation of patients with chronic lung disease in
which electrocardiographic changes have been com-
pared with ventricular weights.

Grant (1956), Spodick (1959), Wasserburger et
al. (1959), Littmann (1960), and Selvester and
Rubin (1965) have reported electrocardiographic
changes due to emphysema. It was suggested that
these were a direct effect of emphysema and were
not due to cardiac abnormalities. However, there
are very few cases recorded in which the diagnosis of
emphysema is certain and in which cardiac abnor-
malities which could account for the electrocardio-
graphic changes have been excluded.

PATIENTS AND METHODS
Selection of Patients and Diagnosis. The electro-

cardiograms from 46 patients (35 men and 11 women)
were studied. All had a history of chronic lung disease
for 3 years or more, and all had had an electrocardiogram
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within 3 months of death. Emphysema was diagnosed
from the chest radiograph, using the criteria of Simon
(1964). The radiographs were read by Dr. Simon, and
were divided into three groups: no emphysema, localized
emphysema, and widespread emphysema.

Recording and Measurement of Electrocardiograms. A
standard 12 lead cardiogram was recorded. The follow-
ing measurements were made from each. (1) The
frontal plane axis; (2) the height of the tallest P wave and
the P wave axis; (3) the height of the tallest R wave in
Vl and V2; (4) the width of the intrinsicoid deflection
over the right ventricle; (5) the depth of the deepest S
wave in V5 and V6; and (6) the magnitude of the total
deflection in the limb leads and in V6.

In the patients with hypertrophy of both ventricles the
R wave in V5 and V6 and the S wave in VI and V2 were
also measured. Measurements were made with the
naked eye to the nearest 0 5 mm. and the nearest 0-02
second. The frontal plane axis was calculated by the
method of Carter, Richter, and Greene (1919) to the
nearest 5°. Accurate measurement of the P wave axis
was not attempted. If the P wave in aVL was positive,
the axis was recorded as less than + 60°, if it was negative
and low or flat in lead I it was recorded as greater than
+60.
In addition, the criteria of Goodwin and Abdin (1959)

for right ventricular hypertrophy were applied to each
electrocardiogram. Goodwin and Abdin's criteria
involve the use of V4R, which was not recorded. It was
assumed, however, that if the R wave was dominant in
aVR and Vl, it must be dominant in V4R. Conversely,
if the R wave was not dominant in either aVR or Vl, it
could not be dominant in V4R. It was also assumed
that if the R wave was dominant in Vi but not in aVR, a
dominant R was present in V4R. This assumption may
not have been correct and could have led to the diagnosis
of a higher grade of right ventricular hypertrophy than
was actually present. However, in only one instance
did an electrocardiogram show a dominant R in Vl and
not in aVR, and this patient had a right bundle-branch
block. Without V4R it was impossible to separate
Goodwin and Abdin's Grades III and IV, and these
were recorded as Grade III or IV.

Measurement of Ventricular Weight. The ventricles
were dissected and weighed by the method of Fulton,
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Hutchinson, and Jones (1952). The heart was removed
at necropsy and inspected for any evidence of congenital
or valvular disease. The coronary arteries were dis-
sected and examined. The heart was fixed by immersion
in 5 per cent formol saline. After fixation the atria and
great vessels were separated from the ventricles. The
tricuspid and mitral valves were cut away and the epi-
cardial fat and superficial coronary vessels removed.
The free wall of the right ventricle was separated from
the septum with scissors. The blades of the scissors
were held so that they were parallel to the septum. Tra-
beculh were cut as close to the septum as possible. The
left ventricle and septum were not divided. The ven-
tricles, that is, the free wall of the right ventricle and the
left ventricle plus septum, were weighed to the nearest
0 5 g. The ventricles were sliced and the cut surface
inspected for evidence of myocardial fibrosis.

Fulton's criteria of ventricular hypertrophy are given
in the Appendix. The patients with isolated right ven-
tricular hypertrophy were divided arbitrarily into three
groups.

Group 1: Mild hypertrophy: ratio of left to right ven-
tricle less than 2, but right ventricular weight less than
80 g.

Group 2: Moderate hypertrophy: right ventricular
weight 80-100 g.

Group 3: Severe hypertrophy: right ventricular weight
over 100 g.

RESULTS

The clinical details, ventricular weights, and
electrocardiographic findings from the 46 patients
are recorded in Tables I to VI. In the Tables the
patients are arranged in ascending order of right
ventricular weight. When reference is made in the
text to an individual patient the initials and right
ventricular weight (RVW) are given so that they can
be identified rapidly in the Tables. Of the 46
patients, 13 had no hypertrophy of either ventricle,
20 had isolated right ventricular hypertrophy, and 7
had hypertrophy ofboth ventricles. The remaining
6 had electrocardiographic or necropsy evidence
of myocardial ischtmia. Of the 20 patients with
isolated right ventricular hypertrophy, 4 had mild,
7 moderate, and 9 severe hypertrophy.
One of the patients (A.W.) without ventricular

hypertrophy (RVW, 42-5 g.) had a ventricular ratio
(L/R) of 3-5 and a history of thyrotoxicosis which
had been successfully treated 5 years before death.
Although a ventricular ratio of 3-5 is above the nor-
mal range quoted by Fulton et al. (1952), no myo-
cardial abnormality was found and the left ventricle
plus septum weighed 149 g., which is well within the
normal range.
With one exception, the 7 patients with hyper-

trophy of both ventricles had a right ventricle of
80 g. or more, a left ventricle of 190 g. or more, and
a ventricular ratio (L/R) greater than 2-0. The

exception was A.K. (RVW, 127 g.) who had a ratio
of 1-7 and therefore had relative right ventricular
preponderance. However, he had a left ventricle of
212-5 g. and a history of systemic hypertension.
According to Fulton et al. this degree of left ven-
tricular hypertrophy is more than can be accounted
for by hypertrophy secondary to an increase in the
size of the right ventricle. He was, therefore,
included as a case of hypertrophy of both ventricles.

Frontal Plane Axis. None of the patients without
hypertrophy of either ventricle (see Table I) had
right axis deviation. Of the 20 patients with isola-
ted right ventricular hypertrophy (see Tables II-
IV), 16 had right axis deviation (+910 to ± 180°).
The 4 exceptions were T.H. (RVW, 60 g.) who had
an axis of + 600 and the smallest right ventricle in
the group, B.B. (RVW, 81 g.) who had an axis of
+ 900 which is borderline, A.S. (RVW, 98 g.) whose
axis could not be calculated because the positive and
negative deflections were almost equal, and H.J.
(RVW, 78 g.) who had an axis of -80°.
There was a tendency for the axis to increase with

increasing degrees of right ventricular hypertrophy,
but for individual patients the correlation between
the axis and the degree of hypertrophy was poor.
Individual correlations were no better if the axes
were compared with the ventricular ratios.
None of the patients with hypertrophy of both

ventricles had right axis deviation. Of the 6
patients with myocardial ischmmia, 4 had moderate
or severe right ventricular hypertrophy, but only
W.W. (RVW, 114 g.) had right axis deviation.
The results show that right axis deviation is a

reliable sign of right ventricular hypertrophy, but
the extent of the axis deviation is a poor guide to the
degree of hypertrophy. The absence of right axis
deviation is good evidence against moderate or
severe hypertrophy, providing left ventricular
hypertrophy and myocardial ischlemia can be
excluded.

Praecordial Pattern. The height of the R wave
in Vl and V2 in the patients without hypertrophy
of either ventricle ranged from 0-5 to 5 0 mm.
Only 1 patient in this .group had a secondary R
wave, and this patient C.M. (RVW, 75 g.) had an
axis of - 1650. Among the 20 patients with isolated
right ventricular hypertrophy, 6 had R waves of
more than 5 0 mm. and 4 had secondary R waves.
The height of the R wave tended to increase with
increasing right ventricular hypertrophy, but there
was considerable variation. None of the patients
with hypertrophy of both ventricles had an R wave
of more than 5-0 mm. Of the patients with ischae-
mia and right ventricular hypertrophy, 2 had R
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TABLE I
PATIENTS WITHOUT RIGHT VENTRICULAR HYPERTROPHY

Right Left Maximum Goodwin
Age Pulmonary Non-pulmonary RVW Ratio Frontal P wave P axis total and Abdin

Initials (yr.) diagnosis diagnosis (g.) (L/R) plane (mm.), R RI Int S deflection grade
axis (mm.) (mm.) (sec.) (mm.)

limb V6
leads

R.M. 46 Widespread em- Peritonitis
physema (pri- following
mary); asper- mesenteric
gillosis infarct 28 3-2 +200 1-5 > 600 1 - 0-02 5 8 8 0

W.M. 62 Pulmonary Carcinoma of
tuberculosis larynx;

syphilis
(non-
cardiac) 30 5 2-8 +900 2-0 > 600 2 - 0-02 7 12 17 0

B.F. 75 Chronic Carcinoma of
bronchitis; stomach
localized and colon
emphysema 33 3-1 +750 1-0 > 600 3 - 0-02 3 13 10 0

A.W. 63 Asthma Thyrotoxicosis
5 years
before
death 42-5 3-5 +300 2-0 > 600 3 - 0-02 2 12 12 0

I.E. 67 Chronic Reticulum
bronchitis ce llsarcoma 43 3 0 +300 1-0 > 600 0 5 - 0-02 - 12 5 0

A.J. 73 Asthma 45 2-8 +750 1-5 <600 3 - 0 04 2 12 8 0
LZ. 77 Chronic Senile

bronchitis dementia 45 3 0 +200 1-0 > 600 0 5 - 0-02 10(S) 6 12 I
D.M. 67 Chronic

bronchitis;
carcinoma of
bronchus 46-5 2-8 + 600 1-0 > 600 5 - 0-02 5 9 15 0

R.H. 71 Chronic Carcinoma of
bronchitis; pancreas
localized
emphysema 57 0 2-3 +650 1-5 > 600 4 - 0-02 8 11 10 0

E.H. 57 Chronic
bronchitis and
asthma; wide-
spread
emphysema 60 2-0 +700 2-0 >600 0 5 - 0-02 - 14 8 0

C.B. 37 Chronic
bronchitis;
widespread
emphysema 60-5 2-5 -30o 1-0 > 600 3 - 0-02 7 6 10 0

A.H. 44 Chronic Carcinoma of
bronchitis; bile-ducts
widespread
emphysema 62-5 2-1 +550 1-0 > 600 2 - 0-02 4 13 10 0

C.M. 63 Chronic
bronchitis;
widespread
emphysema 75 2 0 -165° 1 0 < 600 2 1 0 04 4 10 4 II

RVW: right ventricular weight. Int: intrinsicoid deflection. (S): Dominant S in all priecordial leads.

TABLE II
PATIENTS WITH MILD RIGHT VENTRICULAR HYPERTROPHY

Right Left Maaximum-____- ____ ____ total Goodwin
Initials Age Pulmonary diagnosis RVW Ratio Frontal P wave P axis R Rl Int S deflection and Abdin

(yr.) (g.) (L/R) plane (mm.) (mm.) (mm.) (sec.) (mm.) grade
axis Limb V6

leads

T.H. 74 Chronicbronchitis 60 1-7 +600 30 <600 2 - 0-02 3 13 10 0
L.B. 56 Asthma; chronic

bronchitis 67 19 +1100 05 * 05 - 0-02 2 6 4 0
S.W. 39 Chronic bronchitis;

widespread
emphysema 75 1-7 +1000 30 >600 05 1 0-06 15(S) 13 12 I

H.J. 66 Chronic bronchitis;
widespread
emphysema 78 1-8 -800 1-0 <600 2 - 0-02 9 16 13 II

* P waves too small for axis to be calculated.



TABLE III
PATIENTS WITH MODERATE RIGHT VENTRICULAR HYPERTROPHY

Right Left Maximu
total Goodwin

Initials Age Pulmonary diagnosis RVW Ratio Frontal P wave P axis R RI Int s deflection and Abdin
(yr.) (g.) (L/R) plane (mm.) (mm.) (mm.) (sec.) (mm.) gra

axis Limb V6
leads

B.B. 49 Asthma; chronic
bronchitis 81 1-6 +900 1.0 > 600 1 0-02 3 8 8 0

F.W. 41 Widespread
emphysema(primary) 82-5 1-4 + 105" 2-0 > 60 < 0-5 0-02 ll(S) 8 9 I

A.A. 62 Chronic bronchitis;
widespread
emphysema 83 1-4 + 1350 2-0 > 600 2 0-04 10 9 5 III or IV

L.W. 65 Bronchiectasis and
pulmonary fibrosis 87-5 1-3 + 1050 1-5 < 60' 1 0-02 6 7 1 2 0

H.H. 28 Chronic bronchitis;
pulmonary
tuberculosis 87-5 1-7 + 1400 2-0 < 600 8 0-02 10 12 18 III or IV

S.M 39 Idiopathic
pulmonary fibrosis 93-5 1-6 +1100 2-0 < 600 10 0-04 10 18 24 0

A.S. 55 Chronic bronchitis;
widespread
emphysema 98 1.7 t 1.0 > 600 3-5 2 0-06 12(S) 14 17 II

t Positive and negative deflections in limb leads almost equal.

TABLEIV
PATIENTS WITH SEVERE RIGHT VENTRICULAR HYPERTROPHY

Right Left Maximum
Ea total Goodwin

Age Pulmonary Non-pulinon- RVW Ratio Frontal P wave P axis R Rl Int S deflection and Abdin
(yr.) diagnosis ary diagnosis (g.) (LIR) plane (mm.) (mm.) (mm.) (sec.) (mm.) grade

axis
Limb V6

leads

J.G. 63 Chronic bron- Malnutrition
chitis; widespread
emphysema 105-5 1-5 +1100 3-0 > 600 0-5 - 0-02 12(S) 11 8 I

A.M. 48 Chronic bron-
chitis; pulmonary
tuberculosis 105 1-1 +1150 2-5 < 60' 6 - 0-04 13 14 14 III or IV

R.B. 52 Chronic bron-
chitis; localized
emphysema 106 1-5 + 1750 1-0 > 600 9 - 0-02 17 6 9 III or IV

J.B. 36 Chronic bron-
chitis and asthma;
bronchiectasis 120 1-0 +1150 5-0 > 600 13 - 0-04 5 17 12 III or IV

P.M. 47 Chronic bron-
chitis; emphysema
aged 1 1,
thoracoplasty 129 1-4 + 1250 2-0 > 600 0-5 8 0-06 21 12 28 III or IV

F.J. 60 Chronic bron-
chitis; widespread
emphysema 143 1-2 + 1200 1-0 > 600 2 2 0-04 10(S) 4 6 I

F.B. 61 Chronic bron-
chitis 154 1-0 + 1700 2-5 > 600 0-5 - 0-02 20(S) 12 15 11

C.G. 40 Primary pulmon-
ary hypertension 179 1-0 + 120' 3-0 > 600 20 - 0-08 13 14 17 III or IV

G.B. 42 Chronic bron-
chitis; bron-
chiectasis 202-5 0-9 + 1250 3-0 < 600 2 - 0-06 20 15 23 11

46

waves of more than 5-0 mm., and I of the remai i

2 had a secondary R wave of more than 5-0 mm.
However, I of the patients with ischoemia but no

right ventricular hypertrophy had an R wave of
8-0 mm.
The depth of the S wave in V5 and V6 in the

patients without hypertrophy of either ventricle
(excluding L.Z., RVW 45 g., who showed a domi-
nant S in afl the preecordial leads) ranged from 0 to
8-0 mm. Among the 20 patients with isolated right

ventricular hypertrophy, 14 had an S wave of
10 mm. or more. As with the other electrocardio-
graphic changes, the depth of the S wave tended to
increase with increasing right ventricular hyper-
trophy, but the correlation in individual cases was

poor. Among the patients with hypertrophy of
both ventricles, only 1 had an S wave of 10 mm. or

more, and of the 4 with right ventricular hyper-
trophy and ischmmia, 2 had S waves of 10 mm. or
more.

F. J. C. Alfflard



TABLE V
PATIENTS WITH HYPERTROPHY OF BOTH VENTRICLES

wWl | bo 1 cn ¢ :4 i c r E ) ~~~~~~~~~Right Left
:3
,E !0QL

Pulmoanoary Nulon-r co
29 0 E T E |

IA4 X X _ ce t XX~~~~~~~g Limb V6
Il X ^ ~~~~~~~~~~~~~~~~~~~~~~~~leads

H.P. 49 |Chronic Anterior
bronchitis myocardial

infarct 81 216 2-5 + 500 2-5 > 600 0 5 5 15 0-06 13 _ 13 14 0
G.S. 60 Chronic bron- Myocardial

chitis; ischaemia

monary tu-
berculosis;
localized
empihysema 80 190-5 2-4 + 10° 2-0 > 600 2 _ 22 0-02 17 _ 7 14

V.V. 50 Bronchiectasis; Systemic hy-
asthma pertension;

amyloid
(non-

l ~~~~~cardiac) 96 281 2-9 + 65° 1-0 < 600 5 - 29 0-02 13 8 9 11 0
F.S. I72 Chronic Myocardial

Ibronchitis ischiemia 102 270 2-6 + 500 1-5 < 60° 1 _ 40 0-02 18 3 9 21 O
P.W. I57 Chronic Myocardial||bronchitis ischgemia 102 272-5 2-6 t 1-0 >600 1 - 25 0-02 4 2 5 5 0
A.K. I60 IChronic Systermic

I Ibronchitis hyper-II
ll ~~~~~tension 127 212-5 1-7 -500 4 0 <60° 1 - 32 0-02 17 16 15 - II

H.S. l64 IBronchiectasis MyocardialII
Ii ~~~~~ischmmia 1138 314 2-2 -800 1-0 >600 2 - 19 0) 02 10 |9 9 10 II

TABLE VI
PATIENTS WITH MYOCARDIAL DISEASE BUT WITHOUT LEFT VENTRICULAR HYPERTROPHY

- I ~~~~~~~~~~~~~~~~~~~RightLeft |MaximumI
Initialsl Age Pulmonary Non-pulmonary RVW LVW Ratio Frontal lP wavel P axis R Rl Int- S Ideflection and Abdin

|(yr.) diagnosis diagnosis (g.) (g.) (L/R) plane (mm.) (mm.) (mm.) (sec.) (nun.) | grd

lll ~~~~~~~~~~~~~~~~~leads
A.P. |67 Chronicbron- Myocardial
I chitis; local- I sclimmia
I ized emphy-I sema I152-5 1145 2-8 1+300 0-5 1* I0-5 - 0-02 - 6 9 0
I Chronicbron- IPosteniormyo-I

B.M. 60 chitis and cardial
I bronchiec- infarct

tasis; localized II Iemphysema II56-5 1165-5 i2-8 1+30° 1-0 <<600 8 - 0-02 - 9 5 0
I lChronic IAnteriormyo-

R.W. |59 bronchitis cardial
II ~~~~~infarct- rightII ~~~~~~bundle-block 185-5 |145 1-7 +80° 1-0 >>600 1 1 - 0-11 - 10 1 11 0

G.P. |62 Idiopathicpul- |Posteriormyo-
I monary cardial
l fibrosis infarct 188 1153 11-1 --1650 2-5 >>60°10 3 14 0-06 17 19 113 IIIorIV

H.D. |66 |Chronicbron- |Myocardial
l chitis; carci- ischaemiaI InomabronchusI 1031 180 1 181 +10°10 10 >60°l 111 -| 0-04 4 9 10 0

W.W. |55 |Chronic Anteriormyo-|
I bronchitis cardialinfarctl 114 1185 11-6 ++12001 3-0 >>600 1 5 |0-06 |21 |15 |21 | II
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An intrinsicoid deflection of 0-04 sec. or more was
present in half the patients with isolated right ven-
tricular hypertrophy, but was also present in two of
the patients without hypertrophy of either ventricle.
Only one of the patients with hypertrophy of both
ventricles had a prolonged intrinsicoid deflection.
All the patients with right ventricular hypertrophy
and myocardial ischaemia had an intrinsicoid

deflection of 0 04 sec. or more, and one had right
bundle-branch block.
The results show that providing myocardial

ischmmia is excluded, an R wave over the right
ventricle of 6 mm. or more indicates right ventricu-
lar hypertrophy. Providing emphysema is exclu-
ded, an S wave over the left ventricle of 10 mm. or
more indicates right ventricular hypertrophy.

Electrocardiogram in Chronic Lung Disease



TABLE VII
PATIENTS WITH RADIOGRAPHIC EVIDENCE OF WIDESPREAD EMPHYSEMA

-______-________-___Maximum
Frontal Right Left total Goodwin

Initials RVW Ratio plane P wave P axis _ - _ deflection and Abdin
(g.) (L/R) axis (mm.) R RI Int. S grade

(mm.) (mm.) (sec.) (mm.) Limb V6
leads

R.M. 28 3-2 +200 1-5 > 600 1 0-02 5 8 8 0
E.H. 60 2-0 +700 2-0 > 600 05 - 0-02 - 14 8 0
C.B. 60-5 2-5 -300 1-0 > 60° 3 - 0-02 7 6 10 0
A.H. 62-5 2-1 +550 1-0 > 600 2 - 0-02 4 13 10 0
C.M. 75 2-0 -1650 1-0 < 600 2 1 0 04 4 10 4 II
S.W. 75 1-7 + 1000 3-0 > 600 0 5 1 0-06 15(S) 13 12 I
H.J. 78 1-8 -80° 1-0 < 600 2 - 0-02 9 16 13 II
F.W. 82-5 1-4 + 1050 2-0 > 600 < 0 5 0-02 11(S) 8 9 I
A.A. 83 1-4 + 1350 2-0 > 600 2 0 04 10 9 5 III or IV
A.S. 98 1-7 tj 1-0 > 600 3-5 2 0-06 12(S) 14 17 II
J.G. 105-5 1-5 + 1100 3-0 > 600 0 5 - 0-02 12(S) 11 8
F.J. 143 1-2 + 1200 1-0 > 600 2 2 0 04 10(S) 4 6 I

t Positive and negative deflections in limb leads almost equal.

However, the absence ofthese signs does not exclude
right ventricular hypertrophy. A prolonged intrin-
sicoid deflection is of little value in the diagnosis of
right ventricular hypertrophy.

P Wave. Only 8 of the 20 patients with isolated
right ventricular hypertrophy had P waves of 2-5
mm. or more. Two of the 7 patients with hyper-
trophy of both ventricles and 2 of the 4 with myo-
cardial ischimia and right ventricular hypertrophy
had P waves of 2-5 mm. or more. A P wave axis of
more than + 600 occurred with almost equal fre-
quency among the patients with and without right
ventricular hypertrophy.

Therefore, a P wave of 2-5 mm. or more indicates
right ventricular hypertrophy but its absence does
not exclude it. A tall P wave may be of greater
value than other electrocardiographic signs in the
presence of hypertrophy of both ventricles or myo-
cardial ischaemia, but more cases would have to be
studied in order to prove this. A P wave axis of
more than + 60° is of no value in the diagnosis of
right ventricular hypertrophy.

Goodwin and Abdin's Criteria. Among the 20
patients with isolated right ventricular hypertrophy,
15 had electrocardiograms showing Grade I or
more. The criteria gave 2 false positives among the
patients without ventricular hypertrophy. One of
these (L.Z., RVW, 45 g.) had a dominant S wave in
all the prwcordial leads so that there was a dominant S
in V5. The other had a right ventricle weighing
75 g. which is above the upper limit of normal given
by Fulton et al. (1952), though less than 80 g. which
is the lower limit for right ventricular hypertrophy.
The correlation between the electrocardiographic
grades and the degree of hypertrophy was poor.

Effect ofEmphysema on Electrocardiogram. Table
VII shows the findings in the 12 patients with
radiographic evidence of widespread emphysema.
Only one patient (H.J., RVW, 78 g.) had left axis
deviation and his electrocardiogram is shown in the
Figure. The T wave axis was + 900 giving an angle
of 1700 between the QRS and T axes. A wide angle
between the QRS and T axes is suggestive of myo-
cardial ischaemia. Although there was no macro-
scopical evidence of this at necropsy, ischiemia may
have been the cause of the left axis deviation. If
emphysema had been the cause of the abnormal axis
it would have been expected to cause deviation of
the T axis in the same direction as the QRS. Only
one patient (F.J.; RVW, 143 g.) had a low voltage
electrocardiogram.
Of the 12 patients with widespread emphysema,

5 had dominant S waves in all the praecordial leads.
This pattern may be due to emphysema but was also
seen in 2 patients without emphysema. There were
no other common features which could be attribu-
ted to the presence of emphysema.

DISCUSSION
The present study demonstrates the value of

right axis deviation in the diagnosis of right ven-
tricular hypertrophy due to chronic lung disease.
Einthoven (1906, 1908) was the first to suggest axis
deviation as a sign of ventricular hypertrophy.
Phillips (1958) and Roman et al. (1961) emphasized
the value of right axis deviation as a sign of right
ventricular hypertrophy, and Shipley and Hallaran
(1936) and Packard, Graettinger, and Graybiel
(1954) have shown that it is rare in normal adults
over the age of 30.

F. J. C. Mifard48
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FIG.-H.J. (RVW, 78 g.) Widespread emphysema showing left axis deviation.

Goodwin and Abdin's criteria depend on the
ratio of the R and S waves in the precordial leads,
and in their original study the correlation between
the electrocardiographic changes and the degree of
right ventricular hypertrophy (measured by wall
thickness) was fairly good. However, only 16 out
of the 117 patients in their study had chronic lung
disease. Caird and Wilcken (1962), using the same
anatomical and electrocardiographic criteria, failed
to find any correlation between the degree of hyper-
trophy and the electrocardiographic grade. The
present study confirms this.
The lack of correlation between the prxcordial

pattern and the degree of hypertrophy may be due
to alteration of the position of the prxcordial leads
in relation to the heart. In emphysema or any lung
condition in which there is overinflation of the chest,
the heart tends to be displaced downwards and the
antero-posterior diameter of the chest increased.
These changes may disturb the balance of the R and
S waves across the pracordium and partially mask
the effects of ventricular hypertrophy. The domi-
nant S wave, which was found in nearly half the
patients with widespread emphysema, could be
explained by extreme downward displacement of
the heart in relation to the pr.Tcordial leads.

In the present study emphysema was diagnosed
from the chest radiograph using the criteria of
Simon (1964). Reid and Millard (1964) in a com-
parison of the radiograph during life with the lung
at necropsy found that Simon's criteria were reliable,
though severe and extensive emphysema must be
4

present before radiographic changes can be detected.
Thus, though minor degrees of emphysema may
have been missed, it is likely that the 12 patients in
whom emphysema was diagnosed had extensive
changes in the lungs. However, apart from domi-
nant S waves in the precordial leads, the cardio-
grams in this group had little in common and did not
show the changes commonly attributed to emphy-
sema. Left axis deviation, which Grant (1956) sug-
gested might be caused by emphysema, was present
in only one patient and in this case may have been
due to myocardial ischemia. Wasserburger et al.
(1959) and Littmann (1960) described a vertical elec-
trical axis in emphysema, but a vertical axis was no
more common in the patients with widespread
emphysema than in those without. The low voltage
in emphysema observed by Selvester and Rubin
(1965) was found in only one instance.
The present series is small and does not exclude

the possibility that emphysema may sometimes
cause electrocardiographic changes. However, it
is possible that some of the changes previously
attributed to emphysema may have been due to
undetected myocardial disease.

SUMMARY AND CONCLUSIONS
A comparison was made between the electro-

cardiograms and the ventricular weights of 46
patients with chronic lung disease. Right axis
deviation (frontal plane axis + 910 to ± 1800) was

49
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found to be the most reliable sign of right ventricu-
lar hypertrophy, but in the presence of left ventricu-
lar hypertrophy or myocardial ischemia the electro-
cardiogram was of little value in the diagnosis of
right ventricular hypertrophy. None of the electro-
cardiographic changes investigated were a reliable
guide to the degree of ventricular hypertrophy.
Apart from dominant S waves in the prxcordial

leads, the electrocardiograms from the patients with
emphysema had nothing in common. It is sug-
gested that some of the changes previously attri-
buted to emphysema may be due to myocardial
disease.

I should like to thank Dr. Lynne Reid, Professor
A. C. Dornhorst, Dr. M. Towers, and my wife, Dr.
R. E. Millard, for helpful advice and criticism, Dr.
G. Simon, who read the chest radiographs, and Dr.
K. F. W. Hinson and Dr. D. K. Henry of the Pathology
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APPENDIX
VENTRICULAR WEIGHTS IN CARDIAC HYPERTROPHY

(Fulton et al., 1952)
"Criteria for normality: A heart may be classed as

normal only if: (A) the total ventricular weight is less
than 250 g. (B) the free wall of the right ventricle
weighs less than 65 g. (C) the left ventricle and septum
together weigh less than 190 g. (D) the ratio left ven-
tricle plus septum to right ventricle lies between 2-3:1
and 3-3:1.

Criteria for right ventricular hypertrophy: Right ven-
tricular hypertrophy is considered to be present when
the free wall of the right ventricle weighs 80 g. or more.
In isolated right ventricular hypertrophy the ratio left
ventricle plus septum to right ventricle is always less
than 2:1. If left ventricular hypertrophy is also present,
the ratio may be within normal limits or even raised.

Criteria for left ventricular hypertrophy: Left ventricu-
lar hypertrophy is considered to be present when the
weight of the left ventricle plus septum is 225 g. or more.
The ratio left ventricle plus septum to right ventricle
may be modified by secondary or independent right
ventricular hypertrophy and the ratio alone is, there-
fore, not an indication either of the presence or degree
of left ventricular hypertrophy. "
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