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In 1909 Eppinger and Rothberger showed that
characteristic changes in the electrocardiogram arose
after section of the right and left branches of the
bundle of His in dogs, and the following year these
experimental results were applied to human path-
ology, so that bundle branch block became a
clinical concept. Since that time the electro-
cardiogram originally designated right branch block
has come to be regarded as indicative of a left-
sided lesion, and vice versa, and this new con-
ception must be considered as well-founded
(Rasmussen, 1942). Apart from this correction,
current opinion holds as in 1910, that the bundle
branch block cardiogram is an indication of local
damage to the right or left branch of the bundle
of His. However, in the last ten years especially,
the great similarity between the so-called electro-
cardiogram of left ventricular hypertrophy and that of
left bundle branch block has often been emphasized,
and it has been suggested that the latter, like the
former, may be due to great enlargement of the left
ventricle, without any local lesion of the branch
being present.

In an investigation of the electrocardiogram in
essential hypertension, Rasmussen and Thingstad
(1939) concluded that great enlargement of the left
ventricle was the common cause of the left bundle
branch block cardiogram. In cases of hyper-
tension with gross cardiac enlargement they found
the left bundle branch block cardiogram as a
sequence of the left ventricular hypertrophy curve.
This view has been confirmed by further investiga-
tions. In a series of 100 patients with aortic
insufficiency, a similar concordance between the
type of cardiogram and cardiac enlargement was
found as in hypertension (Rasmussen, 1944). By
producing dilatation of the right and of the left
heart in experiments on dogs it was possible to
produce typical bundle branch block electrocardio-
grams (Rasmussen, 1942). On re-examination of a

group of hypertensive patients, it was found that
the cardiogram of left ventricular hypertrophy and
of left bundle branch block developed gradually,
pari passu with increase in the size of the heart
(Rasmussen and B0e, 1945). It was also shown that
as the cardiogram changed from a normal pattern
to that of left hypertrophy, the duration of QRS
increased so that the curve reached the left bundle
branch block type, which is characterized by a QRS
of at least 0-12 sec.

Master and his associates (1940) investigated 100
patients with either left or right bundle branch
block, and some with complete A-V block, and
concluded that " chronic bundle branch block, in
most instances, is the result of an increase in the
size of the heart and of myocardial damage, with
diffuse involvement of the bundle branch system."
If enlargement of the left heart, by retarding the
impulse to that side, can produce in the electro-
cardiogram a left ventricular hypertrophy curve
or a left bundle branch block, is it hypertrophy or

dilatation that is the essential factor? Further, it
may be asked whether retardation of the impulse
is due simply and solely to lengthening of its path,
or to damage to the subendocardial network
resulting from increased strain or distension?
While for the present we may leave the latter
question unanswered, we think there are grounds
for believing that dilatation of one half of the heart
is a decisive factor. This view is based partly upon
the above-mentioned experiments relating to dilata-
tion of the right or left heart, partly upon the well-
known phenomenon that a pulmonary embolism not
infrequently produces a right bundle branch block
curve, presumably due to dilatation of the right
heart, and also partly upon clinical observations.
We may illustrate this point of view by a few

examples. Fig. 1 shows radiograms of the heart of
a patient with hypertension, taken before and after
sympathectomy, with an interval of about two
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FIG. 1.-Telecardiograms from case of hypertension. (Al) before, and (A2), two months later,
after sympathectomy.

months between the photographs. After operation of the heart the typical left ventricular hypertrophy
the size of the heart is seen to have decreased con- curve has changed to a normal pattern. It seems
siderably. The blood pressure before operation probable that we are here concerned with dilatation
was 240/130; afterwards 120/75 mm. Fig. 2 shows which has subsided and not with hypertrophy.
the cardiograms from this case, before and after Fig. 3 and 4 show cardiograms and radiograms
operation. Coincident with a decrease in the size taken at an interval of 7 months from a woman

A2:
~~~~~. . : .

.X.

FIG. 2.-Electrocardiograms from same case as Fig.
1. (Al) before sympathectomy shows " left
ventricular hypertrophy curve." (A2), two
months later, after sympathectomy, showing
return to normal curve.

A B

FIG. 3.-Electrocardiograms from case of aortic stenosis
(A) showing " left ventricular hypertrophy curve"; (B)
6 months later, showing a left bundle branch block
curve.
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A B
FIG. 4.-Telecardiograms from same case as Fig. 3, showing (A) normal sized heart, and

(B) 6 months later, considerable enlargement to the left.

aged 57 with aortic stenosis. The cardiogram has
changed from a left ventricular hypertrophy curve
to a left bundle branch block curve, coincident with
a considerable increase in size of the heart, seen in
the radiograms. In this case also, it seems reason-
able to suppose that the enlargement occurring in
the course ofseven months is due to dilatation rather
than to hypertrophy.
We have investigated a series of 100 patients with

permanent left bundle branch block cardiograms,
assembled from the Rikshospital and from Ulleval
Hospital. From the clinical data, radiograms and
autopsies in these cases we have attempted to
determine how often left bundle branch block is
associated with heart diseases causing enlargement
of the left ventricle and, further, how often con-
ditions occur that may be supposed to produce a
local lesion of the branch.
The types of left bundle branch block curves found

in our cases are shown in Fig. 5. The first type,
with high voltage, and discordant and diphasic
ventricular complexes, was found in 78 patients, the
characteristic pracordial leads are also shown. The
second type, where Q or S is a prominent feature,
was found in 5 patients. The third type, with
lower voltage, although higher than 0-5 mv., some-
times with diphasic sometimes with monophasic
ventricular complexes, as in the figure, was seen in
17 patients. We have omitted from the series cases
of intermittent and transient bundle branch block,
the Wolff-Parkinson-White type, and bundle branch
block associated with complete A-V block. The

duration of QRS in our cases is given in Fig. 6.
We have taken 0 12 sec. as the lower limit ofQRS in
bundle branch block, and the upper limit in our
cases was 0 2 sec. Fourteen patients had auricular
fibrillation, two auricular flutter, and six incomplete
and partial A-V block.

TABLE I
AGE DISTRIBUTION IN 100 PATIENTS WITH LEFT

B. B. BLOCK ELECTROCARDIOGRAM

Age Men Women Total

years
20-29 1 0 1
30-39 0 1 1
40-49 2 1 3
50-59 6 9 15
60-69 23 14 37
70-79 17 15 32
80-89 4 5 9
90-99 1 1 2

Total 54 46 100

The age distribution of our cases is shown in
Table I. The youngest was 25, the oldest 91 years
of age. Seventy-seven patients had dyspncea on
exertion, 31 angina pectoris on exertion, 18 anginal
attacks at rest, and 17 had congestive heart failure.
Nocturnal dyspncea, sometimes with pulmonary
cedema, was noted in 41 cases, indicating a very
high frequency of left ventricular failure. In 5 or 6
cases, cardiac symptoms were absent or slight, the
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A B C D
FIG. 5.-Types of left bundle branch block curve encountered.

(A) The most common type and (B) typical prxcordial leads;
(C) rarer type with Q wave; (D) rare type with positive T
wave in lead I and without high voltage. (Time marker 01
and 0-02 second.)
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FIG. 6.-Distribution curve of duration of QRS deflections in left bundle branch block cases.

bundle branch block cardiogram being here an
accidental finding in patients with other diseases
(melanosarcoma, cancer of the stomach, etc.).

Table II gives the cardiac diagnoses, based upon
clinical findings and autopsies, and the size of the
heart in the different groups. In classifying these
cases, difficulty arose mainly in regard to the
hypertensive and arteriosclerotic groups. We
believe that the incidence of hypertension has been
underestimated, as past hypertension could not be
determined frbm the case records. In the arterio-

sclerotic group have been placed patients ofrelatively
advanced age, with moderately raised or normal
blood pressure, with moderate or no enlargement of
the heart, and those with signs of severe arterio-
sclerosis. The group with uncertain etiology
includes four patients with systolic and one with dia-
stolic hypertension, one with syphilis, one with
thyrotoxicosis, one with leukeemia, and one with
pulmonary embolism.
The size of the heart, given in Table II, was

assessed partly from teleradiograms and partly at
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TABLE II
CLINICAL DIAGNOSIS OF HEART DISEASE (PARTLY BASED ON AuToPSIES) AND CARDIAC ENLARGEMENT IN 100

PATIENTS WITH LEFT B.B. BLOCK

Cardiac Enlargement

Heart Disease Number of Gross Medium Slight and Not No roent-cases
Grss

severe. moderate enlarged eorautopsY
Aortic stenosis .. .. 13 7 3 2 0 1
Aortic insufficiency (luetic

aortitis 3) .. .. .. 6 5 1 0 0
Hypertensive .. .. .. 39 19 7 7 1 5
Probable hypertensive .. 3 - 1 1 I
Renal disease with hypertension 6 2 2 2 -

Hypertensive with myocardial
infarction .. .. .. 9 6 1 0 1 I

"Left-sided " heart disease .. 76 _
Myocardial infarction. .. 3 1 0 0 1
Arteriosclerotic .. .. 6 1 0 3 1 1
Uncertain or unclassifiable 14 4 4 4 1 1
No heart disease (melanosar-
coma) . .. .. 1 0 0 0 1

Total.. 100 45 19 19 7 10

autopsy. The grouping was done by making a
rough estimate of the size of the heart in two planes,
and comparing it with the cardiothoracic index.
This rough estimate is thought to be more
valuable than the cardiothoracic index alone.
Hearts weighing up to 350 grams are regarded as
normal, those up to 500 grams as slightly enlarged,
from 500 to 599 grams as moderately enlarged, and
those weighing more than 600 grams as greatly
enlarged.

It is evident from Table II that conditions involv-
ing increased work for the left ventricle greatly
predominate in our material. Altogether, such
conditions were present in 67 cases. In the com-
bined group, hypertension with cardiac infarction,
left bundle branch block was certainly present
before the occurrence of infarction in 3 cases and
in only 4 of the 9 cases in this group could the
bundle branch block be attributed to the infarction.
Including the remaining 5 cases from this group,
there were 72 cases in all in which an affection of the
left heart was regarded as the dominant pathogenic
factor in the causation of bundle branch block. In
addition, there were several cases of slight hyper-
tension in the arteriosclerotic group and the group
of uncertain etiology.
The possibility of local damage to the branch

exists in the three cases with infarction, in the six
with arteriosclerotic heart disease without certain
infarction, in four of the nine with hypertension and
infarction, and possibly in the case with metastatic

melanosarcoma, even though myocardial metastases
were not found at autopsy, that is to say in 14 cases
altogether.
Having thus established a high incidence of left

ventricular heart disease in our cases, namely over
70 per cent, we may now consider how often the
left heart was sufficiently enlarged to account for
the left bundle branch block. Reference to Table
II shows that out of 90 cases in which X-ray or
autopsy data were available, there were 45 with
gross and 19 with moderately severe cardiac enlarge-
ment, or altogether 64 cases (71 per cent) with
enlargement of a degree that we may suppose
sufficient to explain the bundle branch block.
Both radiographic and post-mortem examination

revealed enlargement which affected the left heart
predominantly, and in only 4 or 5 cases was any
considerable degree of co-existent right-sided en-
largement found. It may be noted that a heart may
enlarge, as proved by serial radiographs, and yet
remain within the upper normal limit of size. Here
the electrocardiogram may often give better infor-
mation in the form of the characteristic picture of
left ventricular hypertrophy.

Fig. 7 shows how 71 radiographically examined
hearts are distributed in relation to the cardiothoracic
index. While 7 cases (+5) show normal values,
43 of the 71, or 60 per cent have a lower index than
1 80. The average cardiothoracic index is 1-74.
If we compare this graph for the size of the heart
in cases of left bundle branch block with that drawn
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FIG. 7.-Distribution curve of cardiothoracic indices in 71 patients with left bundle branch block.

by Ottar Muller (1942) for the left ventricular
hypertrophy curves (see Fig. 8), we see that there is
some displacement to the right, i.e. towards the
larger hearts, in cases of left bundle branch block,
otherwise the two graphs are very similar. Of the
left bundle branch block patients 60 per cent had an
index below 1-80, compared with 48 per cent of
Miller's cases with left ventricular hypertrophy
curves. We may add that many of the largest
hearts found post-mortem in cases of left bundle
branch block were not radiographically examined.
The cardiothoracic index is an insufficiently accurate

25

C
0

,0
._o-

Cd
Ui

la

20

15

10-

5.

r---,_II !

2.5 2.4 2,3 2,2 2.1

standard of heart size to permit more elaborate
statistical analysis.
The weight of the heart in 31 cases exarmined

post-mortem is given in Table III, which shows that
we are dealing with extremely large hearts, 17 of
them weighing more than 600 grams and the average
being 652 grams. The largest heart, weighing
1780 grams, was from a 25-year-old man with aortic
insufficiency and stenosis, as well as slight mitral
disease and great thickening of the pericardium.
White states in his textbook that the largest heart
known to have existed weighed 1755 grams (Smith,

Cardio-thoracic index
FIG. 8.-Percentage distribution of cardiothoracic indices in left

bundle branch block (continuous line) compared with those
in left ventricular hypertrophy (dotted line).
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TABLE III
HEART WEIGHTS IN AuroPsIEs FROM 31 PATIENTS

wiTH LEFT B. B. BLOCK

Heart weight Number Remarksof cases

350 g. and smaller 2 320 and 350 g.
351-449 g. .. 3
450-499 g. .. 5
500-599 g. .. 4
600-799 g. .. 11
800-999 g. .. 4
1000 g. and more 2 1030 and 1780 g.

Total 31

1855), so that we have in this series the largest heart
in the world, but as in most of such huge hearts,
there was great thickening of the pericardium. For
two of the hearts the weight was reckoned to be
normal.

In identifying the electrocardiogram of left
ventricular hypertrophy, weighing the heart (and par-
ticularly the two ventricular muscles separately) has
played a certain role (Lewis, 1913-14; Hermann and
Wilson, 1921). We have given reasons for assuming
that dilatation is of greater importance than hyper-
trophy of the muscle, and one of our two cases with
a heart of normal weight may be cited to illustrate
this point. A woman, aged 58, who had a heart
affection of uncertain ietiology with angina pectoris,
increased basal metabolism and leukimia, was found
six months before death to have a considerably
enlarged heart in radiographs, the heart volume
being estimated at 985 ml., yet at autopsy the heart
was found to weigh only 320 grams.

It is obvious that many of the hearts from patients
in these age groups will show arteriosclerotic changes
in the coronary vessels. The significance of
reported post-mortem findings, such as " some
sclerosis, no stricture," " highly sclerotic, no dis-
tinct obstruction," " extreme sclerosis," etc., cannot
be judged in relation to the organic or functional
disturbances that may be occasioned by a reduced
blood supply to the heart muscle.

SUMMARY AND CONCLUSIONS
In the course of previous investigations relating

to the electrocardiogram in hypertension and in
aortic incompetence, we reached the conclusion
that the left bundle branch block cardiogram
might be caused by gross enlargement of the left
ventricle apart from any local lesion of the bundle
branch.

In the present investigation we have sought to
test this hypothesis further by an analysis of the
clinical, radiological, and necropsy findings in a
series of 100 cases, presenting permanent left bundle
branch block in the cardiogram. It was found that
diseases affecting the left ventricle, such as hyper-
tension and aortic valvular disease, predominated
in this material, occurring in 72 per cent of cases,
and that a considerable degree of left ventricular
enlargement occurred with about the same frequency.
In 14 cases there were reasons for presuming the
existence of local damage to the left branch of the
bundle, of which the most important cause was
probably cardiac infarction involving the ventricular
septum.
Our investigation suggests that the left bundle

branch block electrocardiogram is five times more
often due to enlargement of the left heart than to a
local lesion of the left branch of the bundle. In this
connection dilatation is deemed to be more important
than hypertrophy.
We have reason to believe that the left ventricular

hypertrophy curve and the left bundle branch block
curve represent different degrees of retarded con-
duction to the left heart, and that, therefore, no
sharp distinction between them is necessary. Both
imply, in most but not in all cases, a con-
siderable degree of left ventricular enlargement,
and both are found in association with diseases that
affect the left heart. The terminology at present
applied to these electrocardiograms is inadequate
and the comprehensive term electrocardiogram of
left-sided retardation might with advantage be
employed to designate all patterns of electro-
cardiogram that indicate retarded conduction to the
left heart, of which the bundle branch block type
represents the most extreme grade.
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