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Although the changes in the heart produced by exercise have long
been made the subject of investigation by clinicians and physiologists,
the question has not yet been settled. The earliest view, formulated
from clinical experience, was that when the heart was subjected to
exertion it dilated. This opinion was derived from estimations of
changes in the borders of the heart on percussion (T. Schott (1890)
and Williams and Arnold (1899)). T. Schott (1897) was the first
investigator to employ x-ray examination in studying this problem.
The data he collected appeared to support his view that dilatation of
the heart occurred. Moritz (1908) in 1908 first demonstrated by
means of orthodiagrams that acute cardiac enlargement did not
follow over-exertion. Indeed, on the contrary, he found that in
certain instances both in normal and pathologic hearts contraction
took place. Since then, studies have been made of the effect of many
varieties of exertion (swimming, rowing, running in marathon races)
on the heart of man, from the point of view not only of discovering
whether the heart reacts to acute exertion by dilating or contracting,
but also of learning whether hypertrophy is necessarily a consequence
of athletic training. More and more, the evidence which has been
accumulated seems to indicate that dilatation does not occur as a
consequence of acute exertion, but that on the contrary contraction
in size takes place. Recently Gordon and Strong (1923) have studied
in rabbits the effect of vigorous exercise on the size of the normal and
abnormal heart. The hearts designated as abnormal were those in
which enlargement resulted from repeated injections of spartein
sulphate. According to these authors myocarditis was the resulting
pathologic lesion. They found that the effect of exercise was the
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HAROLD J. STEWART 341

same in both instances: a decrease in size of the hearts always
occurred.

We have had an opportunity also to investigate this subject. For
several years we have been engaged in attempting to find a method
which would establish a state in dogs comparable to heart failure in
man. One of the methods has consisted in the attempt to bring about
this state by rendering the mitral valve insufficient. We have for
this reason in our possession a number of dogs in which defects of the
mitral valve have been made by operation and in which enlarged
hearts have in consequence developed. They show no signs however
of heart failure. It has been in connection with the study of the
circulation of these dogs that we have investigated the response of the
hearts to exercise. In them we are able to estimate the influence that
valvular defect alone (presumably without disease of the muscle)
exerts on the reaction of the heart to exertion. The form of exercise
which we chose was running on a treadmill. We took the precaution
of studying the effect of the same form of exertion on the hearts of
normal dogs.” These experiments form the subject of this paper.

‘MATERIAL

The subjects of certain experiments, as has been stated, were normal intact
dogs. The dogs which were the subjects of other experiments were those which
had been operated on 2 to 3§ years ago. Evidence of the lesions which were then
created still existed at the time of the present experiments (table 1). Complete
data concerning the operations will be published later (Stewart). A brief descrip-
tion only of the method used in operating on the valves need be given. Under
ether anesthesia and under aseptic conditions the left auricular appendage was
exposed and incised. A cardioscope! was then inserted through this opening.
By manipulation of the knife attached to the cardioscope the leaflets of the

1 The cardioscope which we used was designed with the assistance of Mr. R.
Wappler, and was made for us by the Wappler Electric Company, Long Island
City, New York. The idea of cutting the valves of the heart under direct vision
was suggested to us by the preliminary report of Allen and Graham (1922). As
complete data for the construction of their instrument was not available at the
time, we devised this new instrument. The optical system is similar to that used
in cystoscopes. We are much indebted to Doctors Graham and Allen for valuable
aid in learning their methods and desire to express our thanks to them for their
courtesy. '
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EFFECT OF EXERCISE ON THE HEART

TABLE 1
Effect of exercise on the size of the heart of normal dogs
b g1 88 |e 3 g
2 D E ;f wel 8 a? I Time with reference to
5 ate - 9 | 0 |8d| 8 | 58 § running
: AN IR RELE
a B |S|8 (a7 2 |A a
kom. | % | B | Do b ies | mites
235 | March 22, 1927 | 15.2{60.4{100.0 96 Before
57.3| 94.8] 5.21 120 | 45 | 0.9 | Immediately after
56.1| 92.8| 7.2| 128 One hour after
250 | October 26, 1927 | 10.5/35.8/100.0, 120 Before
34.4/ 96.1) 3.9{ 110 | 60 | 0.8 | Immediately after
34.9| 97.5| 2.5| 130 One hour after
October 27, 1927 | 11.0/40.8/100.0 120 Before
38.9/95.4{ 4.6/ 90| 60| 1.1 | Immediately after
37.2| 91.2| 8.8| 120 One hour after
October 28, 1927 | 11.6/36.3{100.0 120 Before
35.6/98.012.00 90| 60| 1.3 | Immediately after
34.0| 93.7| 6.3 120 One hour after
October 29, 1927 | 10.3:37.9{100.0 85 Before
35.7| 94.2| 5.8/ 85| 45| * Immediately after
35.6| 94.0| 6.0 85 One hour after
251 | October 27, 1927 | 12.7|48.8/100.0 110 Before
46.1| 94.5/ 5.5| 90| 35| 0.4 | Immediately after
46.1| 94.5| 5.5| 115 One hour after
* Speedometer not working.
TABLE 2
Enlargement of the heart following induction of artificial mitral insufficiency in dogs
" . : Prese! f
Dog mumber 02 SNAEL | M IIAT | oo | o™ | murmur at time
ning
5g. cm. sq. cm. years per cent
158 46.4 84.4 33 81.8 +
161 46.0 72.3 2% 57.2 +
171 50.3 68.9 2 31.7 +
153 56.2 68.2 2% 21.3 0
90 43.0 4.6 3% 0.0 0
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mitral valve were brought into view. The leaflets could then be cut under
direct vision. Development of a marked systolic thrill was regarded as evidence
that the operation had succeeded. The dogs completely recovered within 10 days
to 2 weeks. The hearts began to increase in size after varying intervals of time.
A loud systolic murmur persisted in each of the dogs (see exceptions, table 2).
The dogs studied for the present purpose were in good health. They were trained
to laborato\ry procedures and were not disturbed by them.

METHODS

The dogs were first trained to run on a treadmill. Certain dogs ran readily;
others could not be induced to run and were not studied. After the preliminary
training, the effect of running on the size of the heart was investigated by means
of x-ray photographs of the heart. The x-ray photographs were made and
measured according to the method described by Stewart (1927) for obtaining
photographs of the hearts of dogs under uniform conditions. The anticathode
was placed at a distance of 2 meters from the photographic film. A suture was
inserted in the skin in the mid-line of the anterior chest wall at the level of the
heart. The anti-cathode was always centered on this point before plates were
exposed. Three x-ray photographs were made during each session: the first,
before the dog began running; the second, immediately after the dog had stopped
running; and the third, after the dog had rested for one hour. Since the treadmill
was not driven by a motor, but by the dogs themselves, they ran only as long as
they did so voluntarily. They ran quite steadily for 25 to 60 minutes. The
second photographs were made as soon as it was evident that the dogs did not wish
to run longer. The tread was placed at an angle of 19 degrees with the horizontal
and a speedometer recorded the number of revolutions from which the distance
was calculated. Since the treadmill was in the x-ray room only a few seconds
were required to transfer the dog from it to the dog board under the x-ray tube.
The x-ray photographs were taken within 2 to 3 minutes after the dogs had stopped
running. The rate of the heart was counted at the apex for one minute im-
mediately after the photographs were taken. The observations were usually
repeated several times in each dog.

The exposures were sufficiently long to photograph the diastolic heart shadow;
in those photographs in which both systolic and diastolic positions of the heart
could be identified, the diastolic area was the one measured.

OBSERVATIONS

Effect of exercise on the size of the heart in normal dogs. 1In dog 235
the initial cardiac area was 60.4 sq. cm. (table 2, fig. 1). It decreased
to 57.3 sq. cm. after the dog had been running for 45 minutes. After
resting 1 hour it decreased still further to 56.1 sq. cm. There was



344 EFFECT OF EXERCISE ON THE HEART

TABLE 3
The effect of exercise on the size of enlarged hearts in which systolic murmurs were still present

85 |5
g g g"é o s | g ‘
-g Date . 5 E;a ',; § éf 8~§ fé Time wi‘tll:l ll;flﬁegrence to
: cBERE PR IR
] g |S|8°|a7| & |&° | A
ke | o0 | Gt | ot e | s | mites
158 | February 10, 1927| 20.6(82.1{100.0 130 Before
77.2/ 94.0 6.0/ 148 | 60 | 0.6 | Immediately after
81.9{ 99.7| 0.3| 136 One hour after
March 4, 1927 22.3|87.5/100.0 148 Before
80.4{ 91.8) 8.2| 132 | 38 | 0.4 | Immediately after
82.8| 94.7) 5.3| 150 One hour after
October 13, 1927 | 19.9(84.4{100.0 9 Before
79.1/ 93.7| 6.3] 120 | 40 | 0.5 | Immediately after
80.9{ 95.8| 4.2| 114 One hour after
October 15, 1927 | 20.1(87.2(100.0 130 Before
79.9| 91.6/ 8.4/ 110 | 57 | 0.6 | Immediately after
83.7 96.0| 4.0| 130 One hour after
161 | January 28, 1927 | 16.0(72.3/100.0| 160 Before
65.9/ 91.1| 8.9 142 | 38 | 0.3 | Immediately after
71.0{ 98.2| 1.8 144 One hour after
February 9, 1927 | 16.873.6(100.0 122 Before
68.3| 94.1] 5.9] 142 | 25 Immediately after
68.5( 94.4| 5.6/ 134 | 31| 0.2 | Immediately after
74.1/100.6| 0.6 One hour after
October 13, 1927 | 14.5{72.0(100.0 104 Before
68.31 94.8| 5.2/ 104 | 30 | 0.3 | Immediately after
71.2| 98.8| 1.2| 120 One hour after
171 | March 14, 1927 | 20.5/68.9/100.0 140 Before
66.9| 97.1| 2.9/ 136 | 60 | 0.8 | Immediately after
62.8| 91.2| 8.8| 148 One hour after
March 15, 1927 | 21.3/64.5/100.0 140 Before
60.5| 93.8] 6.2| 142 4 10.8 Immediatelyafter
59.0| 91.5| 8.5/ 140 " One hour after
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346 EFFECT OF EXERCISE ON THE HEART

accordingly a fall to 94.8 per cent of the initial size, followed by a
further decrease to 92.8 per cent of the initial size one hour after
exercise.

There are 4 observations on dog 250 and one on dog 251 (Table 2).
The results in all instances are similar to the one just reported. The
size of the hearts decreased 3.9 to 5.8 per cent immediately after
running, but decreased still further 6.0 to 8.8 per cent 1 hour later.
In not a single instance did the size of the heart become greater than
it had been in the beginning.

Effect of exercise on the size of enlarged hearts in which systolic
murmurs are present. Mitral insufficiency was created in dog 158 on
December 2, 1924, 3% years ago. During this time the area of the
heart increased 81.8 per cent from 46.4 sq. cm. to 84.4 sq. cm. (table 2).
This was the area on October 13, 1927 (table 3, fig. 2). After running
40 minutes on this day it decreased to 79.1 sq. cm., 93.7 per cent of
the value before exercise. One hour later it was 80.9 sq. cm., 95.8
per cent of what it was before the start. There was then on this
occasion a decrease of 6.3 per cent in the size of the heart after exercise.
The dog ran on three other occasions. On these also the cardiac area
decreased, the maximum decrease varying between 6.0 and 8.4
per cent.

Mitral insufficiency was created in dog 161 on December 11, 1924,
2§ years ago. During this time the area of the heart increased 57.2
per cent from 46.0 sq. cm. to 72.3 sq. cm. (table 2). This was the
cardiac area on January 28, 1927 (table 3). After running 38 minutes
on this day it was 65.9 sq. cm., that is to say, it had diminished 8.9
per cent. One hour later it was 71.0 sq. cm., approximating the size
it was before the start. The dog ran on two other occasions. On
these also a decrease in size of the heart occurred. The maximum
decrease amounted to 5.9 per cent and 5.2 per cent respectively.

Mitral insufficiency was created in dog 171 on April 22, 1925, 2
years ago. During this time the heart had enlarged 37.7 per cent
from 50.3 sq. cm. to 68.9 sq. cm. (table 2). He ran on the treadmill
on two occasions. The decreases immediately after running were

2.9 and 6.2 per cent respectively and were 8.8 and 8.5 per cent respec-
tively one hour later (table 3).

There are observations therefore on 3 dogs in which the heart was
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enlarged and in which there was still evidence that defects of the
mitral valve (murmurs) were still present. In every instance the
size of the heart decreased following the exercise of running on a
treadmill. 4

Effect of exercise on the size of the heart in dogs subjected to operation
but in which there was no longer evidence that valvular defect was present.
Mitral insufficiency was created in dog 153 on November 20, 1924,

TABLE 4
Effect of exercise on the size of the hearts of dogs subjected to operation but in which systolic
murmurs were no longer present

I
g |8 ° .
'g Date . a H.g gg g -5.3 s Time mr:.lh}mrguf'egrenceto
: § 8| %s (28] 5 |50
g B |o|Oo |A | tg A
kem. g; c;’:'t c’::t mts:zlc ,::cs”- miles
153 | January 18, 1927( 23.0/69.6{100.0 Before
66.7| 95.8| 4.2 42 { 0.6 | Immediately after
62.9 90.4{ 9.6 1 hour after
January 22, 1927| 23.0/67.8{100.0 182 Before
60.9| 89.0(11.0{ 145 | 55| 0.6 | Immediately after
67.9/100. 04 170 1 hour after
January 25, 1927} 23.0/68.2/100.0 165 Before
62.5] 91.5] 8.5/ 170 | 50 | 0.4 | Immediately after
67.5] 99.0{ 1.0| 155 ‘| 1 hour after
90 | April 15, 1927 11.5/42.6(100.0 130 Before
40.2 94.3] 5.7) 120 | 38| 0.8 | Immediately after
42.6/100.0 112 1 hour after

2% years ago. During this time the size of the heart increased 21.3
per cent, from 56.2 sq. cm. to 68.2 sq. cm. (table 2). A systolic
murmur was heard for some months after operation but later it dis-
appeared. It was not heard at the time of these experiments. The
dog ran on three occasions. On each occasion the heart was smaller
after running than it had been in the beginning (table 4). It de-
creased 8.5 per cent on the first, 11 per cent on the second and 4.2 per
cent on the third occasion. One hour later it had nearly regained its
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initial size on the first, it had returned to its initial size on the second,
and decreased still further (9.6 per cent) on the third occasion.

Mitral insufficiency was created in dog 90 on February 28, 1924. A
soft systolic murmur was heard for some months after operation but
later it disappeared. Three and one sixth years after operation the
area of the heart was approximately the same as before operation
(0.8 per cent decrease) (table 2). The area of the heart was 42.6 sq.
cm. on April 15, 1927 (table 4). After running on the treadmill for
38 minutes it was 40.2 sq. cm., that is to say, a decrease of 5.7 per cent
had occurred. The initial size was regained one hour later.

In one dog (3 occasions) then the subject of an artificially enlarged

heart and in a second in which there was no enlargement, the hearts
decreased in size after running on a treadmill. The maximum decrease
was 11 per cent. A systolic murmur was not heard in either case.
.. Effect of exercise on the heart rate. The heart rate decreased after
running in 2 normal dogs (dog 250, 3 occasions and dog 251, once)
(table 2), unchanged once (dog 250) and increased once (dog 235).
In the case of the dogs in which the hearts were enlarged, the rate
sometimes decreased (dog 158 twice, dog 161 once, dog 171 once, dog
90 once, and dog 153 once), sometimes increased (dog 158 twice, and
dog 161 once) and was sometimes unchanged (dog 161 once, dog 171
once, and dog 153 once). It is clear that the same effect was not
always observed even in the -same dog.

DISCUSSION

We have presented data showing that the hearts of normal dogs
decrease in size following exercise. Decrease in size also occurred in
hearts that were enlarged, whether the valve defect (murmur) was or
was not still present. The effect in dogs in which the hearts were
enlarged was the same as in the normal hearts; the dogs were all in
good health and exhibited no evidence of heart failure. Although the
mitral valves had been subjected to damage and the hearts had en-
larged in consequence of this injury, there had occurred no disease of
the heart muscle so far as is known. Although the decrease in size
was small, 3.9 to 11 per cent, it is nevertheless significant and it
occurred consistently. Enlargement never was observed. In the
hour after exercise the hearts sometimes decreased still further in size
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(if the decrease 1n the first instance was small), sometimes remained
unchanged and at other times regained their initial size. We have no
explanation to offer for this difference. The changes which we ob-
served in dogs were not as great as those observed in rabbits by
Gordon and Strong (1923). The difference in the results obtained is
probably due to the fact that the rabbits ran until completely ex-
hausted, while our dogs ran only as long as they did so voluntarily.
The distance which the dogs ran may appear to be small. The

. average distance was 0.6 mile, but the inclination of the tread (19°)
necessitated a vertical ascent of 1000 ft. in this distance.

We cannot be certain of the factors responsible for the occurrence
of the decrease in size of the hearts of these dogs after exercise. It was
observed also to accompany regular tachycardia (Stewart and Craw-
ford, 1927). Decreased filling of the heart in the shortened diastole
may be one of the factors. In the case of these experiments however
tachycardia was not a factor, since the ventricular rate exhibited no
consistent change, remaining unchanged or becoming either slower
or faster than the initial rate. Increase in size of the vascular bed
may of course have taken place due to the opening of channels which
were hitherto closed, for exercise may be believed to be the occasion
for the opening of a greater number of capillaries in the muscles and
skin than when the animals are in a resting state. The blood would
then be drained away from the heart.

Both Meek and Eyster (1922) and Stewart (Stewart, a) have
shown that the size of the heart decreases when the volume of circu-
lating blood is diminished. But decrease in volume of blood was in
all probability not a factor in these cases since Hastings (1921) has
shown an increase following exercise in the hemoglobin content
(expressed as oxygen capacity) of the blood and Broun (1922) has
demonstrated an actual increase in the total blood volume.

In another connection also there 1s similarity in behavior of large
and small hearts. The same dogs which served in these experiments
were utilized also in studying the effect of digitalis. In both groups
decrease in cardiac size, decrease in cardiac output and increase in
ventricular excursion followed the administration of this drug
(Cohn and Stewart, 1928a and 1928b).

It is not certain how far an application can be made of the data of
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these experiments to cases of heart disease in man. The analogy is
not close enough to warrant the conclusion that acute exercise is not
harmful to patients suffering from valvular disease when they exhibit
no signs of heart failure. It is infrequent that one finds in patients
the conditions which were present in these experiments, that is to
say, valvular insufficiency and cardiac enlargement without con-
comitant disease of the myocardium.

SUMMARY

The effect of running on a treadmill on the size of the hearts of dogs‘
has been studied. It was found that the size of both normal and
enlarged hearts always decreased.

CONCLUSIONS

Dilatation of the heart does not occur in normal dogs following
voluntary exercise. On the contrary, the size of the heart decreases.
When dogs in which the heart is enlarged in consequence of artificially
created valvular defects, but in which there is presumably no myo-
cardial disease, and in which there are no signs of heart failure, are
subjected to exercise, the size of the heart likewise decreases.
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