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Several observers have directed attention to the fact that insulin
hypoglycemia may precipitate symptoms and signs of serious disturb-
ance in the cardiovascular system. Gigon (1), in 1923, reported that
a patient with diabetes mellitus had died from myocardial failure after
the third dose of insulin. Reinwein (2) observed two patients with
diabetes mellitus and circulatory insufficiency in whom the administra-
tion of insulin caused a decided increase in the degree of congestive
failure. Joslin (3) and Blotner (4) reported cases in which cardiac
infarction developed shortly after the administration of insulin, and
von Noorden and Isaac (5) observed several patients with coronary
artery disease in whom insulin hypoglycemia apparently was the cause
of death. Several instances have been recorded in which insulin
hypoglycemia precipitated typical attacks of angina pectoris (6, 7, 8).

Further evidence of altered cardiac physiology during insulin hypo-
glycemia is afforded by the electrocardiographic studies of Middleton
and Oatway (9) and others. The changes observed consisted of
diminished amplitude or inversion of the T-wave.

Although the effect of insulin shock on the pulse rate and arterial
blood pressure of man has been studied by several investigators (10,
11, 12, 13), but little attention has been paid to the effect of the
hypoglycemic state on the minute volume output of the heart. In the
only reported measurements, Lauter and Baumann (13), using the
ethyl iodide method of Henderson and Haggard (14), recorded an
increased circulatory minute volume during hypoglycemia in five

'This investigation was aided by a grant from the DeLamar Mobile
Research Fund of Harvard University.
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patients with diabetes mellitus and one normal subject. Because
of the serious cardiovascular disturbances following the administration
of insulin in certain patients, further investigation of the effect of
insulin hypoglycemia on the circulation seemed desirable.

METHOD OF STUDY

All observations were made while the subjects were in the post-
absorptive state, in bed, in a semi-recumbent position. The fasting
blood sugar content was determined according to the method of Folin
and Wu (15). The vital capacity of the lungs was measured, and the
arterial blood pressure and the pulse rate were recorded at frequent
intervals. When the two latter had become constant, the circulatory
minute volume was measured according to the acetylene method of
Grollman (16). Immediately after the second rebreathing period,
40 to 80 units of insulin were administered subcutaneously. The
blood pressure and pulse rate were recorded at ten-minute intervals
until the end of the experiment. The signs and symptoms of hypo-
glycemia were noted as they appeared. Profuse perspiration usually
developed 45 to 90 minutes after the administration of insulin. When
this state was reached, a second sample of blood was collected for
estimation of the sugar content; the pulse rate and blood pressure were
again recorded, and a second measurement of the minute volume out-
put of the heart was made. A third specimen of blood was then
collected, the pulse rate, blood pressure, and vital capacity of the
lungs were recorded, and finally the subject was given 500 cc. of orange
juice followed by a large breakfa,st rich in carbohydrate.

RESULTS

Sixteen normal, non-diabetic subjects between the ages of 16 and 45
years were studied. A summary of the observations is presented
in Table I, and the protocol of a representative experiment is shown in
Table II. The initial sugar content of the blood was within the limits
of normal in all instances, while the lowest recorded content at the
end of the experiments varied from 34 to 74 mgm. per 100 cc. All
subjects displayed characteristic symptoms and signs of hypoglycemia
at the time of the second measurement of the cardiac minute volume
output, but they had not become restless or anxious.

523



INSULIN HYPOGLYCEMIA

TABLE II

Protocol of a representative experiment

Subject 5. Aet. 16. Height 64 inches. Weight 115 pounds

Oxygen Arterio- Circu-
Tie Blood Pulse Arterial Vital con- venous latoryTie sugar rate pressure capac- sump- oxygen mnt eak

ity tion per differ- vlmiueReak
~~~~4

~~~~minute ~nce vlm

cc.

225

235

volumes
per cent

6.0

6.0

5.3

liters

3.8

3.8

4.4

Skin warm and moist.
No tremor. No capil-
lary pulsation

Insulin units 60 given
subcutaneously

Slight tremor
Hunger
Slight dizziness and nerv-
ousness. Pallor. Defi-
nite capillary pulsation

Perspiring profusely.
Pupils dilated. Weak-
ness

Orange juice 500 cc.

During hypoglycemia, the minute volume output of the heart in-
creased in every subject, although occasionally not beyond the limits
of error. The increase averaged 29 per cent and varied in different
individuals from 3 per cent to 86 per cent. No correlation between

per mm. Hg
min.

70
72
66
68
68

68
70
76
72
80

114/78
108/72
104/74
104/70
104/74

106/78
106/74
106/72
112/78
110/36

mgm. Per
100 cc.

106

67

71

7:35
7:40
7:50
8:00
8:07
8:15
8:20

8:27
8:43
8:46

8:50
9:00
9:10
9:20
9:30

9:35

9:45
9:49
9:58
10:04
10*05
10:09
10:10

cc.

2900

2800

80 1108/38

80 1108/38
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the rise in circulatory minute volume and the fall in blood sugar level
could be demonstrated. The pulse pressure increased in all subjects,
the average change being 29 mm. of mercury. Usually the systolic
blood pressure rose, while the diastolic fell. Capillary pulsation was
observed in 12 of 13 subjects examined for its presence. In 11 in-
stances, there was a distinct rise in pulse rate, averaging 15 beats per
minute. Average values for pulse rate, arterial pressure, pulse pres-
sure and circulatory minute volume before and during hypoglycemia
are presented in Table III.

TABLE III

Average values before and during hypoglycemia

Pulse rate Arterial Pulse Circulatorypressure pressure minute volume

per minute mm. Hg mm. Hg liters
Before insulin................. 68 114/74 40 3.56
During hypoglycemia.......... 78 128/59 69 4.58

Percentage change............. +15 +12/-20 +73 +29

In five individuals the vital capacity decreased by 200 to 500 cc.,
while in two it increased by more than 100 cc.

DISCUSSION

The results of the present investigation furnish a rational explanation
for the occurrence of cardiovascular disturbances during insulin hypo-
glycemia. They indicate that hypoglycemia usually is attended by
an increase in the minute volume output of the heart, the pulse pressure
and the ventricular rate. These findings denote a considerable in-
crease in the amount of cardiac work. In normal individuals the
heart easily accomplishes this increased work. In subjects with
diminished myocardial reserve, however, the added work may give
rise to conspicuous signs and symptoms of myocardial insufficiency.
In other individuals attacks of angina pectoris may be precipitated.

In connection with the chain of events whereby insulin hypogly-
cemia leads to the Qbserved changes in the circulation, certain ob-
servations on animals by Cannon, McIver and Bliss (17) are of con-
siderable interest. According to these investigators, the symptoms
and signs of insulin shock result from stimulation of the sympathetic
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division of the autonomic nervous system. In cats whose hearts had
been denervated completely and in which one adrenal gland had been
removed and the other denervated, the heart rate did not increase
during hypoglycemia as it did in animals with denervated hearts but
with intact adrenal glands. Cannon, McIver and Bliss, therefore,
concluded that the increase in heart rate under these conditions results
from a discharge of adrenine in response to stimulation of the sym-
pathetic nerves to the adrenals.

Clinically, the changes in pulse rate, systolic and diastolic blood
pressure and cardiac minute volume output that occur during insulin
hypoglycemia are similar to those that follow subcutaneous adminis-
tration of epinephrine (18, 19). Capillary pulsation also may appear
in both conditions (12, 20). According to Boothby and Wilder (21),
insulin has no direct effect on the metabolic rate. They suggested
that the increased metabolism recorded during hypoglycemia results
from a spontaneous discharge of epinephrine. These observations
lend further support to the hypothesis that the circulatory changes
observed during hypoglycemia in man result mainly from stimulation
of the sympathetic system and increased discharge of adrenine.
The increased cardiac work incident to hypoglycemia probably is of

particular importance if hypoglycemia develops during the treatment
of diabetic coma. The observations of Foster (22) suggest that, in
the presence of ketosis, the heart is less able than normally to accom-
plish the work demanded of it. He observed myocardial degeneration
at necropsy in patients dying in diabetic coma. The weakened heart
action frequently observed clinically in diabetic coma is in harmony
with these findings. In the light of these observations it is not alto-
gether surprising that patients may die from myocardial failure in
spite of the fact that the manifestations of diabetic coma have been
treated successfully with insulin (13).

In brief, not only is the heart called upon to perform more work in
insulin hypoglycemia, but in certain subjects it is probably less capable
than normally of responding to these increased demands. The results
Qf the present investigation suggest that great care should be taken to
avoid hypoglycemia in subjects with arteriosclerosis, angina pectoris,
or symptoms and signs of circulatory insufficiency, particularly when
ketosis is present. Under such circumstances, hypoglycemia usually

526



A. CARLTON ERNSTENE AND MARK D. ALTSCHULE

can be avoided by giving smaller amounts of insulin at more frequent
intervals, by repeated measurements of the blood sugar content and,
when necessary, by the administration of glucose.

SUMMARY

1. The effect of insulin hypoglycemia on the pulse rate, arterial
blood pressure, minute volume output of the heart and vital capacity
of the lungs was measured in sixteen normal non-diabetic individuals.

2. The pulse rate and pulse pressure increased during hypoglycemia,
the systolic blood pressure rising, while the diastolic fell.

3. The minute volume output of the heart increased during hypo-
glycemia.

4. These observations indicate that insulin hypoglycemia is at-
tended by an increased amount of cardiac work.

5. This increased cardiac work furnishes a rational explanation for
the clinical observation that, in subjects with diminished myocardial
reserve, hypoglycemia may result in the development of conspicuous
signs and symptoms of myocardial failure. It also serves to explain
the occurrence of attacks of angina pectoris in certain individuals
during hypoglycemia.

6. The results of the investigation suggest that great care should be
taken to avoid hypoglycemia in subjects with arteriosclerosis, angina
pectoris, or with symptoms and signs of circulatory insufficiency,
particularly when ketosis is present.
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