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IN THE HYPERTHYROID STATE
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(Received for publication May 5, 1941)

In the hyperthyroid state, the various compen-
satory mechanisms ordinarily initiated by exer-
cise may be modified by certain factors. Of in-
terest in this respect is the finding that the resting
cardiac output (1) and rate of peripheral blood
flow to at least the forearm (2) and leg (3) are
markedly augmented, thus suggesting that an
increased amount of blood is necessary merely in
maintaining the vegetative processes. Further-
more, since hyperthyroid patients require nearly
twice as many calories as normal subjects to do
a definite amount of exercise, the probability
exists that they are inefficient in the performance
of work (4).

In the present investigation, it was considered
of interest to study the local circulatory response
to exercise in hyperthyroidism, in order that some
information might be gained as to the adequacy
of the adaptive mechanisms in this state. For
this purpose the venous occlusion plethysmo-
graphic method was utilized, since it afforded an
opportunity of determining the changes in a small
group of muscles.

METHOD

The study was conducted upon the forearm of 5 pa-
tients before and after subtotal thyroidectomy, the tech-
tique used in making the blood flow determinations being
identical in all respects to that previously described (5).
After 10 to 20 control readings had been obtained, the
subject was required to perform a specified amount of
work. This was accomplished by raising the pressure in
a 5-gallon air-filled bottle to a definite level by means of
ipsilateral manual compression of an ordinary sphygmo-
manometer bulb. The number of times the bulb was
compressed, the period of exercise, and the height to
which the pressure in the bottle was elevated were kept
as constant as possible in all experiments performed on
any one subject. Since the muscles utilized in this act
were for the most part limited to the forearm encased in
the plethysmograph, the changes in the blood flow read-
ings could therefore be considered to represent the local
circulatory reaction to the work.

Immediately upon completion of the task, forearm
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blood flow determinations were obtained at 10-second in-
tervals during the first 3 minutes, and thereafter at one-
half minute periods until the blood flow returned to the
previous resting level. In each instance, a graph was
constructed from these figures, and by means of a planim-
eter the number of cc. of excess blood flow, over and
beyond the previously determined average resting level,
was calculated (Figure 1).

RESULTS

With one exception (L. M.), the number of cc.
of excess local blood flow elicited by a period of
work was definitely greater during the hyper-
thyroid state than after partial thyroidectomy
(Table I). A correlation was readily apparent
between the magnitude of the repayment and the
level of basal metabolism (Figure 1). Similarly,
the duration of the increased blood flow and the
height of the single maximal response were sig-
nificantly less following thyroidectomy (Table I).
In the case of L. M., the reading which was not
in agreement with the rest of the series was ob-
tained 53 days postoperatively, at a time when
signs suggestive of early hypothyroidism were
present. In respect to the group as a whole, no
definite relationship existed between the magni-
tude or duration of the blood flow repayment fol-
lowing exercise and the level of the resting blood
flow at the time of the test (Table I, subjects
J. L. and E. M.).

DISCUSSION

Since it was impossible to obtain accurate blood
flow readings during the actual performance of
exercise, the rate of blood flow in the period im-
mediately following was studied instead. The
rationale for this procedure is based on the as-
sumption that, if the augmented circulation pres-
ent during work is insufficient to meet entirely
the increased demands of the tissues, a blood flow
debt must be incurred; this, in turn, being repaid
in the subsequent period of rest. The magnitude
of the blood flow repayment would thus serve as
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an index of the circulatory response during the
exercise. On such a basis, the foregoing results
lend themselves to certain interpretations.
The finding of a much larger blood flow repay-

ment in the hyperthyroid state than in the period
following operation implies either that the com-
pensatory mechanisms present during exercise are
inadequate, that the blood flow requirement per
unit of work is much greater than normal, or
that both of these factors are operating. The
fact that the cardiovascular system in the resting
hyperthyroid patient is already functioning at a
greater level of effort, analogous to that of a com-
pensated heart with diminished reserve, suggests
that the increased post-exercise response is due

at least in part to inadequate adaptive mechanisms.
Further, the finding that a definite relationship
exists between the rate of metabolism and the
magnitude of the blood flow repayment implies
that the muscles of hyperthyroid patients require
a greater than normal quantity of oxygen and
food-stuffs in the performance of a specified
amount of work. In other words, the local blood
flow demands in exercise appear to be related to
the metabolic level of the organism as a whole.

It would seem, therefore, that exercise places a
severe load upon the circulation in hyperthy-
roidism, since a greater than normal blood flow
requirement must be satisfied by a cardiovascular
system already geared to a higher level of effort
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FIG. 1. BLoOD FLOw RESPONSE IN FOREARM TO A SPECIFIED AMOUNT OF EXERCISE
SUBJECT E. M. (TAB4x I)

A. 5 days before operation. Estimated basal level in period immediately following
exercise, 4.5 cc. per minute per 100 cc. limb volume (equivalent to resting control blood
flow before exercise). Excess blood flow elicited by the work, 89.6 cc. per 100 cc.
limb volume. B. 4 days postoperatively. Estimated basal level, 3.3 cc. Excess blood
flow, 48.9 cc. C. 28 days postoperatively. Estimated basal level, 1.3 cc. Excess blood
flow, 20.9 cc.
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EXERCISE IN HYPERTHYRODISM

TABLE I

Blood flow response to exercise in the forearm

Maximum
single Time of Total dura- Basal

Subject Relationship to operation Exercise* Control flow Repaymentt response maximum tion of metabolic
to response response rate

exercise

days mm. Hi secoxds minutes
J. L. 2 preoperative 70 4.2 55.7 13.5 45 16 +24

10 postoperative 70 4.1 26.0 8.6 30 14.5 +12

M. B. 12 preoperative 40 3.6 33.0 10.7 30 19 +50
35 postoperative 40 1.2 18.0 6.9 10 10 0

E. M. 5 preoperative 45 4.5 89.6 15.1 180 19 +40
4 postoperative 45 3.3 48.9 16.3 20 13 +20
28 postoperative 45 1.3 20.9 8.2 10 10 + 5

J. P. 1 preoperative 60 5.3 42.7 . 11.8 40 20 +44
4 postoperative 60 2.5 22.6 8.3 10 10 +15

L. M. 7 preoperative 50 5.8 42.7 13.1 100 15 +44
8 postoperative 50 4.2 35.4 10.5 60 15 +23

53 postoperative 50 1.2 41.9 8.2 25 10 -13

* Height of pressure in 5-gallon bottle.
t Total number cc. excess blood flow per 100 cc. limb volume elicited by exercise.
Blood flow figures expressed in cc. per minute per 100 cc. limb volume.

during rest. In view of this, the fact that the
hyperthyroid state is commonly associated with
the symptoms of muscular weakness and fatiga-
bility is readily understandable.

SUMMARY AND CONCLUSIONS

1. The post-exercise blood flow repayment was

generally found to be much greater in the hyper-
thyroid state than in the period following subtotal
thyroidectomy.

2. A correlation was apparent between the level
of oxygen consumption and the magnitude of the
excess blood flow elicited by the exercise.

3. Exercise places a much greater load upon

the circulation in hyperthyroidism than in the
normal state.
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