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Close association between aberrations in the
function of the thyroid gland and disturbances in
the physiology of the cardiovascular system has
long been recognized. Because of the frequent
occurrence of evidences of heart disease in pa-
tients with thyrotoxicosis many investigators have
studied the cardiac minute volume output and
other aspects of the circulation in this disease.
In hypothyroidism, on the other hand, evidences
of disturbed cardiovascular function are less
prominent, and the cardiac output accordingly has
been less thoroughly investigated.

In 1925, Means (1) reported marked dinminu-
tion in the cardiac minute volume output in two
cases of myxedema studied by Field and Bock.
Two years later, Mobitz (2) observed a decrease
in the cardiac output in one patient with myxe-
dema, and Kininmonth (3) likewise observed a
decrease in two additional cases. The results of
the two latter observers are difficult to interpret,
since the validity of the original ethyl iodide
method (4) which they utilized has been ques-
tioned. Several years later, Bansi (5) (6) using
the methods of Douglas and Haldane (7) and of
Grollman (8), also found decreased cardiac out-
put in three patients with myxedema.

The recent work of Blumgart and his associ-
ates (9) (10) (11) in establishing the value of
total ablation of the normal thyroid gland in the
treatment of chronic intractable heart disease
made it advisable to study the cardiac output and
related aspects of the circulation in hypothyroid-
ism induced by this operation.

MATERIAL AND METHODS

Observations have been made on seven patients in
whomhypothyroidism developed subsequent to total abla-

1This paper is number XVII of the series entitled
"'Therapeutic Effect of Total Ablation of Normal Thy-
roid on Congestive Failure and Angina Pectoris."

2This investigation was aided by a grant from the Wil-
liam W. Wellington Memorial Research Fund of Har-
vard University.

tion of the thyroid gland performed for the relief of
angina pectoris. Studies were made in two, both before,
and at different levels of basal metabolism after opera-
tion; in one other, observations were made at three dif-
ferent levels of metabolism after operation. Patients
with no history of congestive failure were chosen for
this study in order to avoid the complicating effect of
cardiac decompensation on the output of the heart. Four
subjects were males and three females; the ages varied
from 53 to 65 years. Several patients showed slight ele-
vation of the blood pressure; all presented slight to
moderate sclerosis of the peripheral arteries. The hemo-
globin in every instance was 90 per cent or above. Stud-
ies were made only in patients with hypothyroidism who
could be trained to breathe as deeply and as rapidly as is
necessary for measurement of the cardiac output by the
acetylene method. The decreased oxygen consumption in
hypothyroidism results in a diminution of the oxygen
difference between the consecutive gas samples taken for
analysis. This increases the percentage deviation from
the average of repeated measurements of the cardiac
output; it was not possible to obtain reliable results in
several patients. As indicated in Table I, many patients
were receiving small doses of dessicated thyroid gland
(Armour) at the time of study.

All measurements were made in the postabsorptive
state, under basal conditions with the patients in the
semi-recumbent position, after a rest of. one-half to one
hour. The basal metabolic rate was first measured in
duplicate with a Collins Benedict-Roth spirometer and
calculated according to the Aub-DuBois normal stand-
ards. iThe arterial blood pressure was next measured
using a mercury manometer with the standard cuff. The
figures in the table represent the averages of several
readings. The pulse rate was counted twice before each
measurement of the cardiac output. Two measurements
of the arteriovenous oxygen difference were made by the
acetylene method of Grollman (8), three gas samples
being taken for each measurement as suggested by Groll-
man, Friedman, Clark and Harrison (12). The values
reported represent the average of two or more measure-
ments made at the same level of basal metabolism. The
maximum deviation from the average for any one value
of the arteriovenous oxygen difference accepted as reli-
able was ± 7.7 per cent and the average deviation from
the values reported was + 3.3 per cent. The venous
pressure was then measured by the direct method of
Moritz and Tabora (13) and finally the velocity of blood
flow was estimated, using as an index the " arm to
tongue " circulation time measured with decholin (14).
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The figures for the velocity of blood flow are the aver-
ages of two or more readings which did not differ from
each other by more than two seconds. In three instances
the velocity of blood flow was not measured on the same
day as the cardiac output.

The cardiac minute volume output was calculated
from the arteriovenous oxygen difference and the oxygen
consumption, the latter being estimated from data ob-
tained during the measurement of the basal metabolic
rate. The work of the left ventricle was calculated using
the formula of Evans and Matsuoka (15), W= QR
+ (wV/2g),3 disregarding the velocity component
wV'/2g since it represents only 1 to 3 per cent of the
total work.

RESULTS

Cardiac output and work. The minute volume
output of the heart was decreased in all 7 pa-
tients with hypothyroidism following total thyroid-
ectomy (Table I, Figure 1). Measurements,
made when the basal metabolic rates had decreased
to between minus 25 and minus 37 per cent, re-

8 W=work; Q= cardiac output per unit of time;
R=-arterial resistance (mean blood pressure X 13.6);
V= velocity of blood in aorta; w= weight of blood;
g = acceleration due to gravity.

vealed cardiac indices (cardiac output in liters per
square meter of body surface) of only 1.1 to 1.4
(Figure 1) as compared to the normal values of
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FIG. 1. RELATION BETWEENTHE BASAL METABOLIC RATE.
AND THE CARDIAC INDEX.

'The dots indicate measurements made on various pa-
tients at a single low level of metabolism. Measure-
ments at various levels of metabolism in three patients
are indicated by the circles, and open and closed triangles.

TABLE I
Cardiac output and related observations in hypothyroidism

6

years incha pounda per,cent mcc.petr wlurme str per cc. swonds cm0 Ho- Hon cc. kiorm gram-

Cas studied after total thyroidectomy

L. M. P. .. 53 62i 137 -37 133 5.85 2.3 1.4 55 41 32 130 86 3600 3.3 61 4 months after operation
2. R. S.... 58 59j 139 -28 138 6.7 2.1 1.3 65 32 186 110 1500 4.1 64 11 months after operation,
3. T. C. ... 65 70 178 -86 160 6.35 2.5 1.2 46 55 21 4.1 138 90 3750 3.9 85 yoidmonth gitr prai aoly
4. G. O. . .. 65 69}i 19 -35 167 65 2.:6 1.3 58 1 4|16 |6.9 |120 |76 |2350 3| 59 Thyoi aftegratiDodil

Cases studied before and after total thyroidectomy

o 4 o .' .

5. R. B. ... 57 G00 164 -ll 184 5.00 3.7 2.1 68 54 18 6.0 160 |01O900 6 .5 |96 Before operation
162 -25 156 5.67 2.3 1.4 60 39 28 140 82 360 3.4 61 46 meelt after operation
168 -22 163 6.20 2.6 1.5 69 38 186l10 1500 4. 645 11 months after operation

Thyrid 1/10 grain daly

6. M. C... 67 58 107 - 3 163 5.95 2.7 2.0 73 38 17.5 8.0 160 90 1550 34.7 8564 10Before operation
113 -22 135 6.23 2.2 1.5 74 29 21 7.7 1207 2550 3.4 59 4 months af opera ton

Casesstudiedbeforeand after total thyroideoidctoweey

5R.B|.57 60* 124 -34 118 6.95 1.7 2.1 63 527 27 8.9 160 94 1500 6.8 45 No thyroid for 7 weeks

Case studied at various levels of basal metabolic rate after operation

7. B. F.... 53 |64.5 163 -34 1546 6.95 2.2 1.2 56 40 3 12 1 90 2400 3.0 54 4 months after operation
153 -25 193 5.85 3.3 1.9 79 42 22 140 80 2700 4.5 58 5 months after operation

6.M|8...5758 107| -2D3 165 6.35 2.6 1.4 76 34 137 3.1 104 76 2500 43.2 642 B9fore otera ont

113 -22 15 62 2. 1. 74 2 21 77 141215 3. 53 4mnhs afte operation

Thyroid 1 grain,eert.i.d

386

A

0 A

8 A

I A . ..0
0



MINUTE VOLUMEOUTPUTOF HEART IN HYPOTHYROIDISM

2.2 + 0.3 (16). The work of the left ventricle
was correspondingly diminished.

The findings in Cases 5 and 6 studied both be-
fore and after operation, and in Case 7 studied at
different levels of metabolism after operation
indicate that as the basal metabolic rate falls, the
minute volume output of the heart decreases pro-

gressively more rapidly than the oxygen con-

sumption.
Arteriovenous oxygen difference. An increase

of arteriovenous oxygen difference became evi-
dent at low levels of metabolism (Table I, Figure
2). The disproportionate decrease in the cardiac
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FIG. 2. RELATION BETWEENARTERIOVENous OXYGEN
DIFFERENCEAND THE BASAL METABOLIC RATSE IN THR
PATIENTS STUDIED AT VARIous LEVELS OF BASAL ME-
TABOLISM.

output noted above is associated with this pro-
gressive increase in arteriovenous oxygen differ-
ence (Cases 5, 6, and 7, Table I).4

Velocity of blood flow. The velocity of blood
flow was usually decreased when hypothyroidism
had developed (Table I). In Cases 3 and 4 the
velocity of blood flow was not appreciably less
than normal although the cardiac output was strik-
ingly decreased. In some instances, therefore, the
velocity of blood flow did not reflect accurately
the work of the heart.

Venous pressure, arterial pressure, and vital
capacity. The venous and arterial blood pressure

4 Drs. T. R. Harrison and Harold J. Stewart have each
studied one case after total thyroidectomy and have also

observed this change in the arteriovenous oxygen differ-
ence. (Personal communications.)

and vital capacity showed no significant changes
after total thyroidectomy (Table I).

DISCUSSION

Starr, Collins, and Wood in 1933 (17) demon-
strated a high coefficient of correlation between
the cardiac output and oxygen consumption in
normal persons under basal conditions. The re-
sults of the present study in patients with hypo-
thyroidism indicate, however, that as the basal
metabolic rate falls, the minute volume output of
the heart decreases progressively more rapidly
than the oxygen consumption. This dispropor-
tionate decrease in cardiac output in hypothyroid-
ism is accompanied by an increase in the arterio-
venous oxygen difference and is in harmony with
the observations of Field and Bock in two cases
of spontaneous myxedema (1).

The increased arteriovenous oxygen difference
found in hypothyroidism is not to be regarded as
evidence of heart failure due to " myxedema
heart." An increase has in fact been observed
after total thyroidectomy in patients with con-
gestive heart failure when the signs of cardiac
decompensation were disappearing (unpublished
data). The fact that the venous pressure was
not increased in the above studied patients with
marked hypothyroidism is additional evidence
that the circulatory changes were not due to
cardiac decompensation. Estimation of the size
of the heart on x-ray examination before and
after operation, furthermore, revealed enlarge-
ment after hypothyroidism had developed in only
three of the seven patients of this series. The
factor responsible for the increased arteriovenous
difference has not been ascertained. Further
work in this direction is now in progress.

Calculations from the data obtained in this study
show that the work of the left ventricle is greatly
diminished at low levels of metabolism following
total thyroidectomy. This is in harmony with the
concept advanced by Blumgart et al. (9, 10, 11)
that the relief obtained in congestive failure and
angina pectoris after thyroidectomy is due to
lowered demands upon the heart in the hypothy-
roid state. It is significant that the patients
studied experienced relief of their angina pectoris
when the work of the heart decreased. Con-
versely, patients with spontaneous myxedema may
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develop angina pectoris when treated with thyroid
(18).

In hypothyroidism the marked decrease in
cardiac output with its associated increase in ar-

teriovenous oxygen difference results in a dis-
proportionately greater decrease in left ventricular
work than in basal metabolism. At very low
levels of metabolism the rest afforded the heart
becomes considerably greater than that which
might be expected from the decrease in basal
metabolic rate alone.

CONCLUSIONS

1. The minute volume output and the work of
the heart are greatly diminished in hypothyroid-
ism following total ablation of the normal thyroid
gland.

2. The cardiac output decreases progressively
more rapidly than the oxygen consumption as the
basal metabolic rate falls in hypothyroidism. This
disproportionate decrease in cardiac output is ac-

companied by a progressive increase in the arterio-
venous difference.

3. In most instances the velocity of blood flow
was decreased when the cardiac output was low.
In some instances, however, the velocity of blood
flow did not reflect accurately the work of the
heart.

4. The venous pressure, arterial pressure, and
vital capacity were not significantly altered after
total thyroidectomy in the patients of this series.
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