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In vitro studies (1-5) of the effect of variations
in the functional activity of the thyroid gland upon
cerebral metabolism have yielded conflicting re-
sults; some investigators have found the oxygen
consumption of the brain to be increased in ex-
perimental hyperthyroidism, and diminished after
thyroidectomy; others have not been able to dem-
onstrate a change in the oxygen uptake of brain
slices of either hyper- or hypothyroid animals.
The introduction of the nitrous oxide method for
the determination of cerebral blood flow provided
a means of directly measuring cerebral circulatory
and metabolic functions in man, and this technique
was promptly applied to a study of these functions
in human subjects with hyperthyroidism and
myxedema. The initial studies in man, however,
have also yielded conflicting results, especially
with respect to the cerebral circulatory changes
in thyroid disorders. Scheinberg (6), and Soko-
loff, Wechsler, Balls, and Kety (7) found that
the mean cerebral blood flow of a small series of
subjects with hyperthyroidism was not signifi-
cantly different from the mean CBF previously
determined in a series of normal young men.
Sokoloff, Wechsler, Mangold, Balls, and Kety
(8) later reported that the CBF in hyperthyroid-
ism was increased, but attributed this increase to
anemia. Scheinberg, Stead, Brannon, and War-
ren (9) found the mean CBF in subjects with
myxedema to be significantly lower than in young
normal subjects, an observation in agreement
with the findings of Himwich, Daly, Fazekas, and
Herrlich (10) who studied the rate of blood flow
in cretins by means of a thermostromuhr placed
in an internal jugular vein. In 1951, Madison,
Sensenbach, and Ochs (11) reported the results

1 Published with permission of the Chief Medical Di-
rector, Veterans Administration, who assumes no re-
sponsibility for the opinions expressed or conclusions
drawn by the authors.

of a preliminary study of cerebral circulatory and
metabolic functions in hyperthyroidism and myx-
edema, in which the values for these functions,
obtained after euthyroidism had been achieved,
served as controls for comparison with pre-treat-
ment findings. Since then, the study has been
enlarged to include observations in 22 subjects
with hyperthyroidism and 11 with myxedema
and forms the basis for the present report. Stud-
ies were repeated after euthyroidism had been
achieved by treatment in 16 of the 22 hyperthy-
roid subjects and in 8 of the 11 subjects with
myxedema.

CLINICAL MATERIAL AND METHODS

Twenty-two males with hyperthyroidism whose ages
ranged from 24 to 64 years were studied. The diag-
nosis was established when the characteristic history,
physical findings, and laboratory studies clearly indi-
cated the existence of a hypermetabolic state due to over-
activity of the thyroid gland. Prior to the institution
of definitive therapy, there was a period of observation
during which the patients were treated with bed rest,
hyperalimentation, supplementary vitamins, and sedation
as needed. Just prior to the institution of treatment the
initial circulatory studies were made; sedative drugs
were withheld for at least 24 hours prior to the studies.
Five of the patients were treated surgically, 14 with I'
and 3 with propylthiouracil. Cerebral circulatory and
metabolic studies were repeated in 16 of the subjects
after a euthyroid state had been attained; in six subjects
euthyroid studies were not done because of technical diffi-
culties or failure of the patients to return to the hospital
for follow-up examination.

Eleven male subjects with myxedema ranging in age
from 24 to 68 years were studied. The etiology of the
myxedema was post-thyroidectomy in five, post I"31 in
one, spontaneous in four, and secondary to hypopituitarism
in one. The cerebral circulatory studies were performed
just prior to treatment and were repeated after the
administration of thyroid substance had restored the
euthyroid state.

The functional status of the thyroid gland was evalu-
ated on the basis of clinical findings, BMR, radioactive
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iodine uptake, and serum protein bound iodine; subjects
exhibiting borderline or equivocal findings were ex-
cluded from the study.

The cerebral blood flow (CBF) was determined by
the nitrous oxide method of Kety and Schmidt (12), as
modified by Scheinberg and Stead (13). Cerebral oxy-
gen consumption (CMRO,) was calculated from the CBF
and the arterio-cerebral venous oxygen difference, cere-
bral glucose consumption (CMRi.) from the CBF and
the arterio-cerebral venous glucose difference, and cere-
bral vascular resistance (CVR) from the CBF and the
mean arterial blood pressure (MABP). MABP was
measured directly from a peripheral artery with a damped
mercury manometer. Blood oxygen content and carbon
dioxide content were determined manometrically. Blood
sugar was determined by Nelson's modification of the
Somogyi method (14). Blood samples for pH determina-
tion were drawn anerobically and the pH immediately de-
termined at 370 by means of a Cambridge Research Model
pH Meter. The cerebral blood flow determinations were
done on recumbent subjects in the post-absorptive state.

The data were analyzed statistically by the method
of paired observations; the pertinent difference between
values obtained before and after treatment were calcu-
lated for each subject. The mean of these differences
together with its standard error was then calculated from
the individual differences. P values so determined are
recorded in Tables I to IV.

RESULTS

Hyperthyroidism
The results of cerebral circulatory and metabolic

studies in 22 subjects with hyperthyroidism are
summarized in Tables I and II. These tables also
include results obtained in 16 of 22 subjects when
the studies were repeated after successful treat-
ment of the hyperthyroidism. Comparison of the
pre-treatment observations with control or eu-
thyroid values reveals that hyperthyroidism is
associated with a 42 per cent increase in CBF
(60 to 86 cc. per min. per 100 gm.) (P = <
.001); a 35 per cent decrease in CVR (1.61 to
1.05 mm. Hg per cc. per min. per 100 gm.) (P =
<.001), and a 7 per cent decrease in MABP
(94 to 87 mm. Hg) (P = < .01). These circu-
latory changes, however, are not accompanied by
changes in cerebral oxygen utilization, for the in-
crease in CBF is associated with a decrease in
cerebral 02 extraction (35 to 31 per cent) (P =
<.001) and a decline in arteriocerebral venous
oxygen difference (6.78 to 5.50 vols. per cent)
(P = < .001). Cerebral glucose consumption is
likewise unchanged. The only significant change
observed in the blood constituents measured is the

decline in arterial 0O content (19.24 to 17.70 vols.
per cent) (P = < .01). This change may be re-
lated to the alterations in pulmonary ventilation
and gas exchange which occur in hyperkinetic
states (15, 16).

Myxedema
The results of studies in 11 subjects with myx-

edema, and the findings obtained in 8 of these sub-
jects after a euthyroid state had been established
by adequate substitution therapy are summarized
in Tables III and IV. These data reveal changes
in cerebral hemodynamics opposite to those ob-
served in hyperthyroidism. There is a 22 per
cent reduction in CBF (60 to 47 cc. per min. per
100 gm.) (P = < .001), a 48 per cent increase
in CVR(1.29 to 1.91 mm. Hg per cc. per min. per
100 gm.) (P = < .01), and a 16 per cent increase
in MABP (75 to 87 mm. Hg) (P = <.05) in
myxedema, as compared to the euthyroid control
values in these subjects.

As in the case of hyperthyroidism, however,
the circulatory changes are not associated with
changes in the rate of cerebral oxygen utilization,
the reduction in CBF being accompanied by in-
creased cerebral oxygen extraction (19 per cent)
(P = < .001) and an increase in arterio-cerebral
venous oxygen difference (6.33 to 7.45 vols. per
cent) (P = < .01). Cerebral glucose consump-
tion is also unaltered. Reduction in cerebral ve-
nous oxygen content (11.41 to 9.80 vols. per
cent) (P = < .01) is the only significant change
to occur in the blood constituents.

The difference in mean CMRO2between euthy-
roid subjects who had been treated for hyper-
thyroidism (4.06 cc. per min. per 100 gm.) and
those who had been treated for hypothyroidism
(3.74 cc. per min. per 100 gm.) is not statistically
significant (P = > .2).

DISCUSSION

These studies indicate that the cerebral circu-
lation shares in the over-all hemodynamic alter-
ations that occur as a consequence of an excess
or deficiency of the thyroid hormone. They pro-
vide no evidence to indicate that the thyroid hor-
mone exerts a specific effect upon the cerebral
circulation, for the changes occur in the absence
of alterations in the constituents of the blood that
are known to be of importance in the specific regu-
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lation of the cerebral vascular tone and of cerebral
blood flow. They are, rather, changes which
quantitatively and qualitatively parallel the varia-
tions in cardiac output and total peripheral vas-
cular resistance that accompany hyperthyroidism
and myxedema. Nor does it appear that the thy-
roid hormone exerts an influence upon the rate
of cerebral oxygen or glucose utilization, for the
data show that these functions are normal in both
hyperthyroidism and myxedema, and they remain
unchanged when euthyroidism is restored by ap-
propriate treatment. This failure to demonstrate
a relationship between blood flow and metabolic
activity of the brain casts doubt, as Scheinberg
(6) has previously indicated, upon the generally
accepted concept that changes in the general circu-
lation in thyroid disease occur in response to al-
terations in metabolic demands of the tissues. It
indicates rather, at least as far as the brain is con-
cerned, that they occur as a simple consequence
of an effect of the thyroid hormone upon the heart
and peripheral blood vessels.

The discrepancies which exist between the re-
sults of this investigation and the cerebral cir-
culatory changes reported by others in hyperthy-
roidism are probably best accounted for by the
different means by which these studies were con-
trolled. Scheinberg (6) and Sokoloff, Wechsler,
Balls, and Kety (7) compared the cerebral cir-
culatory and metabolic functions in a small series
of patients with hyperthyroidism with mean values
for these functions previously determined in nor-
mal young males. In the present study and in
the report by Sokoloff, Wechsler, Mangold, Balls,
and Kety (8) a more valid basis for comparison
of the results was obtained by repeating the meas-
urements after euthyroidism had been achieved by
treatment. Although Scheinberg (6) found the
mean CBF in hyperthyroidism to be unchanged
as compared with normal young men, the mean
arterio-cerebral venous oxygen difference of his
subjects was 5.50 vols. per cent, a value identical
to that of this present study. Scheinberg at-
tributed this low A-V oxygen difference to extra-
cerebral contamination of cerebral venous blood
but suggested that further study might reveal it
to be a reflection of increased CBF. When Soko-
loff, Wechsler, Mangold, Balls, and Kety (8)
later employed the values of post-treatment stud-
ies as controls, they found the CBF in hyperthy-

roidism to be increased, but the decline in CBF
which they observed after treatment was not
statistically significant, and they attributed the
increase in CBFto the presence of anemia in their
subjects. However, a review of their data casts
doubt upon the validity of their "controls." Three
of the seven post-treatment studies were done
when the BMRwas + 25 per cent or more; in
one instance there was no change in BMR(+ 30
to + 28 per cent) after treatment; and in another
the BMRwas - 35 per cent when the control
studies were done. It is unlikely, therefore, that
these values are accurately representative of the
"normal" or euthyroid state.

The increased CVRand reduced CBF in myx-
edema is in agreement with the results of Him-
wich, Daly, Fazekas, and Herrlich (10) in cretins
and of Scheinberg, Stead, Brannon, and Warren
(9) in adult hypothyroidism. In contrast to the
present studies, however, these investigators found
evidence of depressed cerebral metabolism in hy-
pothyroidism. Himwich, Daly, Fazekas, and
Herrlich observed that the treatment of cretinism
was accompanied by an increase in CBF and a
decrease in arterio-cerebral venous oxygen dif-
ference. They "corrected" the measured fall in
arteriocerebral venous oxygen difference for the
observed increase in CBFand in this manner esti-
mated that the rate of cerebral oxygen uptake was
increased after the institution of treatment. Our
findings in adult hypothyroidism indicate that
this "correction" is invalid, for the arterio-cere-
bral venous oxygen difference after treatment
changes in a reciprocal fashion to the changes in
CBF, cerebral 02 utilization remaining unaltered.
Scheinberg, Stead, Brannon, and Warren (9),
using methods similar to our own, also found evi-
dence of depression of cerebral metabolism in
myxedema. The mean arterio-cerebral venous
oxygen difference reported by these authors (6.48
vols. per cent) did not significantly differ from
their normal subjects. However, when their data
are recalculated and four observations that were
made 6 to 15 months after treatment are excluded,
a mean arterio-cerebral venous oxygen difference
of 7.23 vols. per cent is obtained; a value which
closely approximates the significantly increased
mean arterio-cerebral venous oxygen difference
(7.45 vols. per cent) found in untreated myx-
edema in the present study.
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The absence of change in cerebral metabolism
following the successful treatment of either hypo-
or hyperthyroidism, and the fact that the rate of
cerebral oxygen and glucose uptake in subjects
made euthyroid after the treatment of hyper-
thyroidism does not significantly differ from the
rate of uptake of these substances in subjects
made euthyroid after treatment of myxedema, in
our opinion, constitutes strong evidence that the
rate of cerebral metabolism is uninfluenced by the
thyroid hormone.

CONCLUSIONS

1. Cerebral circulatory and metabolic func-
tions have been measured before and after treat-
ment in 16 of 22 subjects with hyperthyroidism
and in 8 of 11 subjects with myxedema. Hyper-
thyroidism was found to be accompanied by di-
minished cerebral vascular resistance and in-
creased blood flow; myxedema by increased cere-
bral vascular resistance and reduced blood flow.
The cerebral circulation is restored to normal in
both instances when euthyroidism is achieved by
appropriate treatment.

2. The rate of cerebral oxygen consumption
and glucose consumption is normal in hyperthy-
roidism and myxedema and is unaltered by the
treatment of either.

3. The cerebral circulation apparently shares
equally in the general circulatory changes inci-
dent to alterations in thyroid function. Oxygen
and glucose consumption of the brain is not in-
fluenced by thyroid hormone.
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