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Patients with myxedema present an unusual op-
portunity for studying the effect of lowered
metabolism on organ blood flow and for observing
the effect of changes in peripheral circulation on
cardiac output. Studies of cerebral metabolism
in myxedema are of interest to the physician be-
cause changes in cerebral metabolism may be of
importance in understanding the alterations in
mental status which occur with this disease (1-3).
The cerebral blood flow was measured by the ni-
trous oxide method of Kety and Schmidt (4) in
eight patients with myxedema. The cardiac out-
put was measured by the technique of right atrial
catheterization in seven other patients with
myxedema.

METHOD

The diagnosis of myxedema was a clinical one, de-
pending upon the history and physical findings, and sup-
ported by laboratory data. The basal metabolic rates
were abnormally low and the serum cholesterol levels ab-
normally high in all of the patients. The right atrial
pressure was increased in one patient (P. B., Table I).
No attempt was made to evaluate the mental status of the
patients in whom the cardiac output was measured. Com-
plete mental status examinations, with particular at-
tention to level of awareness, were performed on all the
subjects in the cerebral blood flow group. These were
arbitrarily graded from 1+, indicating personality
changes, memory defects, and inability to concentrate, to
3+, which indicated disorientation and confusion. One
of the patients (M. M., Table II) was frankly psy-
chotic, with delusions and hallucinations. Neither she
nor E. M. remembered their previous studies when they
returned for re-examination. Electroencephalograms
were done on five of the patients on whom cerebral
blood flow was measured.

Cardiac output was measured by the method of right
heart catheterization utilizing the direct Fick principle
(5, 6). The samples of mixed venous blood were taken
from the right atrium, and the femoral arterial pressure
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was recorded with a Hamilton manometer. The nitrous
oxide technique for measuring cerebral blood flow has
been previously described (4), and the modification in
use in this laboratory of collecting simultaneous, con-
tinuous samples from the artery and internal jugular
bulb, rather than five separate arterial and venous sam-
ples, has been reported elsewhere, together with our nor-
mal values (7). In the cerebral metabolism study, blood
oxygen content was measured by the spectrophotometric
method of Hickam and Frayser (8); in the cardiac out-
put study, it was measured by the manometric method
of Van Slyke (9). Blood glucose content was measured
by Nelson's modification of Somogyi's method (10); in
most instances, each arterial cerebral venous glucose
difference represents an average of four such arterio-
venous differences drawn during the procedure. The
calculation of cerebral oxygen consumption, cerebral glu-
cose consumption, and cerebral vascular resistance has
been previously described (4, 7). Cerebral venous oxy-
gen tension was not measured directly, but computed from
the per cent oxygen saturation of the cerebral venous
blood using a standard oxyhemoglobin dissociation curve
drawn for pH 7.4. Mean arterial pressures in the cere-
bral metabolism study were calculated from the formula
MP= diastolic pressure plus pulse pressure the readings

3
being obtained at one minute intervals by the standard
auscultation procedure with the arm held at heart level.

RESULTS

Cardiac output. The essential data are presented
in detail in Table I. The patients with myxedema
were compared with a group of normal subjects
studied under the same laboratory circumstances
(11). The mean decrease in cardiac index from
nornal was 47 per cent, and the mean decrease in
total oxygen consumption was 37 per cent. There
was an excellent correlation between cardiac in-
dex and basal metabolic rate, the correlation co-
efficient (r) being 0.90. The apparent moderate
increase in mixed arterial-venous oxygen differ-
ence proved not to be statistically significant. The
two patients who were restudied after treatment
showed sizable increases in both cardiac index
and total oxygen consumption.
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Cerebral metabolic functions. The essential
data are given in detail in Table II. There was a
38 per cent decrease from normal in mean cerebral
blood flow, a 27 per cent decrease from normal in
mean cerebral oxygen consumption, a 26 per cent
decrease in mean cerebral glucose consumption,
and a 91 per cent increase over normal in cerebral

vascular resistance. The mean
A-V glucose ratioA-V oxygen

was normal, indicating that the brain continues to
use glucose as its primary food substance in myx-
edema. Although insufficient data were available
for statistical comparison, the mean cerebral ve-
nous oxygen tension appeared to be abnormally
low.

The correlations between various measured
functions are of considerable interest. There was
an excellent correlation between basal metabolic
rate and cerebral blood flow (r = 0.86), but only
a fair degree of correlation between BMRand the
extent of mental status alteration (r = 0.65) and

between BMRand cerebral oxygen consumption
(r = 0.63). There was also a high degree of
correlation between cerebral blood flow and cere-
bral oxygen consumption (r = 0.81). There was
only a rough correlation between mental status de-
fects and cerebral oxygen consumption (r = 0.59),
but in view of the difficulty inherent in grading
mental status defects, this was considered to show
a definite relationship between these two func-
tions. There is apparently no relationship in
myxedema between oxygen tension of cerebral ve-
nous blood and cerebral oxygen consumption or
mental status defects, the r values being 0.32 and
0.39, respectively.

The three patients who were restudied following
thyroid therapy showed a definite return toward
normal in all their cerebral metabolic functions.
The cerebral blood flow increased 116 per cent, 40
per cent, and 45 per cent, respectively, and cere-
bral oxygen and glucose consumptions increased
in like manner. There was no consistent change

TABLE I

The cardiac output in seven patients with myxedema

Basal Rt. Ot satu-
Pt. Age Sex Surface Os meta- Arterial at:ial A-V O2 Cardiac Cardiac Mean Pulse Atrial rationarea consump. bolic 02 0 diff. output index arterial rate pressure arterial

rate content content pressure blood

ml.
per min. ol. Vol. vol. 1. per per min. mm. beats

yrs. sq. M. per sq. M. per cent per cent per cent per cent min. per sq. M. Hg per min. mm.HtO per cent
W. S. 52 M 2.46 101 -21 14.1 10.3 3.8 6.5 2.6 88 68 0 76
M. B. 59 F 1.88 75 -36 10.4 6.8 3.6 3.9 2.1 70 64 20 84
E. C. 74 F 1.58 87 -24 12.4 8.6 3.8 3.6 2.3 114 77 50 90
L. W.* 42 F 1.66 95 -21 11.0 5.9 5.1 3.1 1.9 - 64 15 93
P. B. 25 F 1.4 91 -27 10.5 6.0 4.5 2.8 2.0 100 72 130 70
P. B. (after S mos. 1.3 150 +17 15.2 11.0 4.2 4.5 3.5 109 75 40

therapy)
A. A. 45 F 1.92 69 -42 15.3 10.0 5.3 2.5 1.3 92 48 97
A. A. (after 7 mos. 1.83 109 -16 14.6 10.1 4.5 4.4 2.4 124 46 35 94

therapy)
B. S. 52 M 1.94 79 -39 15.4 7.8 7.6 2.0 1.04 106 79 0 93

Mean (untreated) 85 4.80 1.89 93 86
Std. dev. 11.4 1.4 0.5
S. E. 4.3 0.5 0.2

Normal Subjects
Mean 134 4.07 3.54 84 97
Std. dev. 19.1 1.03 1.2
S. R. 2.4 0.1 0.2

p value <0.01 >0.05 <0.01
(signifi- (not (signifi-

cant) signifi- cant)
cant)

SX2 (SX)2(X
Std. dev. - Standard deviation -S n

* Arterial pressure by auscultatory method was 100/70.

S.E. = Standard error = S/ilin.
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TABLE II

Cerebral metabolic functions in myxedema

Arterial- Arterial-
Ceeba

Cerebral Cere- centPt. Age Sex BR Hb sental Cer bral cerebraln vrebral oxygen glucose A-V glucose Mean Cerebral bral satura- Arterial
Pt. | Agei Sex T BMR|Hgbt status iblood venoguenous con- con- A-V oxygen arterial r esist- n of |e0o

defects flow differ- diffoer sump- sump- ratio pre5ure resit oxy;en of Osdfene dfene tion tion anetension arteria
enceence ~~~~~~~~~~~~~bloodi

MM.
mgm. Hg./mt.ml./ Oml.2/ glucose! bloodl

min./ min./ min./ 100g m.
per 100 gm. Vol. mgm. 100 gm. 100 gm. brainx mm. Per mm.
cent gm. 0-3 + brain per cent per cent brain brain mm. Hg mix. Hg cent Hg

M. M. 54 F -48 11 3+ 25 6.68 7 1.67 1.8 1.05 108 4.32 - 91 66
M. M. (after -15 12 0 54 7.15 12 3.86 6.3 1.62 119 2.20 24 97 100

1 yr.
therapy)

R. L. 38 F -38 12 1+ 27 10.79 12 2.92 3.3 1.11 64 2.38 - 89 61
E. M. 48 F -35 12 2+ 47 5.95 - 2.79 99 1.91 - 90 63
E. M. (after + 2 12 0 66 5.00 10 3.30 6.4 1.90 101 1.53 32 98 113

6 mos.
therapy)

E. M. (after + 6 11 0 64 5.35 7 3.43 4.5 1.31 97 1.51 30 95 85
15 mos.

therapy)
E. G. 58 F -23 12 1+ 40 6.47 18 2.59 7.2 2.78 137 3.42 27 94 75
A. W. 65 F -30 11 3+ 39 7.32 7 2.85 2.7 0.96 128 3.30 22 91 66
D. T. 58 M -40 7 1+ 56 5.54 11 3.10 5.9 1.89 108 1.93 19 92 69
C. C. 30 M -26 12 1+ 40 8.15 14 3.30 5.6 1.71 130 3.20 24 97 100
C. S. 26 M -40 15 1+ 47 6.97 11 3.27 4.9 1.51 78 1.66 34 97 100
C. S. (after - 5 13 0 68 5.41 9 3.68 6.0 1.63 84 1.24 35 97 100

6 mos.
therapy)| ||-|-

Mean (untreated) 40* 6.48 11.3 2.79* 4.5* 1.57 107* 2.50* 27 92.6 71
Std. dev. 10 1.6 3.9 0.56 1.9 0.9
S. E. 3.7 0.6 1.5 0.2 0.7 0.3

Normal subjects
Mean 65 6.02 9.9 3.79 6.2 1.67 83 1.31 35 97 100
S.E. 2.1 0.1 0.4 0.09 0.3 0.06 1.5 0.04

* Indicates significant deviation from normal. All p values <0.01.

IX_(SX)2.
Std. dev. = Standard deviation = S = \In

S.E. - Standard error - S/n.

in the arterial-cerebral venous oxygen and glucose
differences, but in all three instances, cerebral vas-
cular resistance was strikingly reduced from the
original study. In the one patient (E. M.) who
was studied on three occasions, there was no dif-
ference in the results obtained after six and 15
months of treatment. In all three patients, im-
provement in cerebral metabolic function paralleled
clinical improvement in appearance, general well-
being, mental status, and basal metabolic rate.

Electroencephalograms. Previous investigators
have shown that the electroencephalogram in myx-
edema typically shows low voltage, with a slow
frequency pattern, a lack of alpha waves, and ab-
sence of reaction to light stimulus (12). Four of

the five patients on whom electroencephalograms
were recorded in this study showed one or more
of the above characteristics, but no consistent type
of tracing was noted. E. M. had a low voltage rec-
ord (10-12 ,uV) with poorly and rarely developed
alpha pattern, with no response to over-ventilation.
Following thyroid therapy, her tracings showed
an increase in the amplitude of all waves (40-50
pUV) and the development of a seven per second
frequency pattern, which was dominant but mixed
with faster and slower forms (Figure 1). A. W.
also had a low voltage record (10-15 ,uV) with a
poorly developed alpha pattern and no response
to over-ventilation. No subsequent observations
have been made on this patient. The tracing of
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FIG. 1. CHANGESiN ELECTROENCEPHALOGRAMFOLLOWING 15 MONTHS'
THYROID THERAPY

Upper tracing was made prior to treatment.

patient E. G. showed no dominant frequency pat-
tern, but many waves of varying form and shifting
frequency, and moderately low voltage (15-40
,uV). Following therapy, the voltage of the en-
tire tracing increased (35-110 ,uV), but the fre-
quency and wave form characteristics remained
the same (Figure 2). Patient D. T. showed a
seven per second frequency pattern with a rela-
tively low voltage (25 ,uV); no observations were
made during therapy. Patient C. S. had a normal
tracing; it is interesting that this patient also had
the least reduction in measured cerebral metab-
olism.

Arterial oxygen saturation. In patients in
Table I, per cent oxygen saturation of arterial
blood was measured in a routine manner. No at-
tempt was made to detect minor variations from
normal. In at least four of the eight patients stud-
ied, the arterial blood was not normally saturated.
In patients in Table II, the per cent saturation of
arterial hemoglobin was measured with consider-

able care by the spectrophotometric technique.
In this group, the mean measured arterial oxygen
saturation of the hemoglobin was 93 per cent,
and the mean calculated arterial oxygen tension
was 71 mm. Hg. The values for normal controls
are 97 per cent and 100 mm. Hg, respectiyely.
The arterial oxygen unsaturation noted here may
be caused by inadequate pulmonary ventilation
or by changes in the alveoli or capillaries, but fur-
ther studies are needed to elucidate this question.
It is of interest that in patients M. M. and E. M.
of Table II, the arterial oxygen saturation be-
came normal following thyroid treatment.

DISCUSSION

It should be re-emphasized that, although the
two groups of patients reported here were not
studied together, the obvious similarities in the
size of the groups, severity of the disease, and age
of the patients seemed to render them suitable for
profitable comparison. The fact that the average
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age of the patients in both groups is considerably
greater than that of the normal subjects with
which they are compared must be kept in mind.
There is some indication that the cardiac output
falls with advancing age (13). The effect of age
on cerebral blood flow has not been determined.
In a series of patients who had hypertension or
generalized vascular disease without change in
mental status and who were similar in age to the
patients with myxedema, a moderate reduction in
blood flow occurred without any change in oxygen
and glucose consumption (14). In our opinion,
the magnitude of the changes in both cardiac out-
put and cerebral metabolism presented in this
paper are far greater than can be explained on the
basis of age alone.

The decrease in cardiac output recorded in this
series is particularly striking because of the fact that
in three subjects, both anemia and arterial oxygen
unsaturation of a considerable degree were present.
These factors tend to complicate the interpretation

LFV

I SECG

of the mixed arteriovenous oxygen differences.
The slow skin blood flow which occurs in myx-
edema (15, 16) would be expected to increase the
mixed arteriovenous oxygen difference, while ane-
mia and arterial unsaturation would lower it. The
value for mixed arteriovenous oxygen difference
is of considerable importance in determining
whether heart failure is present in a patient with-
out any complicating disturbances. When the
output is below the needs of the tissues, the ar-
teriovenous oxygen difference widens. In myx-
edema, a situation in which tissue metabolism is
lowered, the cardiac output is decreased and the
arteriovenous oxygen difference is normal. This
suggests a lessened demand of the tissues for
blood rather than cardiac failure. The finding of
a normal arterial-internal jugular oxygen differ-
ence with a reduced cerebral blood flow is com-
patible with this interpretation. Before this inter-
pretation can be completely accepted, studies must
be done on patients with myxedema during exer-
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FIG. 2. CHANGESIN ELECTROENCEPHALOGRAMFOLLOWINGEIGHT MONTHS'
THYROID THERAPY

Upper tracing was made prior to therapy.
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cise to show that the heart can respond to periph-
eral stimuli.

In patient P. B., the right atrial pressure was

elevated and the heart was enlarged strikingly.
This subject had either congestive failure or peri-
cardial tamponade from a massive pericardial ef-
fusion. The relatively normal mixed arteriove-
nous oxygen difference suggests pericardial tam-
ponade sufficient to increase the atrial and venous

pressures without decreasing the cardiac output
as the cause of the rise in right atrial pressure.

The right atrial pressure in the other five patients
in whom it was measured was within normal
limits.

The finding of a low cardiac output per square

meter of body surface with a normal or elevated
mean arterial pressure indicates that the total
vascular resistance of the body is increased. The
mechanisms by which hypothyroidism causes this
increase in peripheral resistance are not known.

The decrease in cerebral blood flow and the in-
crease in cerebral vascular resistance in the pa-

tients with myxedema cannot be attributed solely
to the presence of vascular disease because in the
three patients studied after treatment, the blood
flow increased and the vascular resistance fell.
Furthermore the increase in vascular resistance
in the untreated patients was greatly in excess of
that seen in uncomplicated hypertension of this
degree. One might speculate that the increase
in cerebral vascular resistance is secondary to the
reduction in cerebral metabolism produced by
myxedema; this would be consistent with the ex-

cellent correlation (r = 0.76) between these two
functions shown in these data. A survey of the
known relations between arterial pressure, cere-

bral vascular resistance, and cerebral metabolism
shows that there is no simple relation between
cerebral metabolism and cerebral vascular re-

sistance.
An increase in cerebral vascular resistance is

seen in patients with hypertension (17), cerebral
arteriosclerosis (14), congestive heart failure ( 18),
pernicious anemia after .treatment (19), and in
normal subjects during hyperventilation (20) and
barbiturate anesthesia (21, 22). The mechanisms
by which these changes in resistance are accom-

plished have not been elucidated. Certainly some

of these mechanisms are reversible. Simple re-

duction in cerebral blood flow as a result of de-

creasing the effective cerebral arterial pressure
does not increase the cerebral vascular resistance.
This is shown by the observations on motionless
standing in normal subjects (7). That a reversible
increase in resistance is not determined solely by
the rate of cerebral metabolism is shown by the
high resistance in normal subjects during hyper-
ventilation and in patients with heart failure in
whom the cerebral metabolism is normal. Cere-
bral metabolism is decreased in proportion to the
reduction of cerebral blood flow in patients with
vascular disease with changes in mental status
(14), in certain patients with pernicious anemia
(19), and in patients with myxedema. On the
other hand, cerebral blood flow is increased out
of proportion to cerebral metabolism in patients
inhaling 5 to 7 per cent CO2 (23), and is un-
changed in the presence of marked reduction in
cerebral metabolism in patients with insulin hy-
poglycemia (24).

The decreased cerebral oxygen and glucose
metabolism in myxedema appears to result from
deficiency of thyroid hormone, under which cir-
cumstances the brain cells apparently do not ex-
tract sufficient quantities of oxygen and glucose
from the blood. These findings are compatible
with the mental and electroencephalographic
changes observed in myxedema and the rough cor-
relation demonstrated here between the degree of
mental status impairment and cerebral oxygen
consumption. No correlation was discernible be-
tween duration of illness and mental status or
duration of illness and cerebral oxygen consump-
tion.

The data from this study are compatible with
the interpretation that the reduction in cardiac out-

TABLE III

Percentage alterations of cardiac index and total oxygen
consumption as compared to cerebral blood flow and cerebral

oxygen consumption in myxedema
(mean values)

Normal Myxedema changet

Cardiac Index
(l./min./sq.M.) 3.54 1.89 -47
Cerebral blood flow
(ml./min./100 gm. brain) 65 40 -38
Total 02 Consumption
(ml.02/min./sq.M.) 134 85 -35
Cerebral 02 Consumption
(ml.02/min./lOOgm. brain) 3.79 2.79 -27
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put is secondary to a generalized reduction in

organ blood flow (Ta,ble III). The mechanisms
by which cerebral vascular resistance is increased
and organ blood flow reduced, and the mechanisms
by which the output of the heart is decreased are

not clarified.

SUMMARY

1. Cardiac output was measured by the direct
Fick method on seven patients with myxedema,
and cerebral blood flow and metabolism was meas-

ured by the nitrous oxide technique on eight other
patients with myxedema.

2. Cardiac output was reduced 47 per cent from
normal, and returned toward normal in two pa-

tients restudied during thyroid therapy.
3. Cerebral blood flow was reduced 38 per cent

and cerebral oxygen and glucose consumption 27
per cent, respectively, from normal; cerebral vas-

cular resistance was increased 91 per cent. All
cerebral metabolic values returned toward normal
in the three patients restudied during thyroid
therapy.

4. Electroencephalographic patterns previously
noted in myxedema were observed in this study,
and alterations in the pattern occurred during thy-
roid therapy.

5. The mean arterial oxygen saturation is de-
creased in myxedema.

6. The data are compatible with the interpreta-
tion that the mental changes in myxedema are the
result of decreased cerebral oxygen and glucose
metabolism and that the reduction in cardiac out-
put is secondary to a generalized reduction in or-

gan blood flow. The relationships between cere-

bral vascular resistance and cerebral metabolism
are discussed.
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