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(Submitted for publication March 24, 1950; accepted, May 8, 1950)

Controversy exists as to the status of the liver
in hyperthyroidism in man. Clinical evidence of
hepatic insufficiency is found in only the severest
and most protracted cases. However, laboratory
studies have demonstrated decreased bromsulpha-
lein excretion (1), decreased hippuric acid syn-
thesis (2), and diminished concentration of serum
proteins particularly with reduction in serum al-
bumen (3). Needle biopsy of the liver in a series
of patients with usual degrees of thyrotoxicosis
failed to demonstrate significant hepatic lesions
(4). On the other hand, pathological study of
the livers of subjects with fatal hyperthyroidism
has quite regularly shown simple atrophy, con-
gestion of sinusoids, and fatty metamorphosis (5-
8). In many instances, necrosis of hepatic cells
of a focal or centro-lobular distribution and even
a moderate degree of cirrhosis as evidenced by
fibrosis, lymphoid infiltration, and bile duct pro-
liferation, have been found. An extensive centro-
lobular necrosis of the liver has been seen in some
fatal cases. This lesion is comparable to the cen-
tral necrosis produced in animals by a combina-
tion of excessive thyroid feeding together with
anoxia (9), carbon tetrachloride intoxication (10),
or infection (11, 12).

The status of the heart in hyperthyroidism is less
controversial than that of the liver. Many in-
vestigators over the past four decades have found
the cardiac output to be quite consistently elevated
in uncomplicated hyperthyroidism (13). The full
distribution of this increased minute output of the
heart is of course not known but augmentation of
the cutaneous blood flow (14) and the muscular
flow of the forearm and calf (15, 16) has been
demonstrated.

With the introduction of methods for a) the di-
rect measurement of cardiac output and b) the
estimation of the hepatic blood flow and splanchnic

1 This work was supported by grants from the Life In-
surance Medical Research Fund and the Anna H. Hanes
Fund of Duke University.

oxygen consumption (17, 18), it became feasible
to investigate the hepatic circulation in hyper-
thyroidism in man in correlation with the cardiac
output. This report consists of such data col-
lected on 14 subjects with thyrotoxicosis. In ad-
dition, data are recorded on 10 patients whose
cardiac outputs were determined but in whomno
studies of the hepatic circulation were made. Re-
cordings of pressures in the right atrium, ventricle,
and main pulmonary artery, and in a systemic ar-
tery were made in most of the subjects. In the
first group of 14, pressures in the large hepatic
veins are also reported.

METHODS

Only patients with typical, unequivocal and uncom-
plicated hyperthyroidism as judged by symptoms, physi-
cal examination, and elevation of basal metabolic rate
were chosen for this study. None had appreciable edema
or proteinuria. All determinations were made after an
overnight fast. Subjects were given either phenobarbital
90 mg. or sodium pentobarbital 100 mg. by mouth ap-
proximately an hour before the study. This sedation
helped in performing the measurements without particular
apprehension on the part of the subjects. It is our be-
lief, with one exception (patient J. J., who became quite
anxious during the study), that the observations were
made under emotional conditions fully comparable to
similar measurements in control subjects.

Most of the subjects had lost weight, as is to be ex-
pected in hyperthyroidism. The data herein reported
are expressed in terms of square meters of body surface,
estimated from height and actual body weight at the
time of study. Correction of the surface area estimation
by using ideal body weight instead of actual weight pro-
duces no significant change in the data or the conclusions
drawn from them.

The hepatic blood flow was estimated by means of
the bromsulphalein (BSP) technique of Bradley and as-
sociates,2 (17), utilizing catheterization of the hepatic

2 The validity of the bromsulphalein method for deter-
mining hepatic blood flow has recently been contested
on the basis that there is significant extra-hepatic loss
of the dye (19, 20). That there is no significant loss of
BSP in the distribution of the inferior vena cava below
the hepatic veins at the plasma concentration at which
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veins. Particulars of the method are found in previous
publications (18, 21). Hematocrits were corrected by
the factor 0.915 as suggested by Chapin and Ross (22).
Cardiac outputs were measured by the direct Fick method
with the mixed venous blood sample being collected
through the catheter in the pulmonary artery, or in a
few instances, for technical reasons, from the right
ventricle or right atrium near the tricuspid valve. In
eight of the 14 patients, the cardiac output was determined
immediately prior to moving the catheter to an hepatic
vein for estimation of hepatic blood flow; in the remain-
ing six subj ects, the cardiac output was measured im-
mediately after the hepatic blood flow. Pressures from
the right heart, pulmonary artery, femoral or brachial
artery, and hepatic veins were recorded by means of the
Hamilton manometer. Mean pressures were determined
by planimetric integration.

RESULTS

The data on cardiac output and hepatic blood
flow on the 14 patients with active hyperthyroidism
and on two patients whose thyrotoxicosis had been
completely controlled clinically with iodine and
propyIthiouracil are listed in Table I. Mean fig-
ures of the measurements in active hyperthyroid-
ism are compared with mean data for a group of
control subjects without significant disease who
were studied in our laboratory under identical cir-
cumstances. These control subjects had a mean
elevation in metabolic rate during the study of
+ 9 per cent above the normal basal in contrast
to a + 54 per cent elevation in the hyperthyroids.
we work (usually 0.75 to 3 mg. per 100 ml.) is evidenced
by the fact that in 20 determinations on eight subjects,
the BSP concentration in inferior vena caval blood
averaged 1.27 + 0.55 mg. per cent * whereas the simul-
taneous concentration in arterial blood averaged 1.28 +

0.55 mg. per cent. Urinary loss usually comprised about
3 per cent of the total dose infused and may therefore
be disregarded. Concentrations of BSP in blood from
the superior vena cava are slightly in excess of simultane-
ous arterial concentrations, due to dye being added to the
superior caval circulation via the infusion in an arm vein.
Successive determinations of hepatic blood flow at plasma
BSP concentrations progressing from 1 mg. per cent
to as high as 6 mg. per cent in control subj ects uniformly
gave essentially identical estimations of hepatic blood flow
at all plasma levels. This is evidence against appreciable
extra-hepatic loss of dye even at these quite high blood
concentrations. Wemust conclude that, as physiological
measurements go, the BSP method gives a valid estimate
of hepatic blood flow. Furthermore, the estimation of the
hepatic blood flow in control subjects by a completely
different method (18) gave results which agreed closely
with the BSP procedure.

* The + value is the standard deviation.

Thus the controls are adequately basal to supply
a good baseline for comparison with the results
in hyperthyroidism.

As compared to control individuals, relatively
higher arterial concentrations of BSP were ob-
tained in patients with hyperthyroidism for a given
dose of the dye. The 14 patients obtained a mean
concentration in arterial plasma of 1.83 + 0.39
mg.3 per 100 ml. from an average infusion rate
of 2.49 + 0.16 mg. per min. Fifty control sub-
jects achieved a mean arterial concentration of
1.45 + 0.08 mg. per 100 ml. from an average in-
fusion rate of 3.15 + 0.07 mg. per min.

The excretion of BSP by the liver under the
conditions of this study involves three variables:
the arterial concentration of BSP; the hepatic
arteriovenous difference of BSP; and the hepatic
plasma flow. The percentage extraction of BSP
[(arterial plasma concentration - hepatic venous
plasma concentration) *. (arterial plasma concen-
tration) ] involves the first two of these variables.
The percentage extraction was significantly de-
creased (p < 0.01) in subjects with hyperthy-
roidism, they averaging 36.9 ± 5.9 per cent ex-
traction as compared to 52.0 + 2.0 per cent for
the controls. The percentage extraction, however,
at a given rate of hepatic plasma flow varies in-
versely with the arterial concentration. The slight
difference in mean arterial concentration of BSP
in the two groups does not appear adequate to ac-
count for the more substantial difference in extrac-
tion. From our data, the control subjects at an
arterial concentration of 1.83 mg. per 100 ml.
(the average arterial concentration for the group
with thyrotoxicosis) would have a predicted ex-
traction of 46 per cent, to be compared with the
37 per cent extraction actually found in the hyper-
thyroid group at that average arterial concen-
tration.

The rate of excretion of bromsulphalein equals
the product of hepatic plasma flow and the hepatic
arteriovenous difference of dye. The expression,
then, of bromsulphalein excretion in terms of
BSP clearance: [(total removal rate of BSP in
mg. per min. per sq. M.) . (concentration of
BSP in mg. per ml. of arterial plasma) = ml. of
arterial plasma cleared completely of BSP per
min. per sq. M.] involves all three of the above

8 Hereafter, throughout the paper, ± values represent
standard errors.
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variables and is superior to expression of excre-

tion as percentage extraction. BSP clearances
are best stated as percentages of normal in order
to correct for the varying arterial concentrations
of dye. The mean BSP clearance for the 14 sub-
jects with thyrotoxicosis was 78 3 per cent of
normal with a range of from 53 to 100 per cent.
Thus the decreased percentage extraction found
in hyperthyroidism is not adequately compensated
in general by the somewhat higher hepatic blood
flows of this disease (see below). It must be con-

cluded that some individuals with thyrotoxicosis
have a mild to moderate disability in excreting
bromsulphalein.

None of the hyperthyroid patients had a sig-
nificant degree of unsaturation of the arterial blood
for oxygen. Likewise, none had a degree of ane-

mia, as evidenced by the values for hematocrit and
oxygen content of arterial blood, which per se

would be expected to alter cardiac output or

hepatic blood flow (23, 24).
The arterial-mixed venous oxygen differences

ranged from 2.9 to 4.9 volumes per cent in the
patients with hyperthyroidism and from 2.8 to

5.2 volumes per cent in the controls. The mean

oxygen differences are essentially identical-3.76
0.14 volumes per cent in hyperthyroids versus

3.84 0.16 volumes per cent in normals. The
elevated total oxygen consumptions in the sub-

jects with thyrotoxicosis in the presence of nor-

mal arterial-mixed venous oxygen differences
yield elevated cardiac outputs for most of the thy-
rotoxics when these are calculated by the Fick prin-
ciple. The range of cardiac index (cardiac out-

put in L. per min. per sq. M. of body surface) in
hyperthyroidism was from 3.3 to 6.3 with a mean

of 5.24 0.21 L., to be compared with a mean

value of 3.97 0.17 L. for 15 contgols who ranged
from 2.5 to 4.9. Statistically, the group with hy-
perthyroidism had definitely elevated cardiac out-
puts as compared with the controls (p <0.01).
This is the expected finding in accordance with
the conclusions of many previous workers (13).

The ten subjects with hyperthyroidism shown
in Table II had cardiac outputs measured by one

of us (E. S. B.) at Grady Hospital in Atlanta prior
to the correlative study of hepatic blood flow with
cardiac output. The range of arterial-mixed ve-

nous oxygen differences in this group was from
2.5 to 4.7 volumes per cent with a mean of 3.87
0.19. Cardiac indices varied from 3.9 to 8.3 L.
with an average of 5.87 0.40. These figures
compare favorably with the results in the Duke
series in Table I, and, like the latter, differ sig-
nificantly from control data. The somewhat
higher mean cardiac index in the Grady series is
to be expected because of the higher mean meta-
bolic rate in that group, which was + 72 per cent

TABLE II

Grady series

Meta-
bolic Arterial Femoral arterialRih

Su m-Oxge rate~- Arterial -mixed ad pressure Periph- Mean vnrightSrHem xgnde-via- Cariac Pulse Stroke eral right vnrcSubject Sex Age face atocrit consump. tion oxygen venous index rate volume - resist- atrial ular
area fromcotn oxygen ance pressure systolic

normal Syff. Syst. Diast. Mean pressure
basa

mm. Hg
L. ~~~~~~~~~~perL.

mli. per per min per min.
min. per Vol. Vol. per per ml. per mm. mm. mm. per

yrs. sq. M. per cent sq. M. per cent per cent per cent sq. M. min. beat Hg Hg Hg sq. M. mm. Hg mm. Hg
D. H. M 44 1.72 35.1 213 + 64 15.3 4.7 4.5 92 49 133 69 91 20.2 3 33
C. D. M 59 1.71 27.5 256 +106 11.0 3.5 7.3 91 80 158 60 86 11.8 3 54
H. H. F 24 1.44 35.6 197 + 57 15.8 4.4 4.4 92 48 160 63 92 20.9 2 40
B. E. F 22 1.61 29.9 219 + 74 13.7 4.0 5.5 84 65 152 68 93 16.9 5 43
J. F. F 12 1.43 35.5 226 + 52 16.1 3.2 7.0 124 56 - - - 3 38
T. M. F 27 1.52 34.8 194 + 56 16.1 2.8 6.9 94 73 143 73 101 14.6 3 37
S. M. M 31 1.89 38.9 243 + 80 18.4 4.1 5.9 116 51 153 83 105 18.0 2 35
J. M. F 26 1.42 36.6 227 + 83 15.2 3.8 6.0 107 56 144 73 101 16.8 - 40
W. D. M 58 1.75 42.1 262 +111 18.1 3.6 7.3 107 68 153 71 98 13.4 3 44
J. P. M 35 1.75 43.9 181 + 36 20.5 4.6 3.9 110 39 132 80 98 25.1 1 40

Mean + 72 3.87 5.87 58 96 17.5 2.8 40.4
S.D. 4- 24 -±0.61 4: 1.27 -4-13 A-6 :1: 4.2 ±-1.1 :4 5.9
S.E. 4- 8 4-0.19 ±-0.40 - 4 4±2 ±- 1.4 ±-0.4 4- 1.9
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as compared to the mean of + 54 per cent in the
Duke series.

The situation in respect to arterial-hepatic ve-
nous oxygen differences in hyperthyroidism is
quite different from that with arterial-mixed ve-
nous oxygen differences. Whereas the arterial-
hepatic venous oxygen difference in 49 controls
ranged from 3.1 to 6.2 volumes per cent with a
mean of 4.29 ± 0.11, the hyperthyroid patients
varied from 4.4 to 8.2 volumes per cent for a
mean of 6.31 ± 0.30. Since the difference between
these means is again highly significant statisti-
cally (p < 0.01), it can be said that in general hy-
perthyroidism is associated with a high degree of
extraction of oxygen from the blood perfusing
the splanchnic area, including the liver.

The estimated hepatic blood flows vary over a
considerable range in both the control and hyper-
thyroid groups. This is explainable, at least in
part, when it is remembered that the flow through
only one portion of the liver is being determined
in each case, and that flows as estimated from
several areas of the liver under the same condi-
tions may show considerable variation (17). The
hepatic blood flows for the 14 subjects with hyper-
thyroidism ranged from 600 to 1,080 ml. per min.
per sq. M. of body surface; 53 controls gave values
of from 490 to 1,190 ml. The average values are
in hyperthyroidism-879 4-40 ml., and for the
controls 812 + 24 ml., the small difference be-
tween the means not being significant (p = 0.2).
When the hepatic blood flow for each individual
in the two groups is expressed as a percentage of
the corresponding cardiac output, one finds, for
the 15 control subjects on whom both hepatic
blood flow and cardiac output were measured, that
the hepatic blood flow comprises on the average
19 ± 1 per cent of the total cardiac output. The
corresponding figure for the 13 thyrotoxic patients
is 17 + 1 per cent.

Since the individuals with hyperthyroidism have
at the same time a) normal or slightly super-
normal hepatic blood flows and b) elevated
arterial-hepatic venous oxygen differences, it is
obvious that they have splanchnic oxygen con-
sumptions in excess of normal. Actually, all but
two of the 14 hyperthyroids had splanchnic oxy-
gen consumptions which exceeded the upper limit
of the control range (46 ml. per min. per sq. M.)
and all of the 14 were well above the control mean

of 34 + 1 ml. The patients with hyperthyroidism
ranged from 42 to 71 ml. per min. per sq. M. for
a mean of 54 ± 2.4 ml., a highly significant rise
above the control. When the splanchnic oxygen
consumptions for the two groups are expressed in
percentages of the respective total oxygen con-
sumptions, values are obtained of 28 + 1 per cent
for the thyrotoxics and of 23 ± 1 per cent for the
controls. In view of the relatively narrow range
of the values for both groups, the difference be-
tween the means proves statistically significant
(p < 0.01). This finding indicates that splanch-
nic metabolism, which in the resting and fasting
state is presumably largely hepatic metabolism, is
increased not only in proportion to the increase in
overall bodily metabolism, but even in excess of
the latter. This is supported by the fact that the
splanchnic oxygen consumption in the 14 patients
with hyperthyroidism was increased to + 60 per
cent over the normal splanchnic oxygen consump-
tion whereas the concomitant increase in total
oxygen consumption was only 45 per cent (54 per
cent minus 9 per cent).

The two subjects with previous, typical thyro-
toxicosis, whose disease had been clinically con-
trolled by the use of propylthiouracil and iodine,
yielded results which did not differ in any way
from the control results. Thus far we have not
had the opportunity to study the hepatic circula-
tion in a given patient before and after hyper-
thyroidism has been successfully treated.

Data abstracted from the recordings of arterial,
right heart, and hepatic venous pressures in both
the Duke and Grady series are given in Tables
II and III. The control values shown are all from
our own laboratories, including the reports of
Stead and colleagues (25), and Hickam and
Cargill (26).

Most of the patients with hyperthyroidism had
the expected tachycardia. With but few excep-
tions, the increase in pulse rate paralleled the in-
crease in cardiac output so that the mean stroke
volume for the 21 patients, 54 + 3 ml. per beat per
sq. M. of body surface, did not differ significantly
(p = 0.2) from the mean value of 49 + 2 ml. of
Stead and associates.

The mean femoral arterial pressure in the 20
hyperthyroid patients in whom it was measured
averaged 98 ± 3 mm. Hg in comparison to Stead's
mean of 85 ± 2. The average age of the hyper-
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HEPATIC CIRCULATION IN HYPERTHYROIDISM

thyroid group, however, was 35.3 years, which is
considerably higher than the 25.6 year average
of Stead's group of healthy young men. The mean
femoral arterial pressure in a group of 27 subjects
without cardiovascular disease, who were studied
in our laboratory, was 99 + 2 mm. Hg, which is
essentially identical with the hyperthyroid mean.
The mean age of this latter group was 37.1 years,
a little above the mean of the thyrotoxics. One
cannot conclude from these data whether or not
the mean arterial pressure is elevated in hyper-
thyroidism.

The estimated peripheral vascular resistance,
obtained as the quotient of the mean systemic
arterial pressure and the cardiac index, and ex-
pressed in absolute units per sq. M. of body sur-
face, averaged 18.8 in hyperthyroidism, to be com-
pared with the normal value of 27.2 of Stead and
co-workers. This is a highly significant reduc-
tion below the normal figure.

The right atrial pressure in hyperthyroidism
was not elevated, the mean being 2.5 mm. Hg
against the control value of 2.7 mm. Hg from the
data of Stead. Likewise, the mean hepatic venous
pressure in hyperthyroidism, 3.9 mm. Hg, did not
differ from our mean control value of 5.6 mm. Hg.
The right ventricular pressure in hyperthyroid-
ism, on the other hand, is quite consistently ele-
vated. This is true of both the mean and systolic
right ventricular pressures, the 'average values
for which were 15 + 1 and 36 ± 2 mm. Hg, re-
spectively. The mean normal values for right
ventricular pressure in 16 subjects were 22 + 1
mm. Hg systolic and 10 + 1 mm. Hg mean pres-
sure. The right ventricular diastolic pressure was
within normal limits as is evidenced by the nor-
mal mean right atrial pressure.

In the pulmonary artery, as in the right ven-
tricle, the systolic and mean pressures were ele-
vated whereas the diastolic pressure was normal.
The average values in nine thyrotoxics were:
systolic pressure 30 + 2 mm. Hg; diastolic pres-
sure 11 ± 1 mm. Hg; and mean pressure 20 + 1
mm. Hg, to be compared with average figures from
12 controls of systolic pressure 20 + 1 mm. Hg;
diastolic pressure 11 ± 1 mm. Hg; and mean pres-
sure 13 ± 1 mm. Hg. The pulmonary peripheral
vascular resistance, as estimated from the quotient
of the mean pulmonary arterial pressure and the
cardiac index, was not significantly abnormal in
the hyperthyroid group, the mean value being

3.98 ± 0.33 mm. Hg per L. per min. per sq. M. in
comparison with the control mean of 3.44 + 0.52.

The total vascular resistance tQ blood flow en-
countered in the splanchnic area may be estimated
by the quotient: (mean arterial pressure - hepatic
venous pressure) . (hepatic, or splanchnic, blood
flow per sq. M. of body surface). The splanchnic
vascular resistance thus calculated is 119 ± 11
absolute units in hyperthyroidism and 128 ± 8
in the controls, values not significantly different.
This result is evident of course in the fact that
neither the mean arterial pressure nor the hepatic
blood flow differs much from the control values.

DISCUSSION

The rate of splanchnic metabolism in hyper-
thyroidism, as judged by oxygen consumption, is
increased to a level in excess of the average meta-
bolic rate of the body. A considerably increased
splanchnic oxygen extraction is required to ac-
complish this elevated splanchnic metabolic rate
in the face of the essentially normal splanchnic
blood flow. Provided all.hepatic cells are using
oxygen at the same rate, this higlh extraction
would result in the situation where the most cen-
tral cells of the hepatic lobule are exposed to con-
siderable anoxia. Thus one might explain why
centro-lobular necrosis of the liver is found in cer-
tain instances of hyperthyroidism where condi-
tions are such as to a) further increase splanchnic
oxygen consumption, as with fever or exacerba-
tion of the thyrotoxicosis in thyroid storm, or
b) compromise the splanchnic blood flow, as with
shock or cardiac decompensation. The circulatory
findings reported in this paper would not seem to
account for the focal necroses and the largely
periportal fibroses which are found in some livers
from cases of human hyperthyroidism. The situa-
tion of an increased splanchnic metabolism co-
existent with a normal splanchnic blood flow pro-
vides an exception to hypothesis of Roy and
Brown (27), Freeman (28), and others that the
rate of local tissue metabolism regulates the blood
flow through that part.

The finding of the elevated splanclhnic oxygen
extraction in the presence of a normal hepatic
blood flow has been so consistent in cases of thy-
rotoxicosis that this evidence has been of practi-
cal value in several patients, not reported in this
paper, in corroborating an uncertain clinical diag-
nosis of hyperthyroidism.
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It is proper to raise the question, in the face of
an elevated cardiac output and a normal splanch-
nic blood flow, as to where the extra blood pumped
by the heart goes. Increased blood flows in skin
(15) and skeletal muscle (16) have been demon-
strated in hyperthyroidism. Merrill (29) has
found the renal blood flow to be elevated in
hyperthyroidism unless lheart failure supervenes.
Scheinberg (30) on the othler hand has demon-
strated normal cerebral blood flow and cerebral
oxygen consumption in tlhyrotoxicosis. The ele-
vated cutaneous, muscular, and renal blood flows
would seem adequate to account for the increase
in total cardiac output in the presence of the nor-
mal splanchnic and cerebral flows.

The oxygen difference between arterial and
mixed venous blood in hyperthyroidism is normal
although the splanchnic arteriovenous oxygen
difference is increased by about 50 per cent. This
necessarily indicates a reduced arteriovenous
oxygen difference in some other portioin of the
body, presumably in areas such as the skin where
blood flow is augmented.

The cause of the elevation in systolic and mean
pressures in the right ventricle and pulmonary
artery in hyperthyroidism is not clear. It should
be noted that these pressures are elevated at the
same time that the corresponding diastolic pres-
sures are niormal. The rise in mean pulmonary
arterial pressure is in balance with the increase
in pulmonary blood flow (cardiac output) giving
calculated pulmoiiary peripheral vascular resist-
ances with the normal range. In this last respect,
the patient with thyrotoxicosis does differ from
the normal individual under conditions of exercise,
where the pulmonary blood flow can be doubled
or trebled without any significant rise in pulmo-
nary arterial pressure (26). Thus, if one can
compare the increased pulmonary flows of hyper-
thyroidism and of exercise in the normal person,
it can be said that in the former circumstance
there is a failure of the pulmonary vascular bed to
open up in order to accommodate the increased
flow without a rise in pulmonary arterial and right
ventricular pressures. One can only conjecture
whether a more rapid ejection of blood from the
right ventricle in early systole, as is suggested be-
low, is responsible in any part for the increase in
right ventricular and pulmonary arterial systolic
pressures.

The normal diastolic pressure in the pulmonary
artery would militate against left ventricular fail-
ure with elevated pulmonary venous and capillary
pressures as the cause of the rise inl meani pul-
monary arterial pressure. Furthermore, these
subjects with hyperthyroidism were maintaiiing
well elevated cardiac outputs in the absence of any
of the usual clinical findings of left ventricular
decompensation.

It is of interest to note that data thus far avail-
able for thyrotoxicosis indicate normal peripheral
vascular resistances in the lungs, splanclhnic area,
and brain (30) in the presence of an overall de-
crease in peripheral resistance. The normal re-
sistances in the brain and splanchnic area must
indicate a considerable reduction in resistance in
such sites as the skin.

It is our impression from inspection of the pres-
sure tracings from the right ventricle that the rise
in systolic pressure is more abrupt in hypertlhy-
roidism than in the normal state. Provided this
situation holds for the left ventricle, the finding
can be offered as an explanation for the accentu-
ated first heart sound whichi is characteristic of
hyperthyroidism. The abrupt rise in ventricular
pressure at the onset of systole would result in a
more forceful closure of the mitral and tricuspid
valves. It should be stressed that the stroke vol-
ume is essentially normal in thyrotoxicosis and is
thus not a factor in either the alteration in right or
left ventricular systolic pressure or the accentuated
first sound.

SUMMARYANDCONCLUSIONS

1. The hepatic blood flow in hyperthyroidism
is little, if at all, increased in spite of a definitely
increased cardiac output.

2. The splanchnic oxygen consumption in hyper-
thyroidism is elevated even more than is the gen-
eral metabolic rate in this disease. This is accom-
plished, in the face of the essentially normal
splanchnic blood flow, by an increased oxygen
extraction. The latter could easily result in anoxia
of the centro-lobular zones of the liver and may
well be related to the centro-lobular necrosis found
in certain instances of complicated thyrotoxicosis.

3. Hyperthyroidism is associated with an eleva-
tion of systolic and mean pressures, but not of
diastolic pressures, in the right ventricle and pul-
moinary artery. These pressure elevations coexist
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with an elevated pulmonary blood flow (cardiac
output) and a normal pulmonary peripheral vas-
cular resistance. The cause of the pressure in-
creases is not known; they do not appear to be re-
lated to left ventricular failure.

4. The ability of the liver to excrete bromsul-
phalein is moderately impaired in some, but not
all, individuals with hyperthyroidism.
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