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TOTAL THYROIDECTOMY !
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(Received for publication June 16, 1936)

The frequent occurrence of mild anemia in
myxedema has long been recognized (1, 2). The
red blood cell count has usually been between
3,000,000 and 4,500,000 per cubic millimeter with
hemoglobin percentage occasionally as low as 60
per cent but most often approximating 75 per
cent. There is less agreement concerning changes
in white blood cell count, different authors de-
scribing leukocytosis, leukopenia, or a normal
white count. It was felt that more precise data
concerning the nature and extent of the blood
changes could be obtained from the study of pa-
tients in whom hypothyroidism was developing
under close observation. Accordingly, studies
were made before and after total thyroidectomy in
patients with chronic heart disease (3, 4, 5). The
blood counts, hemoglobin percentages, arterial
oxygen capacities, and type and size of red and
white blood cells in relation to changes in the basal
metabolic rate during the development and con-
trol of hypothyroidism induced by total thyroidec-
tomy are reported below. The effects of iron and
of thyroid medication on the blood findings in
postoperative hypothyroidism are also described.

METHODS

Red and white blood cell counts and hemoglobin esti-
mations were made from capillary blood in a series of
40 patients at various levels of metabolism after total
thyroidectomy. In nine additional patients more ex-
tensive hematological studies on venous blood were made
before and at varying time intervals after total thy-
roidectomy; six of these patients were operated on for
the relief of congestive heart failure and three for
angina pectoris. In a further group of fifteen patients
with previous congestive failure or angina pectoris, seven-
teen studies were done postoperatively on the venous
blood. The preoperative studies were made a few days
before operation when patients with congestive failure

1 This investigation was aided by a grant from the
William W. Wellington Memorial Research Fund of
Harvard University.

showed minimal signs of decompensation and were in the
best possible condition for operation; all postoperative
studies were made a few weeks to three years following
thyroidectomy in the absence of signs of congestive heart
failure. In many instances, patients studied postopera-
tively were receiving doses of desiccated thyroid sufficient
to prevent distressing symptoms of myxedema, basal
metabolic levels of approximately —20 to — 30 per cent
being maintained (6).

Except in the preliminary studies, oxalated venous
blood drawn without stasis from the patients in the post-
absorptive state, was used for measurement of hemoglobin
per cent and red and white blood cell counts. Icteri¢ in-
dices and hematocrit readings were estimated from the
same samples of blood, a correction factor of 1.08 being
applied to the hematocrit reading for the amount of ox-
alate used (7). Smears for Schilling index and measure-
ments of mean cell diameter and for reticulocyte and
platelet counts were made from capillary blood. Meas-
urements of oxygen capacity were made on arterial blood
drawn from the patients in the postabsorptive state.

Hemoglobin measurements were made by the Sahli
method using a Sahli hemoglobinometer standardized so
that 100 per cent hemoglobin corresponded to 20.9 vol-
umes per cent oxygen capacity. The oxygen capacity was
measured by the method of Van Slyke and Neill (8).
Red and white blood cell counts were done in duplicate
using the same counting chamber and cover slip through-
out. Pipettes and counting chamber had been calibrated
by the United States Bureau of Standards. The reticulo-
cytes and platelets were estimated by the method of Dam-
eshek (9). A calibrated micrometer eye-piece was used
for measuring mean cell diameters; mean corpuscular
volumes were calculated from the hematocrit per cent
and the red blood cell count. Icteric indices were esti-
mated by the method of Davis (10). Measurements of
basal metabolic rate were made in duplicate with a Col-
lins-Benedict-Roth apparatus and calculated according to
the Aub-DuBois normal standards (11).

RESULTS

The preliminary studies on capillary blood
showed a decrease in the hemoglobin percentage
and the red blood cell count at low levels of basal
metabolism following total thyroidectomy (Table
I). This finding was more striking in patients
operated upon for the relief of congestive heart
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TABLE I
Average results of postoperative blood counts on capillary blood

Deviation -
from normal || Num- | Hemo- Red Num- | White
sa ber of | globin blood ber of | blood
metabolic counts | (Sahli) cells counts cells
rate
per
per cent per cent | per cu.mm. csmm.
PATIENTS WITH CONGESTIVE HEART FAILURE
+ 2to —10 6 93 4,367,000 3 9,250
~10 to —20 9 90 4,387,000 2 10,400
-20 to —-30 11 87 3,948,000 4 7,662
—30 to —40 11 80 3,874,000 7 7,050
PATIENTS WITH ANGINA PECTORIS
0to —10 5 89 4,114,000 2 10,800
—~10 to —20 9 95 4,685,000 4 8,025
—20 to —30 13 94 4,351,000 3 6,066
—30to —40 12 89 4,168,000 5 7,425

failure than in those operated upon for the relief
of angina pectoris. The changes in hemoglobin
and red blood cell count were paralleled, in general,

by changes in oxygen capacity; twenty-three de-

TABLE 1I

Correlation between arterial  oxygen capacity and basal
metabolic rate following total thyroidectomy

Deviation from

Oxygen
Case normal basal t
metabolic rate capacity
per cent volumes per cent

W. M. +1 20.8
-31 16.5

A.R. -2 20.8
-34 17.7

E.P. -23 17.1
-20 18.1

M. W. -7 21.9
-19 18.3

M.C. -24 184
-34 15.7

E. M. -4 22.0
-3 20.7

G. M. -6 23.9
—-11 22.5

-24 21.7

G. B. -9 19.8
-15 179

M. H. +1 22.6
-7 22.5

-21 20.1

T. K. -1 21.6
-11 19.7

—28 18.9

BEATRICE STERN AND MARK D. ALTSCHULE

terminations of arterial oxygen capacity done on
ten patients before and after total thyroidectomy
showed a diminution of oxygen capacity as the
basal metabolic rate decreased (Table II).
Hematological studies made before and at vari-
ous time intervals after operation in six patients
operated on for the relief of congestive failure
revealed a lowering of the hemoglobin per cent,
the hematocrit reading, the red and white cell
and platelet counts and an increase in the mean
corpuscular volume and mean cell diameter when
the basal metabolic rate had fallen to low levels
(Table III). In Case T. K. (Table III), who
showed a typical drop in basal metabolic rate
from — 1 per cent preoperatively to — 29 per
cent three months after operation, the red blood
cell count decreased from 4,450,000 to 3,760,000,
the hemoglobin per cent from 90 to 87, the white
blood cell count from 5,700 to 3,050, the hemato-
crit per cent from 45.3 to 38.9, the platelet count
from 293,000 to 289,000; the mean corpuscular
volume showed a rise from 101 to 103.4, and the
mean cell diameter increased from 7.7 to 8.0.
Six months after operation, although the basal

‘metabolic rate was essentially the same (— 28

per cent), the blood showed further change.
These data are graphically presented in Figure 1.
Data obtained in eleven postoperative studies on
ten other patients operated upon for the relief of
congestive failure corroborate the above findings
(Table IIT). In Table IV, the data obtained
postoperatively in all the patients operated upon
for congestive failure are divided into four
groups representing various levels of basal me-
tabolism, and the average values for each group
are recorded. Despite considerable individual
variation, a lowering of the average values for
hemoglobin, red and white blood counts, hemato-
crit per cent, and platelet count, and an increase in
the values for mean corpuscular volume and mean
cell diameter were evident as the basal metabolic
rate decreased (Figure 2). In general, the cor-
puscular volume increased more than the cell
diameter, so that the red blood cells apparently
became thicker.

In one patient (Case E. B., Table III) a hypo-
chromic anemia due to frequent hemoptyses was
present before thyroidectomy. Two months after
operation the hemoglobin was 101 per cent and the
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MONTHS AFTER OPERATION

F16. 1. RELATION BETWEEN TIME oF ONSET OF HYPOTHYROIDISM AND OF CHANGES IN
Broop Picture ForLrowinG Torar TryromeEcToMy (Case T. K.).

TABLE 1V

Average resulls of postoperative studies in hematology. Studies on venous blood

Deviation from Number Hemo- White Mean Mean
normal basal of obin Red blood cells blood Hematocrit Platelets corpuscular cell
metabolic rate studies Sahli) cells volume diameter
per cent per cent per cu.mm. per cu.mm. per cent per cu.mm. cu. »
PATIENTS WITH CONGESTIVE FAILURE
*Preop. level 6 89 4,630,000 6,755 45.2 . 366,000 96 7.7
0to —10 2 100 4,927,000 8,563 47.0 425,000 96 74
—10to —20 6 86 4,402,000 6,908 42.3 331,000% 94 74
—20 to —30 7 77 3,534,000 5,086 36.0 235,000 102 7.7
—30 to —40 3 80 3,593,000 5,550 35.5 293,000 99 7.5
PATIENTS WITH ANGINA PECTORIS
Preop. level 3 4,489,000 6,380 41.3 194,0001 92 7.5
—10 to —20 3 90 4,630,000 8,117 423 400,000% 92 7.8
-—20 to —30 4 88 3,947,000 5,256 41.6 251,000 107 7.6
—30 to —40 1 88 3,950,000 6,825 440 253,000 110 7.2

* The range of preoperative basal metabolic rate in all patients was from 411 to —9 per cent.
1 Represents average of 5 observations.
1 Represents average of 2 observations.
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Fi1c. 2. RELATIONSHIP BETWEEN CHANGES IN HEMATOLOGY AND CHANGES IN BAsaL METABoLIC
RaATE FoLLowiNG ToTAL THYROIDECTOMY.

Summary of average results in eighteen patients operated on for congestive heart failure.

red blood cell count, 5,100,000. Subsequently, as
hypothryoidism persisted, a normocytic anemia
developed.

Studies before and at various time intervals
after thyroidectomy in three patients operated on
for the relief of angina pectoris revealed no sig-
nificant hematological changes in two of these
(Table III). The third patient developed a slight
anemia when the basal metabolic rate had dropped
from —7 per cent preoperatively to — 24 per
cent postoperatively. Four additional studies
done postoperatively only on four other patients
operated on for angina pectoris confirmed these
findings; only two of these patients showed evi-
dence of slight anemia at basal metabolic rates of
—29 per cent and — 32 per cent (Table III).
The average results of the studies in patients
operated on for angina pectoris are recorded in
Table IV.

Although the white blood cell count in many in-
stances was significantly decreased when hypo-
thyroidism had developed, no striking deviations
from the normal distribution of the various cell
types were observed in differential and Schilling
index counts in any of the patients studied (Table
IIT). The red blood cells appeared normal in
size and shape; there was no achromia. The
reticulocyte counts varied within normal limits.
Icteric indices ranged from 2 to 12; values above
8 were encountered in only three patients operated
on for congestive heart failure and in only one
patient operated on for angina pectoris; all values
were within the normal limits.

Studies of the hemoglobin per cent, red blood
cell count, and white blood cell count were made
on four patients with postoperative hypothyroid-
ism before the institution of iron therapy and
again after patients had been receiving this medi-
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TABLE V
Effect of medication on anemia of hypothyroidism
foeiation | | Hemoglobin | Red blood | White blood
n 1 . <
Case | Poc i meta- | = (Sabl) Cells cells Medication
bolic rate
per cent per cent per cu.mm. per cu.mm.

G.F -27 74 3,435,000 5,025 Before medication.

-29 72 3,730,000 Ferrous sulfate grains 4, 6 i. d. for 3 weeks.*

—-29 75 3,405,000 4,850 Ferrous sulfate grains 4, 6 i.d. for 4 weeks.
L. B. -29 90 3,950,000 5,000 Before medication.

=27 94 4,150,000 Ferrous sulfate grains 4, 6 i. d. for 2 months.
S. L. =27 85 3,980,000 Before medication.

—-32 78 3,520,000 Reduced iron 15 grains t. i. d. for several months.
H. W. -23 78 3,900,000 8,050 Before medication.

—17 85 4,140,000 4 grains iron 4 i. d.
G.F -29 75 3,405,000 4,850 Before medication.

=27 75 3,430,000 Thyroid grains 1/20 daily for 1 month.}
W. D. -31 80 3,865,000 Before medication.

—-23 91 4,480,000 Thyroid grains 1/10 daily for 2 months.

* Daily reticulocyte count for 2 weeks following institution of iron therapy. No reticulocytosis.

t Daily reticulocyte count for 1 month following institution of thyroid medication.

cation for one month or longer. No significant
changes were found even when large doses of
iron were given (Table V). Daily reticulocyte
counts in one patient for three weeks following
iron medication showed no increase in reticulo-
cytes.

Hematological studies and measurements of the
basal metabolic rates were made on two patients
receiving small doses of desiccated thyroid (Ar-
mour’s) for the alleviation of the more severe
symptoms of myxedema. Case G. F. who re-
ceived 1/20th grain thyroid daily showed no
change in hematology and no significant change
in basal metabolic rate over a period of four weeks
after starting medication. Daily reticulocyte
counts on this patient for one month following
the institution of thyroid therapy showed no retic-
ulocyte response. Another patient, Case W. D,
received 1/10th grain thyroid daily for two
months ; there was an increase in hemoglobin from
80 per cent to 91 per cent and an increase in red
blood cell count from 3,865,000 to 4,480,000 per
cubic millimeter of blood when the basal metabo-
lism had risen from — 31 per cent to — 23 per
cent (Table V).

COMMENT

The data in the present study demonstrate the
development of a mild anemia in hypothyroidism

No reticulocytosis.

following the total removal of the thyroid gland
in man. When the basal metabolic rate had fallen
to between — 20 and — 30 per cent, the average
values found were 77 per cent hemoglobin and
3,534,000 red cells per cubic millimeter of blood
in patients operated on for the relief of congestive
heart failure, and 88 per cent hemoglobin and
3,948,000 red cells per cubic millimeter of blood
in patients operated on for angina pectoris (Table
IV). That the changes in the blood picture in
patients with angina pectoris were not as strik-
ing as those in patients with congestive failure
may be related to the fact that the majority of
the subjects with angina had moderate degrees
of pulmonary emphysema. The anemia in all
patients after operation was at most moderate
and usually only slight, the lowest values for
hemoglobin and red blood count observed in the
entire series being 71 per cent and 3,080,000 re-
spectively (Table IIT). It should be noted that
the patient with 71 per cent hemoglobin had a
red blood cell count of 3,340,000 and the patient
with 3,080,000 red cells per cubic millimeter of
blood had a hemoglobin of 83 per cent. These
observations are in harmony with reported find-
ings in spontaneous myxedema in man and in
hypothyroidism following experimental thyroid-
ectomy in animals (1, 12, 13, 14, 15, 16).
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Significant changes in the blood picture follow-
ing total thyroidectomy occur only at low levels
of basal metabolism. Data in one patient (Case
T. K., Table III) indicate that the hemoglobin
per cent and red blood cell count may continue
to diminish slightly after the basal metabolic rate
has become established at a low level. That
more marked degrees of anemia were not en-
countered may be related to the fact that severe
myxedema was not allowed to persist; small doses
of desiccated thyroid were administered to allevi-
ate the distressing symptoms of marked hypothy-
roidism, the basal metabolic rate being maintained
at a level of between — 26 per cent and — 32 per
cent in most instances. ‘

None of the patients studied showed symptoms
or physical signs which could be ascribed to the
anemia. Sore tongue and paresthesias or ob-
jective neurological changes in the extremities
were never encountered. The pallor and sensi-
tivity to cold present in most cases in which the
basal metabolic rate was below — 20 per cent
were probably due to hypothyroidism as such.
Elevation of the pulse rate was not observed in
the cases of this series. Such dyspnea as was
exhibited by the patients studied here was un-
doubtedly associated with their heart disease, and
was invariably milder than before operation.
Several observers have reported an increase in
cardiac output (17, 18) or an accelerated velocity
of blood flow (19) both indicative of increased
cardiac work, in patients with low red blood cell
counts and hemoglobin percentages. However,
the decrease in oxygen carrying capacity of the
blood in such instances was always more severe
than that found in the patients studied here.
Moreover, it has been shown that the cardiac
output after total thyroidectomy is not influenced
by the mild degrees of anemia which accompany
a fall in basal metabolic rate to between — 20 per
cent and — 30 per cent. It would appear, there-
fore, that the anemia which develops following
total thyroidectomy is not clinically important and
places no demonstrable burden on the cardiovas-
cular system.

The progressive increase in color index, mean
cell diameter, and mean corpuscular volume dur-
ing the development of hypothyroidism indicate
that the anemia tends toward the macrocytic
hyperchromic type. The increase in thickness of
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the red blood cells is somewhat greater than the
increase in diameter. Kunde, Green, and Burns
(16), and later Sharpe and Bisgard (20), in their
studies on myxedematous rabbits, also observed
a high color index and an increased diameter of
the red blood cell. In one case of anemia of
myxedema studied by Minot in 1921 (21), the
size of the red blood cells was found to be normal
and the color index slightly decreased. It is of
interest that in one of the patients with mitral
stenosis (Case E. B.), a hypochromic anemia,
which was present before total thyroidectomy,
cleared up entirely after operation when the re-
peated hemoptyses causing the anemia ceased.
The red blood cell count and hemoglobin were
5,100,000 and 101 per cent respectively two
months after operation. One month later, the
blood showed evidences of a normocytic anemia.

The cause of the anemia of myxedema has not
yet been established. Studies by other investi-
gators of the effect of various medications have
yielded data which support the concept of a de-
crease in hematopoiesis due to insufficient circulat-
ing thyroid hormone and not to a lack of Castle’s
anti-pernicious anemia factor or of iron. Bald-
ridge and Greene (22) found no response to
liver therapy in eleven patients with anemia of
myxedema. Means, Lerman, and Castle (23)
reported a case in which pernicious anemia,
myxedema, and anemia of myxedema coexisted.
The reticulocytosis after liver therapy was fol-
lowed by a second reticulocyte response when thy-
roid medication was administered. Lerman and
Means (24) felt that an iron deficiency was at
least partly responsible for the anemia present in
a few of their patients with spontaneous myxe-
dema. It is, however, not entirely clear from their
data that the iron deficiency was due to the hypo-
thyroidism as such. In the present study iron
deficiency was shown to be of no importance as
an etiological factor in the anemia which de-
veloped after total thyroidectomy; four patients
given moderate or large doses of iron showed no
reticulocytosis and no significant changes in the
blood picture.

Many observers have agreed that the anemia of
myxedema is due to decreased formation of blood
caused by lack of thyroid hormone. Minot wrote
in 1921, “ treat with active thyroid to clear up the
myxedema and the anemia will improve con-
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comitantly ” (21). MacKenzie (14), and Stone
(25), and Lerman and Means (24), have re-
ported complete disappearance of the anemia of
myxedema following appropriate thyroid medica-
tion. Lisser and Anderson (15) reported that
under thyroid medication the improvement in the
blood picture paralleled the restoration of the basal
metabolic rate to normal. Kunde, Green and
Burns (16) found a reticulocyte response of 4 to
10 per cent in hypothyroid animals following thy-
roid feeding.

The findings in the present study were in accord
with those of other investigators. The response to
minimal doses of thyroid was studied in two pa-
tients; in one instance, Case G. F. (Table V),
oth grain desiccated thyroid was administered
every second day with no significant change in
basal metabolic rate or hematological findings. In
another patient, Case W. D. (Table V), who was
receiving 14oth grain thyroid daily a rise in basal
metabolic rate from — 31 per cent to — 23 per
cent occurred, and concomitantly there was an
improvement in the anemia. These data support
the concept that the anemia of myxedema is due
to decreased bone marrow function associated
with diminished circulating thyroid hormone.

Other evidences of diminished function of bone
marrow were seen in the white blood cell and
platelet counts. The white blood cell count was
diminished when the basal metabolic rate de-
creased after total thyroidectomy; the average of
seven values obtained in the patients operated on
for congestive heart failure was 5,086 per cubic
millimeter of blood when the basal metabolic rate
was between — 20 and — 30 per cent. These data
confirm the findings of Minot (21), Krantz (26),
and Kocher (27) in spontaneous myxedema.
However, other authors have found a normal (2,
25) or even an increased white blood cell count
(12) in spontaneous myxedema. The findings of
a decreased platelet count in many patients at low
levels of metabolism after total thyroidectomy ac-
cords with the findings of Minot (21) in one pa-
tient with spontaneous myxedema. The lowered
platelet count was in no case associated with pur-
puric manifestations.

Although diminished hematopoiesis occurs in
hypothyroidism, the bone marrow retains its
power to respond normally to stimuli. Unpub-
lished results of studies made in this clinic show
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that patients with the anemia of hypothyroidism
following total thyroidectomy can respond to in-
fection or anoxemia of congestive failure by a
normal increase in white blood cell count and red
blood cell count respectively.

CONCLUSIONS

1. An anemia develops in hypothyroidism fol-
lowing total ablation of the normal thyroid gland
for the alleviation of congestive heart failure and
angina pectoris. The anemia tends toward the
macrocytic hyperchromic type, being characterized
by increased color index, mean corpuscular vol-
ume and mean cell diameter.

2. The anemia is at most moderate and usually
only slight; it appears to be somewhat less marked
in those patients operated on for angina pectoris
than in those patients operated on for congestive
heart failure.

3. The appearance of the anemia following op-
eration coincides with a drop in basal metabolic
rate.

4. The white blood cell count is decreased at
low levels of basal metabolism following total
thyroidectomy ; the distribution of cell types re-
mains normal ; the platelet count is usually dimin-
ished. The evidence at hand indicates that the
slight decrease in concentration of white blood
cells usually present does not alter the response to
infection.

5. Data obtained in this study support the con-
cept that the anemia improves when the basal
metabolic rate is increased by administration of
thyroid ; the administration of iron does not affect
the blood findings.

6. At the levels of metabolism of approximately
—25 per cent to — 30 per cent usually main-
tained in patients after total thyroidectomy the
blood changes are not great enough to give rise to
symptoms of anemia. The anemia is not of suf-
ficient degree to increase the work of the heart.
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