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THEBLOODPICTURE IN EXOPHTHALMICGOITREANDITS
CHANGESRESULTINGFROMIODINE ANDOPERATION.

ASTUDYBYMEANSOFTHESUPRAVITALTECHNIQUE

By SAUL HERTZ1 AND J. LERMAN
(From the Thyroid Clinic and Metabolism Laboratory of the Massachusetts General Hospital

Boston)

(Received for publication April 29, 1932)

The purpose of this report is to record a series of cases of exophthalmic
goitre studied intensively by the supravital technique of blood examina-
tion. This method was chosen as being particularly suited to the problem
since it affords a clear differentiation of the large lymphocyte, monocyte
and transitional polymorphonuclear cells, a distinction which is not
always possible in the ordinary type of fixed smear.

HISTORICAL

While Ciuffini (1) described relative lymphocytosis in exophthalmic goitre in
1904, this aspect of the disease did not attract universal attention until the
publications of L. Caro (2) (3). In the year 1907 the latter author described
a case of fatal exophthalmic goitre with such atypical findings in the blood that
he thought he was dealing with an associated pseudoleukemia. Later (1908)
he collected a series of cases showing similar blood pictures. Caro was further-
more able to produce the changes in the blood of normal individuals by the oral
administration of thyroid gland. He showed that patients with non-toxic
varieties of goitre did not have any alteration in their blood picture. The
studies of Kocher (4) in 1908 received the attention of the entire medical pro-
fession. He described a triad of blood findings in Basedow's disease which he
thought could be used in the early diagnosis of the malady. This triad con-
sisted of leukopenia, relative hypopolynucleosis and relative lymphocytosis.
It has come to bear his name as the " Kocher blood picture." Crotti (5) was
able to confirm the observations of Kocher and stated that the blood findings
were helpful in diagnosing the disease and in estimating its severity.

Crotti (5) observed cases during the postoperative period before the intro-
duction of iodine in the preoperative treatment. We quote him directly as
follows: "The same day of the operation the lymphocytes diminish materially
while the polynuclears increase; on the following days, however, the blood
formula returns to its previous pathological state, and only then improves
gradually in direct proportion with the disease and usually becomes normal in
the cured cases."

DeQuervain (6) stated that the above changes were not limited to exoph-
thalmic goitre, for they occurred in other types of thyroid dyscrasia. Muller
(7), Bauer (8) and Lampe (9) were of the same opinion.

Probably the most extensive study of the subject was that of W. A. Plummer
(10) in 1919. He examined the blood of 578 cases of hyperthyroidism and
recorded an average leukocyte count of 6,793 cells per cu. mm. The relative
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lymphocytosis and hypopolynucleosis, although appreciable in his figures,
were not as definite as those recorded by Kocher and Crotti. He found no
relationship between the blood changes and mortality in his series, and con-
cluded that the blood picture was of little aid in diagnosis or prognosis.

Menkin (11) in 1928 studied 100 case records of hyperthyroidism, and
followed the blood changes in a small series of patients. His conclusions were
that relative lymphocytosis was present in hyperthyroidism, but that it was
more frequent and more marked in cases with definite exophthalmos. Exam-
ination of his protocols reveals that several of his cases of "hyperthyroidism
with exophthalmos" had elevated monocyte percentages as well as relative
lymphocytosis, a fact which he failed to note. He also presented data to show
that after operative treatment of the disease there was a reversion toward a
normal blood status. However, no account was taken in his study of the effect
of preoperative medication per se on the blood picture.

Most recently, Jackson (12) concluded, from a study of the blood of 600
cases of thyroid disease of various forms, that there was no basis for the Kocher
triad, that iodides had no effect on the blood formula, and that there was no
parallelism in the height of basal metabolic rate, the severity of the disease and
the differential blood picture.

METHOD

The method of blood examination used in this study has been de-
scribed in detail by Sabin (13). It consists, in its main features, of the
following steps: thin smears of non-toxic stains, neutral red and janus
green, are made on clean, polished slides. Blood is received on a cover-
slip and allowed to spread on the thin film of stain. The coverslip is then
rimmed with vaseline to prevent evaporation. The preparation is ex-
amined at body temperature in a warm box with oil immersion objective.

The appearance of the cells with this technique is such that cyto-
plasmic structure is more clearly made out than in fixed smear. The
polymorphonuclear cells are the most conspicuous since their finely
granular cytoplasm is in constant amoeboid motion. Lymphocytes are
characterized by their lack of granulation, their high mitochondrial
content and the paucity or complete absence of components staining with
neutral red. The monocyte is motile, more so than the sluggish lympho-
cyte, and contains a few mitochondria. It is mainly identified by a
group of granules which selectively take the neutral red stain and are
arranged, for the most part, in the form of a rosette in the crescent of the
large indented nucleus. Nuclear contour and consistency are readily
appreciated in the supravital technique despite the fact that nuclear
material does not take up the stains used. The chromatin network, fine
in the monocyte and coarse in the lymphocyte, is a distinguishing feature.

I

BLOOD PICTURE IN EXOPHTHALMICGOITRE
MATERIAL

Since our preliminary study indicated that exophthalmic goitre was
more apt to show an altered blood picture than other types of goitre, we
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decided to study only those cases in which a definite diagnosis of exoph-
thalmic goitre had been made by the Thyroid Clinic. Only patients
who had not received iodine previous to hospitalization were included.
Care was exercised to allow for the factors known to affect the blood
formula. Counts were done at approximately the same hour each time
for individual patients, usually between 2:30 and 4:00 P.M.

Wewere unable to demonstrate any changes of importance in the
blood picture on rest alone during the four or five day period when levels
of metabolism and blood counts were being obtained. The results for
thirty consecutive cases are given in Table 1.

TABLE 1

Initial levels of basal metabolic rate and blood findings in 30 patients with exophthalmic
goitre

Patient Leuko- Basal Neuto Lympho-Monumber cytes metatbolic Neutro- Lymtho- Monocytes phfle Basophiles
rate philes cytesp es Ba1- h-le

1

2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

5,000
6,000
4,300
9,200
4,850
5,900
5,000
6,500
6,800
7,800
6,800
6,850
5,100
5,900
5,450
7,150
4,200
6,250
5,000
6,250
4,700
6,900
5,700
8,200
6,500

13,000
10,400
6,800
5,750
6,600

per cent

60
48
68
74
50
44
52
58
47
61
56
50
56
38
36
51
52
39
30
38
30
40
24
25
42
42
40
28
31
42

per cent

55
60
65
67
50
61
64
60
65
58
54
40
66
46
54
64
45
54
52
56
58
63
57
62
55
61
57
56
49
50

per cent

25
20
15
15
20
24
18
15
19
29
28
38
18
37
30
14
34
25
24
30
21
20
26
21
28
17
29
26
37
32

per cent

14
11
17
18
23
10
12
20
15

13
15
18
14
13
12
19
15
16
17

12
13
15
14
10

5
15
12
15

8
12

per cent

4
5
2
0

4
4
5
3
1
0

2
2
1
4
3
3
4
5
4
1

7
2
3
6
8
4
1
3
4
5

per cent

2
4
1
0

2
1
1
2
0

0

1
2
1
0

1
0

2
0

3

1

1
0

0

1

4
3
1
0

2
1

* Includes stab forms of leukocytes.

Average 6,495 45.1 56.9 24.5 14.1 3.3 1.2
Standard devi-

ation of av-
erage 331 2.24 1.20 1.25 0.65 0.35 0.2i
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Most of the cases were of moderate severity as judged by the levels of
metabolism. Twenty-three of the thirty cases fell into a group in which
the basal metabolic rate varied from plus 30 to plus 59. There were
three cases in which the metabolic rates were higher, and four in which
they were lower.

35FA**eo <-l OE-EGXOPHTHALMICGOITER
.- PNORALS

30

ui15/

a 10
4. p~~~~~~~~~~~~~~~~~~.

-/e

-5J- 40-439 5DS U-0U 7.0-15 *D-& 10-15 11S-113fuU .120+
WHI-Mr BLOODCELLS (IN THOUSANOS)

FIG. 1. COMPARISONoiF AVERAGE LEUKOCYTE COUNTS IN 30 CASES OF
EXOPHTHALMic GOITRE AND 310 NORMALS

Total white blood cells
Figure 1 represents the percentage distribution of the white blood

cell counts of 30 exophthalmic goitre patients and of 310 normal people
collected by Lerman (14). The curves demonstrate that in exophthal-
mic goitre there is a skewness toward the leukopenic side of the blood
picture. Of the goitre patients 80 per cent had counts below 7,000 cells,
whereas only 36 per cent of normals had counts below this level. This
points to the existence of a definite leukopenia in the disease, a fact which
is not so obvious from the average leukocyte count of the series. The
latter is 6,495 41 331 cells. Compared to the normal average leukocyte
count of 7,850 4 132 cells as obtained by Lerman (14), the difference is
1,335 :1 357 or 3.8 times its standard deviation. It is, therefore, highly
significant statistically. In this connection it is important to note that
all the counts in our study were done in the afternoon and therefore
represent the peak in the diurnal variation in total white blood cell
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SAUL HERTZ AND J. LERMAN 1183

counts (15). Morning counts in several instances were recorded as low
as 2,400 to 3,100 in patients who had afternoon counts of 5,000 to 6,000
cells. This fact gives additional significance to the recorded difference.

Differential blood picture
Tables 2, 3, and 4 represent the distribution of the polymorphonuclear

neutrophiles, lymphocytes and monocytes respectively. Wehave been
unable to find any large series of normal differential counts made by the
supravital technique. Consequently we cannot make a final comparison
of the above distributions with the normal. The results given by Sabin

TABLE 2
The distribution of the neutrophiiic kukocyte percentages of 30 patients with exophthalmic

goitre
Neutrophiles

per cent Number Per cent
-45 ... 2 6.6

45-48 ... 2 6.6
49-52 ... 3 10.0
53-56 ... 9 30.0
57-60 ... 6 20.0
61-64 ... 6 20.0
65-68 ... 2 6.6

TABLE 3
The distribution of total lymphocyte percentages of 30 pat-ents uith exophthalmic goitre

Lymphocytes
per cent Number Per cent

4-17 ... 5 16.6
18-21 ... 8 26.6
22-25 ... 4 13.3
26-29 ... 6 20.0
30-33 ... 3 10.0
34-37 ... 3 10.0
38 +... 1 3.3

TABLE 4
The distribution of monocyte percentages of 30 patients uith exophthalmic goitre

Monocytes
per cent Number Per cent

-10 ... 2 6.6
10-12 ... 8 26.6
13-15 ... 12 40.0
16-18 ... 5 16.6
19-21 ... 2 6.6
22+. .. 1 3.3

(15), based on 175 counts on six normal people, may be used tentatively
as the normal level for the supravital method. In Table 5 these results
are compared with the averages obtained in 30 patients with exophthalmic
goitre. Wecannot compare the absolute number of cells in the same
way because Sabin's data do not contain the averages of the absolute
numbers. However, normal averages may be obtained by multiplying
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Sabin's percentages by the normal total leukocyte count given above.
These normals are of limited value because their standard deviations
cannot be calculated.

Polymorphonuclear neutrophiles
The group distribution given in Table 2 does not show any distinct

tendency to hypopolynucleosis in our series if the comparison is made
with results based on the fixed smear method. However, compared to
the results of Sabin (15), such a tendency is definite as revealed by the
average figures given in Table 5. The difference between the normal

TABLE 5
Comparison of the average percentages of the differential count in exophthalmic goitre and

in normal people (Sabin)

Neutrophiles Lymphocytes Monocytes Eosinophiles Basophiles

per cent per cea per cent per cenP per cent
Exophthalmic goi-

tre 56.9 : 1.20 24.5 : 1.25 14.1 ± 0.65 3.3 i- 0.35 1.2 :4 0.21
Normal 68.9 2.18 19.7 1.20 5.7 ± 0.49 4.4 ± 1.15 1.2 ± 0.21

Difference between
exophthalmic
goitre and nor-
mal averages 12.0 ± 2.49 4.8 ± 1.73 8.4 ± 0.81 1.1 ± 1.20 0.0

and exophthalmic goitre neutrophile counts is 12.0 :1: 2.49 per cent, a
value of high statistical significance. Moreover, since the diurnal varia-
tion in total white blood cell count is mainly attributable to the fluctua-
tion of the neutrophiles, the above percentage of neutrophiles in exophthal-
mic goitre, obtained in the afternoon, represents the peak of the curve.
Consequently hypopolynucleosis is actually greater throughout the day
than our results indicate. The absolute numbers of neutrophiles in
exophthalmic goitre is reduced to a greater extent than the percentage
because of the simultaneous reduction in total leukocyte count. Thus
the average neutrophile count for the exophthalmic goitre cases is 3,696
cells as compared with the normal of 5,409 cells.

Lymphocytes
The distribution of lymphocyte percentages is given in Table 3.

The average percentage is 24.5 i 1.25, which is greater than the normal
by 4.8 4 1.73 per cent. The difference, though not large, indicates a
significant tendency to relative lymphocytosis in exophthalmic goitre.
About 68 per cent of the patients showed lymphocyte percentages above
the normal average of 19.7, and 23.3 per cent showed percentages of 30
or more. The absolute number of lymphocytes is about the same in the
exophthalmic goitre group as in the normal.
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Monocytes
Table 4 shows the distribution of the monocytes in exophthalmic

goitre. Obviously, almost all the patients had high monocyte counts.
For example, only one patient had a count below Sabin's average normal
of 5.7 per cent, whereas 26.5 per cent of the patients had counts over 15.
This would indicate that relative monocytosis, to the extent of 2 to 3
times the normal value, is a definite and characteristic finding in the blood
picture of exophthalmic goitre. The degree of monocytosis is expressed
by the difference of 8.4 =i 0.81 per cent between the normal and exo-
phthalmic goitre values. This difference, being 10.4 times its standard
deviation, is highly significant. The absolute number of monocytes in
exophthalmic goitre is not increased as much as the percentage, the
value being 916 cells as compared to the normal of 447 cells. The differ-
ence is large and significant.

Eosinophiles and basophiles
While an occasional case may show a high percentage of eosinophiles,

such a finding is, however, not common. The average per cent of
eosinophiles is lower than normal, but not significantly so. The absolute
number is relatively lower than the percentage, namely, 214 cells against
the normal of 345 cells. Although the difference seems large, it is prob-
ably not significant because the standard deviation of the normal
eosinophile average is large.

There is no variation from the normal in the case of basophiles, either
in per cent or in absolute number.

It is important to determine what relationship the white blood cell
count and its differential picture have to the severity of the disease as
measured by the basal metabolic rate, and to one another. There is no
correlation whatever between the white blood cell count and the level
of metabolism. The average count at different levels of metabolism
varies a good deal, but in no consistent way.

There is a slight correlation between the percentage of polymorpho-
nuclear cells and the metabolism, as indicated in Figure 2. The former
tends to increase as the metabolism rises. For example, of the 12 cases
with metabolic rates of 50 and over, 7 showed polymorphonuclear counts
of 60 per cent or more; whereas only one of the 10 cases with metabolic
rates under 40 showed this same percentage of polymorphonuclear cells.
Mathematically this relationship, as expressed by the coefficient of
correlation, is + 0.324 4 0.115.

The lymphocytes, on the other hand, tend to vary inversely as the
level of metabolism. This is also demonstrated graphically in Figure 2,
which shows that the average lymphocyte percentage falls from 27.7 to
21.0 with the rise in level of metabolism. Expressing this fact in a
different way, 4 of the 12 cases with metabolic rates of 50 and over had
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15 per cent or less of lymphocytes whereas none of the remaining cases
had this percentage of lymphocytes. The coefficient of correlation in
this case is - 0.39 4 0.109.

Figure 2 also shows the tendency of the monocytes to increase with
the height of the basal metabolic rate. For example, 9 of the 18 cases
with metabolic rates under 50 showed a monocyte count of 12 per cent
or less, whereas only one of the remaining 12 cases showed this percentage
of monocytes. The coefficient of correlation is + 0.403 :1: 0.108-a
value of probable significance.

960

-a ~7 .M,SO_TAB.

1z~~~~~~~~-L "-

50_

~40

01

40 40-49 50-53 60+
B MR (PEcfNl CwS)

FIG. 2. THE AVERAGEPERCENTAGEOF NEUTROPHILES, LYMPHOCYTESAND
MONOCYTESAT DIFFERENT LEVELS OF METABOLISM

In the above correlations the finding of a positive relationship between
the neutrophile percentage and the height of the basal metabolic rate
and a negative relationship between the lymphocyte percentage and the
height of the metabolism was unexpected. Since hypopolynucleosis and
relative lymphocytosis are commonfindings, one would expect a decrease
in polymorphonuclears and an increase in lymphocytes as the metabolism
increased. The explanation for this discrepancy is not clear.

It should be noted that the above discussion refers to the relative
numbers of polymorphonuclears, lymphocytes and monocytes. When
their absolute numbers are compared with the metabolic rates, all
correlation is practically destroyed.

There is no significant correlation between the white blood cell count
and its differential formula. On the other hand there is a highly signifi-

186



SAUL HERTZ AND J. LERMAN

a

mto %OCoo 0 " * in Ok o In " it m Id t
I " v-1 '40+'+ U++4.-4++ "4

+++++++++++++++I +++

to ~ 0 ~ 0 00 0 ~ ~ '

t- t -t t -wwt

0S

af

CO O S U)o
m4U) aA q o 00oo N oo ov N o r- o m oo vo +

Il'tz+ se ^z .o ^f Ii' ^.: U4 4 Iti foK v -cl ^l lz

0d4 C4 %O )No 0 IJo C O 0 W 0 OS o - in No q4 -o in m oin in m -W

t ++++++++++++++++++

in in co o|r Oc nI~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

in I- t 00 >o 0 t- %O m lq %O m C4 % N NO In

0 an
-I

S --oto- -so - - -
t to n O In

%nttmotsmmm

I0 000000000000000000
Q00000 &n 00" In I0c ) 0 In) 00 00C

w 0 4 ('.- 4 0 1 0% t- In)

lf U)tti' tf lf )l U.t '0U) O e O%

1187

94.

'0

*wb

b.

.0i

b.

4Z!

'0

I

P*

co
%4

. . . : : : : : : : : : : : : : : :

: : : - - - - . - . ..4 - - - 0-4 0-4

: : _; : : - '.4 0-4
. - . 0-4 0-4

> -1-. 0-4 0-4

" P-4 > 1 0--4 0-4 = X 10-4 0-4 0-4 0-4 > > > >

.-; p--4 1-4 . > > > > - x x x x x x x x



EXOPHTHALMICGOITRE

%CI40+ + + I+k- .4 -4 0 -I4 I
t;+ ++++I I+ ++++I+ +I I1+

o

oro

02-4-

EJ w0 0 t t0 _ t-t- 0 0 0 _ _ t_ 0

w

W2An-

000000000000000000

4 C14 U) ool' l' 000 Id4 o0o ' o 0 C4 V) C 4
.O '0 %0 l0ue u) u) 4 00 4 0000) 00u: rC

-0 0 0 0 -4 C 0 eq 0 0 - 0 0 0

r-I 9

02C4 e i 0b + mN W No nm Mbb

En~~~~~~~C v- "- V- T- V- -4 -4 -4 " ^>r4

0

- - ---in ---i--C44--

0 000
Q toU) 0 o0WI)% i 04 000ON 4 m 0 0 w 1- - CD - W' 42 " " " m m "

lf) 6 cl Co 06 Ne Id Co C4 if; lo .t x) if; f)- oo- 0 Z_
W- W- V- V

-. . * -. . . . . *.<. . . * * *-* .: _; 1-4 10-4P-4 $-. 6-4-14 > > >

1188

0,0a

-4

A.
0

0

04

0

-4

I-4

-4
-4

R.

0

i-

-4
-4

I*
I

I



SAUL HERTZ AND J. LERMAN

cant inverse relationship between the polymorphonuclear and lymphocyte
percentages and between the lymphocyte and monocyte percentages.

II

CHANGESRESULTING FROM IODINE AND OPERATION

Eighteen patients were studied under conditions of rest, iodinization
and following operation and their data are presented in Table 6. They
include the levels of basal metabolism, white blood cell count, and
differential formula of each patient. The postoperative period is divided
into two in order to evaluate the effect of the postoperative febrile reaction
and the final effect of operation.

FIG. 3. COURSEOF THE BASAL METABOLICRATE, WHITE BLOODCELL COUNT
AND MONOCYTEPERCENTAGEOF A PATIENT WITH EXOPHTHALMICGOITRE

Figure 3 represents graphically the typical course of the basal meta-
bolic rate, white blood cell count, and monocyte percentage of a patient
undergoing the usual treatment of rest, iodine and operation. It demon-
strates clearly that changes in monocyte percentage follow closely the
changes in metabolism. The rise in metabolism seen in this case in the
first few days after the beginning of iodine medication is not uncommon.
There was a concomitant rise in monocyte percentage. The total white
blood cell count changed little except for the moderate increase after
operation.
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SAUL HERTZ AND J. LERMAN

Table 7 summarizes the data presented in Table 6 and will serve as
the basis for our subsequent discussion. As in the original table, the
averages are arranged in columns to demonstrate the separate effects of
rest, iodine, and operation on the blood picture and basal metabolism.

The resting levels for this group of patients are essentially similar to
those obtained for the large group of untreated patients listed in Table 1,
and require no further discussion. They serve as controls for the data
on the same patients obtained after iodinization and operation. Rest,
alone, as stated previously, had no appreciable effect on the blood picture
even in those cases which showed considerable diminution in metabolic
rate during the rest period.

Iodinization caused the following changes from the resting levels:
1. In 14 of the 18 cases there was a definite decrease in the total of

white blood cells, varying from 100 to 3,100 cells; the remaining 4 cases
showed an increase. The average decrease as shown in Table 8 amounted
to 905 1t 401 cells or 15 per cent of the resting leukocyte count. This
decrease is statistically significant.

2. There was a slight increase in absolute number of polymorpho-
nuclear cells and a moderate increase in relative percentage. The latter
increased in every case, whereas the former increased in 12 and decreased
or was unchanged in 6. The average increase in absolute number of
cells was 381 355 which is not significant; whereas the increase in
percentage was 17.8 zt 2.76 per cent which is highly significant (see
Table 8).

3. Both the small and large lymphocytes decreased. There was a
slight increase in lymphocytes in 2 cases only. The average change in
the lymphocytic series was 7.0 -4 2.77 per cent and 558 i 161 cells for
the relative and absolute numbers respectively.

4. The monocytes showed the most marked decrease, both in per-
centage and in absolute number. All but one of the patients showed a
drop to the normal level of 2 to 5 per cent. A reduction in absolute
number of monocytes occurred in every case. The average change was
10.7 4i 0.70 per cent and 705 4 71 cells, both values being highly
significant. This represents the most characteristic change in the blood
picture in exophthalmic goitre under the influence of iodine.

5. There were variable changes in the percentage and absolute number
of eosinophiles and basophiles, but none of these were definitely signifi-
cant.

Someof the changes in the blood picture under the influence of iodine
present interesting relationships to the simultaneous change in basal
metabolic rate. The monocytes, both absolute and relative numbers,
showed a reduction somewhat proportional to that of the metabolic rate.
The changes in total leukocytes, percentage of polymorphonuclears, and

78

1191



1192

di
V

'3

*.0
0o

r.0

ra

0

*-0

o

-0

H

;o,Z

di

'0

0

0?vs

-0

.0)

-0)

.0

Q
I)

0)

a)
H

0V

EXOPHTHALMICGOITRE

a0

4>1._
0

10

i
iz

a

I
.0

di
0
0Af

,0

n:
0

U

m _
H4 -H-H -H

---T"00 %0
C-I 00 00
C4 "
+ I I I I

II%OV U) lw "

0% 00 NO 4 -i
%0 4 o o o
+l I I I

00
0
.444-Hl
.44

0_-4

-H
0
%6
v-

I

a " rOe-H+ H-H4d Ca q in 00
~ ~00 in i

di 0 b_ f
.> n+++++ +

0;c

e4iO 0 +
: a. e+ ooou

--H -H-HN NNOOl O
+ ++

~~~~~4~ ~ i

+1+1 1

-f i--H444 -H 4
00 OOt*4 0

H t-_-.-oo-UtC; U)+111+mo*

di).--.

= a

0)0)

0E *r3 -:k2
0

4)

la

4)
I-iV

-o

£

CIS
P:



SAUL HERTZ AND J. LERMAN

percentage and absolute number of lymphocytes showed no significant
relationship to the changes in metabolism.

The immediate effect of operation on the blood picture is the resultant
of several complex factors. There was a definite rise in total leukocyte
count (2,258 41 649 cells) which was mainly due to the rise in the number
of polymorphonuclear cells (1,785 + 568) and monocytes (359 + 77).
All the other types of cells changed slightly. The increase in monocytes
was out of proportion to that of the other cell types. They were the
only ones which showed a significant change in the relative number of
cells, i.e. an increase of 3.4 41 0.84 per cent.

The final state of the blood picture indicates that operation per se
had relatively little effect upon it as compared to the effect of iodine.
The polymorphonuclear cells increased slightly; the increase in percentage
was statistically significant but the increase in absolute number was not.
All the other cell elements decreased slightly, but only the lymphocytes
and monocytes showed a significant change. Again the change in mono-
cytes was proportionately larger than that of the other cells. The total
leukocyte count decreased slightly (142 1 408 cells) but not significantly.
Operation changes the blood picture of iodinized patients relatively little,
whereas it decreases their metabolism considerably (16.0 i 3.10 per cent).
However, one cannot say that operation, alone, would fail to bring about
the entire change in the blood picture recorded above.

DISCUSSION

The classification of white blood cells is much less arbitrary in the
supravital technique than in the fixed smear. Differences in the tech-
niques have been pointed out by Sabin, et al. in their quantitative
studies of the daily rhythm of the white blood cells (15). Sources of
error, which they thought were greatly reduced in the newer method,
were the elimination of the "smudges" of fixed smear and the mis-
classification of the small monocytes, large lymphocytes and monolobed
granular cells. It is not unusual to record an increase of 5 to 10 per cent
in the percentage of monocytes by the supravital technique over that
obtained by the fixed smear in cases of exophthalmic goitre.

Our experience with the various methods of blood study indicates that
this misclassification of the monocytes in fixed smears may be the explana-
tion of the apparent discrepancies found in the literature on the blood
picture in exophthalmic goitre.

The effect of iodine on the blood picture in exophthalmic goitre is
definite and almost constant. This stands in marked contrast to the
findings reported by Jackson (12). His data, in addition to the fact that
they were obtained by the fixed smear method, are subject to other
sources of error. There is no indication that the monocytes were classified
as a separate group. Moreover, conclusions are drawn from average
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values without due consideration for the variability of the results or the
standard deviation. It seems to us that Jackson obtained the post-
iodine counts before the patients were fully iodinized because the reduc-
tion of 12 points (plus 46 to plus 34) in the basal metabolic rate of his
group of cases is much smaller than the 30 or more point drop reported
from other clinics, including our own. Consequently he attributes certain
changes in the final blood picture to operation, which are probably due
to iodine.

The elevated monocyte count in exophthalmic goitre and its depression
by iodine in the course of the remission produced by this drug may be of
fundamental importance in our understanding of the pathogenesis of the
disease. If Aschoff's view that the monocyte of the circulating blood is
part of the "reticulo-endothelial metabolic apparatus" (16) is correct,
then our results suggest that the reticulo-endothelial system is activated
in hyperthyroidism and that the remission produced by iodine is linked
with a depression of this system. At the present time we are engaged
in further experiments in an attempt to establish the validity of these
suggestions.

CONCLUSIONS

1. The supravital technique offers a valuable aid in the study of the
blood picture in exophthalmic goitre.

2. The discrepancies in the literature as to the blood picture in
exophthalmic goitre are probably due to misclassification of the mono-
cytes, a source of error which is reduced to a minimum by the use of the
supravital technique.

3. The most marked and characteristic finding in the blood of patients
with exophthalmic goitre is a relative and absolute monocytosis. Leuko-
penia and hypopolynucleosis are the rule. The percentage of lympho-
cytes is increased above normal in most cases, but relative lymphocytosis
(of 30 per cent and over) occurred in only about a quarter of the cases.
The absolute number of lymphocytes is normal.

4. The basal metabolic rate shows a direct correlation of probable
significance with the percentage of monocytes and of polymorphonuclears
respectively, and an inverse correlation of the same order with the per-
centage of lymphocytes. There is no relationship between the level of
metabolism and the total leukocyte count.

5. The most characteristic effect on the blood picture of exophthalmic
goitre from the administration of iodine is a reduction both in percentage
and absolute number of monocytes. In addition, there is a moderate de-
crease in percentage and absolute number of lymphocytes, and a signifi-
cant increase in the percentage but not in the absolute number of neutro-
philes. The total number of leukocytes decreases in most cases.

6. The reduction in the number and percentage of monocytes tends
to be proportional to the reduction in basal metabolic rate. The changes
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in the other cell elements and in the total leukocyte count do not show
any such relationship to the basal metabolic rate.

7. The immediate effect of operation is to increase the total number
of leukocytes, due chiefly to the increase in the number of polymorpho-
nuclear cells and monocytes. Only the percentage of monocytes is
significantly changed.

8. The final changes in the blood picture following operation are
qualitatively the same as those produced by iodine but are much smaller.
The total white blood cell count is reduced slightly but not significantly.
The reduction in metabolism is proportionately greater than the change
in the blood picture.

9. The possibility of depression of an activated reticulo-endothelial
system in exophthalmic goitre by iodine is suggested by the data presented
and is discussed briefly in the light of Aschoff's view of the origin of the
monocyte.

Weare indebted to Dr. James H. Means for supervision of this work and
to Dr. Carl F. Doering, of the Department of Vital Statistics, School of Public
Health, Harvard University, for guidance in the statistical treatment of the
data.
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