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In 1948 it was reported by Heinemann, John-
son and Man (1) that early in pregnancy the pre-
cipitable (protein-bound) iodine in the serum
(SPI) rose to concentrations in the upper range
of normal or even to levels that outside of preg-
nancy are characteristic of hyperthyroidism. It
also appeared that if the SPI did not rise, the
pregnancy was likely to end in abortion within the
first four months. Some evidence was presented
that such accidents might be prevented by the ad-
ministration of active thyroid substance. The
present paper deals with a further investigation
of the phenomenon.

MATERIAL

Patients from the Clinics of the Department of Obstet-
rics and Gynecology in the New Haven Hospital form
part of the material studied. In addition, analyses of the
serum of patients have been made for members of the
Clinical Faculty who have permitted the data to be used
and have generously contributed the clinical information
required for the purposes of this investigation. Finally,
a certain number of patients with disorders of func-
tion of the thyroid were drawn from the Metabolism
Clinic.

In many cases only single observations are available.
In some, determinations of SPI were made at intervals
throughout pregnancy. In a limited number observa-
tions were continued into the early postpartum period.
For obvious reasons, figures preceding pregnancy were
only occasionally obtained. In a certain proportion
of cases serum lipids were also measured.

METHODS

Venous blood was drawn, with precautions against
contamination by iodine, from patients in the postab-
sorptive state or after a meal free from fat (fruit juice,
black coffee, and toast, either dry or with jam). Serum
was removed under anaerobic precautions. Lipids were
measured by the method of Man and her associates
(2-6). Until July, 1949, SPI was measured by the

1 This investigation was supported (in part) by a re-
search grant from the U. S. Public Health Service.

method of Riggs and Man (7) ; after that date by a mi-
cromodification (8). Analytical results by the two
methods agree.

RESULTS

Normal pregnancy. In Figure 1 are presented
the values for SPI obtained on one or more oc-
casions from 46 normal women during the course
of pregnancies that proceeded to term without
complications. None of these patients received
thyroid or any medication known to affect thyroid
function during their pregnancies or in the pe-
riods immediately preceding or following preg-
nancy. Four had goiters without evidence of
abnormal activity of the thyroid. Of the 56 de-
terminations from the end of 16 weeks until term,
SPI was only twice lower than 5.6y per cent,
and in all but three instances was 6.0 y per cent
or higher. Values lower than 6.0 y per cent were
only transitory incidents. The average concen-
tration of SPI in nonpregnant normal persons is
5.0y per cent (8). In the last 24 weeks of nor-
mal pregnancy, therefore, SPI was invariably
above the average normal value for nonpregnant
persons. It is not uncommon to find values up
to 10y per cent which, outside of pregnancy,
would denote severe hyperthyroidism. In preg-
nancy, however, such concentrations are associ-
ated with no symptoms, signs, nor metabolic dis-
orders indicative of overactivity of the thyroid
gland.

In the same figure is illustrated the course of
SPI in the progress of pregnancy in a series of
patients in whom repeated observations were
made. There is no definite tendency for SPI to
rise or fall during the last 24 weeks. It is, how-
ever, subject to fluctuations far greater than those
that have been observed in nonpregnant individ-
uals. Variations of 2y per cent over relatively
short intervals are frequent and variations of as
much as 4 y per cent have been encountered, with-

137



138

HYPERTHYROID

[=2]

EUTHYROID

w &
N

10

SERUMPRECIPITABLE 10DINE  GAMMA PER CENT _

HYPO

E. B. MAN, M, HEINEMANN, C. E. JOHNSON, D. C. LEARY, AND J. P. PETERS

§._1_

& >
g' 2
L]
g, o
2 & o
I S
3 [e]
4 < 2
0 4 8 1216 04 B X HE 1T 51T

F16. 1. SeruM PrecipITABLE IopINE (SPI) 1N THE CourRse oF NORMAL
PRrReGNANCY

Crosses represent single observations.

sent repeated observations.
out any discernible disturbances. In normal
individuals SPI is quite stable (8, 9).

In many or most instances the SPI rises
sharply at or near the onset of pregnancy. Con-
centrations in the hyperthyroid range have been
obtained as early as six weeks after the last men-
strual period. In only one case was an observa-
tion obtained preceding pregnancy. In this case
SPI had risen from 4.7 to 6.5y per cent by the
time the first measurement in pregnancy was
taken, eight weeks after the last mentrual period.
In a certain proportion of subjects, however, the
rise is distinctly delayed; and in most it continues
after the initial sharp increase. The same large
fluctuations observed during the later part of
pregnancy are evident in these early stages.
Sometimes, as a result of these fluctuations, SPI,
after the initial rise, drops down again temporarily
into the nonpregnant range.

After delivery SPI diminished again, return-
ing to normal nonpregnant values. The consist-
ency of this fall, like that of the initial rise, indicates
quite clearly that the elevation of SPI during
pregnancy is a feature characteristic of pregnancy,
not of the subjects of this particular study. The
data are too scanty to permit precise definition

Circles connected by lines repre-

of the course of the decline. Occasionally it was
quite precipitate. In most instances it did not
become evident until the second week postpartum,
or even later. At first it was rapid, thereafter
continuing, sometimes for a period of several
weeks, at a more gradual rate. The possibility
that these variations may be related to lactation
deserves inquiry. When the decline was delayed,
signs of overactivity of the thyroid remained in
abeyance. The tolerance to high SPI appears to
persist for an appreciable interval after the termi-
nation of pregnancy.

In addition to the subjects of Figure 1, 14 ap-
parently normal women are still undelivered at
the present date. Table I shows the duration of
pregnancy to date in each case, the SPI values
and the duration of the pregnancy at the time the
SPI was measured. In all cases SPI was greater
than 6.0y per cent before the end of 16 weeks,
usually far earlier. In one instance, IB, after 12
weeks it was 7.9y per cent. Though it fell
sharply to 4.0y per cent at the end of 15 weeks,
it had returned to 6.2 y per cent in another week
and thereafter has remained elevated. This il-
lustrates the fluctuations which were mentioned
above. When MJ was first seen, after eight



SERUM IODINE IN NORMAL PREGNANCY

weeks of pregnancy, without any signs of hypo-
thyroidism, her SPI was only 3.7y per cent.
After ten weeks it had risen only to 4.0y per
cent. Three weeks later, however, at the end of
13 weeks it had risen to 6.1 y per cent. After 21
weeks it had dipped slightly to 5.6y per cent.
Its further course has not been determined, but
the patient is within six weeks of term. The
woman appears to be one of those with a delayed
rise. In two instances SPI was measured before
pregnancy. In one, RR, it was above 6.0y per
cent and had not risen higher eight weeks after
the last menstrual period. In the other it had
risen from a prepregnancy concentration of 5.7
to 7.4y per cent after six weeks of pregnancy.
These cases lend support to the thesis that SPI
normally rises comparatively early in pregnancy
to 6 y per cent or more and remains elevated until
delivery.
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TABLE I
Undelivered, apparently normal pregnant women
Patient Duration of | Weeksafterlast]  spr
weeks v per cent
C5279 38 28 8.6
IB 36 12 7.9
15 4.0
16 6.2
20 6.6
23 7.0
27 7.3
31 7.0
33 6.9
C38229 19 7 11.9
C 17 8 7.0
MD 22 8 8.6
VD 24 22 10.6
BH 37 3 .7
5 6.0
7 6.6
13 9.0
26 9.0
M] 34 8 3.7
10 4.0
13 6.1
21 5.6
PJ 16 9 7.7
14 6.4
MM 26 19 71
25 7.0
Re 37 7 8.1
RR 42 -22 6.3
8 6.2
CT 27 -29 5.7
6 74
10 7.8
CeT 20 12 6.4

* The duration at the time the paper was written.
t A minus sign denotes that the observation was made at
the indicated interval before conception.

TABLE II
Complicated pregnancies

Weeks after

Patient |last menstrual| SPI Complication
period*
v per cent
B73578 20 8.7 Diabetes insipidus
63694 8 9.7 Diabetes mellitus,
Kimmelstiel-Wilson

p 26 7.4
C2128 40 7.4 | Toxemia of pregnancy
C22464 1} gg Multiple sclerosis

p .
86295 17 6.9 | Toxemia of pregnancy,

thrombophlebitis
C26972 | 40 6.0 | Toxemia of pregnancy
C15296 23 22 Toxemia of pregnancy
5911 a 4 years 4.1 Diabetes
4 6.0

p1 4.6
13258 30 12.1 Toxemia of pregnancy
B77955 8 8.4 | Toxemia of pregnancy
B94664 8 7.0 | Toxemia of pregnancy
31123 8 7.2 Vascular disease

*a denotes that the observation was made at the in-
dicated interval before pregnancy; p denotes that the
observation was made at the indicated interval after
delivery.

Abnormal pregnancy. In addition to the pa-
tients with normal pregnancies, 12 pregnant
women with complications of one kind or another,
not involving the thyroid gland, were studied.
The observations on these cases are shown in
Table II. Of the 12 patients, eight had toxemias
of pregnancy or vascular disease, two had dia-
betes, one with a Kimmelstiel-Wilson syndrome,
one had diabetes insipidus and one multiple
sclerosis. In spite of these complications, SPI fell
in the range characteristic of pregnancy in all
but one case, C15296. This patient was studied
at the end of 34 weeks and again just before
delivery. On both occasions SPI was 4.8y per
cent. What it may have been earlier or later is
unknown. In two instances, 63694 and C22464,
pregnancy was terminated: in one for a Kimmel-
stiel-Wilson syndrome, in the other for multiple
sclerosis. In both SPI fell in the characteristic
manner after pregnancy. In a patient with dia-
betes, 5911, SPI was measured before, during,
and after pregnancy. The value during pregnancy
was 1.9 and 1.4 y per cent greater than the values
before and after pregnancy, respectively. These
complications, therefore, appear not to modify
the effects of pregnancy upon SPI.

There were two patients with ectopic preg-
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nancies. One, three weeks after her last men-
strual period, had an SPI of 40y per cent.
Further observations could not be obtained. The
second, after ten weeks of pregnancy, had an SPI
of 8.3 y per cent, which had fallen to 6.8 y per cent
13 days after operation.

Abortions. In Table III are epitomized the
records of 26 patients who aborted within the
first 16 weeks of pregnancy. SPI was less than
6.0 y per cent in 18 of the 26. This suggests that

E. B. MAN, M. HEINEMANN, C. E. JOHNSON, D. C. LEARY, AND J. P. PETERS

failure of SPI to rise during the first 16 weeks is
conducive to abortion. Such an inference, how-
ever, must be drawn with reservations. In some
instances the serum was drawn after bleeding or
cramps had begun, occasionally on the day of the

‘abortion. Under such circumstances it is impos-

sible to tell whether the analysis was made before
or after the termination of the pregnancy. Some-
times—for example, in Cases DP and MB—the
abortion definitely preceded the measurement of

TABLE III
Serum precipitable iodine of patients who aborted
Patient SPI Weeks* ’l‘im‘e) ?:st:b&;tlionf Thyroid} given Remarks
5 per cent gm./day
DB 5.8 12 1 day
3.5 p 6
EBr 4.5 16 0 day
5.2 p 22
EKe 5.6 E 0 day
B68002 54 7 9 weeks
DP 6.9 13 —1? day Abortion just before SPI
NP 6.5 11
5.2 p 52 ?
C5510 7.0 p —1 day
ABI 8.3 6 10 weeks T
BH 2.7 7
4.7 p 8 =+ 1day T
MG 54 8 3 days Th
B98775 4.6 15 1 day Th
DC 5.8 7 T MsalgI have aborted at time of first
7.5 10 Th
71 12 1 week 0.24
RD 4.0 5 Th
7.0 9 4 weeks 0.24
L) 4.7 12 2 weeks Th
HR 7.6 7 0.12 Slight bleeding
6.8 12 2 weeks 0.12
EBe 4.7 6 3 weeks Th ? Hypothyroid
El 54 10 1 week 0.12
BK 7.0 7 1 week- 0.03
LL 7.0 7 1 week 0.06
HS 4.3 E few days 0.12
RBa 6.5 a 4
5.3 4 few days
MB 6.1 8 —1 day
IB 3.3 12 few days 0.18
VH 3.8 E few days
MPo, 7.3 13 0.33 Abortion threatened
8.5 16 1 day 0.33
4.6 p 4
MPo. 2.8 E 9 days 0.12
4.4 p 2
EWi 4.6 a9
5.2 9 4 weeks
4.6 p 4

* If not otherwise marked, indicates weeks after last menstrual period; a indicates weeks before conception; p indi-
cates weeks after delivery. E indicates early in pregnancy, the exact time being unknown. .
+ A minus sign indicates that SPI was done after the abortion, 0 that it was done on the day of the abortion; ? that

the precise interval is unknown. L.
t T indicates that thyroxine was given in

travenously immediately after the SPI was done.

Th indicates that thyroid

iven at the first sign of abortion. The daily dose of thyroid is given when the drug was administered for an appre-

was give
ciable time.
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SPI. In other cases, such as B68002 and ABI,
the abortion occurred so long after the determina-
tion of SPI that it is impossible to relate the two.
The SPI of B68002, at the end of seven weeks,
was 5.4y per cent. It is quite impossible to as-
sert that nine weeks later, when she aborted, it
had not risen above 6.0y per cent. Conversely,
ABl’s SPI of 8.3y per cent at the end of six
weeks may have fallen before her abortion ten
weeks later. In five cases (DB, EBr, NP, RBa
and EWi) figures for SPI before or after preg-
nancy are available for comparison. In every
case these are distinctly different. In two, DB
and EWi, the SPI was higher in pregnancy, but
below 6.0 y per cent. In a third, NP, it was 6.5y
per cent in pregnancy. In the remaining two,
EBr and RBa, SPI appears to have fallen instead
of rising during pregnancy. In no instance was
the SPI outside of pregnancy below the normal
range. In eight cases SPI was over 6.0y per
cent. Whether or not, therefore, a low value is
incompatible with continuation of pregnancy, a
high value does not insure against abortion.
In seven cases thyroid or thyroxine, or both,
were given at the time SPI was measured, be-
cause of bleeding, without preventing the abor-
tion. In most of these abortion followed so rap-
idly that the thyroid can have had little effect.
It is possible that some of these patients had
aborted before the thyroid or thyroxine was given.
"DC, for example, was given thyroxine for bleed-
ing after the seventh week. The bleeding stopped
and SPI rose and remained high under continued
treatment with thyroid. At the end of the 12th
week she bled again. The Ascheim-Zondek test
at this time proved to be negative. It seems
highly probable that she actually aborted on the
earlier occasion. RD, on the other hand, did not
escape an abortion, despite the administration of
enough thyroid to raise her SPI from 4.0 to 7.0y
per cent. Whether it remained at this level is un-
certain, because the dose of thyroid was reduced
from 0.24 to 0.12 gm. between the second de-
termination and abortion. Several patients were
already receiving variable amounts of thyroid
when SPI was first measured. In four of these
EI, HS, IB, and MPo,, SPI was low in spite of
the medication. In MPo,, despite 0.12 gm. of
thyroid daily, SPI was lower during pregnancy,
2.8 y per cent, than it was two weeks after abor-
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TABLE IV

Patients who, having previously aborted (see Table III),
had successful pregnancies

Thyroid givent
Patient SPI Weeks*
Before After
¥ per cent gm./day gm./day
BH 6.5 8 0 0
’ 59 10 0 0
59 12 0 0
MG 8.7 13 0 0
RBa 6.1 4
5.8 15 0.09 0.09
MB 5.9 6 0.12
5.9 10 0.12 0.18
8.0 11 0.18 0.18
71 18 0.18 0.12
IB 3.8 26 0.15 0.15
MPo 8.3 10 0.24 0.30
10.0 16 0.30 0.30
8.6 31 0.30 0.30

* Weeks after last menstrual period.

t Before indicates that the patient was receiving thyroid
before the determination of SPI. After indicates that
medication was begun after the determination of SPI.

tion, 4.4 y per cent. Although these figures sug-
gest that low SPI conduces to abortion, they per-
mit no definite conclusions, chiefly because only
single observations are available on subjects who
did not receive thyroid. It is clear that adminis-
tration of thyroid after bleeding has begun will
not consistently prevent abortion, even if it raises
SPI above 6.0y per cent.

In Table IV are presented the data from six
patients who, having aborted in one pregnancy,
successfully carried through another to delivery.
The records during the pregnancy that ended
in abortion have been given in Table III. The
first two, BH and MG, had no complications nor
special therapy during their successful pregnan-
cies. Both had, however, far higher SPI’s on the
second occasions. The SPI of BH after seven
weeks of her earlier pregnancy was 2.7 y per cent;
in her successful pregnancy it was 6.5y per cent
at the end of eight weeks and subsequent figures
after ten and 12 weeks were 59y per cent.
MG had SPI’s of 54 and 8.7 y per cent, respec-
tively. The comparison in this case is not so
precise as it is in BH, because the analysis in
the early pregnancy was made after eight weeks,
while in the successful pregnancy it was made
after 13 weeks. In both instances during the
earlier pregnancy, after bleeding had begun, ad-
ministration of thyroxine and thyroid failed to
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prevent abortion. The remaining four cases
were treated with thyroid. Among these, RBa
and MPo had higher SPI’s in their successful
pregnancies. The remainder were already re-
ceiving thyroid or were given thyroid when SPI
was first measured. In every case but one, initial
SPI's were greater than 5.0, and subsequent val-
ues never lower than 5.8 y per cent. The excep-
tion, IB, is quite unique. The only determination,
made after 26 weeks, was 3.8y per cent, when
the patient was receiving daily 0.15 gm. of
thyroid.

Forty-eight women, without evidence of hy-
pothyroidism, successfully completed 51 preg-
nancies while receiving thyroid substance. This
treatment was instituted for such diverse reasons
that in the majority of cases it is impossible to
determine whether or not it prevented abortions

TABLE V
Patients with threatened abortions
Thyroid givent
Patient SPI | Weeks* Remarks
Before | After
v per cent gm./day| gm./day
FB 73 15 [)] 0.12 Threatened abortion
6.4 20 0.12 0.18
8.5 30 0.18 0.18
41 |p 9d.| of
ABu 7.2 12 + Threatened abortion
B12368 5.6 15 (1] 0.06 Threatened abortion
7.4 29 0.09 0.09
4.1 p19 ot
CcG 5.5 all
4.8 7 0.06 0.06
5.1 11 0.06 0.06
6.6 20 0.06 T 2 mg.| Slight bleeding and
labor pains
18.1 20 0.12 3 days later
12.8 21 0.12 0.18
10.0 25 0.18 0.18
7.8 33 0.18 0.18
5.8 p1s 0.18 0.12
5.8 p28 0.12 0.12
AL 6.0 5 [\] T 1 mg.| Severe cramps
5.4 12 0.06 0.12
EM 4.2 6 (1] 0.18 Slight bleeding
6.4 13 0.18 0.18
6.3 22 0.18 0.18
4.5 P9 oi
5.0 p 30 0;
MM (1) 7.3 13 [1] 0.12
6.7 19 0.12 0.12 Spotting at 21 weeks
8.5 27 0.24 0.12
w| B8 |85 |
. . . nd pregnancy
PR 6.9 8 0.06 |0.06 Bleeding, repeated at
10 weeks
6.9 12 0.06 0.06
55146 (1) 5.1 8 [\] T 3 mg.| Threatened abortion
6.8 17 0.12 0.12
6.0 38 0.12 0.06
) 5.7 9 0 [\]
6.5 14 0 0.12
7.3 18 0.12 0.12
BT 6.9 11 (1] 0.12 Bleeding

* a indicates before pregnancy, p indicates after delivery.

1 Before indicates that the patient was already receiving
thyroid. After indicates that thyroid was begun after the
measurement of SPI.

{ No thyroid given after delivery.
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or contributed in any way to the well-being of the
mother or fetus. Frequently it was begun before
the first observation of SPI or even before the
onset of pregnancy because of a history of pre-
vious abortions or infertility. So commonly is
thyroid administered in pregnancy for various
reasons without objective criteria of deficient thy-
roid function that its beneficial effect is almost
impossible to evaluate. In ten of the 57 preg-
nancies abortion was threatened at one time or
another, but pregnancy continued to term. These
are presented in Table V. Bleeding or cramps
occurred in eight of these during the first 16
weeks. Of these eight only four had SPI’s of
6.0y per cent or less. In the other four SPI
varied from 6.9 to 7.3y per cent. Thyroid was
given to all eight immediately. Obviously SPI
greater than 6.0y per cent does not confer pro-
tection against bleeding or cramps. But just as
obviously it is impossible to assert that these pa-
tients would have aborted if thyroid had not been
given. In two instances bleeding occurred after
20 and 21 weeks, respectively. In one the SPI
had risen gradually from 4.8 y per cent at seven
weeks to 6.6 y per cent at 20 weeks. The patient
had received 0.06 gm. of thyroid daily up to this
time, when bleeding began. She was immediately
given 2 mg. of thyroxine intravenously. Three
days later SPI was 18.1y per cent. The bleed-
ing stopped. At the end of four more days when
SPI had fallen to 12.8 y per cent, she was given
a continuing dose of 0.12 gm. daily, which was
increased to 0.18 gm. at the end of 25 weeks.
On this dose SPI fell to 7.8y per cent at the end
of 33 weeks and to 5.8y per cent after delivery.
The SPI of the second patient was 7.3 y per cent
at the end of 13 weeks, but six weeks later had
dropped to 6.7 y per cent in spite of the fact that
she had meanwhile been given 0.12 gm. of thy-
roid daily. At the end of 21 weeks she began to
bleed. Whether SPI had fallen further was not
ascertained. The dose of thyroid was at once in-
creased to 0.24 gm. Six weeks later, when SPI
was 8.5y per cent, the dose was reduced to 0.12
gm. again because the patient complained of
nervousness. With this one exception, possibly
transient, at a late stage of pregnancy, after 16
weeks all values were 6.0y per cent or higher.
In four of the subjects postpartum values were
below 6.0 y per cent, but within the normal range.
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In these respects, therefore, whether administra-
tion of thyroid contributed to the prevention of
abortion or not, SPI followed the course char-
acteristic of normal pregnancy.

Effects of administration of dried thyroid or

thyroxine. In Table VI are presented the rec-
TABLE VI
Patients who received thyroid because of low SPI
Thyroid givent
Patient| SPI | Weeks* Remarks
Before | After
¥ per cent gm./day| gm./day|
ACo1 7.2 a 46 [\] ]
7.5 13 0.18 0.18
8.5 19 0.18 0.18
9.4 32 0.18 0.18
ACos 4.7 6 (1] 0.18
5.9 7 0.18 0.18
8.3 17 0.18 0.18 | Thyroid reduced to
0.06 after 28
GGl 5.6 7 1] 0.24
6.4 9 0.24 0.24
10.9 12 0.24 0.24
8.3 15 0.24 0.24
7.0 25 0.24 0.24
6.9 32 | 024 | 024 .
5.2 p 16 V] No thyroid after de-
livery
EH 5.6 as$ 0
4.6 7 (1] 0.18
7.6 11 0.18 0.18
6.8 15 0.18 0.18
7.6 25 0.18 0.18
B95180 5.7 15 (1] 0
6.6 22 0.18 0.24
6.9 36 0.24 0.24
4.6 p 38 1] No thyroid after de-
livery
GM 5.2 4 0 0.12
5.9 12 0.12 0.12
5.2 17 0.12 0.12
MR 5.8 6 (1] 0.12
9.7 12 0.12 0.12
C23634 4.2 a1 (1] 0
5.2 8 [ 0.18
7.1 19 0.18 0.18
EV 53 al2 (V] (1]
4.0 6 (1] (V]
5.6 7 (1] 0.24
7.5 7 0.24 0.24 | 3 days later
10.0 13 0.24 0.18
EWa 5.3 13 /] 0.12
6.5 15 0.12 0.18
4.7 18 0.12 0.18 |On only 0.12 for 1
week
7.7 29 0.18 0.18
5.4 p 8 0 No thyroid after de-
livery
{XV 5.9 10 (1] 0.18
(o] 3.2 6 0.12 0.30
6.9 15 0.30 0.30
MPe 3.7 6 (1] 0.18
EsB 5.0 17 0.12 0.12
RBI 5.7 S ()] 0.12
5.8 19 0.12 0.12
JB 5.8 6 [\] 0.12
BE 5.6 16 [\] 0.09
3.7 24 0.09 0.09
TI 5.6 6 0.12 0.24
8.7 16 0.24 0.12
Sy 4.9 6 [} 0.18
CK 5.2 8 0 0.12
ML 5.4 13 ] 0.18
7.3 23 0.18 0.12
JP 5.8 13 [\] 0.09
8.3 20 0.09 0.09
KwW 4.2 8 0.09 0.09
GGe 5.5 7 0.12 0.12
6.9 13 0.12 0.12

* a indicates before pregnancy, p indicates after delivery.

t Before indicates that the patient was already receiving
thyroid. After indicates that thyroid was begun after the
measurement of SPI.
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ords of 23 women who were given thyroid or
larger doses of thyroid specifically because SPI
was low in the early stages of pregnancy. All de-
livered at term. In the majority of those who had
repeated examinations, SPI rose above 6.0 y per
cent. The number of prolonged studies is, how-
ever, small. In four instances (GM, EWa, EsB
and RBl), SPI was less than 6.0y per cent be-
tween 16 and 20 weeks in spite of thyroid. Two
of these probably represent transitory drops: GM
to 5.2y per cent at 17 weeks, and EWa to 4.7 y
per cent at 18 weeks. The latter had an SPI of
7.7 y per cent at 29 weeks. In this instance SPI
fell from 5.3y per cent at 13 weeks to 4.7 y per
cent at 18 weeks in spite of 0.18 gm. of thyroid
daily. A single observation on EsB at 17 weeks,
while she was receiving 0.12 gm. of thyroid daily,
was 5.0y per cent. The remaining determina-
tion on RBI, at 19 weeks, while she was receiv-
ing 0.12 gm. of thyroid, was 5.8 y per cent, prac-
tically indistinguishable from 6.0y per cent. In
one patient, BE, SPI of 5.6y per cent at 16 weeks,
without medication, fell to 3.7y per cent at 24
weeks on 0.12 gm. of thyroid. This suggests that
she disposed of exogenous thyroid with great
facility. Such sporadic low values in the later
stages of pregnancy have been noted earlier.
In most instances SPI appears to be highly re-
sponsive to the administration of thyroid. It is
not, however, possible in most of these to distin-
guish the effects of thyroid from the influence of
pregnancy itself. The SPI of ACo, for example,
before pregnancy, when she was not receiving
thyroid, was 7.2y per cent. In her first preg-
nancy, for no clear reason, she was given 0.18 gm.
of thyroid at nine weeks. Without any change of
this dose, SPI was successively 7.5, 8.5, and
9.4 y per cent at 13, 19, and 32 weeks respectively.
This patient is remarkable in certain other re-
spects. During the course of the year succeed-
ing her delivery, without thyroid, she had an abor-
tion. In a subsequent pregnancy, which is re-
corded in the Table, her SPI at six weeks was
only 4.7y per cent. On 0.18 gm. of thyroid it
rose to 5.9y per cent after a week and to 8.3y
per cent at 17 weeks, approximately the same
as its concentration at the same stage of her first
pregnancy. GGl was given -0.24 gm. of thyroid
daily at seven weeks, when her SPI was 5.6 y per
cent. Without any change of dose, the SPI rose
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TABLE VII

Patients who received thyroid and delivered normally, although
no SPI lower than 6.0 v per cent was observed

Thyroid givent
Patient| SPI | Weeks* Remarks
Before | After
v per cent gm./day| gm./day
JK 6.2 18 0.25
6.8 23 0.25 0.25
HL 7.6 19
7.6 26
5.5 31 0.12 0.12
4.8 32 0.12 0.12
DM 6.0 30 0.06 0.06
7.2 30 0.06 0.06
6.4 p 100 0.06
HP 5.1 a 17
6.3 7 (1] 0.18
9.9 9 0.18 0.18
5.8 20 0.18 0.18
CP 6.0 11 [\] 0.12
5.9 16 0.24 0.24 [0.24 begun after 14
weeks
6.3 20 0.24 0.24
HT 6.1 9 (1] 0.18
7.1 12 0.18 0.18
6.6 16 0.18 0.18
C24722 7.3 30 0.18 0.18 | Thyroid started at on-
set of pregnancy
6.4 37 0.18 0.18
EKo 6.3 6 V] 0.06 |0.18 begun after 11
5 weeks
9.2 18 0.18 0.18
MN 4.9 a 124 0.06 0.06
6.5 17 0.06 0.12
7.8 20 0.12 0.12
8.3 27 0.12 0.09
CR 6.1 10 0.12 0.12
5.5 13 0.12 0.24
RR 6.3 a 22
6.2 8 0.12 0.18
HB 7.3 12 0.06 0.06
LE 7.3 8 [\] 0.06
MPI 6.6 8 (1] 0.09
6.4 19 0.09 0.03
DS 6.7 13 (1] 0.06

* If not otherwise marked, indicates weeks after last
menstrual period; a indicates weeks before conception; p
indicates weeks after delivery. :

t Before indicates that the patient was already receiving
thyroid. After indicates that thyroid was begun after the
measurement of SPI.

to a peak of 10.9 y per cent at 12 weeks and there-
after gradually declined to 69y per cent at 32
weeks. After delivery, when thyroid had been
discontinued, it fell still further, to 5.2y per cent.
This suggests that, although thyroid may accel-
erate the initial rise of SPI, thereafter, on a con-
stant dose, SPI follows the course usual in preg-
nancy. In spite of the fact that doses of from
0.18 to 0.30 gm. of thyroid were given to these
subjects over long periods, SPI did not exceed
the concentrations ordinarily encountered in preg-
nancy nor were symptoms or signs of hyperthy-
roidism encountered. This may denote that the
pregnant woman is tolerant of the thyroid hor-
mone or able to dispose of it with unusual facility.
It must be recognized, however, that a proportion
of normal women have a similar tolerance (10,
11).
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If, as other evidence suggests, failure of SPI
to rise is incompatible with the continuation of
pregnancy, the data of Table VI suggest that ad-
ministration of thyroid in generous amounts when
SPI is low may prevent abortion. This would
imply that the increment of SPI in pregnancy is
composed of thyroid hormone. To verify this it
is necessary, however, to prove more definitely
that abortion is a regular consequence of a per-
sistent low SPI. This requires the study of a
larger number of untreated subjects in the early
weeks of pregnancy.

Fifteen women who delivered normally were
given thyroid in spite of the fact that their SPI’s
were 6.0 y per cent or higher at the first observa-
tions during pregnancy, usually because of histo-
ries of previous infertility or abortions. The data
from these cases are presented in Table VII. In
no instance did the thyroid drive SPI above the
normal range for pregnancy. In two, in fact,
SPI fell after the administration of thyroid. In
HL the low values were observed in the last tri-
mester of pregnancy. In this case thyroid was
not given until the end of 27 weeks. In HP, after
rising from 6.3 to 9.9y per cent between seven
and nine weeks on 0.18 gm. of thyroid, SPI
dropped to 5.8 y per cent at the end of 20 weeks.
Its subsequent course is unknown.

In both these last series shown in Tables VI

510 A63436
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and VII, as'in previous series, SPI before and
after pregnancy, when it was measured, lay within
the normal nonpregnant range.

That thyroid may not be successful in pre-
venting abortion, even if it is given in large doses
before any signs or symptoms appear, is illustrated
by the woman whose record is illustrated in Fig-
ure 2. In her first pregnancy, at two weeks and
seven weeks SPI’s were 4.5 and 5.3y per cent,
respectively. At this time, because of bleeding,
she was given 0.30 gm. of thyroid daily. In
spite of this she aborted and curettage was neces-
sary at 12 weeks. Three months later she again
became pregnant. After five weeks, because SPI
was only 4.2y per cent, she was given 0.24 gm.
of thyroid. At eight weeks SPI had risen to
6.0 y per cent. Two weeks later the dose of thy-
roid was raised to 0.30 gm. Although SPI was
7.7y per cent at 18 weeks, she again aborted.
Three months later, without thyroid, SPI was
4.9 y per cent, a normal value. Nevertheless, she
was given 0.12 gm. of thyroid daily. Her last
menstrual period occurred two days later. At
the end of five weks SPI was only 3.5y per cent,
although the dose of thyroid had been increased to
0.24 gm. three days earlier. It was immediately
raised to 0.30 gm. In another two weeks SPI
was 9.2 y per cent. In spite of the fact that it did
not fall below 8y per cent, uterine contractions
began at 16 weeks. These diminished after the
dose of thyroid was increased to 0.42 gm., but she
aborted after 23 weeks. In this case the rise of
SPI in every pregnancy was delayed. In fact,
in every instance it was lower than the only value
obtained in the nonpregnant state. This was
within normal limits, an indication that the sub-
ject had no thyroid deficiency. Nevertheless,
large doses were required to raise SPI to char-
acteristic pregnancy values. Even when thyroid
was begun before pregnancy and relatively early
elevation of SPI was achieved, abortion was not
prevented. As the intensity of thyroid therapy
was increased and as it was initiated at an earlier
date, there was a suggestion that pregnancy was
prolonged. In this case there appears to be
some inherent obstacle to the conduct of normal
pregnancy that is associated with low SPI. This
can be ameliorated, but not abolished, by adminis-
tration of enough thyroid at an early date to raise
SPI to concentrations appropriate for pregnancy.
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TABLE VIII
Premature deliveries
Thyroid givent
Patient| SPI Weeks* Remarks
Before | After
5 per cent gm./day| gm./day|
KA 8.8 25 0.15 o Spotting for 6 days;
g;livery 2 days after
19373 6.5 17 o 0 Slight bleeding 4 weeks
earlier; delivery at 25
weeks.
VH 5.1 6 0.06 0.21
8.2 12 0.21 0.21 | Delivery at 36 weeks
B59643 7.7 22 0 0 Delivery at 35 weeks
MRo 9.9 16 o 0 Delivery at 36 weeks

* Weeks after last menstrual period.

t Before indicates that the patient was already receiving
thyroid. After indicates that thyroid was begun after the
measurement of SPI.

Similar conditions may obtain in those subjects
reported above who aborted in spite of normal
SPI.

Premature deliveries.  Attention has been
called frequently to occasional low values oc-
curring late in pregnancy. It has been impossible
to attach any significance to these. Furthermore,
to date no relation has been discovered between
“premature” deliveries in the latter months of
pregnancy and SPI. The data on this point are,
however, necessarily scanty. Five patients who
received the diagnosis of premature delivery are
presented in Table VIII. The first two do not
properly belong in this category because both de-
livered at 25 weeks. The first, KA, just before
delivery, on 0.15 gm. of thyroid daily had an
SPI of 88y per cent. The second, 19373, at 13
weeks bled slightly; but at 17 weeks had not
aborted and had an SPI of 6.5y per cent. She
went into labor, however, and delivered at 25
weeks. The remaining three patients delivered
at 35 or 36 weeks. One of them, VH, was given
0.06 gm. of thyroid before pregnancy because her
SPI was only 3.8 y per cent, a low normal figure.
At six weeks, because SPI had risen only to 5.1y
per cent, the dose of thyroid was increased to 0.21
gm. daily. The SPI at 12 weeks had risen to
8.2y per cent. Although the thyroid was con-
tinued, she had a premature delivery after 36
weeks. The SPI’s of the remaining two appear
to have risen to proper pregnancy concentrations.
Their pregnancies were uneventful until their
deliveries at 35 and 36 weeks respectively.
Neither received thyroid. It is impossible in any
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of these cases to be certain that SPI did not fall
later in the course of pregnancy.

One patient, whose record is illustrated in Fig-
ure 3, merits especial consideration. At the age
of 22, because of a basal metabolism of — 23, she
was given 0.0125 gm. of thyroid daily. In 1939,
when her basal metabolism was found to be — 12,
she was given 0.06 gm. of thyroid daily. On
neither occasion did she have symptoms of hy-
pothyroidism. In November, 1942, her right tube
was removed for a tubal pregnancy. In February,
1946, she had an abortion at three months. July
22, 1946, while on 0.06 gm. of thyroid daily, her
SPI was 4.5y per cent. October 24 she became
pregnant, Shortly after this the dose of thyroid
was increased to 0.24 gm. daily. She had an un-
complicated pregnancy, except for slight bleeding
in the first months at the times of her menstrual
periods, and was delivered on July 23, 1947, at
term, of a normal child. On November 10 of that
year she again became pregnant. Thyroid 0.24
gm./day was begun on December 27. Again she
bled slightly in the first months at the time of her
normal menstrual periods; but otherwise her
pregnancy proceeded normally until July 4, 1948,
when she went into labor and was delivered of a
premature child who died two days later. Thy-
roid medication was discontinued after delivery.
SPI’s, 38 and 93 days after delivery, were 4.3 and
4.1y per cent, respectively. February 23, 1949,
she again became pregnant. After six weeks her
SPI was 5.5 y per cent. She was again given 0.24
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gm. of thyroid daily. Four weeks later her SPI
was 7.8 y per cent. Nevertheless she had a spon-
taneous abortion at the end of 13 weeks. On
July 27 she once more became pregnant. On this
occasion no thyroid was given. SPI was 69y
per cent only two weeks after her last menstrual
period. Although it fell to 4.6 and 4.4 y per cent
at six and seven weeks, it rose after this spontane-
ously and remained well above 6.0 y per cent un-
til the end of 32 weeks when she bled profusely.
Despite administration of 2 mg. of thyroxine in-
travenously, she was delivered of a dead fetus
within 24 hours, with evidence of premature sepa-
ration of the placenta. From the values of SPI
when she was neither pregnant nor receiving thy-
roid, as well as the absence of symptoms and
signs, the patient was evidently not hypothyroid.
There is no evidence that administration of thy-
roid altered the course of her pregnancies. The
fact that one pregnancy went to term while she
was receiving thyroid seems to be purely ad-
ventitious. Without thyroid, the last, her sixth
pregnancy, proceeded quite as long as did the
fourth in which she received thyroid.

DISCUSSION

That SPI rises during pregnancy appears to
have been established. This rise is attended by
no clinical evidence of excessive activity of the
thyroid gland. It occurs long before the increase
of basal metabolism that accompanies pregnancy.
The latter also presumably denotes no increased
activity of the thyroid, but seems rather to be
related to the need for extra oxygen created by
the enlargement of the uterus and the growth of
the fetus.

The almost complete absence of SPI's below
6.0y per cent after 16 weeks suggests that con-
centrations above this are, in normal persons,
necessary for the successful completion of preg-
nancy. At the left of Figure 1 the limits of varia-
tion of SPI in various conditions are defined. It
is evident that in a group of nonpregnant women
of this size the majority of points would lie be-
tween 4 and 6y per cent, an area that is almost
empty, and that there would be only an occasional
spot above 7 y per cent, which is the most thickly
populated area of the figure. In the period before
12 or 16 weeks there are more points in the
normal range. If all pregnant women were in-
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cluded, not only those who completed pregnancy
without medication, the area between 4 and 6y
per cent in the first weeks of pregnancy would be
fuller. From the paucity of points below 6y per
cent after 16 weeks, the fact that the SPI of non-
pregnant women most frequently lies in this area,
and the greater frequency of such points in the
earlier weeks of pregnancy, it may be inferred
that before the end of this period SPI regularly
attains a concentration of 6y per cent or more
and that when it fails to rise to this level abortion
occurs.

In the patients who aborted and those who re-
ceived thyroid substances, as in the normal preg-
nancies, there is the same tendency for SPI in
pregnancy to lie above 6.0y per cent after 16
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as pregnancy advances to 16 weeks. SPI, there-
fore, in a considerable number of women, remains
low in the early weeks of pregnancy. Some of
the later points below 6y per cent represent
transient fluctuations. However, the concentra-
tion 6.0 was selected somewhat arbitrarily be-
cause the great majority of observations lay above
this concentration. It would be surprising indeed
if there were not some overlap in the zone of
differentiation. The two extremely low figures
represent single observations on two patients.
What the SPI may have been at other times in
the course of pregnancy is unknown. On the
whole the data support the earlier hypothesis that
if pregnancy is to be completed, SPI is not con-
sistently below about 6.0y per cent after preg-
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weeks. This is best illustrated in Figure 4 which
includes all observations on patients who were
delivered at term. A cross indicates that the sub-
ject was receiving thyroid, a dot that she was
taking no medication. The paucity of points in
the area below 6.0y per cent after 16 weeks is
again evident. Of the total number of observa-
tions only ten are found in this area. Of these,
five are greater than 5.0 y per cent.

There is, however, in contrast to the series of
normal pregnancies reported in the preceding
paper, a larger aggregation of values below 6 y per
cent in the early weeks of pregnancy. This would
be still greater if the observations in Table III
from the subjects who aborted were included.
The incidence of low points also seems to diminish

The area to the left represents time before,
that to the right time after, pregnancy.

nancy has proceeded approximately 16 weeks.
This would mean that SPI regularly achieves
this level in the course of the first 16 weeks in
successful pregnancies. This suggests, but does
not necessarily imply, that failure of SPI to rise
in this period conduces to abortion. Definitive
proof that this is the case must depend upon the
intensive study of a large group of subjects dur-
ing early pregnancy without medication.

In the small series thus far collected, early mis-
carriage appears to be more common in those
with low SPI. An SPI above 6.0y per cent,
however, obviously does not preclude abortion.
If failure of SPI to rise does predetermine abor-
tion, the question arises whether there is a critical
time and a critical concentration. Sometimes
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SPI exceeds 6.0y per cent as early as the diag-
nosis of pregnancy can be established. In other
cases it remains below this concentration until
the period of 16 weeks is almost completed. The
majority of miscarriages occur earlier than this.
If low SPI is correlated with the cause, rather
than the incidence, of miscarriage, why do some
subjects tolerate low values longer than others
do? Are those who do miscarry inherently in-
capable of raising their SPI's or would their
SPI’s eventually rise if they escaped miscarriage?

Failure of SPI to rise in those that miscarry
may be an indication that there is a defect in the
ovum or its implantation of such a kind that the
stimulus that causes SPI to rise is lacking. In
those in which SPI rises late, but abortion is
avoideéd, this stimulus may be only partly lacking,
or the defect may lie not in a deficient stimulus,
but in a deficient or delayed reaction of the
mechanism responsible for the rise of SPI, pre-
sumably the secretory activity of the thyroid
gland or the utilization of the thyroid hormone,
or both. In this case SPI would be little more
than a symbol. Miscarriages would be associated
with low SPI, but the latter would not necessarily
determine a miscarriage. Such a hypothesis
seems to be consistent with most of the facts
presented. It gains some support from the cases
in which the patient who miscarried in one preg-
nancy with low SPI had a subsequent successful
pregnancy when SPI rose early (cases BH and
MG, Tables III and IV). It might partly explain
the consistent failure to complete pregnancies dis-
played by A63436 (Figure 2). It would not,
however, account so well for the relative absence
of low values after 16 weeks or the apparent
prolongation of pregnancy by thyroid in A63436.

This hypothesis would relegate the elevation of
SPI and the thyroid hormone to a derivative or
adventitious position. Alternatively, completion
of pregnancy may depend on the proper reactivity
of the mechanism which causes SPI to rise, pre-
sumably increased secretory activity of the thy-
roid gland, with diminished or increased utiliza-
tion of thyroid hormone. If the first hypothesis
is correct, the common practice of administering
thyroid to prevent abortion, which originated on
a purely empirical basis, would be of no value.
These two hypotheses are not, of course, mutually
exclusive. It may be that both stimulus and re-
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activity of the thyroid gland must be adequate.
The present study is intended in part to throw
some light on these questions.

It is clear from the data of Table III that the
administration of thyroid, or even thyroxine, in
massive doses, will not regularly prevent abor-
tion after symptoms have begun. In most in-
stances, however, there can be no assurance that
abortion was not already an accomplished fact
before the thyroid or thyroxine was given. The
generally higher values of SPI in the successful
pregnancies of Table IV, as contrasted with those
in the abortive pregnancies of the same individuals
in Table III, suggest that a high SPI is advan-
tageous and that administration of thyroid tends
to raise SPI. The patients in Table V might be
cited as more direct evidence of the beneficial ef-
fect of thyroid. In this group completion of abor-
tion may have been prevented by timely ad-
ministration of thyroid. In five of the ten preg-
nancies, medication was followed by a distinct rise
of SPI. In three of the five, SPI at the onset of
cramps or bleeding was lower than 6y per cent.
The total number of cases is, however, small and
the number of controls who, under similar cir-
cumstances, did not receive thyroid is smaller.
In Tables VI and VII is a goodly array of women
who, having received thyroid, completed preg-
nancy successfully without symptoms of mis-
carriage at any time. The greater proportion of
these (those in Table VI) were given thyroid
because SPI was low. In most of those in which
further observations were made, SPI rose in re-
sponse to the medication, but repeated observa-
tions were all too few and again adequate con-
trols are lacking. The data on the whole suggest,
but certainly do not prove, that administration
of thyroid prevents abortion.

Attention has been called to the incidence of
abortions with SPI above 6y per cent. If low
SPI does promote abortion, these cases can not
be summarily dismissed as belonging to a differ-
ent category. In normal pregnancy some women
carry higher SPI than others. This may be a
necessary provision. In only one of the patients
of this series, in addition to A63436 (Figure 2),
did abortion or threatened abortion occur when
SPI was 7.5y per cent or higher. It may be
more than a coincidence that the points below
6y per cent after 16 weeks in Figure 4 are all
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derived from patients who were receiving thy-
roid. If the increment of SPI in pregnancy is
composed of thyroid hormone, its significance
still remains to be elucidated. It could mean
diminished .utilization of hormone, though this
seems highly unlikely. It is generally held, from
morphological studies, that secretory activity of
the thyroid is increased and, as a corollary, that
this is a response to an increased demand for the
hormone to meet increased utilization. An in-
creased supply would then be the prime neces-
sity. With the administration of exogenous thy-
roid the tissues might be able to derive the neces-
sary hormone from the circulation by more effi-
cient extraction with a lower concentration in
the serum.

Much of this discussion and the data on which
it is based tend to pose rather than to answer
questions as to the clinical value and significance
of SPI in pregnancy. The data may, however,
throw some light on the nature of the increment
in pregnancy. Values of SPI as high as those
encountered in pregnancy are regularly associ-
ated with symptoms of hyperthyroidism in non-
pregnant women. This seems to denote either
that the pregnant woman tolerates a greater con-
centration of hormone in her serum or that the
increment is not composed of thyroid hormone.
In many of the cases in this series, SPI was rap-
idly raised by administration of thyroid or thy-
roxine to levels characteristic of hyperthyroidism
without appearance of symptoms. Presumably
these increments of iodine were hormonal. Preg-
nancy does, therefore, appear to confer a toler-
ance for circulating thyroid hormone. In a few
instances in which SPI was suddenly raised to
unusually high concentrations it tended to de-
cline to more moderate concentrations as preg-
nancy advanced. Whether the endogenous sup-
ply was reduced, utilization accelerated, or re-
moval by other channels increased, it is impos-
sible as yet to say. It is noteworthy that on the
whole, regardless of the dose of thyroid, the con-
centration of SPI, with the exception of the tem-
porary shoots mentioned above, tended to estab-
lish itself in the range characteristic of pregnancy.

This tolerance appears to differ somewhat from
that displayed by nonpregnant women, in which
the concentration of SPI does not rise, or, after
a preliminary rise, recedes to the normal range
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(10). In most of the present series in which SPI
was measured postpartum, thyroid was discon-
tinued after delivery. In the two cases in which
it was continued, it was found to be in the nor-
mal nonpregnant range. In one it fell after de-
livery. This strengthens the impression that SPI
is sustained by pregnancy. Whether the incre-
ment of SPI is, like the greater proportion of the
normal SPI, composed of thyroid hormone can-
not be decided from these studies. It does behave
like the thyroid hormone in attaching itself to
the serum proteins. Furthermore, it is extracted
by butanol (12, 13).

CONCLUSIONS

The serum precipitable iodine has been deter-
mined on one or more occasions during preg-
nancy in 46 women without complications or
signs of overactivity or underactivity of the thy-
roid gland who delivered at term. In only three
instances was SPI observed below 6.0y per cent
after 16 weeks of pregnancy. In nine patients
with pregnancies complicated by conditions other
than abnormal activity of the thyroid, SPI with
one exception lay at the same high levels. This
is also true of 14 patients still undelivered but

“with apparently normal pregnancies, well ad-

vanced. In those patients studied before and af-
ter pregnancy, SPI is found to rise early in preg-
nancy and to fall shortly after delivery.

The precipitable iodine of serum (SPI) has
been measured in a series of euthyroid pregnant
women who aborted or who received thyroid sub-
stance to prevent abortion. There is some evi-
dence that if SPI does not rise above about 6y
per cent during the first 16 weeks, pregnancy is
unlikely to proceed to term and that abortion is
more common in those women whose SPI’s do
not rise relatively early in pregnancy. Adminis-
tration of generous amounts of thyroid substance
accelerates the rise of SPI. The cases reported
suggest that, if thyroid is given early enough, it
may diminish the tendency to abortion. A larger
body of controls is required to establish these
points.

If thyroid is given to the pregnant woman, the
curve of SPI tends to follow a course similar to
that of the untreated pregnant woman. The im-
plications of this fact with respect to the nature
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and significance of the increment of SPI in preg-
nancy are discussed.
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