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ABSTRACT

BACKGROUND

Platelet counts of less than 150,000 per cubic millimeter during uncomplicated
pregnancies are described as gestational thrombocytopenia if no alternative cause
is identified. Platelet counts may be even lower in women with pregnancy-related
complications. However, the occurrence and severity of thrombocytopenia through-
out pregnancy are not defined.

METHODS

We evaluated platelet counts throughout pregnancy in women who delivered at
Oklahoma University Medical Center between 2011 and 2014. These platelet counts
were compared with those of nonpregnant women who were included in the Na-
tional Health and Nutrition Examination Survey from 1999 through 2012.

RESULTS

Among the 15,723 deliveries that occurred during the study period, 7351 women
had sufficient data for our analyses. Of these women, 4568 had uncomplicated
pregnancies, 2586 had pregnancy-related complications, and 197 had preexisting
disorders associated with thrombocytopenia. Among the women who had uncom-
plicated pregnancies, the mean platelet count in the first trimester (mean gesta-
tion, 8.7 weeks) was 251,000 per cubic millimeter, which was lower than the mean
platelet count in the 8885 nonpregnant women (273,000 per cubic millimeter)
(P<0.001). At the time of delivery, 9.9% of the women with uncomplicated preg-
nancies had a platelet count below 150,000 per cubic millimeter. During the course
of the uncomplicated pregnancies and deliveries, only 45 women (1.0%) had a
platelet count below 100,000 per cubic millimeter. Among the 12 women with
uncomplicated pregnancies who had a platelet count below 80,000 per cubic mil-
limeter, only 5 (0.1%, among whom the range of platelet counts was 62,000 to
78,000 per cubic millimeter; median, 65,000) were identified by medical record
review as having no alternative cause for the thrombocytopenia. Platelet counts of
less than 150,000 per cubic millimeter at the time of delivery were more common
among women who had pregnancy-related complications than among women who
had uncomplicated pregnancies (11.9% vs. 9.9%, P=0.01). Throughout their preg-
nancies and deliveries, 59 women (2.3%) with pregnancy-related complications
had a platelet count below 100,000 per cubic millimeter, and 31 (1.2%) had a
platelet count below 80,000 per cubic millimeter.

CONCLUSIONS
Mean platelet counts decreased during pregnancy in all the women, beginning in
the first trimester. In women who have a platelet count of less than 100,000 per
cubic millimeter, a cause other than pregnancy or its complications should be
considered. (Funded by the National Heart, Lung, and Blood Institute.)
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PLATELET COUNTS DURING PREGNANCY

EGINNING IN 1993, THREE LARGE STUD-

ies documented that 5 to 10% of women

who had uncomplicated pregnancies had
a platelet count of less than 150,000 per cubic
millimeter at the time of delivery,”® which was
described as gestational thrombocytopenia.* The
normal distribution of platelet counts at the
time of delivery and the absence of health
problems in the mother and infant suggested
that gestational thrombocytopenia was the re-
sult of lower platelet counts that occur in all
women during pregnancy.>*>® The current think-
ing is that platelet counts in all women begin
to decrease in the mid-second to third trimes-
ter and continue to decrease until the time of
delivery.* However, our recent systematic re-
view of published reports that describe platelet
counts throughout uncomplicated pregnancies
did not provide support for this concept.” The
number of published reports that we were able
to identify was few, and their results were in-
consistent.

Pregnancy-related complications, such as pre-
eclampsia, may also cause thrombocytopenia.*31°
Therefore, it may be hypothesized that platelet
counts in women who have pregnancy-related
complications are lower than platelet counts in
women who have uncomplicated pregnancies. In
addition, thrombocytopenia in women who have
preexisting disorders, such as immune thrombo-
cytopenic purpura, may become more severe dur-
ing pregnancy.*"

To understand the course of platelet counts
throughout pregnancy, we evaluated platelet counts
in women who delivered at the Oklahoma Uni-
versity Medical Center between 2011 and 2014.
Our objectives with respect to women who had
uncomplicated pregnancies were to learn the
course of platelet counts throughout pregnancy,
the potential severity of gestational thrombo-
cytopenia, and the risk for recurrence of gesta-
tional thrombocytopenia with a subsequent
pregnancy. Our objective with respect to wom-
en who had complicated pregnancies was to
determine whether there is a relationship be-
tween the identified complications and platelet
counts. Our objective with respect to women
who had preexisting disorders associated with
thrombocytopenia was to learn whether their
thrombocytopenia becomes more severe during
pregnancy.

METHODS

STUDY POPULATIONS

We analyzed the platelet counts in women 15 to
44 years of age who delivered at Oklahoma Uni-
versity Medical Center between January 1, 2011,
and August 19, 2014. Demographic data, platelet
counts, medical-record numbers, and diagnosis
codes identified from electronic medical records
were combined into a single database. If a
woman had multiple pregnancies during the
study period, only the first uncomplicated preg-
nancy was included; if the woman had no un-
complicated pregnancies, the first complicated
pregnancy was included. In our primary analy-
ses, we included women who had a singleton
pregnancy, whose duration of gestation at the
time of delivery was recorded, and who had a
platelet count measurement at the time of deliv-
ery and at least one additional platelet count
measurement during their pregnancy. Pregnancy-
related complications that were recorded as such
were hypertension or diabetes before or during
pregnancy, preeclampsia, HELLP (hemolysis, ele-
vated liver enzymes, and low platelet count)
syndrome, preterm birth (defined as birth before
37 weeks of gestation), stillbirth, and placental
abnormalities (e.g., placental abruption, placenta
previa, or placenta accreta). Preexisting disor-
ders that were considered to be associated with
thrombocytopenia were recorded as immune
thrombocytopenic purpura, systemic lupus ery-
thematosus, human immunodeficiency virus in-
fection, and hepatitis B or C. Women who did
not have these pregnancy-related complications
or preexisting disorders were considered to have
had uncomplicated pregnancies even though they
could have had other diagnoses that could be
considered as complicating a pregnancy, such as
a history of treated cancer. Data from women
who had uncomplicated twin pregnancies were
analyzed separately according to the same selec-
tion criteria, except that uncomplicated delivery
was defined as birth at or after 34 weeks of
gestation.

Data on nonpregnant women 15 to 44 years
of age from the National Health and Nutrition
Examination Survey (NHANES) from 1999
through 2012 were used for comparisons. We
recorded each woman’s platelet count, race or
ethnic group, and age. Women who reported
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15,723 Deliveries at OUMC from
January 1, 2011, to August 19, 2014

338 Were multiple-birth pregnancies
328 Were twin pregnancies
9 Were triplet pregnancies
1 Was a quadruplet pregnancy

15,385 Were singleton pregnancies

373 Were missing data on duration of gestation

15,012 Had accurate data on duration
of gestation

1049 Were subsequent pregnancies in the
same woman during the study period

13,963 Women had one pregnancy

1488 Had no platelet count at delivery

12,475 Had a platelet count at delivery

4869 Did not have a previous platelet
count during gestation

7606 Had a platelet count during
gestation

255 Could not be evaluated

7351 Were eligible for the study

4568 Had uncomplicated pregnancies 2586 Had prggngncy-related 197'Had preexisting dlsorders‘
complications associated with thrombocytopenia
Were compared with 8885 nonpregnant
women from NHANES
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PLATELET COUNTS DURING PREGNANCY

Figure 1 (facing page). Selection of Women for Analysis
of Platelet Counts during Singleton Pregnancies.

Among all 15,723 deliveries that occurred at Oklahoma
University Medical Center (OUMC) between January 1,
2011, and August 19, 2014, a total of 7351 women who
had a platelet count measurement at the time of delivery
and at least one platelet count measurement during
their pregnancy were selected for inclusion in our study.
The 255 women who could not be evaluated and were
therefore deemed to be ineligible included 141 women
who reported illicit-drug use, 113 women who had re-
ceived treatment with glucocorticoids for an indication
other than a pregnancy-related complication or a pre-
existing disorder, and 1 woman who had thrombotic
thrombocytopenic purpura. Data from the 328 women
who had twin pregnancies were analyzed separately.
NHANES denotes National Health and Nutrition Exam-
ination Survey.

having received a diagnosis of hypertension, dia-
betes, or cancer were excluded.

PLATELET COUNTS

Platelet counts were measured with standard
electronic equipment maintained in laboratories
certified by the Clinical Laboratory Improvement
Amendments program and were categorized ac-
cording to the following time periods: first tri-
mester of pregnancy, 0 to 13 weeks of gestation;
second trimester, 14 to 27 weeks; third trimes-
ter, 28 to 42 weeks (excluding the time within
48 hours before delivery); delivery; and postpartum
period (defined as 4 to 12 weeks after delivery).
To determine the course of platelet counts
throughout pregnancy, at the time of delivery,
and during the postpartum period, we selected
only one platelet count measurement from each
time point for each woman: the first platelet
count measurement during each trimester and
the postpartum period and the platelet count
measurement preceding and closest to the time
of delivery. To identify the lowest platelet counts
throughout pregnancy and at the time of deliv-
ery, we reviewed all the platelet counts that had
been measured during pregnancy up to the time
of delivery. To search for potential alternative
causes of platelet counts less than 80,000 per
cubic millimeter in women who had uncompli-
cated pregnancies, we reviewed the woman’s en-
tire set of medical records from Oklahoma Uni-
versity Medical Center.

N ENGLJ MED 379;1

STATISTICAL ANALYSIS

To determine whether platelet counts changed
significantly during gestation, whether they dif-
fered significantly among races or ethnic groups
or age groups, and whether the rate of decrease
during pregnancy differed significantly between
women who had uncomplicated pregnancies and
women who had pregnancy-related complications
or preexisting disorders, we constructed linear
mixed models to account for women who had
repeated platelet count measurements. To com-
pare postpartum platelet counts with platelet
counts at the time of delivery, we used a paired
t-test. We calculated the number and percentage
of women with pregnancy-related complications
who had a platelet count of less than 150,000
per cubic millimeter, less than 100,000 per cubic
millimeter, and less than 80,000 per cubic milli-
meter and compared them, using chi-square
tests, with the corresponding numbers and per-
centages of women with uncomplicated preg-
nancies. For the analysis of the NHANES data,
we used the sampling weights provided by
NHANES to account for the complex survey de-
sign, which included oversampling of some
populations, and to account for cases in which
participants either did not respond to the survey
or did not complete all aspects of the survey.!>13
To compare the platelet counts of the pregnant
women with those of the nonpregnant women
from NHANES, we calculated weighted mean
platelet counts for all the nonpregnant women
overall and also separately for each subgroup of
nonpregnant women defined according to race
or ethnic group and age. This stratified analysis
accounted for any differences in platelet counts
on the basis of race or ethnic group or age be-
tween the nonpregnant women from NHANES
and the pregnant women. After obtaining weight-
ed estimates for the data from the women from
NHANES, we used Student’s t-test to compare
the platelet counts in the pregnant women with
those in the nonpregnant women. Platelet counts
at the time of delivery in the women who had
singleton pregnancies and in the women who
had twin pregnancies were compared with the
use of Student’s t-test. To determine the risk in
women of having a platelet count of less than
150,000 per cubic millimeter in a subsequent
pregnancy if they had had a platelet count of less
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Figure 2. Mean Platelet Counts over Time.

Panel A shows the mean platelet counts of the women who had uncompli-
cated pregnancies and of the nonpregnant women. I bars denote 95% confi-
dence intervals. The mean platelet count in the 8885 nonpregnant women is
designated by N on the x axis. The mean platelet counts of the 4568 women
who had uncomplicated pregnancies are shown at each trimester (with the
mean time of gestation when they were measured indicated on the x axis),
at the time of delivery (designated by D on the x axis), and during the post-
partum period (designated by PP on the x axis). The mean platelet counts
of the 336 women with uncomplicated pregnancies who had platelet counts
at each trimester and at the time of delivery are also shown in Panel A. The
difference in the mean platelet count between the women who had no miss-
ing platelet counts and the 4232 women who had missing platelet counts
during one or more trimesters was not significant (P=0.79). Panel B shows
the mean platelet counts of the women who had uncomplicated pregnan-
cies, the women who had pregnancy-related complications, and the women
who had preexisting disorders that were associated with thrombocytopenia.
The platelet counts of all three groups of women decreased significantly
throughout pregnancy (P<0.001). The mean platelet counts of the 2586
women who had pregnancy-related complications were higher than those
of the 4568 women who had uncomplicated pregnancies during the first
and second trimester (P<0.001) but were not significantly different during
the third trimester (P=0.38) or at the time of delivery (P=0.09). The mean
platelet counts of the 197 women who had preexisting disorders associated
with thrombocytopenia were lower than those of the women who had un-
complicated pregnancies at all trimesters and at the time of delivery (P<0.03
for all comparisons).
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than 150,000 per cubic millimeter in a previous
pregnancy, we calculated a risk ratio and 95%
confidence interval. All the analyses were per-
formed with the use of SAS software, version 9.4
(SAS Institute).

RESULTS

OVERVIEW OF STUDY POPULATION

Among the 15,723 deliveries that occurred dur-
ing our study period, 7351 women had sufficient
data for our analyses. Of these women, 4568 had
an uncomplicated pregnancy, 2586 had a preg-
nancy-related complication, and 197 had a pre-
existing disorder associated with thrombocyto-
penia (Fig. 1). The data from the women who
had uncomplicated pregnancies were compared
with the data from 8885 nonpregnant women
from the NHANES database. The characteristics
of these women are provided in Table S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org.

WOMEN WITH UNCOMPLICATED PREGNANCIES

Among all 15,385 women who had singleton
pregnancies, 9912 women had uncomplicated
pregnancies. Of these women, 4568 (46.1%) had
sufficient data for our analyses. The mean plate-
let counts in the women who had uncomplicated
pregnancies and in the nonpregnant women are
shown in Figure 2A and Table 1. The mean
platelet count in the nonpregnant women was
273,000 per cubic millimeter. In the pregnant
women, the platelet counts decreased signifi-
cantly throughout pregnancy (P<0.001). The mean
platelet count was 251,000 per cubic millimeter
in the first trimester of pregnancy (mean gesta-
tion, 8.7 weeks), 230,000 per cubic millimeter
in the second trimester (mean gestation, 22.0
weeks), 225,000 per cubic millimeter in the
third trimester (mean gestation, 32.1 weeks),
217,000 per cubic millimeter at the time of deliv-
ery (mean gestation, 39.0 weeks), and 264,000
per cubic millimeter during the postpartum pe-
riod (mean time after delivery, 7.1 weeks). The
pregnant women had significantly lower mean
platelet counts than the nonpregnant women
during each trimester and at the time of delivery
(P<0.001). The mean platelet count during the
postpartum period did not differ significantly
between the women with uncomplicated preg-
nancies and the nonpregnant women (P=0.10).

NEJM.ORG JULY 5, 2018

The New England Journal of Medicine

Downloaded from nejm.org at UT SOUTHWESTERN MEDICAL CENTER AT DALLAS on August 17, 2018. For personal use only. No other uses without permission.

Copyright © 2018 Massachusetts Medical Society. All rights reserved.



PLATELET COUNTS DURING PREGNANCY

‘|eAISIUI BDUSPYUOD S3JOUBP | "aseqelep (SINYHN) A9AINS UOIBUILLIEXT UOILIINN PUE L)[BSH [EUOIIEN S} IO PaUleIqo a1am usLwiom jueudaiduou Jo sjunod 19]91e|d ueaw ay; Uo eleq x

(8£2-197) €12
(£L27-897) LT
(s8z-¥2£7) 08¢

(£L7-897) €12
(6£2-697) ¥LT
(r67-787) 882

666-TT
(9£7-697) €11

G888

USWoM
jueuSaiduopn

S/5-T6
(vLT-¥57) 92

¢

poliad
wnyedisod

SEP—¥
(1Z-v61) 0T

L61

v
(ogz-861) ¥1¢

ov1

8/€-67
(6zz-761) 012

0¢t1

siapiosiq Sunsixaald yum uswop ueusaid

905-2¢
(zzz—117) 612

98S¢C

€19-0L
(zgz-v27) 822

7991

11£-201
(zvz—€£7) 8€T

[£4%¢

sapueuSald paiedijdwo) Yyum uswopm

(Tzz—£81) 202
L9

(v¥z-061) £1T
[44

(££7-907) 122
L€

sapueusaid uimy paredijdwiodun Yyum uswom

(912-902) 112
(612-S12) £1¢
(677-812) €2t

(817-€12) 91¢
(¥12-907) 012
(9zz-817) 72T

¢56—¢€9

(612-S12) £1¢

89S

ISEWIEYq|

(tzz—v12) Tee
(9zz-722) vtz
(zve—872) s¢z

(szz-072) €tz
(8zz-812) €t
(8zz-817) €2t

S05—£S
(9zz—¢€72) sz
4144

Jaisawi | paiy L

(sgz—€72) 622
(t€z—272) 622
(evz—z€a) 8¢2

(6zz—v7d) 11T
(zgz—€72) LTt
(ovz-1¢2) s¢z

0£9-T€
(zgz-877) 05T

£65¢C

491saWil] puodss

sapueudaid uoe|3uls paredldwodun Yym uswom

¥S¥—09
(€57-807) 0£T

S8

8¢5—8S

(¥97-€57) 852

¢80T

(6S7-072) 0¥z
e

(eST-T1¥2) L¥T
(es7-8¥7) 152
(€9z-6¥7) 95T

(6vz—v¥2) Ly
(sSz-¥¥7) 6¥C
(892-£57) €92

£€6766

(es7-6¥7) 15¢

90¢¢

J93saWi] 3S14

a3uey

(1> 9%656) ueai
J339wi|j1w 21gnd Jad QX — 3UNod 33|338|d
pa3en|eAd 3q p|nNod OLYM USLLIOM JO “ON

e1uado1400qLU0IY) Y1IM PaleIDOSSE S19pJosi]

aSuey

(1D 9%56) uesy
Jaawil|jiw 21qnd 4ad ¢-0TX —1unod 13j3e|d
paien|eAs 3¢ p|nod OYM USLIOM JO "ON

foueudaid o1 pajejas suoneddwo)d

1931w 21gnd ad 01X — (1D %56) 3unod 19[93e|d UBS N
pa3eN|eAd 3G P|NOd OLYM USLLIOM JO "ON

||B49AO

Ky o16¢
g 0107
1K 6T 03 61
sepawjiw di1gnd uad _OTx — (1D 9%56) unod 33|3e|d ues |y
a3ues a3y
diuedsiH-uou ‘aUyM
oiuedsiH
Jiuedsiy-uou de|g
Ja3awifjiw 21gnd Jad 01X — (1D %56) 1unod 13[23ed LE3N
dnou3d o1uy1s Jo adey
a3uey
(1> %56) ueay
J93pwil||iw 21gn3 4ad _TX — 3unod 3333e|d
pa1EN|BAS 9q P|NOD OUYM UILIOM JO "ON

[|e42A0

d|qeuep

w'uawop\ ueuSaaduop ul pue £oueusaid Sulnp sjuno) 19jR%e|d ‘T 3|qeL

37

NEJM.ORG JULY 5, 2018

N ENGLJ MED 379;1

The New England Journal of Medicine

Downloaded from nejm.org at UT SOUTHWESTERN MEDICAL CENTER AT DALLAS on August 17, 2018. For personal use only. No other uses without permission.

Copyright © 2018 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

40+

First trimester

35+
30
25 Delivery

Not pregnant
20 preg

Percent

154

104

o

I

T T T T T T T T L
0 50 100 150 200 250 300 350 400 450 500

Platelet Count (x10-3 per mm?3)

Figure 3. Platelet Count Distribution.

Shown are the distribution of the mean platelet counts of the nonpregnant
women and the distribution of the mean platelet counts during the first tri-
mester (mean gestation, 8.7 weeks) and at the time of delivery in the women
who had uncomplicated pregnancies. The distributions of the mean platelet
counts for all three curves were symmetric, with a slight skew toward higher
platelet counts that was consistent across all three curves. The mean and
median platelet count values for each of the three distribution curves dif-
fered by less than 3%. These analyses are presented in Table S2 in the Sup-
plementary Appendix. Platelet counts measured during the postpartum
period were not included in this figure because of the small sample size.

Among the 246 women with uncomplicated preg-
nancies who were assessed during the postpar-
tum period, the mean platelet count was 17%
lower at the time of delivery than during the
postpartum period (218,000 vs. 264,000 per cubic

millimeter).

The mean platelet counts in the nonpregnant
women and in the women with uncomplicated
pregnancies in the first trimester and at the time
of delivery were normally distributed, except for
a slight skew toward higher values in all three
cases (Fig. 3, and Table S2 in the Supplementary
Appendix). The mean platelet count at the time
of delivery was higher in non-Hispanic black
women than in non-Hispanic white women and
Hispanic women (P<0.001) and was higher in
younger women (15 to 19 years of age) than in

older women (20 to 44 years of age) (P<0.001).

These findings were similar to the differences in
race or ethnic group and age reported among non-

pregnant women in the United States™ (Table 1,

and Figs. S1A and S1B in the Supplementary

Appendix).

38 N ENGLJ MED 379;1

When we evaluated all 13,793 platelet count
values measured during pregnancy and at the
time of delivery in women with uncomplicated
pregnancies (Fig. S2A in the Supplementary Ap-
pendix), we found that platelet counts of less
than 150,000 per cubic millimeter occurred in
450 women (9.9%) at the time of delivery (Ta-
ble 2). A total of 45 women (1.0%) had platelet
counts below 100,000 per cubic millimeter dur-
ing pregnancy, at the time of delivery, or both;
12 women had platelet counts below 80,000 per
cubic millimeter during pregnancy, at the time
of delivery, or both, but only 5 (0.1%) were identi-
fied by medical-record review as having no alter-
native cause for the thrombocytopenia. The alter-
native causes for the thrombocytopenia that were
identified in the other 7 women were immune
thrombocytopenic purpura (2 women), pseudo-
thrombocytopenia due to in vitro platelet clump-
ing (2 women), error in measurement of platelet
count (2 women), and hereditary thrombocyto-
penia (1 woman). The platelet counts for these
12 women and the clinical data that supported
their diagnoses are summarized in Table S3 in
the Supplementary Appendix.

A total of 67 women had uncomplicated twin
pregnancies and had at least one recorded plate-
let count during pregnancy; these women had
lower platelet counts in all three trimesters and
at the time of delivery than the women who had
uncomplicated singleton pregnancies, but the
difference at the time of delivery was not sig-
nificant (P=0.07) (Table 1, and Fig. S1C in the
Supplementary Appendix). When all the women
with uncomplicated singleton or twin pregnan-
cies who had a platelet count at the time of de-
livery (8051 women with singleton pregnancies
and 93 with twin pregnancies) were evaluated,
the mean platelet count in the women with twin
pregnancies (197,000 per cubic millimeter; 95%
confidence interval [CI], 182,000 to 212,000) was
significantly lower than the count in the women
with singleton pregnancies (214,000 per cubic
millimeter; 95% CI, 213,000 to 215,000) (P=0.03)
at the time of delivery.

Among the 4568 women with uncomplicated
pregnancies whom we evaluated, 529 had a sub-
sequent uncomplicated singleton pregnancy dur-
ing our period of analysis and had a recorded
platelet count at the time of delivery. A total of
57 (10.8%) had had a platelet count below
150,000 per cubic millimeter at the time of de-
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Table 2. Platelet Counts during Pregnancy and at the Time of Delivery.*
First Second Third
Platelet count (per mm?), According to Type of Pregnancy Trimester Trimester Trimester Delivery
number of women (percent)
Women with uncomplicated pregnanciesy
>150,000 2264 (98.2) 2430 (95.2) 2062 (91.5) 4115 (90.1)
125,000-149,000 36 (1.6) 89 (3.5) 128 (5.7) 293 (6.4)
100,000-124,000 5(0.2) 29 (L.1) 48 (2.1) 126 (2.7)
80,000-99,000 1 (<0.1) 2 (0.1) 12 (0.5) 27 (0.6)
60,000-79,000 0 0 2(0.1) 4(0.1)
<60,000 0 0 0 0
Women with uncomplicated pregnancies, platelet counts
<80,000 per cubic millimeter, and an alternative cause
for thrombocytopenia
60,000-79,000 0 2(0.1) 1(<0.1) 3(0.1)
<60,000 0 1 (<0.1) 1 (<0.1) 0
Women with pregnancy-related complicationsz:
>150,000 1060 (97.9) 1264 (95.5) 1506 (90.5) 2279 (88.1)
125,000-149,000 18 (1.7) 47 (3.5) 99 (5.9) 178 (6.9)
100,000-124,000 1(0.1) 10 (0.7) 39 (2.3) 82 (3.2)
80,000-99,000 1(0.1) 1(0.1) 13 (0.8) 22 (0.9)
60,000-79,000 0 1(0.1) 6 (0.4) 16 (0.6)
<60,000 2(0.2) 1(0.1) 1(0.1) 9(0.3)
Women with preexisting disorders associated with thrombocytopeniaf
150,000 73 (85.8) 95 (79.2) 105 (75.0) 158 (80.2)
125,000-149,000 5 (5.9) 3 (2.5) 10 (7.1) 12 (6.1)
100,000-124,000 2 (2.4) 10 (8.3) 6 (4.3) 12 (6.1)
80,000-99,000 2 (2.4) 4(3.3) 8(5.7) 7 (3.6)
60,000-79,000 0 3 (2.5) 5 (3.6) 2 (1.0)
<60,000 3 (3.5) 5 (4.2) 6 (4.3) 6 (3.0)

* The lowest platelet count for each woman during each trimester and at the time of delivery was determined from a search of all platelet counts
that were measured throughout the index pregnancy up to the time of delivery (Fig. S2 in the Supplementary Appendix). Percentages may not
sum to 100 because of rounding.

i A total of 4568 women had uncomplicated pregnancies and were included in our analyses. At the time of delivery, 450 women (9.9%) with
uncomplicated pregnancies had platelet counts of less than 150,000 per cubic millimeter. A total
of 12 women had a platelet count of less than 80,000 per cubic millimeter. The medical records of these 12 women, including all platelet
counts before and after the index pregnancy, were reviewed in their entirety to search for a cause of the thrombocytopenia. In 5 women
(0.1%), who had platelet counts between 62,000 and 78,000 per cubic millimeter (median, 65,000), no cause was apparent; therefore, the
low platelet count was attributed to gestational thrombocytopenia. One of these 5 women had a platelet count of 62,000 per cubic millime-
ter in her third trimester and 68,000 per cubic millimeter at the time of delivery. Among the other 7 women who had platelet counts be-
tween 31,000 and 75,000 per cubic millimeter (median, 64,000) during pregnancy or at the time of delivery, causes other than gestational
thrombocytopenia were identified. One of these 7 women had platelet counts of 72,000 per cubic millimeter and 74,000 per cubic millimeter in
her third trimester and 64,000 per cubic millimeter and 72,000 per cubic millimeter at the time of delivery.

1 A total of 2586 women had pregnancy-related complications and were included in our analyses. At the time of delivery, 11.9% (307 women)
with pregnancy-related complications had platelet counts of less than 150,000 per cubic millimeter, a percentage that was significantly greater
than that among the women with uncomplicated pregnancies (P=0.01). However, the percentages of women with pregnancy-related com-

plications who had platelet counts below 150,000 per cubic millimeter in the first, second, and third trimesters did not differ significantly
from the percentages among women with uncomplicated pregnancies (P=0.67 for the first trimester comparison, P=0.69 for the second tri-
mester comparison, and P=0.29 for the third trimester comparison). A total of 31 women (1.2%) had platelet counts below 80,000 per cubic
millimeter during pregnancy, at the time of delivery, or both.

§ A total of 197 women had preexisting disorders associated with thrombocytopenia and were included in our analyses. The mean platelet
counts in the women with preexisting disorders associated with thrombocytopenia were lower than those in the women with uncomplicated
pregnancies at all trimesters and at the time of delivery: P=0.03 for the first trimester comparison, P=0.003 for the second trimester compar-
ison, P=0.004 for the third trimester comparison, and P=0.01 for the comparison at the time of delivery. A total of 17 women (8.6%) had
platelet counts below 80,000 per cubic millimeter during pregnancy, at the time of delivery, or both.
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livery in their initial pregnancy. Of these 57
women, 36 (63.2%) had a platelet count below
150,000 per cubic millimeter at the time of de-
livery in their subsequent pregnancy. Of the 472
women who did not have a platelet count below
150,000 per cubic millimeter in their initial preg-
nancy, only 21 (4.4%) had a platelet count below
150,000 per cubic millimeter at the time of de-
livery in their subsequent pregnancy. Therefore,
the risk of a platelet count below 150,000 per
cubic millimeter was 14.2 (95% CI, 8.9 to 22.6)
times as high among women who had had a
count below 150,000 per cubic millimeter in a pre-
vious pregnancy as among women who had not.

WOMEN WITH PREGNANCY-RELATED
COMPLICATIONS

Among all 15,385 women who had singleton
pregnancies, 4760 women had pregnancy-related
complications. Of these women, 2586 (54.3%)
had sufficient data for our analyses (Fig. 1, and
Table S4A in the Supplementary Appendix). In
764 women (29.5%), multiple complications (two
to four) occurred. The platelet counts in the
women who had pregnancy-related complications
decreased significantly throughout pregnancy
(P<0.001). The interaction between the mean
platelet count in the women with uncomplicated
pregnancies and the mean platelet count in the
women with pregnancy-related complications
was significant (P=0.002), which indicated that
the rates of decrease in platelet counts differed.
The rate of decrease in platelet counts was simi-
lar in the two groups until the third trimester,
when the decrease occurred at a greater rate in
the women with pregnancy-related complications
than in the women with uncomplicated pregnan-
cies (Fig. 2B). When we evaluated all 10,296
platelet count values measured during pregnancy
and at the time of delivery in women with
pregnancy-related complications (Fig. S2B in the
Supplementary Appendix), we found that platelet
counts of less than 150,000 per cubic millimeter
occurred in 307 women (11.9%) women at the
time of delivery, a percentage that was signifi-
cantly greater than that in the women who had
uncomplicated pregnancies (P=0.01) (Table 2).
A total of 59 women (2.3%) had platelet counts
below 100,000 per cubic millimeter and 31 women

N ENGLJ MED 379;1

had platelet counts below 80,000 per cubic milli-
meter during pregnancy, at the time of delivery,
or both, which represented a higher incidence
of low platelet counts than the incidence among
women who had uncomplicated pregnancies
(P<0.001). A total of 7 of the 25 women (28.0%)
who had HELLP syndrome had a platelet count
of less than 80,000 per cubic millimeter (median,
61,000; range, 32,000 to 78,000). Among the
women who had one of the other five pregnancy-
related complications, 0 to 3.6% had platelet
counts of less than 80,000 per cubic millimeter
(Table S4A in the Supplementary Appendix).

WOMEN WITH PREEXISTING DISORDERS
ASSOCIATED WITH THROMBOCYTOPENIA

Among all 15,385 women who had singleton
pregnancies, 338 women had preexisting disorders
that were associated with thrombocytopenia. Of
these women, 197 (58.3%) had sufficient data
for our analyses (Fig. 1, and Table S4B in the
Supplementary Appendix). The mean platelet
counts in these women decreased significantly
throughout pregnancy (P<0.001) and were lower
in all three trimesters and at the time of delivery
than the mean platelet counts in the women
who had uncomplicated pregnancies (P<0.04 for
all comparisons). The interaction between the
mean platelet counts in the women with preexist-
ing disorders and the mean platelet counts in the
women with uncomplicated pregnancies was not
significant (P=0.07), which indicated that the rates
of decrease in platelet counts did not differ sig-
nificantly (Fig. 2B). When we analyzed all 970
platelet count values measured during pregnancy,
at the time of delivery, or both (Fig. S2C in the
Supplementary Appendix), we found that platelet
counts of less than 150,000 per cubic millimeter
occurred in 39 women (19.8%) at the time of
delivery (Table 2); 17 women (8.6%) had platelet
counts of less than 80,000 per cubic millimeter
(median, 48,000; range, 4000 to 77,000). Platelet
counts below 80,000 per cubic millimeter oc-
curred in 13 of the 24 women (54.2%) who had
immune thrombocytopenic purpura. Among
women who had one of the other three disor-
ders, 1.4 to 6.0% had platelet counts below
80,000 per cubic millimeter (Table S4B in the
Supplementary Appendix).
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DISCUSSION

Although gestational thrombocytopenia has been
recognized for more than 25 years,' the course
of platelet counts throughout pregnancy and the
potential severity of gestational thrombocytope-
nia have not been defined.*” Our data showed
that among the women who had uncomplicated
pregnancies, the decline in platelet counts began
in the first trimester and continued throughout
pregnancy, with the nadir occurring at the time
of delivery, when 9.9% of the women had platelet
counts of less than 150,000 per cubic millimeter.
At a mean of 7.1 weeks after delivery, platelet
counts in the women who had uncomplicated
pregnancies recovered to the level of platelet
counts in the nonpregnant women. Assuming
that platelet counts measured in the women dur-
ing the postpartum period were similar to their
platelet counts before pregnancy, mean platelet
counts decreased by an estimated 17% during
pregnancy.

The symmetric distribution of mean platelet
counts seen in the nonpregnant women and also
in the women with uncomplicated pregnancies
in their first trimester and at the time of delivery
suggests that the platelet counts of all women
with uncomplicated pregnancies decrease at the
same rate. The differences in the mean platelet
count in the subgroups of women with uncom-
plicated pregnancies, which were defined accord-
ing to race or ethnic group and age,™* were pre-
served throughout pregnancy, which also suggests
that the platelet counts of all the women de-
creased at the same rate. Platelet counts in
healthy women and men are genetically deter-
mined and exhibit little variation over time."
Therefore, women whose platelet counts are at
the low end of the normal range when they are
not pregnant are more likely to have platelet
counts that are below the normal range during
pregnancy. This finding is consistent with the
finding in our study that the risk of recurrent
gestational thrombocytopenia was 14.2 times as
high among women who had had previous ges-
tational thrombocytopenia as among women who
had not had previous gestational thrombocyto-
penia.

Multiple physiological changes during preg-
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nancy may contribute to lower platelet counts.
Dilution of platelets by the increased plasma
volume that occurs during pregnancy' is an ap-
parent mechanism. In healthy, nonpregnant adult
women, one third of all circulating platelets are
transiently pooled within the low flow-rate cir-
culation of the splenic sinusoids; an increased
spleen size results in more pooling of the plate-
lets and a lower platelet count.” Therefore, the
50% increase in spleen size that occurs during
pregnancy’® would also contribute to a lower
platelet count. Because the placental circulation
is similar to splenic circulation,” platelets may
also accumulate within the intervillous space of
the placenta. The lower platelet counts observed
in the women with twin pregnancies than in the
women with singleton pregnancies could have
been related to the larger placental size or the
presence of two placentas, each of which is char-
acteristic of twin pregnancies.?

Throughout pregnancy and at the time of
delivery, platelet counts of less than 100,000 per
cubic millimeter occurred in only 45 of the
women (1.0%) who had uncomplicated pregnan-
cies. Platelet counts of less than 80,000 per cubic
millimeter for which an alternative cause was
not identified occurred in only 5 women (0.1%),
none of whom had a platelet count below 62,000
per cubic millimeter. An additional 7 women who
had platelet counts of less than 80,000 per cubic
millimeter had other causes for their thrombo-
cytopenia. Platelet counts as low as 43,000 per
cubic millimeter*** were reported previously in
patients with gestational thrombocytopenia, but
no information describing a search for an alter-
native cause was provided.”! Our data suggest
that, for women with an uncomplicated preg-
nancy who have a platelet count of less than
100,000 per cubic millimeter, a cause of throm-
bocytopenia other than the pregnancy itself
should be considered.

The mean platelet count decreased at a simi-
lar rate among women with pregnancy-related
complications and those with uncomplicated preg-
nancies until the third trimester, when mean
platelet counts decreased at a greater rate among
women with pregnancy-related complications.
At the time of delivery, 11.9% of the women with
pregnancy-related complications had platelet
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counts of less than 150,000 per cubic millimeter,
a percentage that was significantly greater than
that in the women with uncomplicated pregnan-
cies. A total of 59 women with pregnancy-related
complications (2.3%) had platelet counts of less
than 100,000 per cubic millimeter during preg-
nancy or at the time of delivery. The small dif-
ference between the percentage of women with
complicated pregnancies who had a platelet count
of less than 150,000 per cubic millimeter and
the percentage of women with uncomplicated
pregnancies who had a platelet count of less
than 150,000 per cubic millimeter may be re-
lated to our criteria for pregnancy-related com-
plications. We included women who had minor
complications (e.g., hypertension or diabetes)
who would not have been expected to have
thrombocytopenia, because our primary aim in
the designation of women with uncomplicated
pregnancies was to avoid the inclusion of women
who had any complications. We excluded women
who did not have platelet count measurements

during pregnancy and women who reported illicit-
drug use; these women may have had minimal
or no prenatal care and may have been at greater
risk for complications. However, the frequencies
of the pregnancy-related complications among
these women were similar to U.S. population
estimates.?*? Therefore, our data may accurately
reflect the platelet counts in women with these
pregnancy-related complications.

Platelet counts in all women decrease through-
out pregnancy, beginning in the first trimester.
Severe thrombocytopenia is rare, even in women
with pregnancy-related complications. In women
with platelet counts below 100,000 per cubic
millimeter who do not have preeclampsia or a
preexisting disorder associated with thrombo-
cytopenia, a cause other than pregnancy or its
complications should be considered.
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