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Fetal polycythemia and thrombocytopenia in pregnancies

complicated by maternal diabetes mellitus

Douglas R. Salvesen, MD, Michael J. Brudenell, MD, and Kypros H. Nicolaides, MD

London, England

In 40 pregnancies complicated by maternal diabetes mellitus umbilical venous blood was obtained by

cordocentesis within 24 hours of elective delivery at 36 to 40 weeks’ gestation. The mean fetal hematocrit
was significantly higher and the mean platelet count significantly lower than the corresponding values of
our reference ranges. Furthermore, blood gas analysis demonstrated these fetuses to be normoxemic but

acidemic. The degree of fetal acidemia was significantly associated with both maternal and fetal blood
glucose concentrations. The fetal hematologic indices were significantly related to the maternal
glycosylated hemoglobin percentage but not to the degree of fetal acidemia or to the maternal or fetal
blood glucose concentration at the time of cordocentesis. Fetal acidemia, polycythemia, and
thrombocytopenia may contribute to the increased incidence of late unexplained intrauterine deaths in
pregnancies complicated by maternal diabetes mellitus. (Am J OBSTET GYNECOL 1992;166:1287-92.)
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There is a well-recognized association between ma-
ternal diabetes mellitus and late unexplained fetal
death.! Although the cause remains uncertain, there is
indirect evidence implicating fetal hypoxia. Thus in
diabetic pregnancies the incidence of abnormal fetal
heart rate patterns in labor and low Apgar scores at
delivery is increased.”®> Furthermore, analysis of cord
blood at delivery has demonstrated decreased Po, and
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Fig. 1. Hematocrit and platelet count plotted on appropriate reference range (mean with 95th and

5th percentiles) with gestation.

pH and increased erythropoietin concentration in as-
sociation with neonatal polycythemia.*® More recently
Bradley et al.” measured fetal blood gases at cordocen-
tesis in pregnancies complicated by maternal diabetes
mellitus and reported that the mean pH was signifi-
cantly lower than in nondiabetic controls.

The aim of the current study was to investigate the
relationship between possible hematologic changes in
fetuses of diabetic mothers and maternal diabetic con-
trol and fetal blood gases. Fetal blood samples were
obtained by cordocentesis rather than at delivery be-
cause the process of birth itself may influence the mea-
sured parameters.

Patients and methods

Umbilical venous blood was obtained by cordocen-
tesis up to 24 hours before delivery at 36 to 40 weeks’
gestation in 40 women with established (n = 32) or ges-
tational (n = 8) diabetes. A maternal venous blood sam-
ple was also taken from the antecubital fossa before
cordocentesis. In each case gestational age was estab-
lished from the menstrual history (n = 32) or by an
early ultrasonographic scan in those with uncertain
dates (n = 8). The patients were recruited from our
diabetic antenatal clinic. Before giving their written
consent, the patients were counseled that the procedure
was experimental and that the results would not give
any direct benefit to their current pregnancy. The study
was approved by our hospital ethics committee.

All patients were insulin treated, and according to
the White classification 23 belonged to group B, 15 to
group C, and two to group D.* None of the patients
had chronic hypertension or preeclampsia. The preg-
nancies were managed expectantly; according to our
current policy and in consultation with individual pa-
tients, elective delivery was undertaken at 36 to 40
weeks’ gestation, depending on fetal growth and well-
being and previous obstetric and medical history. In 24
cases the mode of delivery was by elective cesarean
section for previous cesarean section (n = 12), sus-
pected macrosomia (n = 5), breech presentation
(n = 4), congenital abnormality of the maternal pelvis
(n = 1), poor obstetric history (n = 1), and maternal
ischemic heart disease (» = 1). Induction of labor was
undertaken in 16 patients; 11 had vaginal deliveries
and five had emergency cesarean section because of
suspected cephalopelvic disproportion (n = 1) or ab-
normal intrapartum fetal heart rate patterns (n = 4).

Cordocentesis was performed without fetal paralysis
or maternal fasting or sedation, and all procedures
were uncomplicated.® Fetal blood was collected into a
heparinized syringe (350 pl) for blood gas analysis (Ra-
diometer ABL330, Copenhagen) and for measurement
of whole blood glucose (YSI 23A, Yellow Springs In-
struments Co., Yellow Springs, Ohio). Fetal blood was
also collected in tubes containing ethylenediametetra-
acetic acid (500 pl) for measurement of hematocrit and
platelet and total white blood cell counts (Coulter
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Fig. 2. Umbilical venous blood Po, and pH plotted on appropriate reference range (mean with 95th

and 5th percentiles) with gestation.

S-Plus, Coulter Electronics, Luton, United Kingdom).
Kleihauer testing confirmed that all samples contained
only fetal blood. Blood films were stained with Jenner’s
giemsa on an automatic processing machine, and the
corrected white blood cell count and number of eryth-
roblasts per 100 white blood cells were determined. At
the time of cordocentesis a maternal blood sample was
taken from the antecubital fossa for the measurement
ot whole blood glucose concentration as described and
the glycosylated hemoglobin percentage by electroim-
munodiffusion (Corning scanner. Corning, Halstead,
United Kingdom).

Umbilical venous blood was also collected at delivery
from 26 of the patients; there were 14 elective cesarean
sections with patients under epidural (n = 7) or general
(n = 7) anesthesia, five emergency cesarcan sections,
and seven vaginal deliveries. The cord was double
clamped immediately after delivery, and an umbilical
venous blood sample was taken in heparinized syringes
for measurement of pH.

Unpaired Student 7 tests were applied to investigate
if the measured parameters differed from the refer-
ence ranges for normal pregnancies. For birth weight
and maternal glycosylated hemoglobin percentage.
published ranges were used.* " For the others our
reference ranges with gestation were used: hemato-
crit 2.425 + 0.396 x weeks, SD 0.0211, n = 311;
platelet count 129.5 + 3.62 x weeks, SD 46.74. n =
311: corrected white blood cell count 0.152 + 0.104 X
weeks — 0.004 x weeks® + 0.0005 x weeks', SD
0.0283, n = 311; umbilical venous blood pH 7.47 —

0.0023 x weeks, SD 0.0306, n = 268; and umbilical
venous blood Po, 62.305 ~ 0.811 X weeks, SD 7.512,
n = 268. The patient selection and methods used to
establish these ranges were as previously detailed.'""
By comparison with the normal ranges, all hematologic
parameters, blood gas values and birth weights for the
diabetic pregnancies were expressed as the number of
standard deviations by which individual values differed
from the normal mean for gestation (A-value). Regres-
sion analysis was then used to define any significant
associations between hematologic A-values and blood
gas A-values, birth weight A-values, maternal glycosy-
lated hemoglobin percentage, and fetal and maternal
blood glucose concentrations. Regression analysis was
also used to define the significance of associations in
blood gas data at cordocentesis and delivery.

Results

In the 40 diabetic pregnancies the mean fetal he-
matocrit was significantly higher than the normal mean
for gestation (Fig. 1; mean difference 1.014 SD, SE
0.236.t = 4.29, p < 0.0001). In contrast, mean platelet
count was significantly lower (Fig. 1; mean difference
-0.802 SD, SE 0.168, t = —4.77, p <0.0001). The
mean white blood cell count was not significantly dif-
ferent (mean difference —0.273 SD, SE -0.271,
t= —1.01).

The fetal blood pH was significantly lower (Fig. 2;
mean difference —1.087 SD, SE 0.192, t = —-5.67,
p < 0.0001). whereas the Po, was not significantly dif-
ferent from the appropriate normal mean for gestation
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Fig. 3. Relationship between A-value of fetal hematocrit and maternal glycosylated hemoglobin
percentage (mHbA,;) and between A-value of fetal hematocrit and A-value of umbilical venous pH

(Delta UV pH).

Table 1. Association between fetal hematocrit,
platelet count, blood gas values (pH and Po,),
fetal umbilical venous glucose concentration,
fetal birth weight, and maternal glycosylated
hemoglobin percentage

A-Value of A-Value of
hematocrit platelet count
() ()
A-Value of platelet —0.358*
count
A-Value of pH —0.133 -0.132
A-Value of Po, —-0.032 -0.285
A-Value of birth 0.171 0.015
weight
Umbilical venous glu- 0.091 —-0.002
cose concentration
Maternal glycosylated 0.537% —0.348*

hemoglobin

All values except maternal glycosylated hemoglobin and
umbilical venous glucose concentration were expressed as dif-
ference from normal mean for gestation in standard devia-
tions (A-values).

*p < 0.05.
< 0.001.

(Fig. 2; mean difference —0.201 SD, SE 0.128,
t = —1.57). The maternal glycosylated hemoglobin
percentage and birth weight were significantly higher
than the appropriate normal means for gestation (mean
difference 1.882 SD, SE 0.309, ¢ = 6.10, p < 0.0001
and mean difference 1.007 SD, SE 0.206, ¢ = 4.89,
p < 0.0001, respectively).

The associations between A-values for fetal hema-
tologic findings and those for fetal blood gases, fetal
blood glucose concentration, fetal size, and maternal
glycosylated hemoglobin are shown in Table I. There
were significant associations between A-values for fetal
hematocrit and platelet count. In addition, A-values for
both fetal hematocrit (Fig. 3) and platelet count (Fig.
4) were significantly associated with maternal glycosy-
lated hemoglobin but not with fetal blood gas values,
fetal glucose concentration, or A-value for fetal weight.
There was a significant association between both the
maternal and the fetal blood glucose concentration and
A-value for fetal pH (r = —0.449, p<0.01 and
r = —-0.397, p = 0<0.05, respectively).

In the 26 patients in whom umbilical venous blood
pH was measured both at cordocentesis and at delivery
there was no significant association between the pre-
delivery and postdelivery data (r = 0.15). In all but one
case the pH after delivery was lower than the pH at
cordocentesis, and the greatest decrease was in those
patients with vaginal deliveries (Fig. 5).

Allinfants were healthy at birth and normal anatomy
was confirmed. There was no clinical evidence of any
thromboses in the neonatal period.

Comment

This study has demonstrated that in pregnancies
complicated by maternal diabetes mellitus some fetuses
are acidemic, polycythemic, thrombocytopenic, and
macrosomic. Furthermore, there are significant asso-
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Fig. 4. Relationship between A-value of fetal platelet count and maternal glycosylated hemoglobin
percentage (mHbA;), and between A-value of fetal platelet count and A-value of umbilical venous

pH (Delta UV pH).
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Fig. 5. Change in umbilical venous blood pH (C pH) between cordocentesis and delivery in 26
patients (left), according to mode of delivery; elective cesarean section with patients under general
anesthetic (ELCS GA), elective cesarean section with patients under epidural anesthetic (ELCS EP),
vaginal delivery (VAG), and emergency cesarean section (EMCS). Relationship between umbilical
venous blood pH (UV pH) at cordocentesis and delivery (right).

ciations between the degree of polycythemia and
thrombocytopenia and maternal glycemic control, as
reflected in increased maternal glycosylated hemoglo-
bin percentage. The lack of a significant association in
the umbilical venous blood pH between results at cor-

docentesis and those at delivery demonstrates that fetal
biochemistry may be altered by the process of birth.
The finding of acidemia in a substantial proportion
of the fetuses provides support for the concept that
altered acid-base status may contribute to the increased
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incidence of late unexplained stillbirths in pregnancies
complicated by maternal diabetes. The significant as-
sociation between both maternal and fetal glucose con-
centrations and the degree of fetal acidemia suggests
that the latter may be the consequence of increased
metabolic rate, which is a result of fetal hyperglycemia.
The data provide an extension to the previous obser-
vations of Bradley et al.,” who reported that fetal aci-
demia was not associated with hypoxemia. Chronic hy-
perglycemia in pregnant sheep results in increased fetal
glycolysis, accumulation of lactate, and fall in pH.****
Fetal anaerobic glycolysis may occur in the presence of
hyperglycemia, because animal studies have shown
there is reduced capacity for oxidative metabolism and
gluconeogenesis and low pyruvate dehydrogenase ac-
tivity in intrauterine life.’ Furthermore, minor eleva-
tions in fetal blood glucose are associated with acidemia
in the absence of hypoxemia.'®

In the neonatal period polycythemia is most
cbmmonly defined as a hematocrit >65%, and the re-
ported incidence in infants of diabetic mothers is
16% to 34%.%'" This wide range may be partly a con-
sequence of the different methods used in these studies,
including gestational age, mode of delivery, time of
cord clamping, and the site and time of sampling. In
our study polycythemia is defined as a hematocrit
>95th percentile for gestational age, and the incidence
was 40%. The significant association of fetal hematocrit
with maternal glycosylated hemoglobin percentage, but
not with fetal or maternal glucose concentration at cor-
docentesis, implies that long-term rather than short-
term glycemic control is important in the development
of polycythemia. Pedersen’s theory'® suggests that ma-
ternal hyperglycemia causes fetal hyperglycemia and
hyperinsulinemia. Insulin may stimulate erythropoiesis
cither through a direct effect on the marrow" or in-
directly through increased metabolic rate, tissue hyp-
oxia, and consequent erythropoietin release.

Fetal thrombocytopenia, like polycythemia, was as-
sociated with maternal glycosylated hemoglobin per-
centage but not with maternal or fetal blood glucose
concentration at the time of cordocentesis. The most
likely cause of the mild fetal thrombocytopenia is in-
creased platelet consumption, because previous studies
have demonstrated that in infants of diabetic mothers
there is increased platelet aggregation.*® The abnor-
malities in infants of diabetic mothers include increased
platelet endoperoxide formation and decreased vas-
cular prostacyclin production.®*

The combination of fetal polycythemia (with conse-
quent hyperviscocity) and increased platelet aggrega-
tion could offer an explanation for the increased in-
cidence of intravascular thromboses in infants of dia-
betic mothers.”** Indeed, it could lead to intrauterine
thrombotic episodes, offering an alternative to acide-
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mia as the underlying cause for late unexplained in-
trauterine deaths. In a postmortem study of 4000 neo-
natal deaths the incidence of venous thromboses in in-
fants of diabetic mothers was 15.8% compared with an
incidence of <1% in the remaining cases.” Further-
more in the infants of diabetic mothers the thrombi
showed more frequent organization and calcification,
suggesting intrauterine formation.

In pregnancies complicated by maternal diabetes the
incidence of unexplained stillbirths has been reduced
with intense multidisciplinary antenatal care; however,
it remains a well-recognized complication of diabetic
pregnancy.* Fetal acidemia and increased tendency for
intravascular thromboses, either individually or in com-
bination, could be the underlying cause.
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Actocardiotocographic monitoring of triplets during

vaginal delivery

Jim van Eyck, PhD,* and Birgit Arabin, PhD"
Zwolle, The Netherlands, and Berlin, Germany

A case is reported in which fetal monitoring during vaginal delivery of triplets was performed with the MT
430 actocardiotacograph. This method provides optimal monitoring of multiple pregnancies because the
fetal heart rate tracings of three fetuses, together with recordings of fetal movements and uterine
contractions, can be visualized on one display. (Am J OBsTET GYNECOL 1992;166:1293-4.)

Key words: Actocardiotocograph, triplets, fetal monitoring, delivery

The numbers of multiple births have increased dra-
matically in many countries as a result of the wide-
spread use of ovulation-inducing agents and assisted
reproductive technologies. For example, in the United
States the number of twins and triplets—higher-order
births increased by 33% and 101%, respectively, during
the decade between 1978 and 1988. Similar increases
have been observed in the United Kingdom and
Germany.

At present, the mode of delivery of triplets is con-
troversial. If the vaginal route is chosen, along with
other requirements it is mandatory to obtain optimal
monitoring of all three fetuses. In 1984 Maeda' de-
scribed the actocardiotocograph, which permits regis-
tration of the fetal heart rate (FHR) tracing in com-
bination with fetal movements and uterine contrac-
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tions." Recently an advanced model, the MT430 acto-
cardiotocograph (Toitu Co., Ltd., Tokyo, Japan), was
developed for use with multiple pregnancies, and first
attempts were made to define fetal behavior in twins.?

Case report

A 30-year-old woman, para 1, became pregnant with
triplets after in vitro fertilization. At 14 weeks’ gestation
elective cerclage was performed. At 26 weeks the pa-
tient was admitted for bed rest because of increasing
mechanical discomfort. Periodic ultrasonographic ex-
aminations revealed three fetuses, in vertex position,
having normal growth. External FHR tracings, and
Doppler flow measurements of the umbilical artery
were normal in all three fetuses. At 35 weeks the cer-
clage suture was removed, after which labor began.
After artificial rupture of the membranes of the first
amniotic sac, a scalp electrode was placed on the fetal
head, followed by insertion of a catheter for measure-
ment of intrauterine pressure. The second and third
fetuses were externally monitored with respect to FHR
and fetal movement. Five hours after amniorrhexis full
dilatation was present. Shortly thereafter the three in-
fants were born in vertex position during a 15-minute
period. Throughout labor and delivery, FHR tracings
of all three fetuses, together with recordings of uterine
contractions and fetal movement of the two externally
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