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Fetal and Maternal Erythropoietin
Levels in Normal Pregnancy

Abstract

In a cross-sectional study of 120 pregnancies undergoing cor-
docentesis for prenatal diagnosis (n = 90) or elective caesarcan
section (n = 30), the umbilical cord and maternal venous
plasma erythropoietin (Epo) concentrations were measured.
Fetal Epo levels increased from a mean of 4 mU/ml at 16
weeks to 13 mU/ml at 40 weeks’ gestation. There were no sig-
nificant associations between fetal plasma Epo concentration
and fetal blood gases, haemoglobin concentration, oxygen
content or erythroblast count. The maternal plasma Epo con-
centration (mean = 14 mU/ml, range 1-77 mU/ml) did not
change with gestation but was significantly higher than levels
in non-pregnant females (mean = 6.6 mU/ml, range 1-25
mU/ml).

ponentially after 16 weeks and becomes the
predominant site of erythropoiesis at 22-24

In normal fetuses, the erythrocyte count
increases linearly with gestation whilst the
erythroblast count decreases exponentially to
reach a plateau at 24-26 weeks [1]. It has been
previously suggested that the erythroblast
count may be considered an indirect measure
of extramedullary haemopoiesis whereas
erythrocytes are the product of both medul-
lary and extramedullary haemopoiesis. The
rate of medullary haemopoiesis increases ex-

weeks’ gestation [2]. It is uncertain whether
the switch from hepatic to medullary erythro-
poiesis and haemopoietic maturation are in-
fluenced by environmental factors, such as
tissue oxygenation and subsequent alteration
in erythropoietin (Epo) levels, or whether it is
controlled by a genetically determined ‘devel-
opmental clock’.

In normal pregnancy, the fetal umbilical
venous and umbilical arterial pO> and pH
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decrease with gestation [3]. However, the oxy-
gen content of fetal blood does not change
because the haemoglobin concentration is in-
creascd [4]. It is uncertain whether the in-
crease in hacmoglobin concentration is a re-
sult of genetically determined maturation of
haemopoiesis or if it represents an adaptive
response to the decrease in pO- with gesta-
tion.

This study examines alterations in fetal
plasma Epo concentration with gestation and
its association with fetal blood gases, haemo-
globin concentration and erythroblast count.
Associated changes in matcrnal Epo concen-
tration were also studicd.

Patients and Methods

Plasma Epo concentration was mcasurcd in fctal
blood samples obtained by cordoccntesis from 90
pregnancics undergoing prenatal diagnosis at 16-38
weeks® gestation. The indication for fetal blood sam-
pling included: (i) fetal karyotyping for women of
advancced age that booked late, where amniocyte cul-
ture had failed or for low maternal scrum alpha feto-
protein (n = 20): (ii) fctal blood grouping in red cell-
isoimmunized pregnancies and where the fetus was
subsequently found to be Coombs’-ncgative (n = 11):
(1) karyotyping for minor fetal malformations such as
choroid plexus cysts or hydronephrosis (n = 53), and
(iv) investigation of maternal primary rubclla infection
or toxoplasmosis where the fetus was subscquently
found not to be infected (n = 6). In all cases. the fctal
abdominal circumfcrence, blood gas values. hacmoglo-
bin concentration and crythroblast counts were within
the appropriate reference range for gestation and the
fetal karyotypc was normal.

Additionally, cord blood samples were collected
from normal pregnancics at elective cacsarcan scction
(n = 30). which was pcrformed cither because of pre-
vious caesarean section and suspccted ccphalopelvic
disproportion of for breech presentation. In all cascs
the infants were normal and their birth weight was
above the Sth centile for gestational age.

The study was cross-scctional and in cach casc ges-
tation was determined from thc maternal menstrual
history and confirmed by an ultrasound scan in carly
pregnancy. Cordocentesis was performed without ma-
ternal scdation or fetal paralysis and in all cascs umbil-

ical venous blood was obtained. Kleihauer-Betke test-
ing confirmed that all cord samples contained only
fetal blood.

Matched samplcs of matcrnal blood were collected
from the antecubital fossa before fetal blood sampling.
Additionally. plasma Epo was measurcd in 33 malc
and 87 non-pregnant female adult paticnts who had
normal blood count indices.

Fetal blood samples (180 pl) were collected into 20
ul of isotonic edetic acid solution (0.5 mmol/l in 0.15
mmol/l sodium chloridc) and the full blood count
determined using a Coulter S-Plus counter (Coulter
Electronics, Luton, England). Blood films were stained
by the May-Griinwald-Giemsa method for the differ-
cntial cell count. Blood samples (250 pul) were collected
into heparinized syringes for measurement of oxygen
tension (Radiometer ABL, Copenhagen. Denmark)
and calculation of oxygen content from the pO-. pH
and hacmoglobin concentration. Blood samples (0.5
ml) were also collected in hcparinized syringes and
both adult and fetal plasma Epo concentrations were
mcasurcd.

Samples for Epo estimation were stored at -20°C
until thawed for assay. An Epo enzymc immunoassay
kit (Clinigen TM, Amgen Diagnostics. USA) was used
for quantitative determination of Epo levels. The ref-
ercnce curve was standardized against World Health
Organization. sccond International Reference Prepa-
ration of human urinary Epo. The limit of scnsitivity
of the assay was dctermined to be 2 mU/ml (limit at
threc standard deviations from the zero Epo stan-
dard).

Statistical Analysis

Regression analysis was used to determine the sig-
nificance of any association between plasma Epo con-
centration and gestational age. The data or residuals
from linear regression was tested for normality. The
distribution of fctal plasma Epo concentration with
gestation was skewed. thus it was made Gaussian by
logarithmic transformation. Regression data were used
to calculate the adjusted mcans and residual standard
deviations. To dctermine the reference range with ges-
tation in the original units (mcan and individual 90%
confidence intervals). the limits of the calculated refer-
cnce range in logarithms were subjected to antiloga-
rithmic transformation. The distribution of adult
plasma Epo concentration was also skewed and a loga-
rithmic transformation was performed to allow deriva-
tion of the reference rangcs.

Regression analysis was usced to determine the sig-
nificance of any associations betwceen fetal plasma Epo
concentration and hacmoglobin concentration. cry-
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Fig. 1. Individual fetal (] =
cordocentesis. [X] = ccasarean scc-
tion) plasma Epo concentrations 20
plotted as a function of length of
gestation. Individual maternal (+)
Epo concentrations plotted on the
right. The vertical bar represcents
the range of values for the non-

pregnant population. The sloping
lines are the mcan. S5th and 95th 16
percentile values for fctal plasma
Epo concentration.
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throblast count. fctal blood pO.. pH and oxygen con-
tent. The relationship of maternal serum Epo levels to
gestational age and its association with fetal plasma
Epo concentration was also cxamined. Multiple regres-
sion analysis was used to dctcrmine the extent to which
these variables contributed to alterations in fetal
plasma Epo conccntration in addition to the cffect of
gestation and to see whether knowledge of the mode of
fetal sampling significantly changed the relationship
betwecen fetal plasma Epo concentration and gesta-
tional age. Non-parametric tests were used to measure
the significance of any difference in the Epo concentra-
tions between the mixed adult, non-pregnant female
and matcrnal populations.

Results

The plasma Epo concentration (geometric
mean = 6 mU/ml, range = 1-25 mU/ml) fo the
mixed adult population had a log-normal dis-
tribution as described by previous studies [5.
6]. The plasma Epo concentration in non-
pregnant women (geometric mean = 6.6

mU/ml. range = 1-25 mU/ml) was not signifi-
cantly different from the mixed population
(z=0.30,p=0.7662).

The mean maternal venous plasma Epo
concentration (geometric mean = 14 mU/ml,
range = 1-66 mU/ml) did not change signifi-
cantly with gestation (r = 0.074) neither was it
significantly associated with the fetal plasma
Epo concentration (r = -0.070). However, it
was significantly higher than the mean Epo
concentration in nonpregnant women (z =
5.58, p < 0.0001).

The fetal pH. pO; and haemoglobin con-
centration in all cases were within two stan-
dard deviations of our reference range for
normal pregnancies [1, 3, 4]. The fetal plasma
Epo concentration increased significantly
with gestation from a mean of 4 mU/ml at 16
weeks to 13 mU/ml at 40 weeks [fig. 1; log;q
(erythropoietin + 5) = 0.691 + 0.014 X gesta-
tion, residual SD = 0.186, r = 0.459, n = 120,
p < 0.0001]. Multiple rcgression analysis
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demonstrated that mode of fetal blood sam-
pling (cordoncentesis or elective caesarean
section) did not contribute significantly in
explaining the variance in fetal plasma Epo
concentration after correcting for gestational
age (F to remove = 0.02). Thercfore, the data
from elective caesarean sections wcre in-
cluded in the reference range.

There were significant associations be-
tween fetal plasma Epo concentration and
fetal blood pO- (r=-0.245,p < 0.05), pH (r =
-0.293, p < 0.01) and hacmoglobin concen-
tration (r=0.322, p < 0.001). However, mul-
tiple regression analysis demonstrated that
none of thesc variables had an additional sig-
nificant contribution in explaining the vari-
ance in Epo levels after correction for gesta-
tion (pO- F to remove = 2.56; pH F to remove
= 1.68; hacmoglobin F to remove = 1.28).

Discussion

The mean maternal plasma Epo concentra-
tion (14 mU/ml) is significantly higher than in
non-pregnant women. This was also reported
in previous studies that uscd either bioassay
or radioimmunoassay methods to measure
Epo. In our study, maternal Epo concentra-
tion did not change significantly with gesta-
tional age. In contrast, Coates and Canning
[7] and Widness et al. [8] in longitudinal stud-
ies of 11 and 6 women. respectively, showed
that there was a two- to threefold increase in
Epo concentration from 8 to 40 weeks’ gesta-
tion. Similarly, Beguin et al. [9], in a cross-
sectional study of 142 pregnancies, showed an
elevation in Epo concentration from 18
mU/ml in the first trimester to 35 mU/ml in
the third trimester. Although. Coates and
Canning [7] showed a significant association
between maternal Epo and human placental
lactogen concentration. Widness et al. [8]
demonstrated that this association was due to

coincidental changes in these variables with
gestation. Goltner [10] postulated that the cle-
vation of Epo levels may be secondary to
hypoxaemia induced by the physiological
anaemia of pregnancy. However, none of the
above studies demonstrated a significant as-
sociation between Epo and hacmoglobin con-
centration.

The absence of a significant association
between fetal and maternal levels suggests
that Epo does not cross the placenta. Al-
though in animal studies. maternal hypoxia is
associated with an increase in both maternal
and fctal Epo concentrations, the latter has
been demonstrated to be a consequence of the
accompanying fetal hypoxia as only the rise in
maternal Epo is abolished by bilateral ne-
phrectomy of the mother [11]. Furthermorec,
Epo administration to thc mother stimulates
only maternal haemopoiesis, and in animal
studies where the fetus was rendered cither
hypoxic or anaemic, the increase in fetal Epo
concentration was not accompanied by altera-
tions in maternal Epo [12, 13].

This study has demonstrated that in nor-
mal pregnancy, fetal Epo is detectable as early
as 16 weeks’ gestation and that fetal plasma
Epo concentration incrcascs with gestation.
Although Thomas et al. [14]. using samplcs
obtained antenatally by fetoscopy (n = 3) and
after premature delivery (n = 40), also found
an increase in Epo concentration with gesta-
tion, their levels werc much higher than in the
present study. However, the hypoxia endured
by the fetus in ‘normal’ labour may be suffi-
cient to stimulate Epo production [15]. Fur-
thermore, the condition causing premature
delivery itself could influence fetal Epo con-
centration, since it is unlikely that pregnan-
cies ending before 37 weeks of gestation can
truly bc described as normal. These factors
may account for the disparity in results and
question the validity of their quoted ‘normal
range’.
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The lack of a significant association be-
tween fetal plasma Epo concentration and
erythroblast count suggests that the switch
from hepatic to medullary haemopoiesis is
not influenced by Epo. Furthermore, the lack
of a significant contribution by markers of
fetal oxygenation in explaining the increase in
Epo concentration with gestation suggests
that in normal fetal development, Epo pro-
duction is not secondary to physiological
changes in tissue oxygenation. Similarly, the

lack of a significant association between fetal
plasma Epo and haemoglobin concentration
suggests that both the increase in haemoglo-
bin and Epo concentration with gestation in-
volve independent mechanisms.
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