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ABSTRACT
An excess of maternal androgen adversely affects the implan
tation process and contributes to uterine circulatory disturbances
and myometrium vessel sclerosis. Placental insufficiency is typi
cally diagnosed at the end of the second trimester of pregnancy
or at the beginning of the third trimester, when the treatment is
not effective.
Many researchers have attempted to use early sonographic
diagnostics to identify placental failure in various pathological
states. Nevertheless, the peculiarities of the formation of the
fetal-placental complex during the first and second trimesters are
still undefined. In this study, we traced the process of placental
formation under conditions of excess maternal androgen using
ultrasound and Dopplerometry. Morphological examinations of
the сhorion and placental tissue were undertaken to сompare
any changes.
Unfavorable chorion locations, heterogeneous chorion tis
sue structures, and marginal sinus dilatations were revealed
by ultrasound. According to a Dopplerometric investigation, a
statistically significant increase in peripheral vessel resistance
in cases of hyperandrogenism was identified compared with
healthy pregnancies. The negative influence of hyperandroge
nism on placental formation was confirmed by morphologi
cal data (including the presence of immature decidual cells,
defective villi that covered the epithelium, and the dissociative
development of cotyledons).
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Introduction
Hyperandrogenism in women is a widespread clinical
condition that leads to disorders in reproductive function.
A pregnancy with hyperandrogenism is a high-risk preg
nancy.4,6,8,34 The most frequent complications of such a
pregnancy are miscarriage and placental dysfunction. Never
theless, obstetricians and gynecologists have not agreed
upon the need for treatment or the methods of treatment for
hyperandrogenism in pregnant women.23, 24 In connection
with this disagreement, studies of the influence of excess
maternal androgen on the development and function of the
maternal-placental complex are unclear.
Some studies have shown that hyperandrogenism adver
sely affects implantation and contributes to circulatory
disturbances and sclerosis of myometrium vessels.30,32,33
However, the changes in the maternal-placental complex
during the first and second trimesters have yet to be des
cribed. Morphological data describing the early stages of the
formation and function of the placenta (the first 12 weeks)
cannot be found in the literature.
The formation of the villous chorion and the placenta
occurs in a strict temporal sequence. An imbalance in this
process may lead to placental dysfunction and intrauterine
fetal growth restrictions.26,34 In a normal state, the formation
of the placenta is complete by the end of the first trimester.
At that time, the placenta is protected by the villous chorion
and the decidual membrane, which function as an endocrine
organ and participate in gas diffusion and nutritional exchange.
By the end of the second trimester, the villous tree is a system
in which villi are intermediately differentiating and terminal
villi are initially generated. The gestational reconstruction of
myometrial segments of the maternal and placental arteries
also occurs during the second trimester.1, 39
Disturbances at any stage of gestation as a result of hyperandrogenism may lead to placental dysfunction with nonspecific morphological indicators (including the development of
dissociated villi, premature placental maturation, excessive
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fibrinoid deposits, calcinosis, and increased syncytial knots).
Some studies have shown decreases in fetal and placental
weights because of excess maternal androgen.24,36,38
Materials and methods
The aims of this study were to estimate the state of the
fetal-placental complex by Dopplerometry and ultrasound
during the first and second trimesters of pregnancy and to
compare these data with morphological changes in the placenta. The study was performed in the Research Institute for
Obstetrics, Gynecology and Perinatology (Tomsk, Russia)
between 2007 and 2011. Women selected for the study had
hyperandrogenism (increased level of DHEA, androstene
dione, free testosterone, stigmata, BMI, the history of PCOS
with fulfilled sonographic criteria) that had been diagnosed
during the first trimester of pregnancy. Exclusion criteria
were: (1) somatic diseases, (2) sexual diseases and (3) rhesus
incompatibility.
For the study, 80 pregnant women at 10 to 12 weeks of
gestation (group I) were divided into two subgroups:
• IA: The main group (n = 42)—pregnant women with
hyperandrogenism.
• IB: The control group (n = 38)—healthy pregnant women
with uncomplicated pregnancies.
Group II consisted of 52 pregnant women at 20 to
22 weeks of gestation, and this group was also divided into
two subgroups:
• IIA: The main group (n = 26)—pregnant women with
hyperandrogenism.
• IIB: The control group (n = 26)—healthy pregnant
women with uncomplicated pregnancies.
Measurements of сrown-rump length, heart rate, nuchal
space (and the presence of translucency), and nasal bones
were performed by ultrasound during the first trimester. The
localization, thickness, and structure of the chorion were also
estimated.12,17,18 Fetometry, measurements of the quantity of
amniotic fluid present, and placentometry were performed by
ultrasound during the second trimester. The echostructure,
location, and thickness of the placenta as well as the state
of the intervillous space, the presence of calcification, and
the presence of additional placental lobes were described.13
The systolic/diastolic velocity ratio, resistance index,
and pulsatility index were calculated by Dopplerometry. The
maternal-placental blood flow was estimated in both uterine
arteries. To measure the fetal-placental blood flow, measure
ments were taken in both umbilical cord arteries.10,11,20,21,37
A histological examination was also performed. The
chorion and decidual membrane, obtained after the curettage
of the uterine cavities of women undergoing artificial
abortions at 10 to 12 weeks of gestation, were examined.
Placentas received after therapeutic abortions at 20 to 22
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weeks of gestation were also examined. The degree of
decidual cell maturation was estimated from histologic
specimens. The specific volumes of the basal lamina,
the chorial lamina, the intervillous space, fibrinoids, the
villous stroma, the placental vessels, the chorial epithelium,
syncytial knots, and the calcinates were calculated.
Statistical Analysis
Data are expressed as mean ± SD or as the median (inter
quartile range). Mann-Whitney nonparametric criteria were
used. The critical level of statistical significance (p) was
set to 0.05. The Fisher test and the chi-squared criterion
were used to verify the reliability of differences within the
qualitative data. The Spearman rank correlation was also
used to estimate the relationships between ultrasound and
morphological parameters.
Results
Clinical and Ultrasound Characteristics of
Women in the First Trimester of Pregnancy
The mean maternal age of test subjects was 26.19 ± 6.13
years. No significant differences were detected in the parity
rate, number of deliveries, or abortions in the compared
groups. A total of 12 (28.6%) women with hyperandrogenia
had miscarriages before 22 weeks, whereas only one woman
experienced pregnancy loss in the control group.
No statistical differences were revealed in the localization
of the chorion on the anterior or posterior wall of the uterus
between the two groups. The placenta previa was detected
only in the group with hyperandrogenism, in 8 (19%) cases
(Fig. 1). Lateral chorion location was observed in 17 (40.5%)
women in the hyperandrogenia group and in two (5.3%)
women in the control group, and marginal chorion location
was observed in 9 (21.4%) women in the hyperandrogenia

Fig. 1: Placenta previa in case of hyperandrogenism
(10-12 weeks)
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Fig. 2: Heterogeneity of the chorion in case of hyperandrogenism
(10-12 weeks)

Fig. 3: Dilation of marginal sinus in case of hyperandrogenism
(10-12 weeks)

group and in 5 (13.2%) women in the control group. Such
chorion presentations are considered to be unfavorable for
the blood supply of the developing placenta and may lead
to placental dysfunction.15,16,27,41
The heterogeneity of the chorion tissue and the alteration of
hyperechoic and hypoechoic areas with fuzzy contours were
observed in 20 (47.6%) women with hyperandrogenism—a
finding that was statistically different from the control group,
Table 1: Indices of vascular resistance in uterine arteries during
the first trimester of pregnancy in cases of hyperandrogenism
(M ± m)
Indices of artery flow
velocity waveforms

IA group
(n = 42)

Control
(n = 38)

Resistance index

0.76 ± 0.27*

0.64 ± 0.16

Pulsatility index

2.08 ± 0.59*

1.38 ± 0.35

Systolic/diastolic velocity ratio

4.24 ± 1.33*

2.66 ± 0.54

*Data are statistically significant in comparison with the control
group (p < 0.05)

with 2 (5.3%) cases (Fig. 2). The presence of hypoechoic
structures in the placental parenchyma is considered to result
from a blood supply disturbance. However, hyperechoic
structures are characterized by the rate of histogenesis, the
degree of differentiation of the villous stroma, and the level
of compensatory reaction (direct relation).1,39,26,40
The sonographic measurements of placental thickness
did not reveal any differences between the studied groups.
Dilatation of the marginal sinus by more than 7 mm was
observed in seven (16.7%) women in the hyperandrogenia
group and in one (2.7%) woman in the control group (Fig. 3).
It is believed that the dilatation of the marginal sinus may
be the result of a blood outflow disturbance and may lead
to intervillous thrombosis.16,17,20,22
A statistically significant increase in the resistance index
in women with hyperandrogenia in comparison with healthy
pregnant women was revealed by Dopplerometry (Table 1).
The mean data for blood flow (resistance index, pulsa
tility index, systolic/diastolic velocity ratio) in the uterine
arteries of pregnant women with hyperandrogenism were
significantly higher than in the control group and were also
at the upper limit of the measurement. We suspect that these
data indicate the discirculatory abnormalities in uterine
arteries resulting from maternal underperfusion in case of
hyperandrogenism. In the hyperandrogenia group, 30%
of women had the abnormal Doppler patterns of varying
degree (in the control group, only 8.3% of women had such
patterns).
The high vascular resistance in uterine arteries contri
butes to the insufficiency of maternal flow as the main factor
driving placental insufficiency.3,5,7,9 The majority of the
authors believe that an increased resistance in fetoplacental
circulation may be the result of the incomplete gestational
reconstruction of uterine-placental vessels due to the
disturbance of trophoblast invasion.35
Morphological Characteristics of the
Maternal-placental Complex during the First
Trimester of Pregnancy
The gestational remodeling of spiral arteries was identified
in both groups by morphological examination. The pre
sence of immature decidual cells was revealed only in
hyperandrogenic placentas, which may be evidence of the
insufficient growth of invasive trophoblasts during the initial
stage of placentation. The numbers of mesenchymal and
immature intermediate villi in the placental stroma were the
same in the hyperandrogenia and control groups. Immature
and intermediate villi characterize the friable stroma, which
consists of fibroblasts and Hofbauer cells, which form
a bilayered epithelial covering. However, we identified

Donald School Journal of Ultrasound in Obstetrics and Gynecology, April-June 2014;8(2):149-154

151

Malysheva Olga et al

the presence of villi with defective epithelial coverings,
where damaged portions were replaced by fibrinoids. A
more compact disposition of fibroblasts was also observed
in these cases; fetal vessels were surrounded by growing
collagen fibers.
A statistically significant decrease in the specific volumes
of syncytial knots, which characterized the trophoblast
proliferative capability and villus formation, was found in the
hyperandrogenia group. An inversely correlated dependence
between the proliferation of villi in the epithelium and the
level of androgens in the blood was revealed by statistical
analysis (r = –0.28, p = 0.031).
The specific volume of placental vessels was larger in
the hyperandrogenia group (10.5 ± 1.7%) than in the control
group (8.5 ± 2.3%), p > 0.05, which may indicate compen
satory changes.1 Moreover, the closer location of capillaries
to the basal membrane of chorial epithelium and the removal
of larger vessels to the peripheral villi were observed in the
placentas of hyperandrogenic women. Many erythroblasts
were found alongside the erythrocytes in the fetal vessels,
which indicates the retardation of blood formation from the
gestational norm.

Table 2: Indices of vascular resistance in the uterine arteries during
the second trimester of pregnancy in cases of hyperandrogenism,
M±m
Indices of artery flow
velocity waveforms

IA group
(n = 26)

Control
(n = 26)

Resistance index

0.67 ± 0.10

0.61 ± 0.11

Pulsatility index

1.53 ± 0.42

1.14 ± 0.38

Systolic/diastolic velocity ratio

3.15 ± 1.04

2.54 ± 0.97

Table 3: Indices of vascular resistance in the umbilical cord
arteries during the second trimester of pregnancy in cases of
hyperandrogenism, M ± m
Indices of artery flow
velocity waveforms

IA group
(n = 26)

Control
(n = 26)

Resistance index

0.74 ± 0.23

0.61 ± 0.11

Pulsatility index

1.37 ± 0.67

1.29 ± 0.77

Systolic/diastolic velocity ratio

3.79 ± 1.34

3.48 ± 1.03

Clinical and Ultrasound Characteristics of
Women during the Second Trimester of
Pregnancy
The clinical characteristics of the pregnant women studied
(including age and menarche) were the same as those during
the first trimester. Gynecological anamnesis in the hyper
androgenia group was compromised by menstrual disorders
(oligomenorrhea), abortions, miscarriages, and stillbirths.
Current pregnancies were complicated by abortion in 16
(61%) women with hyperandrogenia.
The fetometric data in both groups were normal for the
gestational ages of the fetuses. The detection of placental
localization toward the uterine walls revealed an equal
frequency of right and left wall localization (42.3% in each
group). The localization of the placenta toward the interior
faces of the uterus was as follows: lateral localization—6
(23.1%) in the hyperandrogenia group, 2 (7.7%) in the
control group; marginal localization—5 (19.2%) in the
hyperandrogenia group, 3 (11.6%) in the control group. Low
placentation was observed in five (19.2%) women in the
hyperandrogenia group and in four (15.4%) women in the
control group. Unfavorable placental localization is consi
dered to be a risk factor for placental dysfunction.2,16,17,31
An increase in placental thickness above the relative
gestational standard was found in 10 (38.5%) women with
hyperandrogenism. This finding was significantly different
from the data from the control group, which showed four
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Fig. 4: Abnormal Dopplerometry pattern.
Hyperandrogenism (22 weeks)

(15.4%) women with increased placental thicknesses.
According to the literature, an increase in placental thickness
is the result of angiomatosis of the intermediate and terminal
villi as a compensatory reaction to chronic hypoxia.2,19,25,29
Evidently, the placenta works with an increased load to
provide adequate oxygen and nutrition transportation.
The placental structure in cases of hyperandrogenism was
heterogenic in 14 (53.9%) women [and in six (23.1%) women
in the control group]. Excess calcium deposits were identified
in 46.2% placentas of women in the hyperandrogenia group.
Excess calcium is considered to be unfavorable and is observed
in placentas exhibiting premature maturation.1,28,39,40
As distinct from healthy pregnant women, six (23.1%)
hyperandrogenic women had additional placental lobes, three
(11.6%) had retroplacental hematomas, and six (23.1%) had
marginal sinus dilatation. Premature placental maturation
was found in 12 (15.4%) women with hyperandrogenia and
in four (15.4%) women in the control group.
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The results of Dopplerometry are presented in Table 2. The
indices of peripheral resistance (resistance index, pulsatility
index and systolic/diastolic velocity ratio) were higher in
hyperandrogenic women than in healthy pregnant women
(Fig. 4). Thus, the indices of arterial flow velocity waveforms
in the hyperandrogenia group (50%) were significantly
higher than those in the control group (30%). The presence
of such changes indicated high vessel resistance that was the
result of incomplete trophoblast invasion in the myometrium
segments of the spiral arteries.
The estimate of blood flow velocity in the umbilical cord
arteries did not reveal the significant differences between the
two groups, but the hyperandrogenia group tended to have
higher resistance indices (Table 3).
Morphological Characteristics of the
Fetal-Placental Complex during the Second
Trimester of Pregnancy
The villus structure of placentas at 20 to 22 weeks includes
all types of villi, but their distribution in the hyperandrogenia
group was different from their distribution in the control
group, thus providing evidence of dissociative cotyledon
development.1,14
The maximal nearness of capillaries to the syncytial
epithelium in terminal villi was observed in the placentas of
the hyperandrogenia group and is considered to be the result
of the formation of a syncytio-capillary membrane. The fetal
vessels in these villi were situated very close together and were
filled with mature erythrocytes. Compensatory angiomatosis
as a consequence of placental insufficiency was observed
in hyperandrogenic placentas. The epithelial cover of the
chorion villi was significantly thinned in its main areas. A
large number of syncytial knots were observed, which are
thought to be the result of compensatory processes of the
placenta aimed at maintaining adequate gas exchange.
The specific volumes of intervillous space in cases of
hyperandrogenia were lower than those in the control group.
Moreover, the prevalence of fibrinoid deposits was twice as
high as in the control group (mainly in the marginal zone
of the placenta). Loci of thrombosis were found only in the
marginal zones of hyperandrogenic placentas. Such changes
are due to blood flow disturbances in the intervillous space
and lead to an excess of calcium and fibrinoid deposits.
A direct dependence between unfavorable placental
presentation and the presence of calcium deposits was
revealed by correlation analysis (r = 0.32, p = 0.020). Direct
dependencies were also found between increases in blood
flow velocity and the presence of calcium deposits (r = 0.43,
p = 0.002), increases in the specific volume of fibrinoid
deposits (r = 0.32, p = 0.02), and thrombosis of the inter
villous space (r = 0.34, p = 0.015).

Conclusion
Thus, the primary peculiarities of placentas of hyperandro
genic gravidae during the second trimester are unfavorable
presentations, low placentation, heterogenic placental struc
tures, immature placental maturation, an excess of calcium
deposits, dilatations of the marginal sinus, and the presence of
additional placental lobes. The observed ultrasound changes
in placentas were accompanied by histological changes such
as dissociative villus development, an increased number of
syncytial knots, peripheral trophoblast elements and fetal
vessels in the paracentral placental zone, and an excess of
fibrinoid and calcium deposits.
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