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Abstract: Placental morphology and cellular arrangement are altered in maternal diseases such as preeclampsia (PE) in which
oxygen delivery from the mother to the fetus is greatly disturbed, ultimately resulting in cellular oxidative stress. The present
study was conducted at the Department of Anatomy and included 112 placentas (56 each from mothers with and without PE
[controls]) collected at the Department of Obstetrics and Gynecology. A histological study was performed using hematoxylin
and eosin staining. The morphology of stem and terminal villi (TV) was studied, and the surface area and diameter of TV
and capillaries were measured. The gross placental morphometrical study revealed that the mean placental weight, thickness,
diameter, and surface area were significantly lower in placentas with PE than in controls. The histomorphometrical findings of
the villous surface area and diameter were lower in placentas with PE, whereas the TV density was higher in placentas with PE
than in controls, and the differences were significant (P<0.0001). In these TV, the diameter and density of fetal blood vessels
of placentas with PE were significantly lower than those of controls (P<0.05). In conclusion, the both morphological and
histological changes in PE placentas are indicative of the pathogenesis of maternal and fetal morbidity and mortality in women
with PE. The observed and comparative histomorphometrical changes indicate a decline in all aspects of the PE placenta, except
the number of TV.
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Introduction

The placenta is an ephemeral organ interposed between
the mother and fetus and is vital for the survival of the fetus
[1]. Fetal growth depends on the proper development and
function of the placenta, which serves to maintain mater-
nofetal interference for the exchange of blood gases, nutrients,
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and waste [2]. The architecture of the placenta is altered
in many maternal diseases such as diabetes mellitus [3],
hypertension [4-6], preeclampsia (PE) [7, 8], and eclampsia
[9]. Although the placenta is a vital organ, its systemic study
has been neglected; however, in recent times, it has evo-
ked great interest, and much work is being conducted to
understand the unique biological status of this complex organ
[10]. Placental examination has clinical value in cases of PE
and intrauterine growth retardation (IUGR), both of which
are associated with high perinatal morbidity and mortality
accompanied with gross pathological changes in the placenta.

PE is unique pregnancy-related disease that affects 5-7%
pregnancies worldwide [11]. It is associated with hypertension
and proteinuria. The primary cause of PE is the widespread
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apoptosis of cytotrophoblast cells [12, 13]. The invasion
of uterine spiral arterioles by trophoblasts is limited to the
superficial portions of the decidua, and 30-50% of these
arterioles in the placental bed escape trophoblast remodeling
[14, 15]. The mean luminal diameter of uterine spiral
arterioles in women with PE is less than one-third of the dia-
meter of similar vessels from uncomplicated pregnancies
[16]. Consequently, uteroplacental perfusion reduces, and
the placenta becomes ischemic as gestation progresses [17,
18]. This causes fetal hypoxia as well as morphological and
histological changes in the placenta, leading to PE or PE-
associated IUGR, which contributes to premature delivery
and fetal death [19, 20].

The objective of the present study is to compare morpho-
logical and histomorphometrical changes in placentas from
mothers with PE with those in placentas from normotensive
mothers, in relation to the surface area and diameter of the
terminal villi (TV) and blood vessels.

Materials and Methods

In the present study, 112 placentas were collected at the
Department of Obstetrics and Gynecology, Narayana Medical
College and General Hospital, Nellore. Informed consent was
obtained from each mother, and the study protocol was ap-
proved by the Institutional Ethical Committee. Fifty-six pla-
centas were collected from normotensive pregnant patients
(controls), and the remaining 56 were obtained from patients
whose pregnancies were complicated by PE. PE was defined as a
blood pressure >140/90 mm Hg, with protein values 2300 mg in
the 24-hour urine or a protein concentration of 1 g/l on 2 occasions
at least 6-hour apart [21]. Inclusion criteria for controls were
normal blood pressure and no proteinuria. Exclusion criteria
for both the control and PE groups were diabetes mellitus,
obesity, severe anemia (hemoglobin<6 g%), and eclampsia or
any other systemic or endocrine disorders [7].

Immediately after the delivery, the umbilical cord was
clamped close to the placental insertion point; membranes
were trimmed and blood coagulants were removed. The
placental weight, thickness, diameter [8], and surface area
[22] were recorded. For histological studies, full-depth
tissue samples were placed in 10% formol-saline solution for
24-48 hours and were subsequently embedded in paraffin.
The 5-pm thick sections were stained with hematoxylin and
eosin. In all, 200 random sections of TV per placenta were
observed microscopically (approximately 11,200 TV for each
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control and PE). TV were those that had the smallest villi
containing capillary loops without any histological artifacts,
as observed under a trinocular microscope (CX31, Olympus,
Tokyo, Japan) with a 40x objective. In addition to TV, other
pathological findings of the placental villi were also noted.

Histomorphometrical analyses

The following parameters were estimated in TV of the
control and PE placentas: 1) Numerical density [23] and
diameter [24] of TV and blood vessels were measured using
stage, ocular, and reticule micrometers. 2) The surface area
[25] of TV in the control and PE groups was measured
using the intercept count method with the eyepiece reticule
micrometer.

The data were inserted into a computer program, SPSS ver.
10 (SPSS Inc., Chicago, IL, USA). The statistical significance
of difference between the 2 groups was evaluated using the
Student’s paired t-test. Data were presented as mean+SD. A
P<0.05 was considered statistically significant.

Results

The mean gestational age was 36.61+1.55 weeks in
the control group and 33.79+4.25 weeks in the PE group
(P<0.0001). Infants in the PE group had statistically and
significantly lower gestational age and birth weight than those
in the control group (P<0.0001).

On gross placental morphometrical study, the placentas
in the PE group had significantly lower mean placental
weights, thicknesses, diameters, and surface areas than those
in the control group (Table 1). The fetoplacental index was
significantly decreased in the PE group than in the control
group (P<0.009).

Table 1. Macroscopic findings of maternal, neonatal and placental parameters of

control and preeclampsia (PE)

Parameter Control (n=56) PE (n=56) P-value
Maternal age (y) 24.36+3.9 26.18+4.4 0.0194*
Gestational age (w) 36.61+1.5 33.79+4.3 0.0001"
Neonatal weight (g) 2,635.714505.6  2,073.39+672.1  0.0001"
Placental weight (g) 470.64+75.6 401.23+111.3  0.0002"
Placental thickness (cm) 1.82+0.51 1.48+0.62 0.0016"
Placental diameter (cm) 17.21+£3.08 15.91+2.06 0.0097"
Placental surface area (cm’)  248.95+31.84 194.49469.16  0.0001"
Feto-placental index 5.63+0.94 5.18+1.03 0.0098"

Values are presented as mean+SD. *Significant. 'Extremely significant.
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Histological findings

The stem villi of the PE placentas showed numerous arte-
riosclerotic blood vessels with endothelial degeneration
presenting progressive fibrosis, stem villous perivasculitis,
and subsequent lumen obliteration (Fig. 1A). These villi had
smooth muscle hypertrophy with greatly multiplied numbers
of muscle layers in the tunica intima. Stem villi thrombosis
seen as atheromatous plaques was observed in the PE placen-
tas (Fig. 1B).

Perivillous fibrin (Fig. 1C) and intervillous fibrin depo-
sition (Fig. 1D), which also extended to the intervillous
bridges, were observed in the PE cases. The number and
structure of TV specifically varied in PE. The total numbers
of TV were significantly lesser, indicating distal villous
hypoplasia. The paucity of TV was probably because the
capillary, which initiates villous sprouting in the placental
core, had not been established.

Numerous avascular TV (Fig. 1E) surrounded the arteri-
osclerotic stem villi, possibly reflecting failure of vascular
organization (villitis). TV syncytiotrophoblasts invariably
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developed clusters and sprouts to form syncytial knots (Fig.
1F); the PE group had significantly more knots than the
control group.

Histomorphometrical findings (Table 2) indicated that,
compared to the placentas in the control group, the placentas
in the PE group had lesser villous surface area and smaller
diameter, whereas the density of the TV was significantly
higher in PE (P<0.0001). The density of fetal blood vessels

Table 2. Histometrical findings of placental terminal villi of controls and

preeclampsia (PE)
Parameter Control FE P-value
(n=56) (n=56)

Villi surface area (mm?®) 0.52+0.39 0.50+0.49  0.2050*
Villi density/unit area (mm”) 6.04+1.80 9.01+2.28  0.0001"
Villi diameter (mm) 0.08+0.028 0.07+0.023  0.0001"
Blood vessel density/unit area (mm’) ~ 25.63+8.88  22.04+8.72  0.0001"
Blood vessel diameter (mm) 0.04+0.03 0.04+0.02  0.0426°

Values are presented as mean+SD. *Not significant. 'Extremely significant.

*Significant.

Fig. 1. Histological sections of stem and terminal villi of preeclamptic placentas stained with hematoxylin and eosin. (A) A section of stem

villus showing perivasculitis (PV) of fetal vessels. (B) A section of stem villus showing thrombosis and atheromatous plaque (AP) formation in

fetal vessels. (C) A section of stem villus showing perivillous fibrin (PVF) deposition. (D) A placental section showing intervillous fibrin (IVF)

deposition. (E) Avascular terminal villi of preeclampsia. (F) Placental villi showing the clusters or sprouts of syncytiotrophoblast, that is, syncytial knots

(SK) (A-C, x1,000; D—F, x400).
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in these TV was significantly decreased in the PE group
compared to controls (P<0.0001), but the diameters of TV
were more or less similar between the groups and were
significant (P<0.05).

Discussion

Pregnancies complicated by PE are reflected in the pla-
centa both macroscopically and microscopically. Although
the placenta adapts well to the hypoxic condition in PE, the
compensatory changes that occur are insufficient. These
compensatory changes cause maldevelopment and inadequate
placental mass, causing placental dysfunction that leads to
oxidative stress and chronic fetal hypoxemia [26].

In the present study comparing preeclamptic placentas
to control placentas, the mean placental weight, thickness,
diameter, and surface area were decreased and were found
to be more significant. The macroscopic changes found in
our study are analogous to the findings of other PE cases in
the literature [27]. The gross reduction of the PE placenta
impedes normal placentation and pathologically results in
massive microscopic changes in the placenta.

In contrast to the histomorphometrical findings in the
normal placentas, changes in the PE placentas cause func-
tional disturbance, which is the result of the oxidative stress/
hypoxic conditions due to PE. Stereological assessment in the
PE cases revealed that the average number of TV reported,
as indicated by villi density, was significantly increased
(P<0.0001). The surface areas, villi diameters, and blood
vessel densities of the placentas in PE cases were lesser than
those of controls. Although the diameter of blood vessels
between the two groups did not show much difference, the
difference was statistically significant (P<0.05).

In normal placentation, during the first and early second
trimesters, the villus growth and arborization are regulated,
which are necessary for fetal well being [28, 29].

The cytotrophoblast cells invade into the uterine spiral
arteries and transform them from small-caliber resistance
vessels into high-caliber capacitance vessels capable of provi-
ding enhanced placental perfusion adequate for the growing
fetus. For this transformation, a certain amount of hypoxia
is needed to stimulate placental blood vessel formation.
Until approximately 10 weeks of gestation, the embryo exists
in a hypoxic environment with nutrients provided by the
endometrial glands [30]. However, prolonged durations of
hypoxia or oxidative stress leads to poor placental perfusion,
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which is the underlying pathogenesis of PE.

In PE, invasion of the uterine spiral arteries is limited to
the proximal decidua, and 30-50% of the spiral arteries of the
placental bed escape endovascular trophoblast remodeling.
Persistence of muscular and elastic tissues of the media
of spiral arteries, fail to dilate and remain responsive to
vasomotor influences that lead to high resistance low flow
choriodecidual circulation [31, 32].

The reduction in the vascular dimensions is constantly
accompanied by a significant impact on the lumen of the
arteriole with changes in its muscular wall [33]. Thus, the
average diameter of the blood vessels, which normally
expands to 4 times their original size, is greatly decreased in
PE.

In the present study, significant reduction in the blood
vessel density in TV of placentas in PE cases is caused by
fibrinization and the stenosis and atherosis of the stem villi.
The decreased blood vessel lumen found in the stem villi
and mature intermediate villi ultimately fail to replicate
and establish a network into the TV. This results in the
complete absence of capillaries in the TV in most vicinities
of the placenta, leading to the formation of avascular villitis.
Consequently, the resultant decreased perfusion causes
oxidative stress [34].

In the present study, we believe that the increased villi
density and decreased villi diameter in PE cases may have
occurred because of the continuous sprouting of the inter-
mediate villi into TV in order to compensate for the placental
maldevelopment and dysfunction. Although the number of
villi increased, their diameter decreased because vasculature
could not be established owing to unsustained normal villi
size as noted in the normal placenta. Further, fetoplacental
vascular development is an evidence for the anatomical
strategy, which substantially affects the placental villi [35, 36].
Accelerated villous branching, numerous syncytial knots, and
villitis are the related findings of reduced perfusion [37, 38].
According to Burton et al. [34], generation of reactive oxygen
species under oxidative stress could be the major reason of
abnormal vascular remodeling and production of increased
syncytial knots. In our previous study [7], we reported
similar findings with the oxidative stress injury disrupting
syncytiotrophoblast arrangement and resulting in increased
vasculosyncytial membrane thickness and syncytial knot
density.

In summary, placental architecture is altered in many
maternal diseases such as PE and eclampsia. Placental mor-
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phology and cellular arrangement are important for oxygen
delivery from the mother to the fetus. Placental weight in
women with PE is directly proportional to neonatal birth
weight. Moreover, gestational age is the most important factor
affecting maternal and perinatal outcomes. The present study
showed that both morphological and histological changes
in the PE placenta such as decreased weight, thickness, and
diameter, and increased TV density and decreased blood
vessel density are the pathogenesis involved in maternal and
fetal morbidity and mortality in women with PE.
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