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ABSTRACT
Introduction: Placental examination in a problematic pregnancy is of prime importance, in yielding valuable
information about the duration and nature of the process that occurred throughout the pregnancy. This includes a
thorough and thoughtful gross and morphometric examination, careful sectioning and clarity of the basic microscopic
findings along with the various changes. Reduced placental perfusion happens to be the unique feature of placenta,
resulting in preeclampsia. The placenta is also called the mirror of intrauterine fetal experience and remains the
best record of every infant’s prenatal experience. The pathological changes in the placenta adversely affect the
fetal outcome. This study is an attempt to observe and compare the morphometric measurements of normal and
preeclamptic placentae and to correlate the same with fetal outcome.
Aim: The aim of this study is to compare and analyze the placental morphometry in normal and hypertensive
pregnancies and to correlate the fetal outcome with morphometric findings of placenta.
Materials and Methods: In this prospective study a total of 200 placentae were examined. The study group contained
100 pre-eclamptic placentae from singleton pregnancies and the control group contained 100 placentae from
singleton normotensive pregnancies. The corresponding fetal birth weight and APGAR scores were also recorded. The
placenta was then observed in fresh state and weighed. The placental disc measurements were taken. The placental
surface area and placental volume were calculated. The placental morphometry was then compared with the fetal
outcome. All statistical analyses were done with IBM SPSS software version 28.
Result: We observed that with increasing severity of preeclampsia, there is a significant decrease in the placental
weight, volume and surface area and corresponding reduction in the mean fetal birth weight and fetal outcome.
Conclusion: We suggest that inclusion of in-utero measurement of placental volume in routine monitoring of fetal
wellbeing in preeclamptic pregnancies will help in better management of at risk fetus.
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INTRODUCTION

Placental pathology has undeniably received much less
attention by medical professionals. Placental evaluation
has proved to be of enormous value in numerous cases
of perinatal death, unusual disorders of mother or

infant, gestational complications, problems in perinatal
diagnosis and in multiple pregnancies [1,2]. Placental
examination in a problematic pregnancy is of prime
importance, in yielding valuable information about
the duration and nature of the process that occurred
throughout the pregnancy. This includes a thorough
and thoughtful gross and morphometric examination,
careful sectioning and a clarity of the basic microscopic
findings along with the various changes including the
whole list of pathologic processes [3,4]. The incidence
of preeclampsia in India is 1.5%. It is a leading cause of
maternal mortality and important factor for fetal wastage
[5]. It is long known that placenta is the necessary
component for the genesis of preeclampsia. Reduced
placental perfusion happens to be the unique feature
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of placenta, resulting in preeclampsia. The placenta is
also called the mirror of intrauterine fetal experience
and remains the best record of every infant’s prenatal
experience. Literature reveals that deleterious effects on
the placenta are exerted by the preeclampsia-eclampsia
syndrome. Macroscopically, preeclamptic placenta is
found to be lesser in weight, diameter and thickness
along with an increase in occurrence of abnormal shape,
cord insertion and diminished fetoplacental ratio.
Preeclamptic placentae also have an increase in the
incidence of retro placental hematoma and infarction.
Taken together, all the placental changes share a direct
correlation to the severity and duration of the disease
process. The pathological changes in the placenta
adversely affect the fetal outcome. Thus, there arises a
need for thorough examination of placenta. This study is
an attempt to observe and compare the morphometric
measurements of normal and preeclamptic placentae
and to correlate the same with fetal outcome.

Table 1: Correlation of placental morphometry with severity of
preeclampsia in study group.

Blood Pressure

Aims and objectives
The aim of this study is to compare and analyze the
placental morphometry in normal and hypertensive
pregnancies and to correlate the fetal outcome with
morphometric findings of placenta.

Placental
weight

Placental
volume

Placental surface
area

-0.197

-0.159

-0.132

Figure 1: Retro placental hematoma.

MATERIALS AND METHODS

In this prospective study a total of 200 placentae
were examined. The study group contained 100 preeclamptic placentae from singleton pregnancies and the
control group contained 100 placentae from singleton
normotensive pregnancies. All the placentae were
received shortly after delivery and washed in running
tap water to remove the blood clots. Meanwhile the
corresponding fetal birth weight and APGAR scores were
also recorded. The placenta was then observed in fresh
state, the membranes, cord and extraneous clots were
removed and weight was recorded. The placental disc
measurements were taken.
The placental surface area and placental volume were
calculated using standard formulae.
Placental surface area (cm2 )=(π X largest diameter X
shortest diameter)/4.
Placental volume (cm3)=surface area X thickness at
center.

All statistical analyses were done with IBM SPSS software
version 20.
RESULTS

The comparison of placental morphometry with the
severity of pre-eclampsia is shown in Table 1.

In this study , there is a negative correlation between
severity of preeclampsia and the placental morphometric
features like placental weight, volume and surface area
(i.e.) with increasing severity of preeclampsia, there is a
significant decrease in the placental weight, volume and

Figure 2: Small pre-eclamptic placenta.

surface area. The incidence of retro placental hematoma
(Figure 1) (case=26, control=2) and infarction (case=44,
control=5) is significantly raised in the study group
in comparison to control group. But, there is no
significant difference in the occurrence of sub chorionic
fibrin (case=3, control=6) and calcification (case=17,
control=15) between the two groups. In the preeclamptic
group, there was an increase in the mean no. of areas/
lpf of syncytial knot formation, cytotrophoblastic
cellular proliferation, villous fibrinoid degeneration,
villous stromal fibrosis and irregular thickening of TBM
(case=70.3%, control=29.7%) compared to the control
group.
The comparison of placental morphometry with the fetal
birth weight between the study group and control group
is shown in Table 2. A statistically significant reduction
in mean placental weight, surface area and volume was
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Table 2: Comparison of placental morphometry and fetal birth
weight.
CASE (mean ±
S.D)

CONTROL (mean
p - value
± S.D)

Placental Weight (gms)

421.8 ± 120.09

461.75 ± 99.08

0.011

Placental Surface Area
(sq.cm)

172.77 ± 60.82

195.25 ± 58.82

0.009

Placental Volume (cu.cm)

270.8 ± 132

385.01 ± 142.66

0.001

2584 ± 682.35

0.003

Fetal birth Weight (gms) 2271.2 ± 788.04

Table 3: Correlation of placental morphometry with fetal outcome.
Fetal Birth Weight

Apgar

Placental Weight

0.841

0.668

Placental Surface Area

0.536

0.488

Placental Volume

0.574

0.435

observed in preeclamptic placentae (Figure 2). There
is a corresponding reduction in the mean fetal birth
weight in the preeclamptic group, which is statistically
significant.
In this study, there is a highly significant positive
correlation between placental morphometry and fetal
outcome (Table 3), i.e. With a decrease in placental
morphometric values, the fetal outcome will be adversely
affected.
DISCUSSION

Preeclampsia is usually defined as the development
of hypertension and proteinuria after 20 weeks of
gestation in a previously normotensive woman. It is also
the 2nd major cause of maternal mortality worldwide
and is reported to affect 5% to 7% of pregnant women
worldwide [6,7]. Preeclampsia is considered to be
a major contributor to the maternal and neonatal
mortality and morbidity [8,9].

The etiopathogenesis of preeclampsia continues to
be an area of extensive research, but it is believed
that the cause is multifactorial. It forms a deadly triad
together with hemorrhage and infection in the context
of maternal morbidity and mortality. Also toxemia of
pregnancy is well known for its association with fetal
growth restriction and prematurity, thereby contributing
to perinatal mortality and morbidity. However, it is
acknowledged that it is the existence of the placenta
rather than the fetus, which remains accountable for
development of preeclampsia. Typically, the disease
process ceases once the fetus and the placenta are
delivered. In reality, when the placental bed is curetted
immediately in the postpartum, the maternal blood
pressure is brought down at a faster pace than when
curettage is not done. The fact that preeclampsia arises
even in the absence of the fetus, for e.g., in hydatidiform
moles, proves that preeclampsia ultimately depends on
the presence of placental tissue.
The gross lesions that are significant in preeclamptic
placentae are : Infarction and Retro placental
hematomas. The incidence of placental infarction
ranges from about 33% in cases of mild preeclampsia

to approximately 60% in patients with severe form of
the disease. Extensive infarction (involving more than
10% of parenchyma) is found in about 30% of placentae
from cases of severe preeclampsia, but not a feature of
the milder forms of this disease [10]. Infarction is the
dramatic and easily recognized visible sign of maternal
uteroplacental vascular unsufficiency. Infarcts are more
significant when they are central and greater than 3 cm
in greatest dimensions. Infarction is associated with
significant perinatal mortality and morbidity, including
IUD , fetal hypoxia and neonatal mortality and morbidity.
Extensive infarction occurs only against a background
of markedly abnormal maternal vasculature and a
restricted maternal blood flow to the placenta and it is
these factors rather than the loss of villi due to infarction
which are the real cause of the fetal complications. The
true significance of extensive placental infarction is
therefore that it is the visibile hallmark of a severely
compromised circulation to the placenta.

Retroplacental hematoma (RPH) are found unduly
frequently in preeclamptic placenta, occurring in about
12-15% of all cases. There is a majority of opinion saying,
this hemorrhage is a result of rupture of a maternal
decidual arteriole, which is believed to be a catastrophe
occurring in the vessel wall that has been weakened due
to changes in preeclampsia [11-16]. Initially abruption
was considered specific and integral part of preeclamptic
process [17,18]. In support of this, in various reviews
on abruption, there were a high percentage of patients
affected by preeclampsia [19-22]. However in some
reviews on abruption, the percentage of preclamptic
patients has been on a lower level [23,24]. Large
lesions where in 40% or more of villous population is
acutely deprived of blood supply are associated with
high incidence of fetal hypoxia, death. Subamniotic
hematoma, marginal hematoma, massive sub chorial
thrombosis intervillous thrombosis is of not much clinical
significance. Placental calcification often regarded as
evidence of either placental senescence or degeneration
and of no pathological or clinical significance and not
associated with any fetal complication.

Histological findings
Villi of most preclamptic placentas have normal maturity
for that gestational period. However in a few cases, there
is notable delay in villous maturation and it was found
that this was by large restricted to severely preeclamptic
pregnancies with resultant severe growth retarded fetus
[25]. Still on the contrary some preeclamptic placenta
showed evidence of accelerated villous maturation. The
most characteristic and striking features of villi in preeclampsia are undue number as well as prominence of
villous cytotrophoblastic cells and irregular thickening
of trophoblastic basement membrane (TBM) (best
appreciated when stained with PAS). The intensity of
these changes correlates with duration and severity of
maternal preeclampsia. Fetuses whose placenta contains
a marked excess of villi with abnormally thick TBM have
a much higher incidence of clinical hypoxia than do
those in which the changes are absent. However, various
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studies say that the high incidence of fetal hypoxia
found in association with this abnormally is due, not to
basement membrane changes, but to the ischemia which
is responsible both for the histologic changes and fetal
complications. The vascularization of the villi is often
normal but a significant percentage of placental villi are
hypo vascular. They contain relatively inconspicuous,
non-dilated, small vessels. This particular change
correlates with the level of obliterative endarteritis of
fetal stem arteries [26], which is found in around one
third of preeclamptic placentae. These hypovascular
villi which are inadequately perfused from fetal side
show abundant syncytial knotting, lack vasculosyncytial
membrane (VSM) and have increased amount of stromal
collagen. The hypoxic placenta in preeclampsia is
composed of numerous branched, short and fist like
appearance of terminal villi. This greatly enhances the
degree of syncytial knotting (flat sections), that a net like
appearance may be discovered in the two dimensional
picture.
Villous edema may also be found in placenta from
women with preeclampsia. The cause of villous edema
is unknown, it has been attributed to functional
insufficiency of fetal circulation. Increased size of the
edematous villi may decrease the capacity of intervillous
space (IVS) and thus limit the maternal flow through the
placenta. Fibrinoid degeneration of villi first appears as
a small nodule of homogenous, acidophilic, PAS positive
material at one point in the villious trophoblast. This
nodule progressively enlarges as fresh fibrinoid material
is laid down on its deep aspect so as to form a mass
which gradually bulges into and compresses the villous
stroma. This process continues until the whole villous
is converted into a fibrinoid nodule. The incidence of
villous fibrinoid necrosis is found to be moderately
increased in preeclamptic placentas. The lesion has been
attributed to an immunological reaction within villous
tissue and to amyloid deposition as an ageing change.

Pathogenesis of morphologic changes
Most of the changes in preclamptic placentae except are
a consequence of abnormal maternal uteroplacental
vasculature. This fact of reduced blood flow has been
well established over many years [27-29] and confirmed
with Doppler studies [30-33]. This uteroplacental
insufficiency is a result of incomplete trophoblastic
invasion of placental bed spiral arteries which are
inadequately converted to uteroplacental vessels.
The increase in incidence of placental infarction
in preeclampsia is attributed to atherosis in spiral
arteries. Cytotrophoblastic hyperplasia is a specific
response and TBM thickening a non-specific response
to placental ischemia. Thus these are direct effects of
reduced maternal blood flow. The excess of syncytial
knots and villous stromal fibrosis are a result of reduced
villous perfusion due to obliterative endarteritis of
fetal stem vessels, which is a hallmark for prolonged
vasoconstriction of these stem vessels. This leads to rise
in placental vascular resistance [34]. All this represents
the fetal hemodynamic response to uteroplacental
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ischemia [35-37]. This reduction in placental fetal
perfusion is in fact a compensatory mechanism by
which there is preferential diversion of blood to the vital
cerebral and cardiac circulation of fetus. Itskovitz et al
considered that the villous tissue can enhance oxygen
extraction in the face of decreased blood flow and can
withstand a reduction of 50% blood flow without having
any adverse effect on fetal oxygenation [38].

Fetus in pre eclampsia
Fetal growth restriction (FGR) is the end point of a
number of pregnancy associated conditions and preeclampsia (PE) is one of them. PE is regarded as a
syndrome of heterogeneous origin and fetal growth is
very often restricted in it. Preeclampsia with shallow
trophoblastic invasion of decidual arteries, reduce
placental perfusion and cause insufficient transport
of nutrients to fetus. Placental morphologic changes
vary substantially in PE and it has been hypothesized
that FGR depends on abnormal placental development.
Pathophysiological process of FGR and the responses of
fetus to the restricted nutrition and oxygen supply are
very complex and far from fully understood. Odegard,
et al. made a study and reported that PE was associated
with a 5% reduction in birth weight. In severe PE, the
reduction was 12% and in early onset disease, birth
weight was 23% lower than expected. The risk of SGA
was four times higher in infants born to women with PE
among nullipara. PE associated with threefold higher
risk of SGA and among parous, the risk of SGA was
particularly high after recurrent PE. They concluded
that factors like multiparity, severity of disease (mild,
moderate and severe) and late versus early onset
disease play a synergistic role in FGR in PE. Though
the possibility that it represents an immune attack on
trophoblastic tissue cannot be totally discarded and
should be borne in mind [39].
In this study, it was observed that there is a negative
correlation between severity of preeclampsia and the
placental morphometric features like placental weight,
volume and surface area (i.e.) with increasing severity
of preeclampsia, there is a significant decrease in the
placental weight, volume and surface area.

The incidence of retroplacental hematoma and infarction
is significantly raised in the preeclamptic group with an
increase in the mean no. of areas/lpf of syncytial knot
formation, cytotrophoblastic cellular proliferation,
villous fibrinoid degeneration, villous stromal fibrosis
and irregular thickening of TBM compared to the control
group. There is reduction of placental weight, mean
placental volume and mean placental surface area in the
preeclamptic group in comparison to the normal group.
Fetal and placental growth restriction was frequently
encountered manifestations of preeclampsia. The fetal
weight is significantly reduced in the hypertensive
group than in the control group, which corroborates
with studies of other workers Damania( 1989 ), Fox
(1994 ), Kalousek (1994 ), Pradeep S Londhe(2011).
[40-44] Rath in 1994 quoted that the intercotyledonous
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vasculature is altered, ending in low birth weight of
infants [45]. This study revealed a significant correlation
between placental morphometry and fetal outcome in
the preeclamptic group, ie. the placentae with decreased
morphometric values produced fetuses with low birth
weight and a considerable decrease in the APGAR score.
CONCLUSION

This study greatly emphasizes the importance of
placental morphometry and its correlation with fetal
outcome. Currently, with the help of three dimensional
ultrasonography and Virtual Organ Computer –
Aided Analysis (VOCAL), the placental volume can be
ascertained in utero and a correlation with the fetal
growth can be obtained. We suggest that inclusion
of in-utero measurement of placental volume in
routine monitoring of fetal wellbeing in preeclamptic
pregnancies will help in better management of at risk
fetus.
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