Histological changes of human placenta in early intrauterine growth
restriction with and without preeclampsia
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ABSTRACT

Background: Intra uterine growth restriction (IUGR) is a common pregnancy complication, pre-eclamsia (PE) is an important
cause of this complication and is responsible for maternal and fetal morbidity and mortality. Idiopathic intrauterine growth
restriction without obvious causes is not uncommon.
Objective: The aim of this study is to examine the placental histology in both conditions trying to find specific criteria for each
disorder.
Materials and Methods: This study was conducted on three groups; group I was the control group, group II was preeclampsia
induced IUGR (PE-IUGR) group and group III was idiopathic IUGR (I-IUGR). Each group contained 15 placentas. Placental
specimens from each group were analyzed histopathologically and immunohistochemically.
Results: we found that PE-IUGR and I-IUGR cases in this study share common histological changes suggesting a similar
pathogenesis. Maternal mal-perfusion lesions predominated in PE-IUGR. Findings consistent with fetal vascular malperfusion
were higher in I-IUGR. Hofbauer cells (HBC) were increased in both PE-IUGR and I-IUGR.
Conclusion: abnormal utero-placental blood vessels and utero-placental insufficiency and the resulting histological changes in
the chorionic villi, and chronic inflammatory lesions may be the primary disease processes related to the placental pathology
of PE-IUGR and I-IUGR.
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INTRODUCTION

causes of maternal and perinatal morbidity and mortality,
especially in low- and middle-income countries[8, 9].

The placenta modulates the in utero environment to
promote optimal fetal development. The placental blood
vessels are responsible for metabolic exchange between
the mother and fetus, which is essential for proper
fetal growth. Impairment of this function, can lead to
intrauterine growth restriction[1]. Intra uterine growth
restriction (IUGR) is defined as a failure of the fetus to
reach its genetic growth potential[2]. IUGR may be caused
by maternal, fetal, placental and environmental factors[3].

Risk factors for PE include pregnancy at the extremes of
maternal age, obesity, preexisting hypertension, diagnosis
of preeclampsia in a previous pregnancy, diabetes or renal
disease, nulliparity, multiple gestation, and preexisting
autoimmune diseases such as antiphospholipid antibody
syndrome and systemic lupus erythematosus[10].
PE can be classified as early and late onset preeclampsia.
The late onset type develops after the 34th week of gestation
and is characterized by normal fetal growth; the early onset
type develops before the 34th week of gestation and is
characterized by IUGR[11]. Late onset PE is considered a
maternal not a placental disease with little or no changes in
the placental morphology[12].

The prevalence of IUGR in the general population
worldwide was estimated to be 7–15%, while in developing
countries – including Egypt – it reaches up to 30% and
constitutes 50–60% of low birth weight neonates[4, 5].
Early onset preeclampsia is a major cause of IUGR,
but normotensive IUGR with no apparent causes is not
uncommon[6].

PE is characterized by placental ischemia, maternal
immune activation, increased arterial resistance, decreased
production of vasodilators, and maternal endothelial
dysfunction. These factors, combined with the maternal
hypertension, often result in IUGR[7, 10, and 13].

Preeclampsia (PE) is defined as a new onset of
hypertension (more than 140/90) and proteinuria in
the second half of pregnancy[7]. It is the commonest
complication of pregnancy worldwide. It is also the major

Hofbauer cells (HBCs) are villous macrophage of fetal
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origin, they arise from villous mesenchymal stem cells, and
later on they develop from fetal monocytes. They decrease
in number after the first trimester and can be detected
immunohistochemically using special markers like CD
163 and CD 68[14]. Their role in PE and IUGR is a matter of
controversy and is not well investigated.

hypertension, gestational diabetes mellitus, renal, cardiac,
hepatic and autoimmune disorders were excluded from the
study.
4- Cases of infants with congenital anomalies,
chromosomal aberrations and intrauterine infections were
excluded from the study.

The placenta responds to different insults by reaction
patterns involving the maternal and fetal vasculature and
villous structure. These patterns are not specific; both
PE and IUGR share several lesions but with variable
degrees[15]. Many researchers focused on PE induced IUGR
(PE-IUGR) rather than idiopathic intrauterine growth
restriction (I-IUGR) and still much to be known about the
differences and similarities between the two conditions.

5- Cases complicated with stillbirth were excluded
from the study.
All the cases were delivered in the gynecology and
obstetrics department, Zagazig university hospitals by
elective caesarean section without induction of labor to
minimize the effect of uterine contraction and oxidative
stress on placental histology.

In this study we used some of the placental reaction
patterns that had been accepted by the international
consensus for placental diagnosis. Placental lesions were
classified into placental vascular processes (maternal and
fetal), placental inflammatory-immune processes and
other placental processes[16]. Placental vascular processes
including villous changes were the focus of our study.
We correlated these lesions with two important placental
syndromes; early onset preeclampsia complicated by IUGR
(PE-IUGR) and early onset idiopathic IUGR (I-IUGR).
Both conditions are characterized by maternal and fetal
vascular changes[17]. Up to the best of our knowledge, this
study was the first to apply these criteria in examining
placentas from Egyptian patients. We conducted this
study on 30 cases of preeclampsia complicated by IUGR
(PE-IUGR, idiopathic IUGR (I-IUGR) and 15 normal
pregnancy. The placental histology in both conditions was
examined trying to correlate specific histopathological
criteria with the clinical presentation.

1) Group I (n=15): represented the control group
including 15 placentas from women with normal blood
pressure, blood glucose level, normal clinical examination.
The fetal birth weights were above the 10th percentile
for the gestational age. Birth weight percentiles were
determined according to Egyptian growth curves for boys
and girls[18,19]
2) Group II(PE-IUGR) (n=15): represented the IUGR
that complicates preeclampsia, the group comprised 15
placentas from early onset preeclampsia patients. The
fetal birth weights were below the 10th percentile for the
gestational age[18, 19]. PE was defined as a blood pressure of
greater than 140/90 mmHg on two occasions greater than
6 hours apart and proteinuria of >300 mg/24 hours in the
second half of pregnancy in a previously normotensive
woman[20].
3) Group III (I-IUGR) (n=15): represented the idiopathic
IUGR group, it includes 15 placentas from patients with
normal blood pressure, normal blood glucose level and
normal clinical examination. The fetal birth weights were
below the 10th percentile for the gestational age[18, 19].

MATERIALS AND METHODS
Study groups
This study was conducted in the faculty of medicine
Zagazig University. All pregnant females (n=45) provided
written informed consents before participating in the study.
Approval for the study was obtained from the Local Ethics
Committee.

Histopathological examination
Immediately after delivery, two samples were taken
from each placenta (n=90). Full thickness specimens
were taken from the central area near the cord insertion
and from the central two thirds of the placenta. Samples
were taken from areas that appeared normal by gross
examination, and not from areas containing infarction
or gross fibrin deposition. Specimens were rapidly fixed
in 10% neutral formalin at pH 7.2 for 24hr., dehydrated
in ascending grades of ethyl alcohol, cleared in xylene
and embedded in paraffin wax for 24hr. Sections of 5µm
were cut, mounted on glass slides and stained with routine
heamtoxyline& eosin (H&E), Mallory's trichrome (MTC)
stain and periodic acid-schiff (PAS) stain[21].

Patient criteria
1- Maternal age between 20-35years, primi-gravida,
singleton pregnancy.
2- The gestational age was calculated from the last
menstrual period or from first trimester ultrasound
examination.
3- Cases with preexisting maternal illness such as
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Immunohistochemistry

PE-IUGR and I-IUGR groups when compared with the
control group. The gestational age was significantly
lower in the in the PE-IUGR group when compared with
the I -IUGR group (Table 1).

Immunohistochemistry was done to identify Hofbauer
cells by using an antibody against CD68. Paraffin
sections (5µm thick) were used, immunostaining was
done using mouse antihuman CD68 antibodies PG-M1,
Cat. No. M0876 [1:1200, life trade, Dako, Denmark].
Mayer's heamatoxylin was used as a counterstain. The
staining pattern was cytoplasmic and appeared as a
brown color[22].

Histological examination
H&E-stained sections:
Control group I; showed placental villi of different
types (stem, intermediate and terminal) cut in different
planes (Fig. 1-A). These villi were supported by a core of
mesenchymal connective tissue, which contained numerous
fetal capillaries lined by flat endothelial cells. Each villous
was lined by syncytiotrophoblasts and aggregations of
many syncytial nuclei to form syncytial knots were noticed
(Fig. 1-B). These villi were separated by intervillous space
containing maternal blood and little amount acidophilic
materials or fibrinoid(Fig. 1-A&B). Within the stem villous
stroma, the fetal capillaries were lined by simple squamous
endothelial cells containing flattened nuclei (Fig. 1-C).

Morphometric and statistical study
Leica Quin 500 Image Analyzer (Leica Ltd, Cambridge,
UK) in the Image Analyzing Unit of the Pathology
Department, Faculty of Dentistry, Cairo University (Egypt)
was used. The following parameters were measured for
each group.
1) Villous diameter: the mean diameter of terminal villi
was measured in µm and used as an indicator distal villous
hypoplasia.

Pre-eclamptic
intrauterine
growth
restriction
(PE-IUGR) group II; revealed the presence of amorhous
acidophilic areas in the core of some stem and terminal
villi, numerous syncytial knots with sprouts were
found. Avascular and low vascular villi were seen
(Fig. 1-D, E and F). Exfoliated syncytial knots, acidophilic
amorphous material (fibrinoid) and maternal blood were
observed in the intervillous space. (Fig. 1-D and E). Several
terminal villi with thickened syncytio-vascular membrane
and others with thin membrane were seen. Within the
villous stroma, vacuolated cells with darkly stained
nuclei and macrophage-like cells with strong acidophilic
cytoplasm were seen (Fig. 1-E and F). The chorionic plate
showed engorged fetal blood vessel and scattered extravillous trophoblasts. Some fetal blood vessels had thick
wall with some vacuolated cells (Fig. 1-G).Decidual
blood vessels showed many changes; some vessels were
engorged with blood, others had abnormal endothelial
lining, the wall of some blood vessels was replaced by
acellularacidiophilic material, the lumens were partially or
totally obliterated by amorphous acidophilic material and
vacuolated cells (foam cells) were seen around the wall of
some vessels (Fig. 1-H). Normal decidual blood vessels
were also found.

2) Number of syncytial knots.
3) Fetal vascular obstructive lesions.
4) Decidual blood vessels changes.
5) Surface area of collagen (MTC stained sections).
6) Surface area of fibrinoid (PAS stained sections).
7) Number of HBCs.
Ten non-overlapping fields (X400) were measured
for each parameter. A mean value is calculated for each
slide. The data obtained were expressed as means (Χˉ)
and standard deviations (SD) and subjected to statistical
analysis using one-way analysis of variance (ANOVA
Excel 2013 Microsoft) for comparison between the
different groups (more than two groups). Followed by
least significant difference test (LSD), for comparison
between different groups, i.e. to find the statistical
difference between groups when ANOVA was statistically
significant (P value <0.05 was considered statistically
significant)[23]. All the statistical analyses were done using
the Statistical Package for the Social Sciences (SPSS)
version 16 packages (https://spss-64bits.en.softonic.com)

Idiopathic intrauterine growth restriction (I-IUGR)
group III; revealed the chorionic plates contained
amorphous acidophilic areas and numerous vacuolated
cells with darkly stained nuclei. Several forms of placental
villi can be demonstrated. Most of them appeared widely
separated (Fig. 2-A). Some villi had highly cellular core and
some contained amorphous acidophilic areas. Some villi
contained numerous capillaries and others were avascular.
Several terminal villi had thickened syncytio-vascular
membrane and increased syncytial knots in some areas, in
their stroma, numerous vacuolated cells with darkly stained

RESULTS
Clinical data
All the clinical data were summarized in table 1. The
results revealed that the gestational age, fetal birth weight
and placental weight were significantly lower in the
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nuclei can be observed. The inter-villous spaces contained
acidophilic material (fibrinoid) and maternal blood
(Fig. 2- B). Some fetal blood vessels had thick wall, their
lumens were engorged with blood and contained amorphous
material partially obliterating the lumen (Fig. 2- C). The
placental septum and the decidual plate showed numerous
extra-villous trophoblasts; irregular or polygonal in shape
with darkly stained nuclei and also vacuolated cells with
central nuclei, some maternal blood vessels were engorged
and contained amorphous material patially obliterating the
lumen (Fig. 2-D and E).

few +ve cells or Hofbauer cells were detected in the villous
stroma near the syncytio-vascular membrane as a brown
immune-staining (Fig. 3-G). Numerous of these cells were
seen in other groups (Fig. 3-H and I).

Morphometric and statistical study
Placental histological lesions are summarized in
(Table 2).
In the PE-IUGR group, all the measured parameters
were significantly higher when compared with the control
group except for the villous diameter which is significantly
lower when compared with the control group. The number
of syncytial knots and the fibrinoid surface area were
significantly higher in the PE-IUGR when compared with
the I-IUGR group.

PAS, MT and CD68 immuno-expressed-stained
sections:
PAS stained section, showed a weak or faintly positive
PAS reaction in the core of villi and basement membrane
of the trophoblasts in group I (Fig. 3-A) while a strong
reaction in same areas plus the walls of blood vessel and
their lumens in other two groups (Fig. 3-B and C).

In the I-IUGR group, the fetal vascular obstructive
lesions, decidual-arteriopathy, collagen surface area and
the number of Hofbauer cells were significantly higher
and the villous diameter was significantly lower when
compared with the control group. The number of syncytial
knots and the fibrinoid surface area were not statistically
significant when compared with the control group. The
fetal vascular obstructive lesions and the collagen surface
area were significantly higher and the villous surface
area was significantly lower when compared with the
PE-IUGR group.

MT-stained sections, showed delicate connective tissue
core or minimal amount of collagen fibers in terminal villi
and thick stroma of stem villi (Fig. 3-D). Abundant and
extensive amount of collagen fibers were detected in the
different villi of group II and III (Fig. 3-E and F).
CD68 immuno-expressed-stained sections, showed
Table 1: Some maternal and fetal enrollment data
Parameter

Group

Mean

SD

F

P

LSD

Gestational Age

Control
PE-IUGR
I-UGR

37.25
29.75
35.88

1.04
1.04
0.64

149.84

<0.001**

<0.001**1
<0.01**2
<0.001**3

Birth weight

Control
PE-IUGR
I-UGR

3.20
1.96
2.20

0.12
0.35
0.31

44.55

<0.001**

<0.001**1
<0.001**2
>0.05 NS3

Placental weight

Control
PE-IUGR
I-UGR

481.27
381.70
314.80

22.12
24
34.8

<0.001**

<0.001**1
<0.001**2
<0.001**3

SD: Standard deviation
P1: Control versus PE-IUGR
NS: Non significant (P>0.05)

73.98

F: ANOVA test
LSD: Least significant difference
P2: Control versus IUGR P3: PE-IUGR versus IUGR
*: Significant (P<0.05)
**: Highly significant (P<0.01)
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Table 2: Placental findings in women with IUGR with and without pre-eclampsia
Parameter

Group

Mean

SD

F

P

LSD

Collagen surface
area

Control
PE-IUGR
I-UGR

8.96
13.58
16.14

0.80
1.72
1.64

50.39

<0.001**

<0.001**1
<0.001**2
<0.01**3

Knots

Control
PE-IUGR
I-UGR

5.81
17.52
5.76

0.43
4.39
0.47

55.94

<0.001

<0.001**1
>0.05 NS2
<0.001**3

Fetal Vasculopathy

Control
PE-IUGR
I-UGR

0.75
3.50
5.38

0.71
1.20
1.41

33.21

<0.001**

<0.001**1
<0.001**2
<0.01**3

Decidualvasculopathy

Control
PE-IUGR
I-UGR

0.88
4.38
2.75

0.64
0.92
1.04

31.72

**

<0.001

<0.001**1
<0.001**2
<0.01**3

Villous Diameter

Control
PE-IUGR
I-UGR

58.62
55.39
51.08

3.53
2.67
1.75

15.18

<0.001**

<0.05**1
<0.001**2
<0.001**3

Fibrinoid surface area

Control
PE-IUGR
I-UGR

5.76
10.63
5.47

0.73
1.86
0.61

46.15

<0.001**

<0.001**1
>0.05 NS2
<0.001**3

Number of Hofbauer cells

Control
PE-IUGR
I-UGR

2.00
8.00
7.50

1.07
1.31
1.60

49

<0.001**

<0.001**1
<0.001**2
>0.05 NS3

SD: Standard deviation
P1: Control versus PE-IUGR
NS: Non significant (P>0.05)

**

F: ANOVA test
LSD: Least significant difference
P2: Control versus IUGR P3: PE-IUGR versus IUGR
*: Significant (P<0.05)
**: Highly significant (P<0.01)

Fig. 1: H&E-stained sections of group I and group II: (A-C) of group I showing stem(Sv) and terminal villi (V) and maternalblood (B)
withacidophilic material (*) in intervillous space.B)Terminalvilli with delicateconnectivetissuecore (v), syncytial knots (arrow head) and
numerous sinusoidal capillaries(S). Maternalblood(B)andalittleamountofacidophilic material (*).C) Fetal blood vessels (Bv) with normal
endothelial lining (arrow) instem villous. (D - H)of group II showing D)engorgededfetal blood vessel (Bv) and scattered extra-villous
trophoblasts (Ev) in apartofchorionicplate(Cp). Stem villi with few blood vessels (Sv) and areas of acidophilic material (arrow). Crowded
terminal villi (V) and numerous syncytial knots (arrow head). Abundant acidophilic material (*) and maternal blood (B). E) Some terminal
villi (V) with thickened syncytio-vascular membrane (thin arrow) and syncytial sprouts (thick arrow). Few sinusoidal capillaries (S) and
avascular villi (Av). Maternal blood (B), acidophilic material (*) and exfoliated syncytial knots (arrow head). F) The cores of some villi
are replaced by acidophilic material (*). Few sinusoidal capillaries (S) and vacuolated cells (Vc) and some cells with strong acidophilic
cytoplasm (bifid arrow). Villi with thin syncytio-vascular membrane (arrow head), syncytial knots (thin arrow) and sprouts (thick arrow). G)
Fetal blood vessels (Bv) with thick walls (T) in a stem villous (Sv). Vacuolated cells in the vascular wall (arrow) in the inset. H) Abnormal
maternal blood vessels (Bv), no endothelial lining, pale acidophilic materials (arrows) in their walls and numerous vacuolated cells (Vc). A
blood vessel with normal endothelium (B) with scattered extra-villous trophoblasts (arrow head) in inset. (A, D, G, H x100, B, C, E, F x400,
inset x 400).
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Fig. 2: H&E-stained sections ofgroup III: showing A) Apartofchorionicplate(Cp)withareasofacidophilic material (*) and vacuolated cells
with small darkly stained nuclei (Vc). Widely separated and low vascular terminal villi (V). B) Highly cellular villous core (V1), acidophilic
materials in cores of some villi (V2), numerous capillaries in villi (V3) and avascular villi (V4). Syncytial knots (thickarrow), thick
syncytio-vascular membrane in some parts (thin arrow) and vacuolated cells (Vc). Acidiophilic material (*) and maternal blood (B).
C) A stem villous with connective tissue core (Ct) and peri-villous acidophilic material (*). A congested blood vessel (Bv) with thick wall
and luminal pale acidophilic material (H). D) Large areas of acidophilic material (*) and vacuolated cells (Vc). Blood vessels with loss of
endothelial lining (arrow), parts of villi with syncytial knots (double arrow), pale homogenous acidophilic materials (H) and congestion
(Bv). Perivascular vacuolated cells (Vc) in inset. E) A placental septum with numerous extra-villous trophoblasts arranged in columns.
These trophoblasts are irregular or polygonal in shape with darkly stained nuclei (arrow). F) A part of decidual plate (Dp) with extra-villous
trophoblasts (arrow), congested blood vessels (Bv), vacuolated cells (Vc) and pale acidophilic material and blood (*). Irregular or polygonal
shaped trophoblasts with darkly stained nuclei (arrow) in inset.
(A, C, x100, B, D, E, F x400 inset X 400)

Fig. 3: PAS; A, B, C, MT; D, E, F and CD68 immuno-expression; G, H, I. A)Group I; weak reaction in the villi core (*) and basement
membrane of the trophoblasts (arrow). B)Group II; strong reaction in the villi core (*) and basement membrane of the trophoblasts (arrow).
Inset, a strong reaction in the lumen (L) and wall of maternal blood vessel (arrow head). C)Group III;strong reaction in both thick syncytiovascular membrane (arrow) and villi core (*). Inset, A strong reaction in the thick vascular wall (arrow head) and its lumen (L). D)Group I;
delicate connective tissue core (arrow head) in terminal villi and thick stroma of stem villi (arrow). E)Group II; abundant fibers (arrow) in the
different villi core. F)Group III; extensive fibrous content (arrow head) in the core of terminal and stem villi (arrow). G)Group I; few CD68
expressed cells (arrow) near the syncytio-vascular membrane. Numerous cells near blood capillaries and the syncytio-vascular membrane in
Group II(H) and Group III (I).
		
(A, B, C, D, E, F x200, G, H, I x400 inset X 400)
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DISCUSSION

blood vessels in PE indicate a defect in the function of
the trophoblasts or a defect in their interaction with the
vascular smooth muscle cells.

According to Raymond and Redline[15] placental lesions
were classified into maternal and fetal vascular malperfusion lesions. They reported that the maternal vascular
lesions included: increased syncytial knots, increased
fibrinoid surface area and also decidualarteriopathy
(absence of physiological remodeling, mural hypertrophy,
fibrinoid necrosis of the wall, thrombosis, inflammatory
and vacuolated cells infiltrations and acute atherosis). They
stated that the fetal vascular lesions included: chorionic
plate or stem villous thrombi and 3 or more foci of 2-4
avascular villi in a single field. The diameter of the terminal
villi was used in our study as an indicator of distal villous
hypoplasia.

Maternal vascular malperfusion results from the
abnormal blood flow in the defective spiral arteries. This
leads to histological changes called accelerated villous
maturation, these lesions include increased syncytial
knots and increased inter-villous fibrin[15]. In this study
these lesions were significantly increased in the PE-IUGR
group when compared to the control and I-IUGR groups.
These changes were reported by many authors and are
mainly caused by impaired utero-placental blood flow and
hypoxia[24].
In the present studythe mean number of syncytial
knots was significantly higher in PE-IUGR group when
compared with the control and I-IUGR groups. Syncytial
nuclear aggregates, also referred as knots include the
clustering of the syncytiotrophoblast nuclei released to
maternal blood[30]. They act as bridges to stabilize micro
villous membrane against possible membrane structural
damage caused by the maternal blood flow[31]. They are
taken by the maternal circulation into the lungs, engulfed
by the pulmonary macrophages and due to their large
size they cannot cross the air blood barrier. The uptake of
these structures by the maternal macrophages reduces the
secretion of cytokines and minimizes the maternal immune
response[32]. In PE, the normal process of syncytial knots
formation and phagocytosis is impaired due to hypoxia
resulting in apoptosis and syncytial injury. Syncytiotrophoblast micro particles (STM) are released in the
maternal circulation and due to their small size they can pass
the maternal pulmonary circulation stimulating a maternal
immune response leading to endothelial activation and
pre-eclampsia[33]. This is one of the theories explaining the
pathogenesis of PE. These particles were not increased in
I-IUGR[34], which coincides with our results as the syncytial
knots are not significantly increased in I-IUGR. This may
partly explain the absence of the maternal symptoms in
cases of I-IUGR.

This study reported significantly lower birth and
placental weights in the PE-IUGR group when compared
to the control and I-IUGR groups. These data are in
agreement with those reported by some studies[23], who
defined placental weight as a significant positive predictor
for body weight. Many researchers[24] mentioned that
in IUGR cases, the mean placental weight was less than
the 10th percentile. Placental weight is functionally
significant as it is related to villous surface area and fetal
metabolism[25].
In line with these findings, other
studies[26, 27] found that the placental diameter, thickness,
number of cotyledons, surface area was significantly lower
in placentas of PE than in that of controls.
Changes in the decidual blood vessels were the most
important findings in the PE-IUGR group. Defective
spiral arterioles with narrow lumen were detected by
Nelson et al[28] in placentas of patients diagnosed with
early onset preeclampsia. They described the acellular
acidophilic material replacing the wall as fibrinoid
necrosis. They also reported that the amorphous materials
obliterating the lumen as thrombosis and together with
the accumulation of the vacuolated cells around the wall
the blood vessels they diagnosed these lesions as acute
atherosis of the decidual blood vessels. In our study, these
findings were found in the control group as a part of the
placental maturation process and in the I-IUGR group
but they were mild and less frequent. Acute atherosis was
rarely detected in both control and I-IUGR placentas[6]. In
the current study, theses lesions can be obviously observed
in both I-IUGR and PE-IUGR groups but were significantly
higher in the PE-IUGR group.

In our study the fibrinoid surface area was significantly
higher in the PE-IUGR group when compared to the
control and I-IUGR group. In PE defective cytotrophoblast
proliferation results in fibrinoid accumulation in the
inter-villous space. Excess fibrinoid limits nutrient and
gas exchange leading to more hypoxia and fetal growth
restriction[35, 36]. It is reported that this situation may cause
intrauterine growth restriction (IUGR) and that it should
especially be searched for in recurrent IUGR[37].

Normally the spiral arteries are invaded by extra-villous
trophoblasts that replace their endothelium and smooth
muscle converting them into wide tubes not responding to
maternal vasomotor control to increase the utero-placental
flow, this process is called physiological remodeling.
This process is impaired in both PE and I-IUGR[6]. Some
studies[29] reported that trophoblasts induced vascular
smooth muscle apoptosis and reduced their proartherogenic response. The presence of abnormal decidual

In the PE-IUGR group fetal blood vessels were affected;
some were engorged with blood and lost their endothelial
lining. Others had thick wall and small acidophilic plaques
partially obliterating their lumen. In addition some stem
villi were avascular and some contained wide areas of
hyaline material. These findings were in agreement with
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Kim et al.[38]; they reported that the total number of affected
vessels and the number of vessels containing thrombus are
directly related to the severity of PE symptoms.

early fetal blood vessels they secrete vascular endothelial
growth factor (VEGF) and fibroblast growth factor
(FGF)[48]. They also express sprout proteins (Spry) that
enhances angiogenesis and branching of the villous
tree[49]. In pre-eclampsia, many cytokines are secreted
by HBC and they are reported to induce angiogenesis[50].
Previous research showed that abnormal angiogenesis is
correlated with the impaired placental and fetal development
seen in complicated pregnancies such as IUGR[51].
Structural evidence suggests that placental oxygenation
is important in controlling feto-placental angiogenesis
and hence, villous differentiation[40]. Insufficient uteroplacental perfusion leading to abnormal angiogenesis may
result in the pathophysiology of IUGR[51].

In this study the mean diameter of the terminal villi was
significantly lower in the I-IUGR group when compared
with the control and PE-IUGR groups resulting in a slender
less branched villi which is a characteristic feature in
I-IUGR. Defective villous development and angiogenesis
which was probably due to shorter and fewer capillary
segments was reported by other studies[39] in IUGR but
not in PE. Branching morphogenesis of the villous tree
follows angiogenesis, new terminal villi are formed over
new capillary loops[40], impairment of angiogenesis leads
to the formation of smaller, hypo-vascular terminal villi
like those observed in this study.

The exact pathogenesis of PE and IUGR is not
completely understood. Many authors suggested that both
conditions begin with a shallow placentation and defective
remodeling of the spiral arteries resulting in hypoxia
and oxidative stress[52]. Placental ischemia and oxidative
stress lead to the release of placental factors or stimuli
that mediates the maternal inflammatory response and
the endothelial dysfunction[53]. Normally the pregnancy
is characterized by a mild degree of maternal vascular
inflammatory response, in cases predisposed to PE or
IUGR this normal response is exaggerated[52]. Markers of
endothelial cell activation e.g. E-selectin and vascular cell
adhesion molecules (VCAM) are elevated in preeclampsia
and idiopathic IUGR but is higher in PE[54], raised cytokine
levels are reported in PE only[55]. Recent reports suggest
that maternal predisposition is an important factor in the
pathogenesis of PE like maternal metabolic syndrome[56].
PE complicated by IUGR results from the combination of
both poor placentation and maternal predisposition and
it always results in an early onset and severe form with
marked maternal and fetal morbidity and mortality[52].
These data suggested that IUGR may represent an earlier
stage of PE whereas pathogenesis stops at certain point
giving the picture of isolated IUGR with minimal maternal
symptoms.

In the current study increased amount of collagen
fibers were detected in the different villi of PE-IUGR and
IUGR groups. Some researchers[41], reported that villi
of pre-eclamptic placentae showed condensed villous
connective tissue core and regression of villous capillaries
up to complete disappearance. This could be attributed to
placental ischemia and increased levels of anti-angiogenic
factor soluble fms-like tyrosine kinase-1 (sFlt-1). This
consequently may decrease uterine, placental and vascular
matrix metalloproteinase-2 and -9, leading to increased
utero-placental and vascular collagen[42].
The present study revealed strong PAS reaction in thick
villous basement membrane. Thickening of the villous
basement membrane was reported in PE and hypertensive
pregnancies[43, 44]. Cytotrophoblast cells secrete basement
membrane protein as a response to placental ischemia
and thickened basement membrane is a byproduct of
cytotrophoblast cell proliferation. This leads to high
percentage of villi with thickened basement membrane and
fetal ischemia[45].
Fetal vascular mal-perfusion criteria were significantly
higher in the I-IUGR however chorionic plate vascular
obliteration and extensive avascular villi were not
frequent. The most characteristic finding in this group
was stem vessels thrombi partially obliterating the lumen.
These lesions were not sufficient to diagnose these cases as
fetal vascular mal-perfusion. They were better described
as findings consistent with fetal vascular mal-perfusion.
Similar results were reported in few studies, like that
done by kovo et al[46],where changes caused by fetal
vascular mal-perfusion were more in IUGR cases without
preeclampsia. However fetal vascular changes and its role
in the pathogenesis of I-IUGR need more investigation.

In summary, we found that PE-IUGR and I-IUGR
cases in this study share common histological changes
suggesting a similar pathogenesis. Maternal malperfusion
lesions predominate in PE; decidual vascular changes were
higher in PE-IUGR resulting in more hypoxia and more
growth restriction. Findings consistent with fetal vascular
malperfusion especially stem vessels partial obliteration
were higher in I-IUGR. Small and slender terminal villi
were more frequent in I-IUGR suggesting defective
branching morphogenesis. However I-IUGR, fetal vascular
malperfusion lesions and Hofbauer cells are understudied
and need further investigations.

In our study the number of Hofbauer cells (HBC)
was increased in both PE-IUGR and I-IUGR similar
results were obtained by[47]. HBC are polarized cells they
secrete pro-angiogenic and mitogenic factors supporting
endothelial cells and endothelial network formation of the

CONCLUSION
From our study, we concluded that abnormal uteroplacental blood vessels and chronic utero-placental
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insufficiency and the resulting histological changes in
the chorionic villi, inter-villous and/or feto-placental
vasculature, and chronic inflammatory lesions may be the
primary processes leading to the placental pathology in
PE and IUGR. Although the cause of IUGR pregnancies
is heterogeneous, careful clinic-pathologic correlations
in individual cases are necessary in the interpretation of
placental lesions of IUGR, and the cumulative effects of
several placental lesions are likely to be more important
than a single histologic change.
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6. Kaufmann P, Black S, Huppertz B. Endovascular
trophoblast invasion: implication for the
pathogenesis of intrauterine growth retardation
and preeclampsia. Bio Reprod. 2003; 96:1-7.
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1- Small number of cases which was due to the strict
exclusion criteria of the patients to exclude other causes of
IUGR, and the difficult diagnosis of I-IUGR.
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2- Finding matching gestational age controls especially
for the cases of PE with low gestational age. We included
IUGR cases with the highest possible gestational age and
control cases with the lowest possible gestational age.
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3- The placental bed which is the site where the
pathogenesis of both conditions begins was not included;
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الملخص العربى

التغيرات النسيجيه في مشيمه االنسان في حاالت تاخر النمو داخل الرحم في وجود او عدم وجود
تسمم الحمل
ايمان محمود عسكر ،1سالي احمد سليم ، 1هدي السباعي
1قسم علم األنسجة وبيولوجيا الخلية2 ،قسم النساء والتوليد ،كلية الطب  ،جامعة الزقازيق ،
الزقازيق ،مصر
2

فتره الحمل و يعد تسمم الحمل من االسباب الرئيسيه لهذه المشكله و
المقدمة :تاخر النمو داخل الرحم يعد من اهم المشاكل خالل ِ
تتسبب في مضاعفات خطيره لالم و الجنين .و علي الرغم من ذلك يحدث التاخر في النمو داخل الرحم احيانا بدون سبب واضح.
الهدف :هو الفحص النسيجي للمشيمه في كلتا الحالتين لتحديد الخصائص المميزه لكل منهما .و قد اجريت هذه الدراسه علي
خمسة واربعون سيدة قسمت الي ثالث مجموعات  :المجموعه االولي هي المجموعه الحاكمه ,المجموعه الثانيه و تشتمل علي
حاالت تاخر النمو داخل الرحم الناتجه عن تسمم الحمل ,المجموعه الثالثه تشتمل علي حاالت تاخر النمو داخل الرحم بدون سبب
واضح.
الطرق والمواد المستخدمة :تم فحص عينات المشيمه من كل الحاالت بالفحص النسيجي والقياسات المورفومترية و الهستوكيميائية.
النتائج :و قد اظهرت النتائج وجود تشابه هستولوجي بين المجموعتين مرجحا وجود تشابها في النشأه المرضيه لكلتا الحالتين.
كما لوحظ وجود نقص في االرواء الدموي للمشيمه و زياده للتغيرات النسيجيه الناتجه عن ذلك في حاالت تسمم الحمل .كما لوحظ
زياده في التغيرات الهستولوجيه الناتجه من نقص االرواء في االوعيه الدمويه الجنينيه المشاركه في تكوين المشيمه في حاالت
تاخر النمو داخل الرحم بدون سبب واضح .و قد لوحظ ايضا زياده في خاليا هوفر في كلتا الحالتين.
االستنتاج :و نستنتج من ذلك ان وجود اوعيه دمويه غير طبيعيه و ما ينتج عنها من نقص في ارواء المشيمه و التغيرات
الهستولوجيه الناتجه عن ذلك من الممكن ان تكون من االسباب المؤديه الي تاخر النمو داخل الرحم في حاالت تسمم الحمل و
كذلك في الحاالت الغير محدده االسباب.
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