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Abstract 
Aim: The definition of fetal growth restriction (FGR) refers to the incapability of a fetus to achieve the appropriate estimated growth, with 
expected fetal weight below the 10th percentile calculated for its gestational age. Placental factors and hypoxemia are considered to be 
essential elements with influence on intrauterine growth restriction (IUGR) and fetal death. The purpose of the present study was to investigate 
the macroscopic and microscopic pathological findings regarding the placentas in pregnancies complicated by influence on IUGR. Patients, 
Materials and Methods: Our study included 42 third-trimester pregnant patients admitted to the Cuza Vodă Hospital of Obstetrics and 
Gynecology, Iaşi, Romania, in the last three years. Soon after delivery, the 42 placentas were collected and analyzed; 32 placentas came 
from cases previously diagnosed with influence on IUGR and were included in our study group. Ten other placentas included in the control 
group were selected from uncomplicated pregnancies. Standard Hematoxylin–Eosin (HE) staining method, as well as Periodic Acid–Schiff 
(PAS) staining, and immunohistochemical techniques for cluster of differentiation 31 (CD31) and collagen IV were used in order to highlight 
the morphological features of the studied placentas. Results: Our study revealed that reduced placental dimensions and eccentric umbilical 
cord insertion are correlated with the birthweight of the fetuses with IUGR (p<0.05). The most common histological finding in our study group 
was placental infarction later correlated with IUGR, but a certain causality could not be demonstrated, as this finding was also present in 
normal pregnancies. Other histopathological findings were also present in the influence on IUGR group, such as fibrin deposits, diffuse 
calcification, chronic villitis, avascular chronical villi, with no significant statistical correlations. CD31 was strongly immunoexpressed in the 
villous endothelial cells. Collagen IV presented a strong immunoreaction in the basement membrane and mesenchyme of the placental 
villi. Conclusions: Our study revealed a correlation between the dimensions of the diameters and volume of the maternal placenta and the 
presence of influence on IUGR. Moreover, it confirms the available data suggesting that the place of insertion of the umbilical cord is correlated 
with the weight of the fetus. Further studies with extended panel antibodies are needed in order to determine and complete the role of 
these morphological changes in the development of influence on IUGR. 
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 Introduction 

The definition of fetal growth restriction (FGR) refers 
to the incapability of a fetus to achieve the appropriate 
estimated growth, with expected fetal weight below the 
10th percentile calculated for its gestational age [1]. Proper 
development and fetal growth are heavily influenced by 
maternal supply of oxygen and necessary nutrients through 

the placenta. The different possible causes that inhibit 
the fetus to reach its genetically potential weight are still 
under investigation and several theories have been put 
forward [2]. Placental factors and hypoxemia are consi-
dered to be essential elements with influence on intra-
uterine growth restriction (IUGR) and fetal death [3]. 
Different placental structures and functions may be involved 
and this leads to anatomical, physiological, vascular and 
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other morphological abnormalities [4]. Various gross 
morphological changes of the placenta have been 
mentioned, such as placental weight [5–7] or fetal/placental 
weight ratio [7, 8], type of umbilical cord insertion in the 
placenta, and also its length or presence of knots and other 
anomalies [9, 10]. Structural changes, such as chronic 
villitis, avascular villi, perivillous fibrinoid deposition, 
cytotrophoblast hyperplasia and basement membrane 
thickening, have all been associated with FGR [11–13]. 
In order to enhance current clinical knowledge of the 
etiology of IUGR, anatomopathological examinations of 
placentas could be extremely revealing [14]. 

Aim 

In our study, we aimed to evaluate the macroscopic and 
histopathological (HP) features, as well as the immuno-
expression of cluster of differentiation 31 (CD31) and 
collagen IV in placental specimens from pregnancies 
complicated with IUGR, looking for any clinico-
morphological correlations, which could explain the 
processes that characterize FGR. 

 Patients, Materials and Methods 
The purpose of our study was to examine the 

macroscopic and microscopic pathological findings 
regarding the placentas in pregnancies complicated by 
IUGR. The main macroscopic parameters that were 
analyzed in this article included: placental diameters, 
aspect of membranes, the insertions of the umbilical 
cord in the placenta, number of umbilical cord vessels, 
umbilical cord diameter. These parameters where afterwards 
corroborated with the microscopically HP characteristics. 

Our study included 42 third-trimester pregnant patients 
admitted to the Cuza Vodă Hospital of Obstetrics and 
Gynecology, Iaşi, Romania, in the last three years. We 
collected a total of 42 placentas soon after delivery. Of 
these, 32 samples came from cases previously diagnosed 
with IUGR and were included in our study group. Ten 
other placentas were selected from pregnancies without 
complications and functioned as the control group. 

The following histological features of the placentas 
were systematically assessed: vasculitis, villous infarction, 
chronic vilitis, villous hypoplasia, intervillous thrombi or 
hematomas, perivillous and basal plate fibrin deposition, 
cytotrophoblast proliferation, thickening of trophoblastic 
basal membrane, stromal fibrosis, multifocal chorangio-
matosis [10]. 

Sections obtained from placental specimens were 
investigated by routine HP exam, being fixed in buffered 
formalin for 24 hours and processed for paraffin embedding. 
For microscopic assessment of the above-mentioned 
placental morphological aspects, 4–5 μm serial sections 
were stained with Hematoxylin–Eosin (HE) and Periodic 
Acid–Schiff (PAS) (both study and control groups), and 
furthermore prepared for immunohistochemical (IHC) 
(study group). 

IHC exam with type IV collagen mouse monoclonal 
antibody (CIV22, Cell Marque) and CD31 mouse mono-
clonal antibody (JC70, Cell Marque) used automated IHC 

BenchMark ULTRA Protocol with ultraView Universal 
3,3’-Diaminobenzidine (DAB) Detection Kit. The counter-
staining was performed using Hematoxylin II-Ventana. 

For semi-quantitative assessment of the antibodies, 
we considered the following classification of immuno-
expression: 0 for no staining, 1+ for weak staining, 2+ 
for moderate staining, and 3+ for strong staining. 

In our study, the exclusion criteria regarding fetuses 
were the existence of a chromosomal or congenital anomaly, 
hydrops fetalis or multiple pregnancies. The maternal 
exclusion criteria were diabetes mellitus, pre-eclampsia 
and eclampsia, genitourinary infections, sepsis, antenatal 
hemorrhage (vasa praevia and placenta praevia, abruptio 
placentae) and systemic disorders. 

Fetal biometric measurements obtained through ultra-
sonography (femur length, abdominal circumference, 
biparietal diameter, head circumference and estimated 
weight) were used in order to establish the diagnosis of 
IUGR. 

The management of the study was conducted in full 
compliance with the ethical principles contained in the 
“Human Rights Declaration” adopted in Helsinki, which 
follows the Good Practice Rules in the Clinical Study 
and Legal Regulations and an informed consent has been 
obtained from every patient  

We used Microsoft Excel to create our database and the 
statistical analysis was performed with Statistical Package 
for the Social Sciences (SPSS) v. 20. 

 Results 
Clinical characteristics of subjects included in this 

study are illustrated in Table 1. 
Table 1 – The clinical characteristics in control and 
study groups (data given as numbers) 

Clinical characteristics Study group Control group 
Age of mother  
[years] (mean±SD) 

29.03± 
5.664 

29.24± 
6.030 

Gestational age at birth 
[weeks] (mean±SD) 

35.75±3.2 
38.14± 

0.85 
Birth weight  
[g] (mean±SD) 

2059.45± 
669.87 

3277.94± 
379.03 

Premature birth  
(<37 weeks) 

70.2% 
2.77%  

circulation 

SD: Standard deviation. 

There was no significant age difference between the 
mothers included in the two groups. Gestational ages, 
fetuses’ weights at birth, and measured placental dimensions 
were significantly different in the two groups (p<0.05). 
As expected, we observed a much higher incidence of 
premature birth, defined as birth before 37 weeks of 
pregnancy, in the study group (70.2%), while in control 
group only 2.77% were cases of premature births. We 
acknowledged a birth weight in the study group of 
2059.45±669.87 g, compared to 3277.94±379.03 g in 
control group. Mean gestational age of the fetuses 
diagnosed with IUGR was lower at birth (35.75±3.2 
weeks) than in the control group (38.14±0.85 weeks). The 
placentas from pregnancies included in our study group 
tend to be smaller than those collected for the control 
group, as shown in Table 2. 
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Table 2 – Placental dimensions 

Measured 
dimensions [cm] 

Study group Control group p 

Length 15.75±6.22 21±2.3 <0.05 

Width 12.12±2.23 16±3.6 <0.05 

Depth 1.2±0.38 2.3±0.3 <0.05 

Macroscopic findings of placenta and umbilical cord 
in our study group are presented in Table 3. It is worth 
mentioning is the higher incidence of umbilical cord 
anomalies, including velamentous attachment to the 
chorionic disc (34.2%) or eccentric insertion (19.2%), 
abnormal number of vessels or even ruptured vessels 
(3.125%), and torsion of the umbilical cord (6.25%). 

Table 3 – Macroscopic findings of placentas/umbilical 
cords (percentage) 

Type of umbilical cord Study group 

Umbilical cord attachment to the chorionic disc  

Central 46.6%     (15) 

Eccentric 19.2%       (6) 

Velamentous 34.2%     (11) 

No. of umbilical cord vessels  

Two 21.87%     (7) 

Three 71.13%   (25) 

Ruptured umbilical cord 3.125%     (1) 

Umbilical cord torsion 6.25%       (2) 

The most common HP aspects identified and illustrated 
by HE and PAS stainings were as follows: villous infarction, 
parietal vascular thrombosis, perivillous and basal plate 
fibrin deposition, syncytiotrophoblastic knots, thickening 
of trophoblastic basal membrane, stromal fibrosis, multi-
focal chorangiomatosis, villous hypoplasia (Table 4). 

Table 4 – Histopathological features in the study 
placentas 

Microscopic findings 
Study  

group (%) 
Control 

group (%) 
Infarction 28 (87.5%) 5 (5%) 

Thrombosis 25 (78.12%) 4 (40%) 

Perivillous fibrin 32 (100%) 6 (60%) 

Calcifications 20 (62.5%) 2 (2%) 

Basement membrane thickening 28 (87.5%) 3 (3%) 

Stromal fibrosis 28 (87.5%) 3 (30%) 

Chorangiomatosis 18 (56.25%) – 

Villous hypoplasia 26 (81.25%) 2 (2%) 

Placental hematoma 16 (50%) – 

Syncytiotrophoblastic knots 24 (75%) 2 (2%) 

We found infarction, sometimes associated with distal 
villous hypoplasia (rare, small, sometimes filiform villi), 
and intervillous thrombosis to be more numerous in placental 

cotyledons coming from study group fetuses (Figure 1, 
A–C; Figure 2, A and B). During the examinations, we 
were able to identify different stages of the process, from 
new, small infarcted areas, to old, extensive regions. We 
observed that the incidence of villous infarction was 
higher in the study group (87.5%) than in the control 
group (50%). The most frequent HP feature linked with 
infarction or thrombosis was chronic villitis, among 
perivillous fibrin deposits. 

Perivillous fibrin deposition (Figure 3, A–C; Figure 4, 
A and B) was more frequently present within the IUGR 
group (93.75%) than in the control group (60%). Placental 
hematoma (Figure 5, A and B) as well as calcifications 
(Figure 6A) were also encountered in most cases of the 
study group (81.25% versus 0%; 62.5% versus 2%), 
affecting the uteroplacental circulation. Stromal fibrosis, 
multifocal villous chorangiomatosis, syncytiotrophoblastic 
knots (Figure 6, A and B; Figure 7, A and B), as well as 
basement membrane thickening (Figure 8, A and B) 
were also observed more frequently in the study group 
than in the control group (Table 4). 

The IHC assessment of CD31 presented a moderate 
to strong positive immunoexpression in endothelial cells 
from villous capillaries (Figure 7, A and B), highlighting 
also the areas with chorangiomatosis, and a weak to 
negative immunoexpression in the infarcted areas and 
those exposed to massive perivillous fibrin deposition 
(Table 5). 

Table 5 – CD31 immunoexpression in the study group 
placentas 

CD31 immunointensity Study group (%) 

0 – 

1+ 2 (6.25%) 

2+ 4 (12.5%) 

3+ 26 (81.25%) 

CD31: Cluster of differentiation 31. 

Most of the cases from the study group presented a 
strong immunoreaction of the collagen IV, marking the 
thickening of the villous basement membrane, as well as 
the presence of type IV collagen in the mesenchyme of 
the placental villi (Figure 8, A and B; Table 6). 

Table 6 – Collagen IV immunoexpression in the study 
group placentas 

Collagen IV immunointensity Study group (%) 

0 4 (12.5%) 

1+ 1 (3.12%) 

2+ 2 (6.25%) 

3+ 25 (78.12%) 
 

 
Figure 1 – Subacute and chronic placental infarction (A and B) with distal villous hypoplasia (C). HE staining: (A–C) 
×100. 
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Figure 2 – (A and B) Parietal vascular 
thrombosis. HE staining: (A and B)  

×100. 

 
Figure 3 – (A–C) Perivillous fibrin deposits. HE staining: (A–C) ×100. 

Figure 4 – Massive perivillous fibrin 
deposition (A) and calcifications (B).  

PAS staining: (A) ×100; (B) ×200.  
PAS: Periodic Acid–Schiff. 

 

 

Figure 5 – (A and B) Intraplacental 
hematoma. HE staining: (A and B)  

×100. 

 

Figure 6 – Chorangiomatosis (A and B) 
and extensive calcifications (A).  
HE staining: (A and B) ×100. 

 

 

Figure 7 – (A) Strong CD31+ immuno-
expression in terminal and stem villi,  
with numerous syncytiotrophoblastic 
knots; (B) Strong CD31+ immuno-

expression highlighting villous 
chorangiomatosis. Anti-CD31 antibody 
immunomarking: (A) ×100; (B) ×40. 
CD31: Cluster of differentiation 31. 
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Figure 8 – (A and B) Strong collagen IV+ 
immunoexpression in the basement 

membrane and matrix of the terminal  
and stem villi. Anti-collagen IV antibody 
immunomarking: (A) ×100; (B) ×400. 

 
 Discussions 
Our study provides a comprehensive analysis of 

anatomopathological aspects in pregnancies that resulted 
in IUGR. We focused on both the macroscopic and 
microscopic and lesions of the collected specimens, as 
well as the immunoreaction of CD31 endothelial marker 
and collagen IV, trying to identify any correlation with 
clinical and ultrasound parameters that could explain the 
evolution of these complicated pregnancies. 

In this study, we managed to show that there is a 
significant correlation between the placental dimensions, 
implicitly the placental volume, and the birthweight of 
the fetuses. 

In order to have a homogenous classification, we defined 
villous infarction as a localized area of ischemic villous 
necrosis. An intervillous thrombus was characterized as 
a contained clot found in the intervillous space [15]. We 
considered chronic villitis an infiltration of the stroma 
by maternal T-lymphocytes [16] and perivillous fibrin 
deposition as the presence of fibers with a measured 
thickness less than 10 mm, and specific cross-striation of 
the filaments [17]. Trophoblastic basal membrane thickening 
was defined as an increased thickness of villi, suggestive 
of an elevated secretion of basal lamina molecules [17]. 

Previous studies considered that the placental weight 
presented with the best correlation with FGR [14, 18]. 
However, Jakó et al. (2019) presented a research in 
which the calculated volume of the placenta measured at 
the time of delivery showed a stronger correlation with 
birthweight, compared to the association between placental 
weight and birthweight [19]. This encourages the necessity 
of developing reliable methods for a more accurate 
examination of the placental dimensions in utero, in order 
to better evaluate the growth restriction. Furthermore, our 
study shows significant differences between the smallest 
placental diameter between the group of patients with 
IUGR and the control group. This parameter together with 
the placental volumes are feasible to measure antenatally 
through echography as prognostic factors. Ultrasound can 
be used to evaluate the placental diameters and volume 
more precisely than placental weight [20]. 

Current studies focus intensely on investigating also 
the utility of magnetic resonance imaging (MRI) in 
assessing the placental volume and shape. Consequently, 
MRI may provide additional information on the morpho-
logical characteristics of the placenta. Studies showed that 
placentas in IUGR pregnancies present more oval and 
thicker aspect in MRI acquisitions than placentas of normal 
pregnancies, which have a circular outline [21]. The 
morphological measurements we obtained are in line 
with these findings. Isakov et al. (2018) tried to identify 

and characterize a percentile curve for the placental 
volume. According to multiple systematic performable 
measurements, they proposed novel diagnostic parameters 
so that values could be used in clinical practice [22]. 

Regarding the trimester in which placental measure-
ments are relevant, three-dimensional ultrasonographical 
measurements in the first trimester can be moderately 
correlated with fetal weight. On the other hand, measure-
ments taken in the second trimester are associated with 
good predictive values (up to 45%) and can be applied in 
a clinical setting for screening high-risk pregnancies [23]. 

As for the umbilical cord, our study reveals that almost 
2/3 of the specimens that we examined showed either an 
eccentric or a velamentous insertion and were correlated 
with IUGR (p<0.05). Similar findings were reported by 
many other studies [24–26], while Brouillet et al. (2014) 
showed that noncentral cord insertion (paracentral, 
velamentous) can be correlated with FGR and low birth 
weight in single fetus pregnancies [27]. Regarding the 
relationship between peripheral cord insertion and IUGR, 
we might assume, based on mathematical and geometrical 
principles, that a central umbilical cord insertion is required 
in order to provide an equal distribution and exchange of 
blood. 

Although placental infarction can be found in both 
normal and abnormal pregnancies, this lesion presents 
clinico-morphological significance when it affects at least 
an average of 10–20% of the placental volume. The 
relationship between fetal hypoxia, subsequent IUGR and 
the presence of multiple placental infarction lesion has 
already been reported in literature [28]. In the present 
study, different degrees of placental infarction were 
detected in 28 (87.5%) cases of the study group, results 
similar with those previously published [29]. In our study 
group, we reported 25 cases with villous thrombosis, 
highlighting the literature results which suggest that 
vascular fetal thrombotic disorders are commonly found 
in women with adverse pregnancy outcomes [30]. 

The HP evaluation of the placenta also reveals in the 
study group other morphopathological changes in the study 
group, most of them in a certainly higher proportion 
than in the control group: intervillous thrombi, diffuse 
calcifications, avascular terminal villi, chronic villitis, 
villous hypoplasia, syncytiotrophoblastic knots, thickening 
of the basement membrane, multifocal chorangiomatosis. 
Although not specific to IUGR pregnancies, research 
reveals that these lesions are linked with IUGR, systemic 
autoimmune disorders, intrauterine infection and sepsis, 
genetic disorders, toxic substances, abnormal interaction 
between host and the placenta, and confined placental 
mosaicism [31, 32]. Redline et al. (2004) [33] revealed 
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that the massive deposition of intervillous fibrin presented 
strong correlation with placental and fetal weight. Based on 
existing knowledge, it is stated that diffuse calcification 
often occurs in mature placentas and reflects placental 
senescence, but there is a relationship between preterm 
placental calcification and adverse pregnancy outcome 
[34]. İskender-Mazman et al. (2014) found no relationship 
between IUGR and diffuse dystrophic calcification [35]. 

The IHC evaluation of CD31 endothelial markers in the 
study group revealed a strong immunoreaction in villous 
endothelial cells, emphasizing its importance as a placental 
endothelial marker [29], as well as a complementary IHC 
parameter in the diagnosis of villous chorangiomatosis or 
other fetal vasculopathy associated with IUGR. 

The strong immunoreactivity of the anti-collagen IV 
antibody in almost all cases of the study group suggests 
and completes the already published studies, which 
demonstrate the existence of type IV collagen outside 
the basement membrane, being described also in the 
mesenchyme of the placental villi [36]. This accumulation 
of collagen IV in the villous extracellular matrix could 
support and explain, besides the invasive character of the 
trophoblast at the implantation site, the impairment of 
the maternal–fetal inductive relationships, with possible 
restriction of nutrient circulation, which can lead to fetal 
IUGR. 

 Conclusions 
Our study revealed a correlation between the dimensions 

of the diameters and volume of the maternal placenta 
and the presence of IUGR. Furthermore, it confirms the 
available data suggesting that the place of insertion of the 
umbilical cord is correlated with the weight of the fetus. 
The most common histological finding in our study group 
was placental infarction, which was correlated with IUGR, 
but a certain causality could not be demonstrated, as this 
finding was also present in normal pregnancies. CD31-
positive immunoexpression of the villous endothelial cells 
can represent a supplementary parameter in the diagnosis 
of chorioangiomatosis or other fetal vasculopathy associated 
with IUGR. The strong immunoexpression of collagen IV 
inside or outside the basement membrane of the placental 
villous structures could explain the disturbance of the 
specific maternal–fetal inductive relationships from IUGR 
pregnancies. Further larger studies with extended panel 
immunomarkers are needed in order to determine and 
complete the role of these morphological changes in the 
development of IUGR. 
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