
Rom J Morphol Embryol 2022, 63(2):357–367  ISSN (print) 1220–0522, ISSN (online) 2066–8279  doi: 10.47162/RJME.63.2.07 

This is an open-access article distributed under the terms of a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International Public 
License, which permits unrestricted use, adaptation, distribution and reproduction in any medium, non-commercially, provided the new creations 
are licensed under identical terms as the original work and the original work is properly cited. 

ORIGINAL PAPER 

Analysis of the relationship between placental 
histopathological aspects of preterm and term birth 

IOANA VICTORIA CAMEN1), ANCA-MARIA ISTRATE-OFIŢERU2–4), LILIANA VICTORIA NOVAC5),  
MARIA MAGDALENA MANOLEA5), ANDA LORENA DIJMĂRESCU5), SIMONA DANIELA NEAMŢU6),  
LUCREŢIU RADU7), MIHAIL VIRGIL BOLDEANU8), MIRCEA-SEBASTIAN ŞERBĂNESCU9), MARIA STOICA10), 
ANDREI GHEORGHE MARIUS MOTOC11), MARIUS BOGDAN NOVAC10), DANIELA-LOREDANA BUJORESCU12) 

1)PhD Student, Doctoral School, University of Medicine and Pharmacy of Craiova, Romania 
2)Department of Histology, University of Medicine and Pharmacy of Craiova, Romania 
3)Research Center for Microscopic Morphology and Immunology, University of Medicine and Pharmacy of Craiova,  
Romania 

4)Department of Obstetrics and Gynecology, Emergency County Hospital, Craiova, Romania 
5)Department of Obstetrics and Gynecology, University of Medicine and Pharmacy of Craiova, Romania 
6)Department of Hematology and Immunology, University of Medicine and Pharmacy of Craiova, Romania 
7)Department of Hygiene, University of Medicine and Pharmacy of Craiova, Romania 
8)Department of Immunology, University of Medicine and Pharmacy of Craiova, Romania 
9)Department of Medical Informatics and Biostatistics, University of Medicine and Pharmacy of Craiova, Romania 
10)Department of Anesthesiology and Intensive Care, University of Medicine and Pharmacy of Craiova, Romania 
11)Department of Anatomy and Embryology, Victor Babeş University of Medicine and Pharmacy, Timişoara, Romania 
12)PhD Student, Doctoral School, Victor Babeş University of Medicine and Pharmacy, Timişoara, Romania 

Abstract 
Objectives: This study aims to establish a correlation between placental histopathological and immunohistochemical (IHC) changes and preterm 
birth with fetal growth restriction (FGR, formerly called intrauterine growth restriction – IUGR). Patients, Materials, and Methods: This prospective 
study was performed on a group of 30 parturients, with singleton gestation, of which 15 patients gave birth at term, and the other 15 patients 
gave birth prematurely. After the statistical correlation of the clinical and demographic data with premature birth (PB) and term birth (TB), we 
performed histological and IHC research on the respective placentae. To observe normal and pathological microscopic placental structures, 
we used the Hematoxylin–Eosin (HE) and Periodic Acid Schiff–Hematoxylin (PAS-H) classical stainings, but also special immunostaining 
with anti-cluster of differentiation 34 (CD34) and anti-vascular endothelial growth factor (VEGF) antibodies. Results: We found a statistically 
significant difference between the TB/PB categories and the age of the patients, their antepartum weight, the weight of the newborns, and 
the placenta according to the sex of the newborn. Histological analysis revealed in the case of TB, small areas of perivillous amyloid deposition, 
with the significant extension of these areas both intravillous and perivillous in the case of PB. Massive intravillous calcifications, syncytial 
knots, and intravillous vascular thrombosis were also frequently present in PB. With PAS-H staining were highlighted the intra/extravillous vascular 
basement membranes, but especially the massive fibrin deposits rich in glycosaminoglycans. By the IHC technique with the anti-CD34 antibody, 
we noticed the numerical vascular density, higher in the case of TB, but in the case of PB, there were large areas of placental infarction, with 
a lack of immunostaining in these areas. Through the anti-VEGF antibody, we observed the presence of signal proteins that determined and 
stimulated the formation of neoformation vessels in the areas affected by the lack of post-infarction placental vascularization. We observed 
a highly significant difference between placental vascular density between TB/PB and newborn weight, sex, or placental weight. Conclusions: 
Any direct proportional link between the clinical maternal–fetal and histological elements yet studied must be considered. Thus, establishing 
an antepartum risk group can prevent a poor pregnancy outcome. 
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 Introduction 

It has long been known that premature birth (PB) is a 
leading cause of perinatal morbidity and mortality [1] being 
responsible for 35% of neonatal deaths [2]. The etiology 
of PB is multifactorial [3], the precise cause of PB is 
difficult to quantify, two-thirds of PBs are idiopathic and 
one-third of iatrogenic causes, to maternal and fetal reasons 
[4, 5]. One cause, that is still underestimated for idiopathic 

PB, may be placental dysfunction in which placental changes 
appear to be closely related to oxidative stress [6]. As 
described, it appears that placental dysfunction is characterized 
by accelerated placental villous hypermaturation, which is 
associated with increased syncytial knotting, and the massive 
perivillous fibrin depositions, rich in glycosaminoglycans 
and mucopolysaccharides [7–9]. These placental changes 
are characteristic of severe preeclampsia (P) and late 
intrauterine growth restriction (IUGR) but have also been 
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observed in idiopathic PB [6]. Unlike late-onset IUGR, 
severe early-onset IUGR is characterized by distal villous 
hypomaturation [9, 10]. This abnormal development of the 
placental villous tree influences the placental exchanges 
due to the quantitative decrease of the terminal villi, as well 
as the deterioration of the syncytiotrophoblast, at the level 
of which the maternal–fetal exchange takes place [11, 12]. 

These disorders of villous anomalies, which are hallmarks 
of a placental lesion that is associated with hypoxia, can lead 
to fetal death [13]. On the other hand, regarding maternal 
health, women who had a PB may develop a cardiometabolic 
pathology in the decade after pregnancy and have an 
atherogenic lipid profile. Although the study of the placenta 
dates back decades, knowing that its proper functioning is 
the most important element for fetal and neonatal health, 
in recent years this hypothesis has been induced that future 
maternal health may have placental indications [14]. 
Therefore, in both maternal and fetal interest, the placenta 
from PB should be investigated histologically, for fetal and 
maternal well-being. 

Aim 

This study aims to establish a correlation between 
placental histological and immunohistochemical (IHC) 
changes and PB with fetal growth restriction (FGR), 
compared with placental changes in normal term pregnancy 
(TP). Microscopic structural and vascular placental changes 
present in singleton TP or prematurity have been associated 
with coexisting maternal and fetal clinical features. 

 Patients, Materials and Methods 
This study was performed on a group of 30 parturients, 

with singleton gestation. Of these, 15 patients gave birth at 
term, after 37 weeks of pregnancy, and the other 15 patients 
gave birth prematurely, between 32–35.6 weeks of gestation. 
The patients included in the study were hospitalized and 
gave birth in the Department of Obstetrics and Gynecology, 
Emergency County Hospital, Craiova, and in the Department 
of Obstetrics and Gynecology, Filantropia Municipal Hospital, 
Craiova, Romania, between January 2020–January 2022. 
Exclusion criteria from the study referred to chronic maternal 
pathology, preterm prelabor rupture of the membranes, 
multiple gestations, fetal congenital anomalies, placenta 
praevia, and any other vaginal bleeding. At the first 
monitoring visit, an interview was conducted, which included 
the main demographic, clinical, and medical data. 

Ethical consideration 

Pregnant women participating in the study expressed 
written informed consent for the use of placental samples 
and maternal and fetal clinical data. Based on the Declaration 
of Helsinki, the Ethics Committee of the University of 
Medicine and Pharmacy of Craiova approved this study. 

Histopathological and IHC study 

Immediately after birth, the placentae were taken, 
weighed, washed, and photographed, and tissue fragments 
were collected from each. The placental tissue taken was 
sent to the Research Center for Microscopic Morphology 
and Immunology, University of Medicine and Pharmacy 
of Craiova, to be included in paraffin, sectioned using the 

microtome, stained by classical and IHC techniques, and 
analyzed. 

Fixation of placental tissue was performed with 10% 
neutral buffered formalin, at room temperature, for 10 days. 
The paraffin inclusion took place according to the following 
protocol: the tissues were washed for a few hours in a 
continuous jet of tap water, dehydrated with alcohol at 
increasing concentrations, as follows: 70% (12 hours), 
90%, 96%, 100% (1–2 hours/alcohol bath), then moved 
successively to three xylene baths (three hours in total). 
From xylene, the placental tissue fragments were introduced 
into molten paraffin (56°C for one day). After 24 hours, 
the solid paraffin blocks were obtained. The placentae 
thus processed were sectioned using the HM350 rotary 
microtome, equipped with a system to transfer water bath 
sections (STS microM) to a thickness of 5 μm, and the slices 
obtained were mounted on simple slides for classical 
histological studies, as well as on slides with poly-L-lysine 
for IHC studies. The tissue applied to the slides was left to 
dry in the thermostat for one day at 37°C. To observe normal 
and pathological microscopic placental structures, we used 
the Hematoxylin–Eosin (HE) and Periodic Acid Schiff–
Hematoxylin (PAS-H) classical stainings, but also special 
IHC labeling with anti-cluster of differentiation 34 (CD34) 
antibody to mark the presence of capillary endothelium 
in intravillous neoformation of blood vessels and the anti-
vascular endothelial growth factor (VEGF) antibody that 
label certain proteins that determine and stimulate the 
formation of blood vessels. 

For both classical and special IHC studies, the slides 
were deparaffined in xylene glass containers (3×10 minutes), 
and the placental tissues were dehydrated with alcohol 
with decreasing concentrations (100%, 96%, 90%, and 
70% – 5 minutes/each alcohol bath), then the tissues were 
rehydrated with distilled water (dH2O) (3×5 minutes/bath). 
After this step, the protocol varied depending on the staining 
technique. Through the classical HE staining technique, we 
highlighted the nuclei with Hematoxylin and the collagen 
fibers with the Eosin solution. Placental glycosaminoglycans 
were highlighted by the PAS-H technique. The placental 
tissue applied on the slides with poly-L-lysine was delimited 
with a hydrophobic marker (DakoPen), then the antigenic 
unmasking in pH 6 citrate solution was done by boiling in 
the microwave oven (650 W, seven cycles × 3 minutes). 
After cooling, the slides were washed with dH2O (3×5 
minutes), and endogenous peroxidase inactivation was 
attempted by using 2% hydrogen peroxide (H2O2) for  
30 minutes. H2O2 was subsequently removed from the 
tissues by abundant washing in dH2O and the slides were 
introduced into the 1% phosphate-buffered saline (PBS) 
for five minutes. Before application of the primary antibody, 
non-specific sites were blocked using 3% skim milk solution 
(30 minutes), and only after this step was the primary 
antibody dripped (Table 1). The slides thus obtained were 
placed in the refrigerator for 18 hours at 4°C. The next day, 
the slides were brought to room temperature, washed in 1% 
PBS to remove the primary antibody, and the secondary 
antibody [mouse VC002-025, R&D Systems, VisUCyte 
Horseradish Peroxidase (HRP) Polymer] was applied over 
the tissue for 1–2 hours, during which time the secondary 
antibody binds to the primary antibody and helps amplify 
the subsequent, post-development reaction. The secondary 
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antibody was then removed with 1% PBS and 3,3’-Diamino-
benzidine (DAB) (Dako) was used to develop slides. The 
nuclei were labeled with Hematoxylin. To complete the 
slides, the tissue was dehydrated in successive alcohol baths 

with increasing concentrations (70%, 90%, 96%, and 100% 
– 5 minutes/each alcohol bath), the slides were clarified in 
xylene containers for 45 minutes (3×15 minutes/bath) and 
24×50 mm slides with Canadian conditioner were mounted. 

Table 1 – IHC panel of antibodies used by us 

Antibody Manufacturer Clone 
Antigenic 
exposure 

Secondary antibody Dilution Labeling 

Anti-CD34 Dako QBEnd/10 Citrate, pH 6 
Monoclonal mouse  

anti-human CD34 Class II 
1:50 Neoformed blood vessels 

Anti-VEGF Dako VG1 Citrate, pH 6 
Monoclonal mouse  
anti-human VEGF 

1:50 
A signal protein that 

stimulates the formation  
of blood vessels 

CD34: Cluster of differentiation 34; IHC: Immunohistochemical; VEGF: Vascular endothelial growth factor. 
 

To quantify the vascular density immunolabeled with 
the anti-CD34 antibody, we made four images with the 
×200 objective from the same placental scanned slide of each 
case (15 cases – TB, 15 cases – PB). After photographing 
the sections, the small blood vessels in the structure of the 
placental villi were counted, but also the perivillous ones 
of each case, with the help of the ImageProPlus program, 
and we structured a statistical table with a comparative note 
in the Microsoft XL 2010 program. 

Statistical analysis 

With the help of the Microsoft Excel 2010 program, 
we elaborated various statistical and comparative studies 
through the t-test, analysis of variance (ANOVA) Single 
Factor test regarding the clinical data of the mothers (age, 
weight), the newborns (weight, sex), as well as on placental 
microscopic vascular aspects. 

 Results 
Patients with a gestational age over 37 weeks were 19–

46 years old, with a mean age of 29.73 years (±8.48 years), 
and patients who gave PB were 25–43 years old, with an 
average age of 34.73 years (±5.32 years). Applying the 
Two-Sample t-test Assuming Equal Variances, we noticed 
a statistically significant difference between the two TB/PB 
categories in terms of patient age, t(15)=-1.933, p=0.03 
(Figure 1). The antepartum weight of the 30 pregnant 
women varied in the case of patients with TB between 
65–101 kg, with an average of 79.86 kg (±10.02 kg), and 
in the case of patients with PB, it varied between 76–114 kg, 
with an average of 91.13 kg (±9.4 kg). Applying the Two-
Sample t-test Assuming Equal Variances, we noticed a 
statistically significant difference between the two TB/PB 
categories in terms of patients’ antepartum weight, t(15)= 
-3.174, p=0.001 (Figure 2). 

Full-term or premature infants included in the study 
were grouped by sex, so in the case of TB, we had seven 
female newborns (TNB-F) and eight male newborns (TNB-
M), and in the case of PB, we had nine female newborns 
(PNB-F) and six male newborns (PNB-M). Applying the 
χ2 (chi-squared) test, we noticed that the distribution of 
newborns by sex was not significantly different (Figure 3). 

The weight of TNB-F ranged from 2660–3500 g, with 
an average value of 3068.57 g (±266.86 g), and the weight 
of TNB-M varied between 2915–3990 g, with an average 
value of 3301.25 g (±467.7 g). The weight of PNB-F ranged 

between 1980–2540 g, with an average value of 2270.55 g 
(±179.45 g), and the weight of PNB-M varied between 
2030–2800 g, with an average value of 2343.33 g (±272 g). 
By applying the ANOVA Single Factor test, we noticed 
a highly significant difference between the weights of  
the newborns for these groups, F(3.29)=20.784, p<0.001 
(Figure 4). The TNB-F placenta weighed between 443–
583 g, with an average value of 511.14 g (±44.50 g), at 
TNB-M it varied between 485–665 g, with an average 
value of 617.75 g (±97.41 g). In PNB-F, the weight ranged 
between 310–480 g, with an average value of 387.55 g 
(±56.33 g), and in PNB-M the weight varied between 
320–480 g, with an average value of 416.33 g (±57.62 g). 
Applying the ANOVA Single Factor test, we observed that 
there was a highly significant overall difference between 
the placental weight for these groups, F(3.29)=18.698, 
p<0.001 (Figure 5). 

 
Figure 1 – The average age (years) of the pregnant 
women included in the study. Pregnant women’s average 
age was significantly lower for those with TB compared 
to those with PB, t(15)=-1.933, p=0.03. PB: Premature 
birth; TB: Term birth. 

 
Figure 2 – The average weight (kg) of the pregnant 
women included in the study. Pregnant women’s average 
weight was significantly lower for the TB cases (79.86± 
10.02 kg) compared to those with PB (91.13±9.4 kg), 
t(15)=-3.174, p=0.001. PB: Premature birth; TB: Term 
birth. 
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Figure 3 – The distribution of males/females newborn 
was not significantly different for the newborn group 
of TB/PB, χ2(2, N=30)=1.534, p=0.46. PB: Premature 
birth; PNB: Premature newborn; TB: Term birth; TNB: 
Term newborn. 

The placental macroscopic aspects of both the TB and 
PB groups highlighted the two placental surfaces (maternal 
and fetal side), the existence of amniotic membranes, the 
umbilical cord on the placental fetal side (Figures 6 and 7), 
and the placental microscopic morphology in these two 
groups revealed various structural changes characteristic 
of TB and PB (Figures 8 and 9). 

Through the classical HE staining technique, we 
highlighted both the normal structure of placental villi, with 
collagen fibers stained in pink, the syncytiotrophoblast 
present at the periphery of the villi, but also some structural 
changes present: variable fibrinoid deposits (stained in pink), 
massive calcifications (stained in blue-violet), syncytial knots 
present at the villous periphery, intravascular thrombosis 
(stained in red), infarcts (weakly stained areas, without 
vascularization) (Figures 8 and 9). 

 

 

Figure 4 – Mean weight of fetuses 
according to the type of TB/PB and to 
the sex of the newborn. There was a 
highly significant difference between 
the weight of the newborns for these 

groups, F(3,29)=20.784, p<0.001.  
F: Female; M: Male; PB: Premature 
birth; PNB: Premature newborn; TB: 

Term birth; TNB: Term newborn. 

 

Figure 5 – Mean placental weight  
of fetuses, according to the type of 

TB/PB and to the sex of the newborn. 
There was a highly significant 

difference between the placental  
weight of the newborns for these  
groups, F(3,29)=18.689, p<0.001.  

F: Female; M: Male; PB: Premature 
birth; PNB: Premature newborn; TB: 

Term birth; TNB: Term newborn. 

 

 
Figure 6 – Normal macroscopic morphological aspects of the placenta at term, from a singleton pregnancy, without 
pathological history associated with pregnancy – control group: (A) Placental maternal side – amniotic membranes (yellow 
arrows), small calcifications, and peripheral fibrin deposits, specific to the placenta at the end of the third trimester of 
pregnancy (green arrow) and normal placental cotyledons (red arrow) are observed; (B) Fetal placental side – the amniotic 
membranes covering the placenta (yellow arrows), the umbilical cord inserted in the central level (green arrow), the 
presence of fibrillar deposits (blue arrows) and the presence of normal placental vascularization (red arrow) are observed. 
Images from the collection of Dr. Anca-Maria Istrate-Ofiţeru. 
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Figure 7 – Macroscopic morphopathological aspects of the placenta, a premature singleton pregnancy: (A) Placental 
maternal side – amniotic membranes are identified at the placental periphery, umbilical cord (green arrow), the presence 
of macroscopically visible thrombosis (red arrow), and placental cotyledons with large areas of fibrillar deposits and 
calcifications (blue arrows); (B) Fetal placental side – the amniotic membranes covering the placenta, the umbilical cord 
inserted paracentral (green arrow), the large fibrin deposits and placental calcifications (blue arrow) and the smaller 
caliber vascularization (red arrow) is observed. Images from the collection of Dr. Anca-Maria Istrate-Ofiţeru. 

 
Figure 8 – Morphological and morphopathological microscopic aspects of the TB and PB placenta: (A) Placental villi 
with normal appearance and perivillous fibrinoid deposition areas specific to TB; (B) Placental villi from PB with large 
areas of calcification (blue-purple areas) and perivillous fibrinoid deposits (pink areas); (C) Placental villi from PB with 
normally modified aspect, with large areas of perivillous and intravillous fibrinoid deposition (stained in pink); (D) Placental 
villi from PB, with areas of placental infarction (bottom of the image) and the presence of multiple syncytial knots (blue 
areas); (E) PB placental villi with large areas of amyloid deposition and multiple thrombosed intravillous blood vessels 
(red areas); (F) PB placental villi with large areas of perivillous and intravillous amyloid deposition. HE staining: (A–E) 
×200. PAS-H staining: (F) ×200. HE: Hematoxylin–Eosin; PAS-H: Periodic Acid Schiff–Hematoxylin; PB: Premature 
birth; TB: Term birth. Images from the collection of Dr. Anca-Maria Istrate-Ofiţeru. 

 

In the case of TB, small areas of perivillous amyloid 
deposition may be present (Figure 8A), but in the case of PB, 
these areas are much larger both intravillous and perivillous 
(Figure 8, B–E). Also, in the case of PB, we frequently 
noticed the presence of massive intravillous calcifications 
(Figure 8B), syncytial knots (Figure 8D), as well as intra-
villous vascular thrombosis (Figure 8E). Using PAS-H 
staining, we highlighted intra/extravillous vascular basement 
membranes, but especially the massive fibrin deposits rich 
in glycosaminoglycans (intense pink areas) (Figure 8F). 

Through the special IHC technique, we immunolabeled 
using anti-CD34 antibody the intravillous capillary endothelial 

cells (stained in brown) – small vessels of neoformation, 
which helped to obtain the numerical vascular density, which 
was higher in the control group – TB. Also, through this 
immunostaining, we noticed that in TB the vascularization 
had a normal intravillous distribution, but in the case of PB, 
there were large areas of placental infarction, with a lack 
of immunostaining in these areas (Figure 9, A and B). 
Using anti-VEGF antibody, we observed the presence of 
signal proteins that favored and stimulated the formation 
of neoformation vessels in the areas affected by the lack 
of vascularization, at the level of placental infarction 
(Figure 9, C and D). 
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Figure 9 – IHC microscopic morphological and morphopathological aspects of the TB and PB placenta: (A) Placental 
villi with a normal appearance from TB, with placental villi presenting intravillous capillaries with normal numerical 
density, immunolabeled at endothelial level using anti-CD34 antibody; (B) Infarcted placental villi from PB, with the 
absence of endothelial immunolabeling at this level and its presence in the capillaries that have not yet undergone infarction 
processes; (C and D) Normal and pathological placental villi, with intravillous infarction areas in PB; the presence of 
VEGF immunoreactivity in the affected areas was observed. IHC staining with anti-CD34 antibody: (A) ×100; (B) ×200. 
IHC staining with anti-VEGF antibody: (C) ×100; (D) ×200. CD34: Cluster of differentiation 34; IHC: Immunohisto-
chemical; PB: Premature birth; TB: Term birth; VEGF: Vascular endothelial growth factor. Images from the collection 
of Dr. Anca-Maria Istrate-Ofiţeru. 

 

We obtained statistical values that reveal that the number 
of blood vessels is higher in the placental structure in TB, 
compared to the number of vessels in PB. The vascular 
density of the placenta associated with TNB-F had values 
between 125.5–150.75 vessels/×200, with an average value 
of 137.32 vessels/×200 (±8.34 vessels/×200), and in the 
case of TNB-M, the vascular density ranged from 125.5–
150.75 vessels/×200, with an average value of 138.46 vessels/ 
×200 (±8.37 vessels/×200). 

In the case of PNB-F, the vascular density varied 
between 100.25–125 vessels/×200, with an average value of 
113.27 vessels/×200 (±8.94 vessels/×200), and in the case 
of PNB-M, the vascular density varied between 100.25–
123.25 vessels/×200, with an average value of 114.83 vessels/ 
×200 (±9.36 vessels/×200). Applying the ANOVA Single 
Factor test, we observed that there was a highly significant 
difference between placental vascular densities in these 
groups, F(3.29)=18.945, p<0.001 (Figure 10). 

We also performed several comparative studies on  
the weight of patients and age and noticed that they can 
increase in a directly proportional relationship, and by 
applying the Two-Sample t-test Assuming Equal Variances 
between categories, we noticed that there are statistically 
significant differences between mother’s weight, age, and 
newborn’s sex (Figure 11; Table 2). A directly proportional 
increase was also present in the comparative study in terms 
of fetal weight and placental weight. And in this case, by 
applying the Two-Sample t-test Assuming Equal Variances 
between categories, we observed that there are statistically 
significant differences between the weight of the fetus by 
sex and the weight of its placenta (Figure 12; Table 3). 

Regarding the comparative study between fetal weight 

and vascular density, we observed that there is a proportional 
increase between these categories, and by applying Two-
Sample t-test Assuming Equal Variances between categories, 
we noticed that there are statistically significant differences 
between weight and sex of the newborn and vascular 
density (Figure 13; Table 4). 

Table 2 – Comparison between age, the weight of the 
patients, and sex of the newborn, according to the type 
of TB/PB 

 TNB-F 
patients 

TNB-M 
patients 

PNB-F 
patients 

PNB-M 
patients 

t Stat -9.794 -10.672 -14.571 -14.937 

P(T<=t) one-tail <0.001 <0.001 <0.001 <0.001 

F: Female; M: Male; PB: Premature birth; PNB: Premature newborn; 
TB: Term birth; TNB: Term newborn. 

Table 3 – Comparison between the mean fetal weight 
and the mean placental weight of the newborns, according 
to the type of TB/PB 

 TNB-F 
patients 

TNB-M 
patients 

PNB-F 
patients 

PNB-M 
patients 

t Stat 25.009 15.887 30.034 16.976 

P(T<=t) one-tail <0.001 <0.001 <0.001 <0.001 

F: Female; M: Male; PB: Premature birth; PNB: Premature newborn; 
TB: Term birth; TNB: Term newborn. 

Table 4 – Comparison between mean fetal weight and 
placental vascular density, according to the type of TB/PB 

 TNB-F 
patients 

TNB-M 
patients 

PNB-F 
patients 

PNB-M 
patients 

t Stat 29.047 19.123 36.019 20.056 

P(T<=t) one-tail <0.001 <0.001 <0.001 <0.001 

F: Female; M: Male; PB: Premature birth; PNB: Premature newborn; 
TB: Term birth; TNB: Term newborn. 
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At the end of these clinical-statistical comparisons, we 
noticed that the placental weight varies in direct proportion 
to the placental vascular density, and by applying the Two-
Sample t-test Assuming Equal Variances between categories, 
we noticed that there are statistically significant differences 
between the placental weight of newborn’s sex and vascular 
density (Figure 14; Table 5). 

Table 5 – Comparison between mean placental weight and 
placental vascular density, according to the type of TB/PB 

 TNB-F 
patients 

TNB-M 
patients 

PNB-F 
patients 

PNB-M 
patients 

t Stat 21.841 13.864 14.425 12.649 

P(T<=t) one-tail <0.001 <0.001 <0.001 <0.001 

F: Female; M: Male; PB: Premature birth; PNB: Premature newborn; 
TB: Term birth; TNB: Term newborn. 

 

Figure 10 – Mean vascular density 
from the placenta of the patients  
with TB/PB. There was a highly 

significant difference between the 
number of blood vessels/×200 of  
the newborn’s placenta for these 
groups, F(3,29)=18.945, p<0.001.  

F: Female; M: Male; PB: Premature 
birth; PNB: Premature newborn; TB: 

Term birth; TNB: Term newborn. 

 

 
Figure 11 – Comparison between the mean age of the patients according to the type of TB/PB, sex of the newborn, and 
maternal weight. It was observed that there was a directly proportional relationship between their values (green asterisk). 
F: Female; M: Male; PB: Premature birth; PNB: Premature newborn; TB: Term birth; TNB: Term newborn. 

 
Figure 12 – Comparison between the mean fetal weight and the mean placental weight according to the type of TB/PB 
and sex of the newborn. We observed that fetal weight values increase in direct proportion to placental weight values (green 
asterisk). F: Female; M: Male; PB: Premature birth; PNB: Premature newborn; TB: Term birth; TNB: Term newborn. 

 
Figure 13 – Comparison between mean fetal weight and placental vascular density. We noticed that the fetal weight values 
increase directly to the placental vascular density (green asterisk). F: Female; M: Male; PNB: Premature newborn; 
TNB: Term newborn. 
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Figure 14 – Comparison between mean placental weight and placental vascular density. We noticed that the mean placental 
weight values increase directly to the placental vascular density (green asterisk). F: Female; M: Male; PNB: Premature 
newborn; TNB: Term newborn. 

 
 Discussions 

A good placental function is the key to good fetal 
development. In contrast, impaired placental function can 
lead to an increased risk for the fetus to develop an IUGR and 
even PB. Over time, researchers have tried to understand 
how these pregnancy complications can be explained in terms 
of placental changes [15–20]. The morphopathological 
analysis of the placenta is frequently used in the literature 
to detect the possible cause of both PB and IUGR. An 
important mechanism by which the placenta can cause 
these pathologies is represented by abnormalities of the 
fetoplacental circulation, which cause an increase in 
placental vascular resistance [21, 22]. 

In our study, in addition to the placental microscopic 
evaluation, we tried to see if the clinical parameters are 
also involved in the production of PB. Globally, in recent 
decades, with the increase in the PB rate, there is an increase 
in maternal age, but this relationship remains controversial. 
While some studies have found that maternal age is 
independently associated with PB [23, 24], other studies 
have noted that both advanced maternal age and younger 
age have the same risk of PB [25]. The results of our study 
showed a mean age of 34.73 years (±5.32 years) in patients 
with PB, compared to 29.73 years (±8.48 years) in patients 
with TB, noting that there was a statistically significant 
difference between the two categories of TB/PB in terms 
of patient age. We also found a statistically significant 
difference between antepartum maternal weight and PB. 
Although this issue is still controversial in the literature, 
some studies have shown that especially excessive gestational 
weight gain and underweight were associated with a higher 
probability of PB [26, 27]. 

There is a known increased risk of male sex mortality 
during pregnancy and neonatal period, with a higher 
percentage of male newborns in PB [28, 29]. But in our 
study, we observed that the distribution of newborns by sex 
was not significantly different, but we noted that there was 
a highly significant overall difference between the weight 
of newborns for these groups, females and males, and 
between placental weight and sex of newborns (p<0.001). 

Placental pathology is an important contribution to PB, 
with lesions of a maternal vascular malfunction being the 
most common in PB [30, 31]. At present, in developed 

countries, for the evaluation of pregnancy complications, 
the study of the placenta has become a common thing. 
The American College of Pathologists published, in 1997, 
the guidelines for the study of placentae in high-risk 
pregnancies [32]. Later, a series of studies led by Redline 
[33] about a several criteria for diagnosing placental lesions 
and clinical correlation [33]. These criteria and definitions 
of placental lesions were updated in 2016 [34]. Evaluation 
of placental histopathological lesions in normal pregnancies 
shows that approximately 78% of cases presented placentae 
with various histological lesions, and 40% of cases had 
multiple lesions [35]. 

Our study, using the classical HE staining technique, 
showed both the normal structure of placental villi,  
with collagen fibers stained in pink, the presence of 
syncytiotrophoblast at the periphery of villi, but also some 
structural changes: variable fibrinoid deposits, massive 
calcifications, syncytial knots present in the peripheral 
villous area, intravascular thrombosis, placental infarction. 
In the case of TB, we noticed small areas of perivillous 
amyloid deposition, but in the case of PB, these areas 
were much larger both intravillous and perivillous. The 
histopathological findings frequently found in PB associated 
with IUGR were the presence of massive intravillous 
calcifications, syncytial knots, and intravillous vascular 
thrombosis. But we believe that the presence of syncytial 
knots, intravillous microcalcifications, and placental infarction 
over 5%, may cause the development of a IUGR and likely 
trigger PB. With these results, we are consistent with 
other studies [36, 37]. With the help of PAS-H staining, 
we highlighted the intra/extravillous vascular basement 
membranes, but especially the massive fibrin deposits 
present, rich in glycosaminoglycans. The frequency of 
histological lesions was higher in placentae from PB than 
in placentae from a full-TB. These findings are consistent 
with other studies in the literature [38]. 

By IHC technique, we immunolabeled using anti-CD34 
antibody the intravillous capillary endothelial cells, and 
small vessels of neoformation, which helped to obtain the 
numerical vascular density, which was higher in the case of 
the control group – TB. Also, through this immunostaining, 
we noticed that in TB the vascularization had a normal 
intravillous distribution, but in the case of PB, there were 
large areas of placental infarction, with a lack of immuno-
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staining in these areas. Using anti-VEGF antibody, we 
observed the presence of signal proteins that favored  
and stimulated the formation of neoformation vessels  
in the areas affected by the lack of vascularization at  
the level of placental infarction. In a normal placenta, 
vasculogenesis, which means the de novo formation of new 
vessels, begins about 15 days after conception, followed 
by angiogenesis on the 21st day after conception, which 
means the multiplication of blood vessels in existing 
vessels. Through these phenomena, in the third trimester, 
capillary loops are developed and formed at the level of 
terminal villi, which increase the maternal–fetal exchange 
surface [39]. It was found that in placentae from FGR and 
PB, this capillary branching is less dense than in normal 
placenta [40]. 

These findings are consistent with the results of our 
study, with statistical values revealing that the number of 
blood vessels in the placental structure in TB is higher 
compared to the number of vessels in PB. In the case of the 
placental structure associated with full-TB, but differentiated 
by the sex of the newborn, we found a slightly higher vascular 
density in males, with an average value of 138.46 vessels/ 
×200 (±8.37 vessels/×200). In the case of placental structure 
associated with PB with IUGR, vascular density was slightly 
higher, 114.83 vessels/×200 (±9.36 vessels/×200), in males, 
but much lower than with normal pregnancy. We also noticed 
a highly significant difference between the weight and 
sex of the newborn and the vascular density, p<0.001. We 
noticed that the placental weight also varies directly 
proportional to the placental vascular density, there are 
statistically significant differences between the placental 
weight depending on the sex of the newborn and the vascular 
density, p<0.001. We noticed that the mean placental weight 
values increase directly proportional to the placental vascular 
density. Our findings are consistent with the studies of 
Tun et al. [41] and Berceanu et al. [42], which shows that 
these abnormalities in the placental vessels can influence 
the circulation of blood flow in the placental vascular 
system [41, 42]. 

Previous studies established that CD34 correlates with 
tumoral architecture [43–45], and with the current results, 
we established that it has different distribution also in non-
tumor pathology. This, in turn, highlights the importance 
of vascularization in evolving tissues. 

The histological and immunohistochemical images lack 
a standard in staining and using this could increase the 
impact of our results, as it has been previously shown [46] 
that a stain normalization technique would increase the 
morphometric accuracy of the tissues. 

Starting from current results, we could use machine 
learning to obtain new predictive models that would push 
the knowledge further into clinical diagnosis systems.  
In similar approaches, morphometric observation on the 
revascularization in prostate adenocarcinoma [44, 45, 47] 
ended creating high-accuracy diagnosis tools [48, 49]. 

 Conclusions 
Probably these placental lesions that can occur throughout 

pregnancy and that act and stimulate each other, lead to 

those placental functional abnormalities, especially by the 
frequency and a greater amount of placental lesions, which 
cause a poor pregnancy outcome. Unfortunately, all these 
consequences of the presence of histological lesions are 
almost impossible to investigate in vivo. Therefore, any 
directly proportional link between the maternal–fetal 
clinical elements and the histological elements studied so 
far must be considered. Thus, establishing an antepartum 
risk group can prevent an unfavorable outcome of the 
pregnancy. 
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