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Abstract 

Objective: Environmental damage to uterus or placenta can cause the fetus to deviate from its genetic program, causing complications 
such as intrauterine growth retardation (IUGR). SGA infants, defined as a weight below the 10th percentile for the gestational age. Risk 
of death in SGA infants is greater than AGA infants. The present study aimed to evaluate placental morphology in full-term SGA and 
AGA neonates. Methodology: This analytic case-control study was performed from 2016 to 2017 years, between Obstetrics and 
Gynecology and pathology departments of Ahvaz Imam Khomeini Hospital. Thirty placentas of SGA infants and 30 placenta of AGA 
infants were examined for pathologies. Results: In this study, 60 women and their neonates were included. Membranes insertion 
frequency in both groups was reported marginally. There was significant difference in placental weight (p=0.001) and FPR (p<0.001) in 
both groups. In addition, in Microscopic Examination of the placenta, villous infarction, decidual necrosis, villitis, chorioangiosis and 
perivillous fibrin deposition variables were found to be higher in SGA group than AGA group.  Conclusion: The characteristics of 
placental insufficiency such as infarct, decidual necrosis, lower placental size, FPR, and perivillous fibrin deposition are more common 
in SGA term neonates than in AGA term neonates. 

Keywords: Small for Gestational Age, Placental Pathology, Fetal Growth Restriction. 
 
Introduction 
 
Fetus intrauterine condition is important as a vital stage in growth and development. The placenta is functional center of maternal-fetal 
system which is responsible for respiration, secretion, endocrine and immunological function of fetus. For this reason, environmental 
damage to uterus or placenta can cause fetus to deviate from its genetic program, causing complications such as intrauterine (Oliveira 
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and et al., 2002) growth retardation (IUGR) (Oliveira and et al., 2002). Neonates can be divided into three groups based on birth weight: 
Infants with normal birthweight or appropriate for gestational age (AGA), infants with low birth weight or small for gestational age 
(SGA), and infants with high birthweight or large for gestational age (LGA).  SGA infants, defined as a weight below the 10th percentile 
for the gestational age, and LGA infants, defined as birth weights greater than the 90th percentile, and the neonates weighting between 
the 10th and 90th percentile are AGA (Cunningham, 2014). 

Risk of death in SGA infants is greater than AGA infants, but it should be kept in mind that SGA is not always a pathology, as 25% to 
60% of SGAs are naturally small, and there is no evidence of metabolic abnormalities with growth retardation, but they will weight less 
than AGA infants in 2 years old (Cunningham, 2014; Barati and et al., 2016). SGA causes include maternal factors such as 
hypertension, chronic renal disease, advanced diabetes mellitus, cardiovascular or respiratory diseases, anemia, malnutrition, infection, 
alcohol consumption, smoking and narcotics, factors that involve placenta and uterus, such as decreased blood flow of uterus and 
placental, placental abruption, placental previa, infection of embryo surrounding tissues and factors related to the developing embryo 
such as multiple pregnancy, infection, congenital malformation and chromosomal anomalies ( James‐Todd and et al., 2014). 

Several studies showed an association between SGA infant and various placental pathologies. In many studies, relationship between low 
placental weight and SGA infants has been revealed (Bjøro, 1981). Other studies have reported more chorioamnionitis in SGA infants 
(Williams and et al., 2000), and the association between SGA and socioeconomic factors, prolonged rupture of amniotic sac and 
infections (Bjøro, 1981; Bibbo and et al., 2012 ). The relationship between placental infarction and IUGR is fully described in 
literature (James‐Todd and et al., 2014). In addition, some studies have shown relationship between placental infarction and perivillous 
fibrin deposition ( Bjøro, 1981). Pathoanatomical findings suggest that chronic villitis, due to inflammatory processes at villus level, 
leads to a reduction in maternal-fetal exchange, the outcome of these processes leading to intrauterine malnutrition of the embryo, which, 
if continued, could result in IUGR (Knox & Fox, 1984; Labarrere & Althabe, 1987;Nordenvall & Sandstedt, 1990). Ischemic lesions are 
present in 43% of villous inflammation cases (Altshuler and et al., 1975). 

The present study aimed to evaluate the placental morphology in full-term SGA and AGA neonates with using of macroscopic and 
microscopic finding of the placenta, membranes, and cord. 

Methodology 

This analytic case-control study was performed from 2016 to 2017 years, between Obstetrics and Gynecology and pathology 
departments of Ahvaz Imam Khomeini Hospital. Thirty SGA infants’ placentas and 30 AGA infants’ placentas were examined for 
pathologies. Gestational age determination was based on first trimester CRL (CRL> 10mm) (Lubchenco and et al., 1966; Lubchenco and 
et al., 1963). Exclusion criteria were losing of first-trimester CRL and precise gestational age, multiple congenital anomalies, and 
congenital infection diagnosed in prenatal period. 

After enrolment, medical records of participants who gave informed consent including age, education, socioeconomic status, BMI, 
history of pregnancy, history of maternal diseases during pregnancy, chronic diseases before and during pregnancy, smoking, or alcohol 
during pregnancy, prenatal care, prenatal visits, and history of low birth weight infant were recorded. Neonates were also evaluated for 
gestational age and birth weight. The obtained placentas were macroscopic examined after removal of extra vessels and isolation of 
membrane. During the macroscopic examination cord length, cord insertion, cord vessels number, placental weight, Placental disk 
diameter and thickness and fetal placental index (Salafia and et al., 1976) were calculated. The histological microscopic examination 
were taken by an expert pathologist who didn’t know the classification of the placentas. The current study approved by the Ethic 
committee of Ahvaz Jundishapur University of Medical Sciences with grant number of IR.AJUMS.REC.1396.145 and written informed 
consent agreements obtained from all participants. 

In this study, according to Beaudet et al. (Beaudet and et al., 2007), pathological characteristics were classified into seven types: 1) 
ischemic changes such as hemorrhagic endovasculitis (HEV), perivillous fibrin deposition, villous ischemia and hemorrhage, and 
chorangiosis; 2) villous infarction and decidual necrosis; 3) chronic villitis; 4) abnormal villous maturity (delayed, advanced, variable, 
and dysmaturity); 5) placental abruption; 6) meconium staining; and 7) others, such as villous edema, intervillous thrombosis, amnion 
nodosum, and congested villi. 

Statistical Methods 

Data analysis was performed using SPSS ver.23 (SPSS Inc. Chicago, USA). T-test, Mann-Whitney test, and chi-square test were used for 
analysis. For all cases, the significance level of p-values <0.05 was considered. 
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Results 

In this study 60 women and their neonates were included. In the macroscopic examination, the highest frequency of cord insertion was 
central (insertion of the center on the placental surface) in the SGA and AGA groups with 13 (43.3%) and 14 (46.7%), respectively, and 
eccentric (insertion near the center on the placental surface) was next with 12 (40%) for both groups, and the lowest was velamentous in 
SGA and AGA groups with 1 (3.3%) and zero respectively, there was no significant difference between the two groups (0.005 <p). 
Membranes insertion frequency in both groups was reported marginally. There were significant difference in placental weight (p = 
0.001) and the FPR (p <0.001) in SGA and AGA groups. (Table-1). 

Table-1: Results of Gross Neonatal Pairs Survey in SGA and AGA Groups 

In addition, in Microscopic Examination of placenta, Villas infarction, Decidual necrosis, Villitis, Chorioangiosis and Perivillous fibrin 
deposition variables were found to be higher in SGA group than AGA group. (Table-2) 

Table-2: Microscopic examination of neonatal pairs in the SGA and AGA groups 

Variable SGA AGA total p-value N (%) N (%) N (%) 
Villous infarction (63.3) 19 (6.7) 2 (35.0) 21 <0.001 
Decidual necrosis (33.3) 10 (10.0) 3 (21.7) 13 0.028 

Villitis (43.3) 13 (6.7) 2 (25.0) 15 0.001 
chorioangiosis (6.7) 2 (3.3) 1 (5.0) 3 1 

Perivillous fibrin deposition (33.3) 10 (6.7) 2 (20.0) 12 0.01 

In examining the history of maternal diseases, hypertension was 10% (0.10%) in SGA group, while in mothers of AGA group was zero 
percent. Diabetic mothers in both groups were equal (6.7%). History of SGA infant was only reported in 6 (20%) cases of SGA group. 
Minor thalassemia in the AGA group was 3 (10%), while in SGA group was only 1 (3. History of SGA infant difference was significant 
(p=0.024), But in the rest of maternal history, there were no significant difference between two groups (p> 0.05) (Table-3). 

Table-3: Maternal pregnancy records in the SGA and AGA groups 

Variable 
SGA AGA 

p-value 
N (%) N (%) 

IVF history 2 (6.7) 0 (0.0) 0.49 
Preeclampsia 4 (13.3) 1 (3.3) 0.35 

> 60 months from previous pregnancy 4 (13.3) 3 (10) 1 
Previous SGA infant 6 (20) 0 (0.0) 0.024 

low pre-pregnancy fruit consumption 1 (3.3) 0 (0.0) 1 
Extreme daily exercise 1 (3.3) 0 (0.0) 1 

Severe bleeding 0 (0.0) 1 (3.3) 0.67 

The mean age of pregnancy was (37.3 ± 1.5 weeks) 260.9 ± 10.2 days for SGA group and (38.4 ± 0.7 weeks) 269.0 ± 4.8 days for AGA 
groups and both groups were matched. Also, BMI was (27.8 ± 5.2) for the SGA group and (25.1 ± 4.0) for the AGA group, the 
difference was statistically significant (p=0.026).The type of delivery in both groups was cesarean section. There was a significant 
difference in birth weight, abdominal circumference, and fetus weight in both SGA and AGA groups (p<0.001). 

Discussion 

This study showed that the characteristics of placental insufficiency such as infarct, decidual necrosis, lower placental size, fetal 
placental weight ratio, and perivillous fibrin deposition are more common in SGA term neonates than in AGA term neonates. In this 
survey, the pathologic examination of placenta in the small for gestational age (SGA) and appropriate for gestational age (AGA) infants 

Variable 
SGA AGA Total 

p-value 
Mean ± SD Mean ± SD Mean ± SD 

Cord length 16.9 ± 8.4 18.9 ± 8.8 17.9 ± 8.6 0.36 
No. of vessels 2.97 ± 0.2 3.0 ± 0.0 2.9 ± 0.2 0.32 

The trimmed placental weight 443.6 ± 108.6 523.7 ± 71.6 483.7 ± 99.7 0.001 
Placental disk diameter 17.8 ± 3.3 18.1 ± 2.7 17.9 ± 3.0 0.73 
Placental disk thickness 2.7 ± 2.4 2.7 ± 0.5 2.7 ± 1.7 1 

fetal placental weight ratio 5.3 ± 1.1 6.4 ± 0.6 5.9 ± 1.0 <0.001 
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has been studied. Inappropriate placentation may leads to development of growth restriction and its consequence of placental insufficient 
and chronic ischemia which shown by placental histopathological lesions (Miller and et al., 2008; Baschat, 2010). The results of this 
study showed that there was significant difference between histopathologic findings (Villous infarction, decidual necrosis, villitis and 
Perivillous fibrin deposition) between SGA and AGA infants. 

In macroscopic pathology examination of the placenta in the present study, there were significant differences in placental weight and 

FPR between SGA and AGA groups, which was consistent with the study of Biswas and Gosh ( Biswas & Ghosh, 2008) 
studying the Gross morphological changes of placentas associated with intrauterine growth restriction of fetuses, 28 IUGR neonates and 
22 normal neonates as control were enrolled In this case-control study and Gross morphology of placentas examined, which showed a 
significant decrease in weight, volume, and diameter in the placentas of IUGR neonates.  

The largest study, which has only been included full-term infants, relates to Salafia et al. (Salafia and et al., 1992), which evaluates 128 
placentas of IUGR term infants and their findings suggest that placental weight was lower, and chronic infarctions and villitis, vascular 
thrombosis, as well as Hemorrhagic endovasculitis were higher than AGA infants (179 cases), which was consistent with findings of this 
study. Parra-Saavedra et al. (Parra-Saavedra and et al., 2013) investigated placental findings in late-onset SGA births, their findings 
showed that late-onset SGA neonates with placental under perfusion lesions, including maternal and fetal malperfusion lesions, were at a 
greater risk of abnormal neurodevelopment at 2 years as compare to SGA neonates with placentas without such lesions. In our study, 
under perfusion lesions such as villous infarction, decidual necrosis, villitis and Perivillous fibrin deposition were significantly higher in 
SGA group. 

Known risk factors for SGA include hypertension, vascular disease, age greater than 35 years, nulliparity, gestational diabetes, pre-
eclampsia, smoking, and drug and alcohol consumption (Barati and et al., 2014). Similarly, the age of mothers over 30 years, chronic 
hypertension, diabetes mellitus, history of previous SGA, alcohol, and smoking, and pre-eclampsia were more common in mothers of 
SGA neonates, but other than history of previous SGA infant, the other risk factors were not significantly different between the SGA and 
AGA groups. In agreement with previous studies, severe SGA infants had worse adverse composite outcome with increased rate of 
phototherapy treatments and neonatal hypoglycemia episodes. Magnusson et al. (Magnusson and et al., 2004) suggested that the 
hypoglycemia is probably a result of an adaptation to a restricted placental size and transport capacity. 

Fetal-placental factors leading to SGA include abnormal placentation and immune responses such as villitis and thrombotic diseases 
(Thorne and et al., 2014). Recent studies suggested that placental insufficiency due to superficial implantation. Remodeling of the spiral 
arterioles after the blastocyst implantation plays important role in successful placentation. The arteriolar transformation depth and the 
placental bed size are two main indicators of maternal blood sufficient flow to the placental, which needs approximately 100 arterioles in 
the myometrial and decidual segments. Defective deep placentation is not only associated with IUGR but also pre-eclampsia, placental 
abruption, spontaneous abortion and preterm labor, a spectrum of disorders characterized by placental insufficiency (Brosens and et al., 
2014). The rate of placenta ischemia and villitis in our results were 63.3% and 43.3% respectively, which is in agreement with  Thorne et 
al. (Thorne and et al., 2014) that reported an increase in ischemia and villitis (37.4% and 17.4%, respectively) in SGA infants.  

Conclusion 

This study showed that the characteristics of placental insufficiency such as infarct, decidual necrosis, lower placental size, fetal 
placental weight ratio, and perivillous fibrin deposition are more common in SGA term neonates than in AGA term neonates. Other 
features of placental perfusion deficiency, such as blood vessels count, disk diameter, disk thickness, as well as chorioangiosis, were not 
statistically significant between SGA and AGA groups, which is due to our inclusion criteria for term neonates, which supports the 
higher placental insufficiency prevalence in preterm infants.  
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