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ABSTRACT
Foetal growth is primarily determined by its genetically programmed growth potential and is influenced by maternal, fetal, and placental health. In intrauterine growth restriction (IUGR), the foetus fails to achieve its genetically predetermined growth potential, with the estimated foetal weight falling below the 10th percentile for its gestational age. Growth-restricted foetuses are at an increased risk not only for adverse perinatal outcomes but also for long-term health complications in adulthood. Placental insufficiency has been identified in several studies as a major contributing factor to IUGR. In the present study, placental examination of 75 pregnant women with IUGR revealed marked placental infarctions and intervillous fibrinoid deposition. Objective: To assess the morphological and histopathological changes in the placentae of pregnant women diagnosed with IUGR. Materials and Methods: This prospective, cross-sectional study was conducted on 75 singleton pregnancies between 32–42 weeks of gestation, with IUGR diagnosed on ultrasonography. Cases with multiple gestations, polyhydramnios, uncertain gestational dates, or irregular menstrual cycles were excluded. Results: Color Doppler analysis showed high-resistance flow in the umbilical artery in 25.3% of cases, low-resistance flow in the middle cerebral artery in 6.7%, and uterine artery notching in 6.7%. Histopathological examination revealed perivillous fibrin deposition in 97.3%, calcifications in 53.3%, and hemorrhages/infarctions in 20% of cases. Conclusion: This study highlights the significance of histopathological evaluation of the placenta, particularly in cases of idiopathic fetal growth restriction, to better understand underlying pathological mechanisms and guide clinical management.
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INTRODUCTION
Fetal growth largely depends on its genetically programmed potential and is influenced by maternal, fetal, and placental health. In intrauterine growth restriction (IUGR), the foetus fails to achieve its predetermined biological growth potential [1], with the estimated foetal weight falling below the 10th percentile for gestational age [2]. Growth-restricted foetuses face not only an increased risk of adverse perinatal outcomes but also long-term health complications in adulthood. Fetal growth restriction (FGR) is recognized as the second leading cause of perinatal morbidity and mortality [3].

Ultrasound and colour Doppler are widely used for screening placental-related complications and guiding the management of FGR [4]. IUGR is commonly associated with placental vascular disease, and affected placentae often demonstrate multiple histomorphological abnormalities. [2] Histopathological evaluation has shown a higher incidence of placental infarctions, intervillous fibrinoid deposition, basal membrane thickening, and cytotrophoblastic hyperplasia. These changes reflect impaired placental blood flow and restricted foetal circulation [3]. Placental insufficiency and hypoxemia are central to the pathogenesis of FGR and fetal demise. Conditions resulting in placental dysfunction may be recurrent. Any abnormality in placenta leads to direct insult to the fetus in-utero [5].

The present study aimed to examine the histomorphological changes in placentae in pregnancies complicated by foetal growth restriction and to assess their association with foetal outcomes. Histopathological analysis of 75 IUGR placentae revealed significant perivillous fibrin deposition, calcifications, and hemorrhages/infarctions.

MATERIAL & METHODS
A prospective cross-sectional study was conducted at Vijay Marie Hospital and Educational Society, a tertiary care center, on 75 pregnant women diagnosed with intrauterine growth restriction (IUGR) using ultrasonography and colour Doppler. The study included women aged 18–35 years, with singleton pregnancies between 32 and 42 weeks of gestation, complicated by FGR. Exclusion criteria were multiple pregnancies, polyhydramnios, uncertain gestational age, and irregular menstrual cycles. Patients with clinical suspicion of IUGR underwent serial ultrasonography and colour Doppler monitoring from 28 weeks onwards. Doppler evaluation included measurement of resistance indices in the umbilical, uterine, and middle cerebral arteries to confirm the diagnosis.

Following delivery, data regarding the mother, the new born and the placental features i.e., placental weight, cord insertion, number of the umbilical vessels, placental membranes and the probable haemorrhages and infarcts were recorded using a predesigned proforma. Subsequently, all the placentae were sent for histopathological examination. 

RESULTS
Maternal and Neonatal Findings
The majority of patients were between 21–25 years of age (66.7%). Most were primigravidae (58.7%), followed by second gravida (22.7%), third gravida (16%), and fourth gravida (2.7%). Regarding gestational age, 13.3% of patients delivered between 28–30 weeks, 34.7% between 35–37 weeks, and 52% between 38–42 weeks. Mode of delivery was vaginal in 44% of cases, while 56% underwent lower segment cesarean section (LSCS). Most patients had no associated risk factors. Among those with complications, anemia was observed in 2.7%, gestational diabetes mellitus in 4.0%, gestational hypertension in 4.0%, and severe pre-eclampsia in 5.3%. All 75 cases resulted in live births.

With respect to neonatal outcomes, 10.7% of babies weighed <1.5 kg, 62.6% weighed between 1.5–2.5 kg, and 26.7% weighed >2.5 kg. The majority of newborns with birth weights between 1.5–2.0 kg required NICU admission but were subsequently discharged without major morbidities. The Apgar score at 1 minute was 7–10 in 85.3% of newborns and 4–6 in 14.7%. At 5 minutes, 93.3% had scores between 7–10, while 6.7% had scores between 4–6.




Table 1: Maternal, Obstetric and Neonatal Characteristics of the Study Population (n = 75)
	CATEGORY
	PARAMETER
	N (%)

	Maternal Characteristics
	Age group 21–25 years
	50 (66.7%)

	
	Other age groups
	25 (33.3%)

	Gravida
	Primigravida
	44 (58.7%)

	
	Second gravida
	17 (22.7%)

	
	Third gravida
	12 (16.0%)

	
	Fourth gravida
	2 (2.7%)

	Gestational Age
	28–30 weeks
	10 (13.3%)

	
	35–37 weeks
	26 (34.7%)

	
	38–42 weeks
	39 (52.0%)

	Obstetric Outcomes
	Vaginal delivery
	33 (44.0%)

	
	LSCS
	42 (56.0%)

	Risk Factors
	None
	63 (83.9%)

	
	Anemia
	2 (2.7%)

	
	Gestational DM
	3 (4.0%)

	
	Gestational Hypertension
	3 (4.0%)

	
	Severe Pre-eclampsia
	4 (5.3%)

	Neonatal Outcomes
	Birth weight <1.5 kg
	8 (10.7%)

	
	Birth weight 1.5–2.5 kg
	47 (62.6%)

	
	Birth weight >2.5 kg
	20 (26.7%)

	APGAR Score (1 min
	7–10
	64 (85.3%)

	
	4–6
	11 (14.7%)

	APGAR Score (5 min)
	7–10
	70 (93.3%)

	
	4–6
	5 (6.7%)



Ultrasound Findings
Doppler evaluation revealed high resistance in the umbilical artery in 25.3% of cases, while low resistance in the middle cerebral artery was observed in 6.7%. Uterine artery notching was present in 6.7% of patients.

Graph 1: Distribution of Patients Based on Ultrasound Disparity


Morphological Findings
Placental examination showed that 29.3% of placentae weighed <450gm, while 70.7% weighed between 450–550gm. Placental thickness measured <35mm in 17.3% of cases, 35–45mm in 81.3%, and >45mm in 1.3%. Umbilical cord insertion was predominantly central (98.7%), with velamentous insertion noted in 1.3%. Calcifications were present in 53.3% of placentae, and hemorrhages were identified in 20%. Chorioamniotic membrane changes were observed in 18.7% of cases. With respect to cord morphology, 89.3% were normal, while true knots were present in 8% and hyper-coiling in 2.7%.

Histopathological Findings
Histological examination of the placentae revealed perivillous fibrin deposition in 97.3% of cases. Stromal fibrosis was observed in 16%, while cytotrophoblastic proliferation was noted in 14.7%. Villous infarction was identified in 25.3% of cases, and thickening of the villous trophoblastic basal membrane in 10.7%. Intervillous thrombi/hematoma were present in 48% of cases, and villitis in 36%. Focal chorioangiosis was observed in 82.7% of placentae, while syncytial knots were present in 90.7%.

Graph 2: Histopathological Findings in the Study Population


DISCUSSION
Intrauterine growth restriction (IUGR), or fetal growth restriction (FGR), is defined as the inability of a fetus to achieve its expected growth, characterized by an estimated fetal weight or actual birth weight below the 10th percentile for gestational age, accompanied by a pathological restriction of growth [3]. A normally developed and functioning placenta is essential for the growth of a healthy fetus at term. Any abnormality in placental development can compromise fetal growth and well-being, leading to complications ranging from IUGR to intrauterine death [6–7, 10]. IUGR is a frequently encountered diagnosis in obstetric practice and is associated with increased risks of perinatal morbidity and mortality [11,12]. In many cases, no clear maternal or fetal cause is identified; nevertheless, affected mothers often present with significantly growth-restricted fetuses. In such situations, the placenta is considered to play a pivotal role, being implicated in the disproportionate reduction of fetal weight observed in IUGR [11,13]. The placenta, a vital organ of perinatal life, is unique in that it can be examined directly without risk to the mother or baby. Yet, despite being one of the most accessible organs for study, it remains one of the least understood [14–16]. Against this background, the present study was undertaken to evaluate the morphological and histopathological changes of the placenta in pregnancies complicated by IUGR.	In this study, the majority of patients were aged 21–25 years, with most deliveries at term (38–42 weeks). All were live births with favorable outcomes, likely due to good obstetric and NICU care.

Birth weight was 1.5–2.5 kg in 62.6% cases, comparable to previous studies [17]. APGAR scores were satisfactory in over 90% at 5 minutes. Maternal complications included severe pre-eclampsia (5.3%), GDM (4%), and gestational hypertension (4%). Although gestational hypertension was observed more frequently in IUGR pregnancies compared to normal pregnancies, the difference was not statistically significant. In the study by Sujatha C et al. (19), analysis of 40 IUGR placentae showed that 50% were associated with GHTN, 7.5% each with anemia, polyhydramnios, oligohydramnios, and heart disease, while 20% were attributed to idiopathic causes.
		
Placental weight was 450–550 g in 70.7% cases, aligning with earlier reports [6, 20]. In the study, placental weight estimated by ultrasound based on gestational age was compared with the actual placental weight, revealing a difference of about 70–80gm. It was also observed that placental weight corresponds to approximately one-fifth of the fetal weight. Placental disc thickness is an indirect measure of the extent of development of the nutrient exchange surface of the placenta essential to its successful support of fetal growth. Any abnormal change in the thickness either thin or thick placentae have been correlated to adverse pregnancy outcome [8, 9, 14]. Sawant LD et al. [11] reported that placental thickness is reduced in IUGR compared to normal fetuses. Placental thickness in this study was mostly 35–45 mm (81.3%), and umbilical cord insertion was predominantly central (98.7%) like in Sawant LD et al., [11]. In this study, placental calcifications were observed in 53.3% of cases and hemorrhage/infarcts in 20%. Sawant LD et al. [11] also reported higher calcification in IUGR placentae (22%) compared to normal (19%), noting that calcifications in IUGR were denser and more extensive per cotyledon.

Overall, findings confirm that fetal growth restriction is associated with lower placental weight, reduced thickness, calcifications, and cord abnormalities, consistent with previous studies.

In this study, histopathology revealed frequent placental changes: perivillous fibrin deposition (97.3%), syncytial knots (90.7%), focal chorangiosis (82.7%), intervillous thrombi/hematoma (48%), villitis (36%), villous infarction (25.3%), stromal fibrosis (16%), cytotrophoblast proliferation (14.7%), and thickened villous trophoblastic basal membrane (10.7%).

Other studies have reported similar findings with varying frequencies:
· Gunyeli L et al. [5] – chorionic villitis (69%), intravascular thrombi (31%), perivillous fibrin/fibrinoid necrosis (65%).
· Ghomian N et al. [6] – microscopic infarction (52.1%), thrombosis (34.7%), avascular villi (30.4%), ischemia (21.7%), intervillous fibrinoid deposition >10% (43.5%).
· Park SY et al. [18] – decidual vasculopathy (31.1%), multiple/severe infarcts, villous fibrosis (31.1%), syncytial knots (86.7%), increased perivillous fibrin deposition.
· Kotgirwar S et al. [20] – syncytial knots >30% (60%), fibrinoid necrosis >5% (46.7%), calcification (60%).
· Shrivastava N et al. [17] – syncytial knots (84.5%), fibrinoid necrosis (28.5%), hyalinization (50.5%), calcific areas in IUGR (76%).
· Sawant LD et al. [11] – nonspecific villitis, loss of vascular bed, ischemia/infarcts, more pronounced with hypertension and toxaemia.
· Kavita M et al. [22] – perivillous fibrin (64%), syncytial knots (64%), stromal fibrosis (65%), cytotrophoblastic hyperplasia (44%), basement membrane thickening (40%), hypovascular villi (32%), infarction (28%).
· Khajuria R et al. [21] – infarction, intervillous thrombosis, villitis, fibrinoid necrosis, villous edema.
· Sujatha C et al. [19] – cytotrophoblastic hyperplasia, abnormal villous vascularity, basement membrane thickening, fetal stem atherosis, fibrinoid necrosis, syncytial knots, calcification.
Overall, these findings consistently demonstrate that IUGR placentae show increased perivillous fibrin deposition, syncytial knotting, villitis, infarction, fibrosis, and vascular abnormalities, reflecting placental ischemia and impaired function.
	
CONCLUSION
Fetal growth restriction (FGR) affects about 5–15% of pregnancies in the United States and Europe, while in developing countries the incidence ranges from 10–55%. Examination of placental morphology and histopathology provides valuable insight into maternal and fetal health, as this study highlights that FGR can occur even in the absence of obvious risk factors. Significant reductions in fetoplacental weight and placental dimensions underscore the central role of placental pathology in idiopathic FGR. Overall, the histopathology findings indicate that IUGR placentae are characterized by increased perivillous fibrin deposition, prominent syncytial knotting, villitis, infarction, fibrosis, and vascular abnormalities—changes that collectively reflect placental ischemia and impaired function. Comprehensive evaluation of fetal growth should therefore include fetal biometry, amniotic fluid assessment, heart rate monitoring, Doppler studies of arterial and venous flow, and biophysical profiling, which together provide the most reliable assessment of fetal well-being in IUGR.
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