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Abstract
Keywords Background:
Late-onset FGR, placenta, Late-onset fetal growth restriction (FGR), diagnosed after 32 weeks of gestation,
maternal vascular malperfusion,  poses diagnostic challenges due to its subtle clinical presentation and less overt
distal villous hypoplasia, placental pathology compared to early-onset FGR. Distinguishing pathologically

Doppler, case-control, growth-restricted fetuses from constitutionally small ones is crucial for improving

histopathology, appropriate for
gestational age.

perinatal outcomes, especially in low-risk pregnancies. Birth of healthy term infant
depends on normal placental development with its disturbance causing problems
like fetal Growth Restriction (FGR).
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To compare placental morphological and histopathological features between late-
onset FGR and appropriately grown (AGA) fetuses in low-risk pregnancies.
Methods:

A prospective, crosssectional case-control study was conducted at Fatima
Memorial Hospital, Lahore in Maternal fetal Medicine Unit from November
2024 to April 2025. Placentas of ninety-one low-risk pregnancies complicated by
late-onset FGR were compared with placentas of 91 gestational age-matched

Copyright @Author
Corresponding Author: *
Dr. Komal Adeel

AGA pregnancies. Placentas were examined for gross [morphological] and
histopathological abnormalities, including maternal vascular malperfusion, distal
villous hypoplasia, infarction, and cord insertion anomalies. Data was analyzed
using SPSS 25 with appropriate statistical tests.

Results:

FGR placentas had significantly lower weight (41.75% <10th percentile ws.
4.4% in AGA; p < 0.0001) and a higher fetal-placental weight ratio. Marginal
cord insertion was more frequent in FGR (97.8% wvs. 46.15%; p < 0.0001).
Histologically, maternal vascular malperfusion (57.14% vs. 9.89%), distal villous
hypoplasia (45.05% vs. 6.59%), and infarction/intervillous thrombi (20.88% wvs.
2.2%) were significantly more common in FGR placentas. Villous changes related
to maternal under perfusion were more prevalent in placentas of fetuses with
severe FGR [EFW <3rd percentile] or FGR with EFBW between 3-10™ centile
with abnormal Dopplers.
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INTRODUCTION

Late onset fetal growth restriction (FGR) represents a
major cause of perinatal morbidity and mortality
affecting a significant number of liveborn infants.
(Cetin et al., 2002). The consequences of FGR
extend well beyond birth, with established links to
increased risks of adult-onset conditions including
ischemic heart disease, hypertension, and diabetes,
highlighting the critical importance of effective
interventions and management strategies (Robinson
et al., 2000).

Late-onset FGR, typically diagnosed after 32 weeks of
gestation, has different underlying etiological and
pathophysiological characteristics as compared to
early-onset FGR (Aviram et al.,, 2018). Crucially,
differentiating a pathologically growth-restricted fetus
from a constitutionally small but healthy fetus
remains a significant clinical challenge, driving the
need for advanced diagnostic tools and biomarkers
(Deter et al., 2018). A deeper understanding of
placental pathology in relation to fetal growth
patterns is therefore essential for enhancing prenatal
monitoring and reducing perinatal mortality
(Gagnon, 2003).

Most common pathophysiological factor associated
with  early-onset FGR are severe placental
dysfunction,  particularly =~ maternal  vascular
malperfusion,whereas,in  late-onset FGR  these
changes are more frequently linked to subtle
placental insufficiencies and maternal factors like
nutritional deficits or reduced uteroplacental blood
flow (Hendrix & Berghella, 2008). Research on
placental diseases in late-onset FGR pregnancies have
identified lesions indicative of maternal circulation
abnormalities, fetal thrombo occlusive disease,and
inflammatory responses (Kovo et al., 2013).

The primary objective of this study is to conduct a
detailed morphological and histopathological
comparison of placentas from pregnancies
complicated by severe late-onset FGR (>32 weeks)
and  gestational age-matched controls  with
appropriate fetal growth (AGA). Furthermore, we
will stratify the FGR placentas based on estimated
fetal birth weight (EFBW) centile severity and the
presence of abnormal Doppler velocimetry. This
would help us to understand and correlate the
patterns of histopathological lesions with fetal
growth restrictions and abnormal dopplers.

Methodology

A prospective, cross-sectional study was conducted in
the Maternal Fetal Medicine Unit of Fatima
Memorial Hospital, Lahore,from January 2022 to
December 2024 after taking ethical approval for
institutional review board.This prospective case
control study was conducted to evaluate placental
morphological and histopathological findings in low-
risk pregnancies complicated by late-onset fetal
growth restriction (FGR) and to compare these
changes with placental findings of fetuses born
appropriate for gestational age . The study cohort
comprised low-risk pregnant women referred with
late-onset FGR, diagnosed after 32 weeks of gestation
using ultrasound criteria, including estimated fetal
weight (EFW) <3" centile or EFBW <10th centile
with umbilical artery pulsatility index (PI) >95th
centile, or cerebroplacental ratio (CPR) <5th centile.
The control group included low-risk pregnant
women with appropriately grown fetuses. EFW was
calculated using the Hadlock formula based on
biparietal diameter (BPD), head circumference (HC),
abdominal circumference (AC), and femur length
(FL). A sample size of 91 participants was recruited
using non-probability, consecutive sampling based on
WHO sample size calculation, assuming a 6.25%
prevalence of umbilical cord torsion with a 95%
confidence level and 5% margin of error. Exclusion
criteria included multiple gestation, hypertensive
disorders, diabetes, fetal anomalies, antepartum
hemorrhage, and maternal systemic illness. Fetal
surveillance was carried out with serial ultrasound
monitoring of growth and Dopplers every 1-2 weeks.
Delivery was individualized based on fetal wellbeing,
but not extended beyond 39 weeks; early delivery was
offered in cases with absent end-diastolic flow, severe
FGR, or abnormal Dopplers. Following delivery,
placental morphologic features such as placental
weight, cord and membrane insertion were recorded.
Placentas were fixed in 10% formalin and processed
using standard  histopathological  techniques,
including paraffin embedding, H&E staining, and
systematic sampling from the placental parenchyma,
cord, and membranes. Histological evaluation
included assessment of villous infarction, hypoplasia,
intervillous thrombi, fibrin deposition, trophoblastic
basal membrane thickening, and syncytial knots.
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Data was analyzed using SPSS version 25.
Frequencies and percentages were calculated for
categorical variables, while means and standard
deviations were computed for continuous variables.
Histological changes were stratified by maternal age,
parity, and gestational age. Characteristics of late-
onset FGR infants were compared with AGA term
infants using the chi-square test of independence,
Fisher’s exact test, and Welch’s two sample t-test
assuming unequal population variances. A p-value of
less than 0.05 was considered statistically significant.

Results

A total of 182 women were included in the study,
comprising 91 cases of late-onset FGR and 91 term
AGA  infants.Table 1 shows demographic
characteristics with no significant difference between
both the groups. Neonates in the FGR group had
significantly lower birth weights and placental
weights (2204 + 378 g vs. 3100 = 426 g p =
0.0000).Table 2 shows morphological and
histopathological ~differences between the two
groups.. Placental weight below the 10th percentile
was present in 41.75% of FGR cases compared to
4.4% in AGA infants (p = 0.0000).Marginal
membrane insertion was significantly higher in FGR
(97.8% vs. 46.15%; p = 0.0000), whereas umbilical
cord insertion patterns and abnormal vessel numbers
did not differ significantly. Histopathological
findings showed significantly higher rates of
composite maternal vascular supply lesions (57.14%
vs. 9.89%; p = 0.0000), distal villous hypoplasia
(45.05% vs. 6.59%; p = 0.0000), and
infarction/intervillous thrombi (20.88% vs. 2.2%; p
= 0.0002) in the FGR group.Table 3 shows
stratification of FGR cases by estimated fetal birth
weight revealed that distal villous hypoplasia,
infarction, fibrin deposition, and villitis were most
common in the <3rd percentile group, suggesting a
link between severity of growth restriction and extent
of placental pathology

Discussion

The present study examined placental morphological
and  histopathological ~ changes in  low-risk
pregnancies complicated by late-onset fetal growth
restriction (FGR) and compared them to placentas

from gestational age-matched, appropriately grown
fetuses (AGA).The findings of our study revealed

significant, albeit often subtle, placental changes in
pathological growth restriction, even in the absence
of overt maternal risk factors. This study strengthens
the understanding of the complex link between
placental dysfunction and FGR.(Shao et al., 2021;
Silver, 2018). The predominant lesions indicative of
maternal vascular malperfusion (MVM) - such as
composite MVM lesions and distal villous hypoplasia
- strongly implicates compromised placental
perfusion as a primary pathological mechanism
underlying late-onset FGR (Bos et al., 2018). This
vascular insufficiency leads to fetal adaptations that
prioritize vital organs perfusion at the expense of
overall growth. The significantly higher proportion
of placentas weighing below the 10th percentile in
the FGR group (over 40% vs. 4.4% in AGA)
underscores the critical role of adequate placental
mass in supporting fetal growth potential. (Marchand
et al, 2022). This was further supported by an
elevated fetal-placental weight ratio in FGR cases,
reflecting disproportionate fetal demands relative to
placental capacity—an established marker of placental
insufficiency.

Clinical and Macroscopic Findings

o Although maternal demographic variables
(age;, BMI, and parity) did not differ significantly
between groups,however birthweight was markedly
reduced in the FGR cohort than the control group.
Maulik et al, found placental weights to be 631g in
the control group and 409¢g in the IUGR group
with the differences being
statistically significant.The findings of both the
studies are comparable. . Morphologically, marginal
cord insertion was more frequent in the FGR group

(97.8% vs. 46.15%).

o HISTOPATHOLOGICAL
ABNORMALITIES

o The most prevalent histopathological
abnormalities seen in the FGR group were

D Composite maternal vascular malperfusion
lesions (57.14% in FGR vs. 9.89% in AGA; p <
0.0001)

D Distal villous hypoplasia (45.05% vs. 6.59%;
p <0.0001)
. Infarction and intervillous thrombi

(20.88% vs. 2.20%; p = 0.0002)
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These findings show that vascular insufficiency is
the predominant pathology in late-onset FGR.
Distal villous hypoplasia and infarcts directly impair
the nutrient exchange, leading to fetal
undernutrition and hypoxia. Syncytial knot
frequency did not differ significantly, suggesting it
lacks diagnostic specificity for FGR in this context.
Similarly, fibrin deposition, accelerated villous
maturation, and villitis were not significantly
elevated in FGR, indicating that inflammatory and
degenerative processes may play a lesser role in this
low-risk cohort with late-onset restriction.
Stratification by  Severity and  Doppler
Histopathological:

Severity correlated with both lower estimated fetal
weight (EFW) centiles and abnormal Doppler
velocimetry. Among the severely growth-restricted
fetuses (EFW <3rd percentile), nearly half exhibited
distal villous hypoplasia and 16% had infarction.
Similar lesions were observed in fetuses with EFW
between the 3rd-10th percentile only if accompanied
by abnormal Dopplers.This highlights = the
complementary value of integrating Doppler
assessment with fetal biometry for predicting
underlying placental pathology. It aligns with
evidence that late-onset FGR often features preserved
umbilical  artery  Doppler  but  abnormal
cerebroplacental ratio or middle cerebral artery flow,
indicating central redistribution - a sign not always
captured by umbilical artery indices alone.

Interpretation and Clinical Relevance: Collectively,
these findings reinforce that late-onset FGR in low-
risk pregnancies is predominantly a vascular disorder
characterized by a spectrum of placental
insufficiency. The consistent presence of lesions like
MVM, infarction, and villous hypoplasia confirms
that significant placental pathology can occur
without  traditional risk factors or  gross
abnormalities. However, the heterogeneity in
histological findings - with some FGR placentas
lacking significant lesions - underscores the
diagnostic challenge and suggests that placental
dysfunction can sometimes be functional rather than
overtly structural. Therefore, placental
histopathology should be integrated with antenatal
Doppler and serial growth assessment to refine

diagnosis, improve risk stratification, and guide
management decisions for borderline and late-onset
FGR cases.

Limitations: Several limitations warrant mention.
The single-center design may impact generalizability.
While standardized protocols were used, some
interobserver  variability in  histopathological
assessment is inherent. Finally, the lack of long-term
neonatal outcome data precludes correlation of
placental findings with postnatal health trajectories,
an important avenue for future research.

Conclusion

Late-onset FGR is associated with significant but
subtle placental pathology primarily involving
maternal vascular malperfusion. These lesions are
more common and severe in fetuses with abnormal
Doppler findings and greater degrees of growth
restriction. Histopathology, when combined with
clinical and Doppler data, can enhance the
diagnostic  distinction  between  constitutional
smallness and true FGR, thereby informing
surveillance and delivery strategies to improve
perinatal outcomes.
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Tables
Table 1.quantitative variables in FGR

Gagnon R, Van den Hof M. The use of fetal
Doppler in obstetrics. Journal of Obstetrics
and Gynaecology Canada: JOGC= Journal
D'obstetrique et Gynecologie du Canada:

JOGC. 2003 Jul 1;25(7):601-14.

Characteristics Late Onset FGR Term AGA p-value (of difference
n=91 n=91 between groups)
Maternal age (mean # sd) 2733 +£4.18 26+5.23 0.0598
Gravidity (mean + sd) 2.02 £1.21 3.02+2.11 0.0001 "
Parity (mean + sd) 0.81 +0.94 0.84+0.74 0.4967
BMI [kg/m2] (mean =+ sd) 25.5+4.5 24.843.2 0.2283
Smoking n % 1 (0) 0 (0) 1.0000
Birth weight [gr] (mean * sd) 2204 + 378 31001426 0.0000 "
Birth-weight percentile (mean * sd) 35+/-29 53 +/-28 0.0001°
Table 2. morphological and histopathological feautres in cases and controls
Late Onset FGR AGA term p—.value (of
Characteristics (n %) infants (n %) difference
n=91 n=91 between
groups)
Placental weight <10 centile 38 (41.75) 4 (4.40) 0.0000 "
Fetal Placental weight ratio (mean + sd) 6.22 £2.86 6.1+1.8 0.7353
Unmbilical cord insertion
Central 85(93.41) 88 (96.70) 0.4941
Eccentric 6 (6.59) 1(1.10) 0.1231
Number of abnormal umbilical vessels 4 (4.40) 1(1.10) 0.3644
Membrane insertion
Marginal 89 (97.80) 42 (46.15) 0.0000°
Circummarginate 2(2.20) 1(1.10) 1.0000
Composite maternal vascular supply lesion 52 (57.14) 9(9.89) 0.0000
Syncytial knots 8 (8.79) 12 (13.19) 0.4771
Distal villous hypoplasia 41 (45.05) 6 (6.59) 0.0000
Infarction and intervillous thrombi 19 (20.88) 2 (2.20) 0.0002 "
Accelerated villous maturation 2 (2.20) 8 (8.79) 0.1039
Fibrin deposition 10 (10.99) 4 (4.40) 0.1643
Chorionic villitis 9 (9.89) 4 (4.40) 0.2496
Table 3.stratification according to birth weight
FGR n=91 Syncytial i i Infarction and | Accelerated Fibrin Chorionic
Distal villous . . ) . .
knots b lasi intervillous Villous deposition villitis
ypopiasia thrombi Maturation
EFBW <3 6 31 11 1 5 6
centile = 68
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Figure 2. Increased syncytial knots

Figure Captions
Figure 1. Distal Villous Hypoplasia
Figure 2. Increased syncytial knots.
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