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Abstract:  
Background: Late-onset fetal growth restriction may occur despite relatively preserved umbilical artery Dop-
pler findings. Cerebroplacental ratio (CPR) reflects fetal cerebral redistribution and may identify compromised 
fetuses at risk beyond delivery. 
Methods: This prospective mother–infant cohort was conducted at GSL Medical College from January to May 
2026. Singleton pregnancies with late-onset FGR were categorized according to predelivery CPR as abnormal or 
normal. Maternal characteristics, Doppler indices, delivery details and neonatal morbidity were recorded. Sur-
viving infants underwent early neurodevelopmental assessment at approximately 12 weeks corrected age. 
Results: Among 120 mother–infant pairs, 38 (31.7%) had abnormal CPR. Abnormal CPR was associated with 
lower birth weight (2210±310 vs 2410±300 g; p=0.001), increased cesarean delivery (81.6% vs 59.8%; 
p=0.018), NICU admission (65.8% vs 30.5%; p<0.001), respiratory support (31.6% vs 11.0%; p=0.006), and 
composite neonatal morbidity (76.3% vs 39.0%; p<0.001). Among 117 surviving infants, abnormal early neuro-
development occurred in 27.8% versus 7.4% (p=0.007; OR 4.81, 95% CI 1.59–14.53). 
Conclusion: Abnormal predelivery CPR identified late-onset FGR infants at increased neonatal and early neu-
rodevelopmental risk and may support integrated antenatal and postnatal surveillance. 
Keywords: Cerebroplacental Ratio; Fetal Growth Restriction; Brain-Sparing; Neonatal Morbidity; 
Neurodevelopment. 
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Introduction 

Late-onset fetal growth restriction (FGR), diag-
nosed after 32 weeks of gestation, is related to pla-
cental insuf-ficiency and may remain subtle be-
cause umbilical artery Doppler findings can be 
normal despite evolving fetal compromise. The 
cerebroplacental ratio (CPR), calculated as the 
middle cerebral artery pulsatility index divided by 
the umbilical artery pulsatility index, integrates 
placental resistance with fetal cerebral vasodilata-
tion and reflects redistribution of blood flow in 
response to hypoxemia. Indian evidence supports 
its potential value in risk stratification. 
Srirambhatla et al. reported that CPR was among 
the most specific Doppler param-eters for predict-
ing adverse perinatal outcomes in late-onset FGR 
[1]. In a prospective study from PGIMER Chandi-
garh, Kumar et al. demonstrated significant differ-
ences in CPR between appropriate-for-gestational-
age and growth-restricted fetuses and showed its 
association with adverse perinatal outcome [2]. 

More recently, Bhardwaj et al. found that abnormal 
CPR was associated with neonatal morbidity, in-
cluding NICU admission, hypoglycemia, ventilato-
ry support, and prolonged hospitalization [3]. How-
ever, Indian studies have largely concentrated on 
immediate neonatal outcomes, while the relation-
ship between predelivery CPR abnormalities and 
early infant neurodevelopment remains insuffi-
ciently characterized. Therefore, this prospective 
mother–infant cohort study aims to determine 
whether abnormal CPR before delivery predicts 
neonatal morbidity and early neurodevelopmental 
impairment in late-onset FGR. 

Methods: 

This prospective mother–infant cohort study was 
conducted in the Departments of Obstetrics and 
Gynaecology and Pediatrics/Neonatology at GSL 
Medical College, Rajahmundry, with maternal re-
cruitment undertaken from January to May 2026. 
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Pregnant women with singleton pregnancies diag-
nosed with late-onset fetal growth restriction (FGR) 
at or beyond 32 weeks of gestation were screened 
consecutively for eligibility. FGR was diagnosed 
when the estimated fetal weight or abdominal cir-
cumference was below the 10th percen-tile for ges-
tational age, together with clinical and/or Doppler 
evidence suggestive of placental insufficiency. 
Women with multiple pregnancy, major fetal struc-
tural or chromosomal abnormalities, congenital 
infection, uncertain gestational age, or conditions 
likely to independently influence neonatal neuro-
logical outcome were excluded. Gestational age 
was established from the last menstrual period and 
confirmed by first-trimester ul-trasonography 
whenever available. Maternal demographic charac-
teristics, parity, body mass index, antenatal compli-
cations, hypertensive disorders, diabetes, hemoglo-
bin level, gestational age at diagnosis, corticoster-
oid administration, and indication and mode of 
delivery were recorded using a predefined study 
proforma. Written informed consent was obtained 
before enrollment, and confidentiality of mother–
infant data was maintained throughout the study. 

Fetal Doppler assessment was performed within 72 
hours before delivery using standardized obstetric 
ultra-sonography. Pulsatility indices of the umbili-
cal artery (UA-PI) and middle cerebral artery 
(MCA-PI) were measured during fetal quiescence 
using appropriate insonation techniques. The CPR 
was calculated as MCA-PI divided by UA-PI and 
categorized as normal or abnormal according to 
gestational-age-specific reference centiles, with 
CPR below the fifth percentile considered abnor-
mal. Participants were consequently classified into 
an abnormal-CPR cohort and a normal-CPR cohort.  

Treating obstetricians were responsible for deci-
sions regarding surveillance and timing or mode of 
delivery according to maternal and fetal clinical 
status; delivery was not undertaken solely for study 
purposes. Immediately after birth, neonatal sex, 
gestational age, birth weight, birth-weight percen-
tile, small-for-gestational-age status, Apgar scores 
at 1 and 5 minutes, cord blood parameters when 
available, and need for resuscitation were docu-
mented. Neonatal morbidity outcomes included 
respiratory distress, hypoglycemia, hypothermia, 
feeding intolerance, suspected or proven sepsis, 
need for respiratory support, NICU admission, du-
ration of NICU stay, and neonatal mortality. Infants 
were followed prospectively from birth through 
hospital discharge and subsequently for early neu-

rode-velopmental assessment. Neurological status, 
tone, feeding ability, seizures, and abnormal 
movements were recorded during the neonatal pe-
riod. At approximately 12 weeks of corrected age, 
surviving infants under-went standardized devel-
opmental assessment by a pediatrician who was 
unaware of the predelivery CPR cate-gory whenev-
er feasible. Early neurodevelopment was evaluated 
using age-appropriate neurological and devel-
opmental domains, including gross motor, fine mo-
tor, communication, social responsiveness, tone, 
posture, and movement quality; infants with ab-
normal findings were classified as being at risk for 
developmental im-pairment and referred for further 
evaluation. Continuous variables were expressed as 
mean ± standard devia-tion or median with inter-
quartile range, and categorical variables as fre-
quencies and percentages. Group com-parisons 
used Student’s t test or Mann–Whitney U test and 
chi-square or Fisher’s exact test as appropriate. 
Multivariable logistic regression was performed to 
determine whether abnormal CPR independently 
predicted adverse outcomes after adjustment for 
relevant maternal and neonatal confounders, with p 
<0.05 considered statistically significant. 

Results: 

A total of 120 mother–infant pairs were included; 
38 (31.7%) had an abnormal cerebroplacental ratio 
and 82 (68.3%) had a normal CPR. Maternal age, 
parity, hypertensive disorders, and gestational age 
at delivery were comparable between groups. Fe-
tuses with abnormal CPR had significantly lower 
mean birth weight (2210±310 vs 2410±300 g; 
p=0.001) and a higher cesarean delivery rate 
(81.6% vs 59.8%; p=0.018). Neonatal compromise 
was more frequent in the abnormal-CPR group, 
including 5-minute Apgar score <7 (31.6% vs 
9.8%; p=0.003), need for resuscitation (39.5% vs 
14.6%; p=0.002), respiratory distress (34.2% vs 
13.4%; p=0.008), respiratory support (31.6% vs 
11.0%; p=0.006), and NICU admission (65.8% vs 
30.5%; p<0.001). Composite neonatal morbidity 
was 76.3% versus 39.0% (p<0.001). Among 117 
surviving infants assessed at approximate-ly 12 
weeks corrected age, abnormal early neurodevel-
opment occurred in 27.8% versus 7.4% (p=0.007). 
Ab-normal CPR was strongly associated with com-
posite neonatal morbidity (OR 5.03, 95% CI 2.11–
12.01) and abnormal early neurodevelopment (OR 
4.81, 95% CI 1.59–14.53). These findings identi-
fied a higher-risk sub-group requiring closer neona-
tal and developmental surveillance. 
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Table 1: Maternal, obstetric and fetal Doppler characteristics according to CPR 
Variable CPR p value 

Abnormal Normal 
Maternal age, years* 27.1 ± 4.2 26.8 ± 4.1 0.715 
Primigravida ** 19 (50.0) 36 (43.9) 0.533 
Hypertensive disorder** 13 (34.2) 20 (24.4) 0.262 
Antenatal corticosteroids** 14 (36.8) 25 (30.5) 0.489 
Gestational age at delivery, weeks* 36.2 ± 1.0 36.5 ± 0.9 0.12 
MCA pulsatility index* 1.22 ± 0.18 1.59 ± 0.22 <0.001 
Umbilical artery pulsatility index* 1.43 ± 0.22 1.21 ± 0.18 <0.001 
CPR* 0.86 ± 0.12 1.32 ± 0.17 <0.001 
Birth weight, g* 2210 ± 310 2410 ± 300 0.001 
Cesarean delivery** 31 (81.6) 49 (59.8) 0.018 
*mean ± SD; **n (%) 
MCA: middle cerebral artery; SD: standard deviation. 
 

Table 2: Neonatal morbidity according to predelivery cerebroplacental ratio 
Neonatal outcome CPR p value 

Abnormal Normal 
5-min Apgar score <7* 12 (31.6) 8 (9.8) 0.003 
Required resuscitation* 15 (39.5) 12 (14.6) 0.002 
Respiratory distress* 13 (34.2) 11 (13.4) 0.008 
Hypoglycemia* 11 (28.9) 10 (12.2) 0.025 
Feeding intolerance* 10 (26.3) 9 (11.0) 0.032 
Suspected/proven sepsis* 6 (15.8) 7 (8.5) 0.343 
Respiratory support* 12 (31.6) 9 (11.0) 0.006 
NICU admission* 25 (65.8) 25 (30.5) <0.001 
NICU stay among admitted infants, days** 6.8 ± 3.9 4.3 ± 2.7 0.012 
Composite significant neonatal morbidity* 29 (76.3) 32 (39.0) <0.001 
Neonatal mortality* 2 (5.3) 1 (1.2) 0.235 
*n (%); **mean ± SD 
NICU: neonatal intensive care unit. Composite morbidity included one or more clinically significant neonatal 
complications requiring active treatment or intensive monitoring. 
 

Table 3: Early neurodevelopmental outcomes among surviving infants; n (%) 
Outcome at approximately 12 weeks corrected 
age 

CPR Odds ratio (95% 
CI) 

p 
value Abnormal Normal 

Abnormal tone/posture 8 (22.2) 4 (4.9) 5.50 (1.54–19.70) 0.008 
Early motor abnormality 9 (25.0) 5 (6.2) 5.07 (1.56–16.46) 0.01 
Communication/social concern 5 (13.9) 4 (4.9) 3.10 (0.78–12.33) 0.131 
Overall abnormal early neurodevelopment 10 (27.8) 6 (7.4) 4.81 (1.59–14.53) 0.007 
CI: confidence interval. Neurodevelopmental analysis included 117 surviving infants. 
 
Discussion: 

The present prospective mother–infant cohort eval-
uated whether an abnormal cerebroplacental ratio 
immediately before delivery could identify late-
onset FGR pregnancies at increased risk of neona-
tal morbidity and early neurodevelopmental ab-
normalities. Approximately one-third of the cohort 
had an abnormal CPR, and these fetuses had lower 
birth weight, a higher cesarean delivery rate, great-
er need for neonatal resuscitation and respiratory 
support, and substantially more NICU admissions 
than fetuses with a preserved CPR. Composite neo-
natal morbidity was nearly twice as frequent in the 
abnormal-CPR group, while early neurodevelop-
mental abnormalities were observed in 27.8% 

compared with 7.4% among infants with normal 
CPR. This pattern supports the biological concept 
that the so-called fetal “brain-sparing” response 
should not necessarily be interpreted as evidence 
that the brain is protected from subsequent func-
tional consequences. CPR incorporates both in-
creased placental vascular resistance reflected by 
the umbilical artery and cerebral vasodilatation 
reflected by the middle cerebral artery, thereby 
identifying fetal circulatory redistribution that may 
be missed when either vessel is interpreted sepa-
rately. Bhardwaj et al. similarly reported increased 
hypoglycemia, ventilatory requirement, prolonged 
hospitalization and NICU admission among Indian 
pregnancies with abnormal CPR [3]. Kumar et al. 
demonstrated that CPR provided useful discrimina-
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tion for adverse perinatal outcome in high-risk 
pregnancies, supporting its role as an integrated 
marker of placental function and fetal adaptation 
[2]. Srirambhatla et al. further observed that Dop-
pler indices, including CPR, were useful for predic-
tion of adverse outcome in FGR, with differences 
in their performance between early- and late-onset 
diseases [4]. 

The increased neonatal morbidity observed with an 
abnormal CPR is particularly relevant to late-onset 
FGR because this phenotype frequently occurs 
close to term, when conventional umbilical artery 
Doppler may remain apparently reassuring. In the 
present cohort, abnormal CPR was associated with 
a 5-minute Apgar score below 7, need for resuscita-
tion, respiratory distress, hypoglycemia, feeding 
intolerance, respiratory support and NICU admis-
sion. These outcomes are clinically plausible con-
sequences of chronic placental insufficiency fol-
lowed by limited fetal reserve during labor and the 
metabolic transition after birth. Rathore et al., in a 
prospective cohort from AIIMS Jodhpur, found that 
abnormal antepartum CPR was significantly asso-
ciated with abnormal or non-reassuring cardioto-
cography and lower birth weight, although differ-
ences in NICU admission were not significant in 
their low-risk population [5]. Such differences em-
phasize that the predictive value of CPR depends 
on background obstetric risk, gestational age, defi-
nition of an abnormal ratio and outcome composi-
tion. Grover et al. subsequently demonstrated that a 
CPR threshold of ≤1.1 identified term pregnancies 
with increased fetal heart rate abnormalities, opera-
tive intervention and NICU admission and per-
formed better than a fixed threshold of <1 in their 
cohort [6]. Dasgupta et al. reported high specificity 
and positive predictive value for CPR in predicting 
adverse perinatal outcomes during routine third-
trimester ultrasonography in Eastern India [7]. Col-
lectively, these observations support use of gesta-
tional-age-adjusted CPR rather than reliance on a 
single universal numerical cutoff and are consistent 
with the increased morbidity detected in our late-
onset FGR cohort. 

The higher cesarean delivery rate and lower mean 
birth weight among fetuses with abnormal CPR 
also provide evidence that cerebral redistribution 
identifies a more compromised subgroup rather 
than merely a constitutionally small population. In 
late-onset FGR, the clinical challenge is to distin-
guish a fetus that is small but physiologically stable 
from one experiencing progressive placental insuf-
ficiency despite relatively preserved umbilical arte-
rial end-diastolic flow. Vasudeva et al., studying 
small-for-gestational-age fetuses in an Indian ter-
tiary center, showed that low CPR had a stronger 
positive likelihood ratio for adverse perinatal out-
come than aortic isthmus abnormalities and corre-

lated with other manifestations of deteriorating 
fetal hemodynamics [8].  

Placental imaging data from Menon et al. provide 
additional biological support, as FGR pregnancies 
demonstrated reduced placental vascularization 
indices and greater placental stiffness, with these 
alterations correlating with neonatal complications 
[9]. More recently, Gupta et al. reported that inte-
grating fetal Doppler parameters, including CPR, 
into routine third-trimester assessment substantially 
reclassified the burden of FGR in a northern Indian 
population and identified pregnancies at increased 
risk of late stillbirth [10]. Kumanan et al. likewise 
observed significant associations between abnormal 
UA, MCA and CPR Doppler findings and unfavor-
able perinatal outcomes in Indian high-risk preg-
nancies [11]. Taken together, these data suggest 
that CPR should be interpreted as part of a mul-
tiparametric assessment incorporating fetal size, 
interval growth, umbilical artery resistance, cere-
bral adaptation, maternal disease and gestational 
age rather than as an isolated trigger for delivery. 

The findings also have implications for antenatal 
surveillance strategies in India, where failure to 
recognize placental growth restriction before deliv-
ery remains an important preventable contributor to 
adverse perinatal outcome. In the Samrakshan pro-
gramme, Choorakuttil et al. evaluated third-
trimester uterine, umbilical and middle cerebral 
arterial Doppler parameters and CPR and demon-
strated strong discriminatory ability for late still-
birth, although prediction of term stillbirth and ne-
onatal mortality was less robust [12]. This distinc-
tion is important because no Doppler parameter 
should be expected to function as a stand-alone 
diagnostic test for every adverse endpoint. CPR is 
more appropriately viewed as a marker of reduced 
fetal reserve that modifies risk rather than as a de-
terministic predictor. Similarly, implementation of 
a structured Growth Assessment Protocol in a 
South Indian tertiary maternity service increased 
antenatal detection of small-for-gestational-age 
fetuses and was accompanied by reductions in term 
stillbirth, NICU admission and neonatal encephalo-
pathy [13]. These Indian experiences emphasize the 
potential clinical benefit of moving from simple 
recognition of fetal smallness toward physiological 
characterization of growth restriction. The present 
finding that composite neonatal morbidity occurred 
in 76.3% of infants with abnormal CPR compared 
with 39.0% with normal CPR extends this frame-
work by suggesting that predelivery redistribution 
can help neonatal teams anticipate immediate post-
natal instability. Such risk information may facili-
tate planned delivery at an appropriately equipped 
center, preparedness for neonatal resuscitation, 
early glucose surveillance, feeding support and a 
lower threshold for observation when other signs of 
placental insufficiency coexist. 
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A distinctive aspect of the present study was con-
tinuation of follow-up beyond hospital discharge to 
explore early neurodevelopment. Among surviving 
infants, abnormal tone or posture and early motor 
abnormalities were significantly more frequent 
following an abnormal predelivery CPR, and the 
odds of overall abnormal early neurodevelopment 
were approximately five times higher than among 
infants with normal CPR. These findings should 
not be interpreted as establishing permanent neuro-
developmental impairment at 12 weeks; rather, 
they indicate an enriched population requiring lon-
gitudinal surveillance. Chronic fetal hypoxemia 
may induce preferential cerebral perfusion suffi-
cient to preserve immediate survival while still 
reflecting an intrauterine environment capable of 
influencing neuronal maturation, connectivity and 
subsequent motor behavior. In an Indian follow-up 
study, Jain et al. reported substantial neurodevel-
opmental delay among preterm NICU graduates 
and identified neonatal complications including 
respiratory distress, hypoglycemia, necrotizing 
enterocolitis and sepsis as important associated 
factors [14]. Although that population differed 
from the present late-onset FGR cohort, it demon-
strates how early neonatal morbidity can coexist 
with subsequent developmental vulnerability. Pai et 
al. showed that Indian term small-for-gestational-
age infants follow distinct growth trajectories dur-
ing the first year, reinforcing the need to view fetal 
growth restriction as a condition with postnatal 
consequences rather than an obstetric diagnosis that 
ends at delivery [15]. The Indian Academy of Pedi-
atrics has also emphasized structured, developmen-
tally supportive follow-up for high-risk infants to 
enable early identification and intervention for de-
velopmental difficulties [16]. Accordingly, an ab-
normal CPR may have value not only in delivery 
planning but also in selecting apparently stable 
infants for enhanced developmental surveillance. 

Several strengths and limitations should guide in-
terpretation of these findings. The prospective 
mother–infant design, Doppler assessment close to 
delivery, separation into predefined CPR groups, 
systematic recording of individual neonatal mor-
bidities and inclusion of post-discharge develop-
mental assessment strengthened temporal interpre-
tation. Restriction to late-onset FGR also reduced 
heterogeneity arising from the substantially differ-
ent natural history of early-onset placental disease.  

Nevertheless, this was a single-center study with a 
relatively modest sample, and residual confounding 
by severity of FGR, hypertensive disease, gesta-
tional age, birth weight and indications for delivery 
could not be completely eliminated. Obstetric man-
agement could not ethically be blinded to clinically 
relevant fetal findings, potentially contributing to 
differences in cesarean delivery and neonatal ad-
mission. More importantly, developmental assess-

ment at approximately 12 weeks corrected age 
identifies early neurological or developmental con-
cern but cannot reliably predict long-term cogni-
tion, language, and behavior or school perfor-
mance.  

Longer follow-up using validated standardized de-
velopmental scales at 6, 12, 18 and 24 months 
would therefore be necessary to determine whether 
the observed association persists. Despite these 
limitations, the consistency of the neonatal findings 
with contemporary Indian Doppler studies and the 
parallel signal in early neurodevelopment suggest 
that abnormal CPR may characterize a clinically 
meaningful phenotype of late-onset FGR. Rather 
than treating brain-sparing as reassuring, clinicians 
should consider it a marker of successful fetal 
compensation occurring in the presence of an ad-
verse placental environment and use it to individu-
alize surveillance before and after birth [3, 8, 16]. 

Conclusion:  

An abnormal cerebroplacental ratio before delivery 
identified a subgroup of late-onset FGR fetuses 
with substantially greater neonatal morbidity and 
early developmental vulnerability. Reduced CPR 
was associated with lower birth weight, increased 
operative delivery, neonatal resuscitation, respirato-
ry morbidity, hypoglycemia, and respiratory sup-
port and NICU admission.  

Importantly, infants exposed to abnormal fetal cer-
ebral redistribution also showed more abnormali-
ties of tone, posture and early motor development. 
CPR therefore appears to provide information be-
yond fetal size alone and may bridge antenatal risk 
assessment with neonatal and developmental sur-
veillance. Larger multicenter cohorts with standard-
ized developmental testing and longer follow-up 
are required before CPR-guided postnatal pathways 
can be routinely recommended. 
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