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ABSTRACT

Background: The cerebroplacental ratio (CPR) the middle cerebral artery pulsatility index (MCA-
PI) divided by the umbilical artery pulsatility index (UA-PI) reflects fetal blood-flow redistribution
in response to placental insufficiency. Its value as a late-gestation screening tool for perinatal risk in
unselected/heterogeneous high-risk cohorts warrants clarification.

Objective: To evaluate CPR (<1 vs >1) as a predictor of adverse perinatal outcomes among late
preterm and term pregnancies.

Methods: Prospective observational analytical study at a tertiary center (August 2018—July 2019).
Singleton pregnancies >34 weeks underwent Doppler ultrasound within 7 days before delivery.
CPR<1 was considered abnormal. Primary outcomes included operative delivery for fetal
compromise (ODFC), birthweight <10th percentile, Apgar <7 at 5 minutes, and NICU admission.
Diagnostic metrics were calculated.

Results: Among 100 participants, 34 (34%) had CPR <I. Compared with CPR >1, abnormal CPR
was associated with higher rates of: ODFC (64.7% vs 12.1%; sensitivity 73.3%, specificity 82.9%),
birth weight <10th percentile (94.1% vs 15.2%; sensitivity 76.2%, specificity 96.6%), Apgar <7 at 5
minutes (50.0% vs 4.5%; sensitivity 85.0%, specificity 78.8%), and NICU admission (79.4% vs
19.7%; sensitivity 67.5%, specificity 88.3%). Mean gestational age at delivery was earlier with
CPR<1 (36.17+1.41 vs 37.94+1.45 weeks, p<0.001) and mean birth weight was lower (2.05+0.40 vs
2.83+0.37 kg, p<0.001).

Conclusion: In late preterm/term pregnancies, CPR<I identifies fetuses at increased risk of
intrapartum compromise and adverse neonatal outcomes. Incorporating CPR into third-trimester
surveillance—especially when timing delivery—may improve risk stratification beyond isolated UA
or MCA Dopplers.

Keywords: cerebroplacental ratio, MCA-PI, UA-PI, Doppler, fetal growth restriction, intrapartum
fetal compromise, NICU admission, Apgar

INTRODUCTION

Antepartum fetal surveillance has evolved to balance two competing risks: intervening too early in
otherwise stable pregnancies and intervening too late in fetuses already decompensating from
placental insufficiency!. Among the various tools available, Doppler velocimetry offers a
physiological read-out of the maternal-placental—fetal circulation, enabling clinicians to infer fetal
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adaptive responses before overt decompensation®?. In chronic hypoxemia, the fetus redistributes
cardiac output toward vital organs heart, brain and adrenals manifesting as cerebral vasodilation and
reduced resistance in the middle cerebral artery (MCA), alongside rising resistance in the umbilical
artery (UA) as placental pathology progresses*. The cerebroplacental ratio (CPR), defined as MCA
pulsatility index divided by UA pulsatility index, condenses these reciprocal changes into a single,
dimensionless index that reflects “brain-sparing” and placental load simultaneously®®. A low CPR
therefore signals blood-flow redistribution, suboptimal placental function and fetal circulatory
compensation within an adverse intrauterine milieu™®. Understanding placental physiology
underscores why CPR is clinically informative. Normal gestation requires progressive spiral artery
remodeling by extravillous trophoblasts to transform high-resistance maternal vessels into
low-resistance channels; when this process is incomplete, uteroplacental perfusion becomes
pulsatile and constrained, predisposing to late-onset placental insufficiency and intermittent fetal
hypoxemia’-!!. These pathophysiologic changes precede and predict abnormalities in fetoplacental
Dopplers, intrapartum intolerance of labor and neonatal compromise.

Operationally, UA Doppler interrogated in a free cord loop and MCA measured in the proximal
third on an axial transthalamic plane provide the components for CPR calculation; meticulous
technique (appropriate insonation angle, minimal fetal breathing/movement artifact, and correct
waveform sampling) is critical for reproducibility!?!1>. Clinical protocols commonly interpret CPR
using absolute cut-offs (e.g., <1.0) or gestation-adjusted centiles’/MoMs; both approaches have
shown associations with fetal growth restriction (FGR), low Apgar, metabolic acidosis and neonatal
unit admission near term'>!4!618 T ate-onset placental insufficiency is particularly challenging
because UA resistance may remain within reference limits even when fetal cerebral redistribution is
present. In such settings, a reduced CPR can unmask risk among fetuses that are appropriate for
gestational age by biometry yet exhibit impaired growth velocity and diminished reserve during
labor'®?2. Consequently, CPR has been incorporated in many high-risk surveillance pathways to
refine timing of delivery and to guide intrapartum monitoring intensity, alongside established
parameters such as amniotic fluid assessment, biophysical profile and cardiotocography?3-2¢.
Nevertheless, CPR should be interpreted in context. Because it is a ratio, changes in either the
numerator (MCA-PI) or denominator (UA-PI) can shift the value; gestational age, fetal behavioral
state and estimated fetal weight centile influence distributions. Emerging reference ranges and
centile-based approaches aim to standardize interpretation and to reduce false-positive
classifications in low-risk cohorts?’?’. Moreover, CPR is not intended to replace UA Doppler or
clinical judgment but to complement them, particularly when surveillance and decisions about
induction versus expectant management are being considered at >34 weeks®*33.

Against this backdrop, the present prospective observational study undertaken at a tertiary center
evaluates whether a pragmatic CPR threshold obtained within one week of delivery in late preterm
and term singleton pregnancies predicts clinically consequential outcomes—operative delivery for
fetal compromise, low 5-minute Apgar and NICU admission thereby assessing the utility of CPR as
an actionable adjunct in third-trimester surveillance'®?2,

Standard late-gestation surveillance can miss placental insufficiency when UA Doppler and
biometry appear normal. Because CPR captures both placental resistance and fetal brain-sparing, we
evaluated a simple near-delivery CPR threshold to better predict intrapartum compromise and early
neonatal morbidity in our tertiary setting.

AIM OF STUDY
To study the Cerebroplacental ratio as a predictor of adverse perinatal outcome in late preterm and
term patients.
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OBJECTIVES OF STUDY

To evaluate the role of middle cerebral to umbilical artery blood velocity waveforms and perinatal
outcome in terms of fetal growth restriction, Operative delivery for fetal distress, meconium stained
liquor, NICU admission, APGAR at Smin, mode of delivery, perinatal morbidity and mortality.

MATERIAL AND METHODS
This prospective observational analytical study was conducted in the Department of Obstetrics and
Gynecology, Bhagwan Mahaveer Jain Hospital, Bengaluru (August 2018—July 2019).

Inclusion Criteria:
e Singleton pregnancy >34 weeks with delivery at our center and a Doppler assessment within 7
days before delivery.

Exclusion Criteria

e Fetal anomalies

¢ intrauterine fetal demise
e multiple pregnancy

o refusal to participate.

Sample size was set at n=100 based on precision targets for sensitivity / specificity with a=0.05 and
80% power.

Doppler acquisition: Examinations used a color Doppler ultrasound system with a 3.75-MHz
transducer. UA-PI was measured in a free-loop cord segment; MCA-PI was obtained at the proximal
third of the MCA in an axial transthalamic plane, maintaining minimal insonation angle. CPR was
calculated as MCA-PI/UA-PI. A prespecified cut-off of 1.0 defined abnormal CPR.

Outcomes:

Primary outcomes: (1) ODFC (emergency cesarean for non-reassuring fetal status), (2) birthweight
<10th percentile, (3) Apgar <7 at 5 minutes, and (4) NICU admission for indications other than low
birthweight alone.

Secondary outcomes: meconium-stained liquor (MSL), need for mechanical ventilation, and
perinatal mortality. Additional variables: maternal risk factors (e.g., preeclampsia, growth
restriction), onset of labor, gestational age at delivery, test-to-delivery interval, placental parameters.

Statistical Analysis: Categorical variables were compared using y*> or Fisher’s exact tests;
continuous variables via t-tests. Diagnostic performance of CPR<I for predefined outcomes was
summarized with sensitivity, specificity, PPV, NPV, and ROC curves with AUC. P<0.05 was
considered statistically significant.

RESULTS
Table 1: Cohort characteristics

Characteristic Value
Total participants, n 100
Maternal age, years (meantSD) 26.8+4.3
Gestational age at delivery 34-37 wk, n (%) 34 (34.0%)
Gestational age at delivery 3740 wk, n (%) 66 (66.0%)
Primigravidae, n (%) 52 (52.0%)
CPR <1,n (%) 34 (34.0%)
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Table 1 summarizes baseline characteristics of the study cohort (N=100). The mean maternal age
was 26.8 + 4.3 years. Most deliveries occurred at 3740 weeks (66%), with 34% delivering between
34-37 weeks. Just over half were primigravidae (52%). A CPR <1 - the study’s abnormal Doppler
threshold was observed in 34% of participants, delineating the higher-risk subgroup evaluated in

subsequent analyses.

Table 2: Delivery characteristics by CPR group
Delivery characteristic CPR <1 (n=34) | CPR>1 (n=66) P value
Labor: Spontaneous, n 12 31 —
Labor: Induced, n (%) 22 (64.7%) 12 (18.2%) <0.001
Cesarean delivery, n (%) 30 (88.2%) 24 (36.4%) <0.001
Gestational age at delivery (weeks, mean£SD) 36.17+1.41 3794+ 145 <0.001

Table 2 compares delivery characteristics by CPR group. Among women with CPR <1 (n=34), labor
was induced in 64.7% (22/34) versus 18.2% (12/66) with CPR >1 (p<0.001). Cesarean delivery
occurred in 88.2% (30/34) vs 36.4% (24/66) (p<0.001). Mean gestational age at delivery was earlier
with CPR<1 (36.17£1.41 weeks) than with CPR>1 (37.94£1.45 weeks) (p<0.001). Numbers of

spontaneous labor were 12 vs 31 (no formal p-value provided).

Table 3. Neonatal outcomes by CPR group

Outcome CPR <1 (n=34) CPR > 1 (n=66) P value
Birthweight (kg), mean + SD 2.05+0.40 2.83 +0.37 <0.001
Birthweight <10th percentile, n (%) 32 (94.1%) 10 (15.2%) <0.001
Apgar <7 at 5 minutes, n (%) 17 (50.0%) 3 (4.5%) <0.001
NICU admission, n (%) 27 (79.4%) 13 (19.7%) <0.001
Meconium-stained liquor, n (%) 13 (38.2%) 4 (6.1%) <0.001

Table 3 compares key neonatal outcomes by CPR group. Infants in the CPR <1 group had a
markedly lower mean birthweight (2.05 + 0.40 kg) than those with CPR >1 (2.83 + 0.37 kg)
(p<0.001). Small-for-gestational-age (<10th centile) was far more frequent with CPR<1 (94.1% vs
15.2%, p<0.001). Markers of intrapartum/neonatal compromise were also substantially higher with
CPR<1: Apgar <7 at 5 minutes (50.0% vs 4.5%, p<0.001), NICU admission (79.4% vs 19.7%,
p<0.001), and meconium-stained liquor (38.2% vs 6.1%, p<0.001).

Table 4. Diagnostic performance of CPR <1 and CPR>1 |

Outcome Sensitivity (%) | Specificity (%) | PPV (%) | NPV (%)

Operative delivery for fetal

compromise (ODFC) 73.3 82.9 64.7 87.9
CPR <1 Birthweight <10th percentile | 76.2 96.6 94.1 84.8

Apgar <7 at 5 minutes 85 78.8 50 95.5

NICU admission 67.5 88.3 79.4 80.3

Operative delivery for fetal

compromise (ODFC) 82.9 73.3 87.9 64.7
CPR >1 Birthweight <10th percentile | 96.6 76.2 84.8 94.1

Apgar <7 at 5 minutes 78.8 85 95.5 50

NICU admission 88.3 67.5 80.3 79.4

Table 4 presents the diagnostic performance of the cerebroplacental ratio both as a positive test for
adverse outcomes when CPR <1 and as a reassuring test for the absence of adverse outcomes when
CPR =1, reporting sensitivity, specificity, PPV, and NPV for operative delivery for fetal
compromise, small-for-gestational-age status, low 5-minute Apgar, and NICU admission.
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DISCUSSION

In this prospective cohort of 100 late-preterm and term pregnancies, a low cerebroplacental ratio
(CPR<1) close to delivery identified a distinctly higher-risk subgroup and was associated with
earlier birth, greater obstetric intervention, and worse neonatal condition. Exactly as observed in our
results, women with CPR<I1 delivered earlier (36.17 £ 1.41 vs 37.94 £ 1.45 weeks, p<0.001),
underwent induction far more often (64.7% vs 18.2%, p<0.001), and had a higher cesarean rate for
intrapartum concerns (88.2% vs 36.4%, p<0.001). Neonates in the CPR<I group had a lower mean
birth weight (2.05 = 0.40 vs 2.83 + 0.37 kg, p<0.001), were far more frequently small-for-
gestational-age (<10th centile: 94.1% vs 15.2%, p<0.001), and more commonly exhibited markers
of intrapartum/neonatal compromise Apgar <7 at 5 minutes (50.0% vs 4.5%, p<0.001), NICU
admission (79.4% vs 19.7%, p<0.001), and meconium-stained liquor (38.2% vs 6.1%, p<0.001).
The short test-to-delivery interval (mean 4.02 + 1.949 days; median 4) anchors these associations to
the near-term window in which CPR is intended to inform management.

Baseline features in our cohort were typical of late-gestation populations (mean age 26.8 + 4.3
years; 52% primigravidae; 34% with CPR<1).

Our diagnostic accuracy findings reproduce those reported in key prior series. For SGA, CPR<1
yielded sensitivity 76.2%, specificity 96.6%, PPV 94.1%, and NPV 84.8%, closely matching the
thesis-cited figures from Bahado-Singh RO et al., (1999)** (63.4%, 90%, 81%, 77%) and Shaheen S
et al., (2014)* (76%, 80%, 76%, 86.8%). In the head-to-head comparison of overall diagnostic yield
(Table 37), our PPV for SGA (94.1%) is comparable to Gramellini D et al., (1992)*° (100%) and
Deshmukh V et al., (2013)*7 (92.5%). For intrapartum compromise prompting operative delivery
(ODFC), our sensitivity/specificity of 73.3%/82.9% align with ranges reported by Moreta D et al.,
(2019)*® (55.6%, 87.9%), Sherrell H et al., (2018)* (100%, 86%), and Vollgraff Heidweiller-
Schreurs CA et al., (2021)* (58%, 89%), supporting CPR’s ability to anticipate emergency delivery
beyond single-vessel Dopplers. For NICU admission, our PPV of 79.4% sat close to Gramellini D et
al., (1992)%¢ (77%) and above Deshmukh V et al., (2013)*” (70%), confirming that low CPR flags
infants likely to require intensive care.

The magnitude of neonatal size differences in our data mirrors earlier reports. Our mean birth
weight gap (2.05 + 0.40 vs 2.83 £ 0.37 kg, p<0.001) is directionally concordant with Macdonald
TM et al., (2019)*" (2680 g vs 3366 g, p<0.001) and with the larger disparity described by
Gramellini D et al., (1992)%° (1.659 vs 3.031 kg, p<0.001), while our NICU-stay signal (abnormal
CPR mean 4.15 + 2.68 days) is consistent with NICU burden documented by Jain M et al., (2004)*?
(NICU stay >10 days more frequent with abnormal CPR, p<0.005) and the stronger gradient
reported by Flood K et al., (2014)* (NICU 64% vs 22%, mean stay 31 vs 14 days, p<0.0001).

Immediate neonatal condition tracked CPR as well: we observed Apgar <7 at 5 minutes in 50.0% vs
4.5% (p<0.001), paralleling Kibaru JG (2002)** (abnormal CPR predicting low 5-minute Apgar) and
Gramellini D et al., (1992)*° (16.6% vs 2.7%, p<0.001), while differing from Maksheed M et al.,
(2000)*, who did not find a significant Apgar difference likely reflecting differences in case-mix
and intrapartum practices. Griittner B et al., (2019)* further corroborated lower Apgar scores at 1,
5, and 10 minutes with pathological CPR (p<0.001).

Timing considerations in our study match prior recommendations. The significant association we
found within a median 4-day window resonates with Alkolekar R et al., (2015)*’, who demonstrated
better prediction when the assessment-to-delivery interval is <2 weeks and superior performance at
36 weeks versus 32 weeks, and with Maksheed M et al., (2000)*, who also reported strongly
positive timing associations. Our observed earlier delivery in abnormal CPR (36.17 £ 1.41 weeks)
compares closely with means reported by Maksheed M et al., (2000)*> (35.4 + 1.6 weeks) and
Griittner B et al., (2019)* (36.53 £ 2 weeks) in pathological CPR groups, supporting the premise
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that low CPR near term is linked to expedited birth through both clinical decision-making and
genuine fetal intolerance.

Importantly, perinatal mortality did not differ by CPR status in our cohort (p = 0.629), consistent
with El Guindy AE et al., (2018)* (no significant correlation, p = 0.116) but not with Regan J et al.,
(2015)* (8p<0.001 in high-risk pregnancies), a divergence likely due to baseline risk and power
constraints; in our series, perinatal deaths were rare. Finally, our results reinforce the integrative
value of CPR over isolated UA or MCA indices: despite mean UA-PI (1.027 £+ 0.194) and MCA-PI
(1.346 = 0.408) in expected ranges, CPR<I captured large risk gradients across SGA, Apgar, NICU,
and ODFC echoing Prior et al. (88) and Arias F et al., (1994)*°, and the foundational conclusions of
Gramellini et al. (72) that the ratio offers better diagnostic accuracy than its components.

Overall, using the exact values from our results, CPR<I emerged as a robust late-gestation marker
that coincides with earlier delivery (36.17 = 1.41 weeks), higher intervention (induction 64.7%;
cesarean 88.2%), and materially worse neonatal endpoints (birth weight 2.05 £ 0.40 kg; SGA
94.1%; Apgar <7 at 5 min 50.0%; NICU 79.4%; all p<0.001), with strong diagnostic performance
for SGA (Se 76.2%, Sp 96.6%, PPV 94.1%, NPV 84.8%), balanced performance for ODFC (Se
73.3%, Sp 82.9%), and high NPV for low Apgar (95.5%).

Interpreted inversely, CPR>1 offered meaningful reassurance for Apgar >7 (PPV 95.5%) and
absence of ODFC (PPV 87.9%). Taken together and consistent with at least two to three studies for
each endpoint cited in the thesis (66, 70—89) these data support incorporating CPR into near-term
surveillance to refine timing and intrapartum planning in late-onset placental insufficiency.

CONCLUSION

In late-preterm and term pregnancies, an abnormal cerebroplacental ratio capturing longitudinal
Doppler changes from umbilical artery to middle cerebral artery and integrating placental status
with fetal adaptive response is associated with adverse neonatal outcomes and serves as a practical
surveillance tool in high-risk conditions (e.g., preeclampsia, growth restriction) to guide optimal
timing of delivery.
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