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Abstract:

Aim: To calculate cerebrouterine ratio and cerebroplacental ratio & use their values as a predictor for perinatal
outcome in hypertensive pregnancies.

Objectives: (1). To calculate cerebrouterine ratio and cerebroplacental ratio in hypertensive pregnancies. (2). To
detect predictive value for cerebrouterine ratio and cerebroplacental ratio in hypertensive pregnancies in
perinatal outcome. (3). To compare the predictive values of cerebroplacental and cerebrouterine ratio in
perinatal outcome.

Material and Methods: This Cross sectional analytical study was conducted in Department of Obstetrics &
Gyancecology , Geetanjali Medical College and Hospital, Udaipur, India, a tertiary care and teaching hospital
for one year from October 2022 to March 2024. One hundred pregnant women suffering with gestational
hypertension were enrolled for study. Both CP and CU ratios were calculated by Color Doppler study. Perinatal
outcomes were estimated.

Results: Cerebrouterine ratio showed sensitivity, specificity, PPV, NPV and diagnostic accuracy of 52.83%,
89.36%, 84.84%, 62.68% and 70% respectively for still birth, poor APGAR score at 5 minutes, NICU
admission & neonatal mortality. Cerebroplacental ratio showed sensitivity, specificity, PPV, NPV and
diagnostic accuracy of 50%, 90%, 100%, 81.08% and 70% for still birth, poor APGAR score at 5 minutes,
NICU admission & neonatal mortality. Combined both abnormal CPR & CUR showed sensitivity, specificity,
PPV, NPV and diagnostic accuracy of 36.36%, 100%,100%, 81.08% and 82.92% respectively for unfavourable
outcome.

Conclusion: Cerebrouterine ratio has higher specificity whereas Cerebroplacental ratio had higher negative
predictive value in predicting adverse neonatal outcome. When both the ratios combined specificity & PPV
increases to 100% & diagnostic accuracy 82.92%. Hence combining both ratios improved the specificity and
prediction characteristics of neonatal outcomes compared to any of the ratios used alone.
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Introduction

The objective of good antenatal care is healthy
mother & healthy baby. One of the main cause of
morbidity and mortality in both mothers and
fetuses is pre-eclampsia. It has an impact on 2-5%
of pregnancies & is characterized by decreased
organ perfusion as a result of endothelial
pathophysiology and vasospasm.[1] Due to its
effects on the development of the uteroplacental
and fetoplacental circulation, which are essential
for a normal pregnancy outcome, preeclampsia
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plays a major role in IUGR (intra uterine growth
restriction) and preterm labor.[2] Doppler
ultrasound plays an important role in antenatal fetal
surveillance of high-risk pregnancies. It is a non-
invasive tool which allows evaluation of
fetoplacental circulation and hence early diagnosis
of fetal compromise. Multiple fetoplacental vessel
Doppler studies can be used to monitor a
compromised fetus, predicting a poor perinatal
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outcome, and help determine the best time to
deliver the baby.[3]

Vessels which are scanned by Doppler are: [4]

1. Fetal umbilical artery (UmA)
2. Fetal middle cerebral artery (MCA)
3. Both maternal uterine arteries (UtA)

Doppler waveform used to measure the following
parameters:

1. Peak systolic velocity
2. Peak diastolic velocity
3. S/D ratio

4. Pulsatality index (PI)
5.

Resistance index (RI)
Doppler study was considered abnormal when:

1. The pulsatality index (PI) of umbilical artery >
95th percentile for the gestational age.[4]

2. Abnormalities in uterine artery Doppler are
presence of early diastolic notch in the second
trimester, PI more than 95th percentile for
gestational age.[4]

3. Absence or reversal of end diastolic flow in
umbilical artery is an ominous sign.

4. PI of middle cerebral artery <5th centile.[5]

However two ratios Cerebroplacental ratio
&Cerebrouterine ratio are introduced & can be
calculated from above values. These ratios in
various studies have been found more predictive of
perinatal outcome. These ratios are calculated as:

1. Cerebroplacental ratio (CPR) - (PI) MIDDLE CEREBRAL ARTERY
(PI) UMBLICAL ARTERY

Cerebroplacental ratio, a single cutoff value 1.08 is
used below which it is considered as abnormal. [6]
A low cerebroplacental ratio reflects a
redistribution of cardiac output towards brain due
to placental dysfunction, it may identify fetuses at
high risk of adverse perinatal outcome.

2. Cerebrouterine ratio (CUR) - (PI) MIDDLE CEREBRAL ARTERY
(PI) UTERINE ARTERY

Cerebrouterine ratio was plotted on the chart; <Sth
centile was considered as abnormal or decreased
[7]. Normally during pregnancy blood flow is
increased but in pregnancy induced hypertension
(PIH) / chronic hypertension it results in abnormal
uterine artery velocimetry. Changes in uterine
artery  velocimetry  reflects  changes in
cerebrouterine ratio. In addition, an elevated mean
uterine artery pulsatality index is associated with a
low cerebrouterine ratio hence indicating
uteroplacental insufficiency. Hence this study was
carried out to calculate cerebroplacental &
cerebrouterine ratio, to detect their predictive
values & then compare these predictive values in
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adverse perinatal outcome in hypertensive
pregnancies.

Methodology

Written consent was obtained from the patients,
following which detailed history taking was done
to ensure that the details of menstrual history were
accurate, in order to calculate the correct
gestational age.

All the singleton antenatal female who were
suffering from chronic hypertension or diagnosed
with hypertension at > 32 weeks of gestation and
were delivered in the department of obstetrics and
gynaecology at Geetanjali Medical College &
Hospital Udaipur were a part of this study.

Their Colour Doppler done by consultant
radiologist was collected following which
cerebrouterine and cerebroplacental ratio were
calculated and then we used these ratios to predict
perinatal outcomes like still birth, low birth weight
preterm birth, birth asphyxia and NICU admissions.
Complete evaluation of all patients was done.

During Doppler examination patients were placed
in recumbent position .Umbilical artery Doppler
velocity was taken at the midpoint in the free
floating loop of the cord during periods of fetal
apnoea and inactivity.

The middle cerebral artery was visualized in a
plane immediately caudal to the trans-thalamic
plane used to obtain the biparietal diameter and
head circumference biometric data. The pulsed
Doppler sample gate was placed on the vessel
about lem from the origin of Middle Cerebral
Artery from the circle of Willis towards the lateral
edge of orbit.

Uterine artery Doppler velocity were recorded at
the point at which they cross over the external iliac
artery cranial to crossing of internal iliac artery.
Mean of the pulsatality Indices of both uterine
arteries were taken for ratio estimation.

The Doppler Indices measured were;

PULSATALITY INDEX-  Peak systolic velocity- End diastolic flow
Mean velocity throughout the cardiac cycle

CEREBROPLACENTAL RATIO (CPR) - PI) Middle Cerebral Artery
(PI) Umbilical Artery

Cerebroplacental ratio, a single cutoff value 1.08 is
used below which it is considered as abnormal. [8]

CEREBROUTERINE RATIO (CUR) - (PI) Middle cerebral artery
(PT) Uterine artery

Cerebrouterine ratio was plotted on the chart; <5th
percentile was considered as decreased or abnormal

[9].
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The subject was followed up until delivery. Patients
were delivered as per gestational age severity of
hypertension and Doppler changes a few criteria
may be: Absent diastolic flow or reversal of
diastolic flow in umbilical artery, abnormal foetal
heart tracing. Maternal condition like risk of
eclampsia as per impending signs, eclampsia or
worsening  laboratory  criteria. Abnormal
biophysical profile, severe foetal growth restriction
with no interval growth after corticosteroid
coverage if needed.

After delivery the following parameters were
noted. Birth weight, period of gestation at birth,
APGAR at 1 minutes & 5 minutes, duration of stay
in Neonatal Intensive Care Unit.  The adverse
perinatal outcome in terms of small for gestational
age, low APGAR score at 5 minutes of life (<7),
resuscitative measures, admission & stay in NICU
(=2 days), still birth and neonatal death were also
noted.

Data Analysis: Data analysis was done by
calculating sensitivity, specificity, positive and
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negative predictive value and we predict the
neonatal health by using these ratios.

We calculate pulsatatilty index (PI), resistance
index (RI), SD Ratio of all the vessels and CP and
CU Ratios were calculated.

Sample size of 100 or more was considered by
using statistical formula

n = (zo+ z1-B )2 p (100-p) E2

Statistical Analysis: Analysis of collected data
was done based on statistical tools and techniques.
The data was entered in MS Excel Software version
21 and analysed using SPSS, IBM Comp, and
Version 21. The categorical data was analysed
using Chi-Square test. The quantitative data was
analysed using independent student’s T test.

Results

Maximum patients were in the age group of 26-30
years and in 21-25 years of age group. Mean age of
the study population was 27.9 years. Out of the 100
subjects 44% were primi gravidas and 56%
multigravida.

Table 1: Hypertensive Disorders of Pregnancy in the Study Group

S.No. Disorder Number (n=100) Percentage
1 Preeclampsia 65 65
2 Gestational hypertension | 35 35
3 Chronic Hypertension 0 0
4 Eclampsia 0 0
Mode of delivery LSCS Vaginal Delivery
Total Term (>37 Week of gestation) 29 11 40
Preterm (<37 Week of gestation) 41 19 60
Table 2: Relationship of CUR with various parameters
CUR <5 th centile >5 th centile Total
Birth weight percentile
<10 26 7
>10 7 35
Total 33 67
Relation of CUR with still birth
Still birth 3 0
Live birth 30 67
Total 33 67
Preterm 4 (10 %) 36 (90%)
Term 29 (48.3%) 31 (51.6%)
Total 33 67
APGAR score
<7 10 (58.8%) 7 (41.1%)
>7 23 (25%) 60 (75%)
NICU admisssion
Yes 27(52.9%) 24 (47%) 51
No 6(12.2%) 43(87.7%) 49
Neonatal mortality
Neonatal mortality 9(69.2%) 4(30.7%) 13
Alive 24(30.7%) 63(72.4%) 87
Perinatal mortality 12(36.3%) 4(5.9%) 16
Perinatal morbidity 21(63.7%) 63(94%) 84
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Table 3: Relationship of CPR with various parameters

CPR <1.09 th centile >1.09 th centile Total
Birth weight percentile

<10 th 24(36.3%) 42(63.64%)

>10 th 6(17.65%) 28(82.3%)

Total 30 70

Still birth

Still birth 3(100%) 0 3
Live birth 27(27.8%) 70(72.1%) 97
Preterm delivery

Preterm 3(7.3%) 38(92.6%) 41
Term 27(45.76%) 32(54.2%) 59
APGAR

<7 9(50%) 9(50%) 18
>7 21(25.6%) 61(74%) 82
NICU admission

Yes 26(50%) 25(49%) 51
No 4(8.1%) 45(91.8%) 49
Neonatal mortality

Neonatal mortality 6(75%) 3(25%) 9
Alive 24(26.3%) 67(73%) 91
Perinatal mortality 9(30%) 3(4.2%) 12
Perinatal morbidity 21(70%) 67(95.7%) 88

Table 4: Predictive values of CPR &CUR

Sensitivity Specificity PPV NPV Diagnostic accuracy
CUR 52.83% 89.36% 84.84% 62.68% 70%
CPR 50% 90% 100% 81% 70%
Both 36.3% 100% 100% 81% 82.9%
Discussion gestational age. No newborns were found to be

The current study was a prospective observational
study, held in GMCH, during the period October
2022 to March 2024. The aim was to evaluate the
predictive value of Cerebrouterine Ratio (CUR)
ratio & Cerebroplacental Ratio (CPR) ratio for
adverse neonatal outcome in patients with
Preeclampsia.

Concerning the demographic data of patients the
mean age was 27.9 years, maximum patients were
in the age group 26-30 years and in 21-25 years of
age group. The mean gestational age was 31.15
weeks. Regarding the parity 44% of the women
were primigravida and 56% were multipara in our
study. Majority of the subjects were from rural
background. Similar to ours were the findings by
Ala El Guindy et al [10], who reported
demographic data of patients as the mean age was
29.7 + 3.5 years, the mean gestational age was 35.5
+ 0.9 weeks and regarding the parity 34% of the
women were primigravida and 66% were
multipara. Kanika et al [8] reported maximum 39%
of the patients in the age group 26-30 years,
followed by 25% in 21-25 years of age.

Majority of the subjects had preterm delivery
(60%), 10% had postpartum haemorrhage & 65%
of the neonates were found to be small for
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large for gestational age. Similar findings were
observed by Kanika et al [9] who reported 61%
incidence of preterm delivery, 10% having
postpartum hemorrhage, 65% neonates were SGA,
no new born with large for gestational age.

The relationship between cerebro-uterine ratio and
birth weight was assessed. We observed that out of
33 pregnancies where CUR was less than 5th
percentile, 26(40%) subjects gave birth to small for
gestational age newborns. The relationship
between Cerebro-uterine ratio and birth weight was
found to be statistically significant (p<0.05). 3
(100%) subjects with CUR<5thcentile had still
births.CU ratio had higher sensitivity & NPV and
lower specificity & PPV in prediction of Still births
.Similar results were obtained by Kanika et al
[9]&Akagbue Vivian et al[11] in predicting still
births with abnormal CUR. However Eser et al [12]
didn’t find any significant correlation in predicting
SGA with abnormal CUR. In our study, the
cerebrouterine ratio had 40% sensitivity and a PPV
of 78%, specificity 80%, NPV 41%.Diagnostic
accuracy of 54% in predicting small for gestational
age foetuses. The results of Kanika et al [9] were
similar in terms of sensitivity, specificity &
diagnostic accuracy. In contrast to the study by
Kanika et al [9] who’s PPV for small gestation age
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babies was 47.4% & 41% respectively our study
had higher PPV of 78%.

Out of the 67 pregnancies with CUR >5th
percentile, there were 36(90%) preterm deliveries.
Out of the 33 pregnancies with CUR <5th
percentile, there were 4 (10%) preterm deliveries.
Our study had lower sensitivity (10%), specificity
(51.67%),PPV  (12.12%).These findings were
supported by Kanika et al[9] and Ala El Guindy et
al[10] .They reported 54% of preterm deliveries
with CUR >5th percentile and 12% had preterm
deliveries with CUR <5th percentile. In contrast
Eser et al [12] had higher sensitivity, specificity,
PPV & lower NPV in predicting preterm deliveries
in patients with abnormal CUR.

Ten (58.8%) subjects who had CUR <5th percentile
for gestational age gave birth to newborns having
low APGAR scores. In the present study CU ratio
had 58.82% sensitivity, 72.29% specificity, 70%
Diagnostic accuracy, 30% positive predictive value
and 89.55% negative predictive value to predict
newborns with APGAR 5 min <7 . In Kanika et
al[9] study, CU ratio had 67% sensitivity, 70.4%
specificity, 69.2% Diagnostic accuracy, 55.1%
positive predictive value and 79.7% negative
predictive value to predict newborns with APGAR
5 min <7 with statistically significant correlation
coefficient of 2.3 and p value < 0.001. Also Adiga
et al [10] showed that CU ratio had 62.5%
sensitivity and 64.6% specificity, 64.2% Diagnostic
accuracy, 26.2% positive predictive value and
89.5% negative predictive value to predict
newborns with APGAR 5 min <7.

In contrast Eser et al [12] showed no significant
positive correlation between abnormal CU ratio and
low Apgar score, as p value = 0.4. They reported
that CU ratio have 27.2% sensitivity,57.9%
specificity, 3.8% positive predictive value and
89.8% negative predictive value to predict
newborns with APGAR 5 min <7.

The 33 pregnancies where CUR was <5th
percentile, 27(52.9%) neonates needed NICU
admission. We also unfortunately had 13 neonatal
mortalities in our study group. Out of these 9
(69.2%) were having abnormal CUR (<5th
percentile). The correlation between CUR and
neonatal mortality was highly significant with a p
value of 0.0092 .Similar correlation was shown in
study by Rana Syed et al [13] of abnormal CUR
with NICU admission & neonatal mortality which
was highly significant.

CU ratio had higher specificity & NPV and lower
sensitivity & PPV in prediction of neonatal deaths
and Apgar score <7 at 5 mins. CU ratio had higher
specificity & PPV and lower sensitivity & NPV in
prediction of NICU admissions. Similar results
were obtained by Rana Syed et al [13] & Kanika et
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al [9] for predicting NICU admission in subjects
with abnormal CUR.

With a p-value of 0.009, the sensitivity of abnormal
CUR for neonatal mortality in our study was
statistically significant. The sensitivity is similar to
the research done by Alaa El Guindy et al [10] .In
our study, the specificity is higher at 72%.

Out of 33 patients in our study with CUR <5th
percentile there were total 12 perinatal mortality
(36.3%) & 21 (63.7%) perinatal morbidity which
included small for gestational age, APGAR<7 at 5
minutes, NICU admission, preterm deliveries.

We observed in 30 pregnancies where CPR was
less than 1.09th percentile, 24(36.36%) subjects
gave birth to small for gestation age newborns and
found to be statistically significant (p<0.05) .In the
present study CP ratio had 36.36% sensitivity,
82.35% specificity and 52% Diagnostic accuracy,
80% positive predictive value and 40% negative
predictive value to detect newborns small for GA.
Adiga et al [14] demonstrated a significant positive
correlation between abnormal CP ratio with
newborns small for GA.

The results showed that CP ratio had 33.3%
sensitivity, 83.9% specificity, 66.3% Diagnostic
accuracy, 52.4% positive predictive value, and
70.3% negative predictive value, to detect
newborns small for GA. However, Eser et al [12]
did not find a significant correlation between
abnormal CP value & SGA (p<0.07).

In our study 3 subjects had still birth. The relation
between where CPR was less than 1.09th percentile
& still birth was statistically significant.. Similar
results were found in the study by Rana Syed et al
[13].

In our study, both CPR <I1.09th percentile &
CPR>1.09th percentile had comparable APGAR <7
at 5 minutes. CP ratio had higher specificity &
NPV and lower sensitivity & PPV in prediction of
Apgar score <7 at 5 mins, diagnostic accuracy
70%. Similar results were found in the studies by
Simanaviciute, S.Gudmundssonet et al [15].

Out of 70 pregnancies with CPR >1.09th
percentile, 25(49.02%) required NICU admission.
Out of 30 patients with CPR <1.09th percentile 26
(50.98%) required NICU admission. The relation
between NICU admission & CPR <1.09th
percentile was found to be statistically significant).
Similarly p value was found to be statistically
significant in studies by Rana Syed et al [13] in
predicting abnormal CPR with NICU admission. In
contrast Simanaviciute and Gudmundsson et al
[15], p value was not found to be significant. CPR
had higher specificity (91.84%) & PPV (86.67%)
and lower sensitivity (50.98%) & NPV
(64.29%),diagnostic accuracy (71%)in prediction
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of NICU admissions . Nine neonatal mortality
occurred in relation with abnormal CPR. Six (75%)
subjects had neonatal mortality with CPR <1.09th
percentile. CP ratio had higher specificity (73.36%)
&NPV (95.71%) and lower sensitivity (66.6%) &
PPV (12%), diagnostic accuracy of 71% in
prediction of neonatal death.

In the present study CP ratio had 36.36%
sensitivity, 82.35% specificity and 52% Diagnostic
accuracy, 80% positive predictive value and 40%
negative predictive value to detect newborns small
for GA, while CU ratio had 40% sensitivity, 80%
specificity and 54% Diagnostic accuracy, 78%
positive predictive value and 41% negative
predictive value to detect newborns small for GA
(Table 25).

In Ala El Guindy et al [10] study CP ratio had
61.9% sensitivity, 73.4% specificity and 72.4%
Diagnostic accuracy, 17.6% positive predictive
value and 95.5% negative predictive value to detect
fetuses small for GA, while CU ratio had 66.7%
sensitivity, 59.4% specificity and 60% Diagnostic
accuracy, 13.1% positive predictive value and
95.1% negative predictive value to detect fetuses
small for GA, which was statistically significant.
They reported correlation coefficient of 2.3, p value
<0.001, correlation coefficient of 1.6, p value =
0.021, respectively.

Additionally, Simanaviciute and Gudmundsson
[15]& P.Adiga et al[14] also demonstrated a
significant positive correlation between abnormal
CP ratio and abnormal CU ratio with fetuses small
for GA. However, Eser et al [12] did not find a
significant correlation between abnormal CP and
abnormal CU ratio and small fetuses for GA. The
results showed that in order to detect small fetuses
for GA, CP ratio had a sensitivity of 31.1% and a
specificity of 75.4%, along with 36.2% positive
predictive value and 70.4% negative predictive
value. In contrast, CU ratio had 47.8% sensitivity
and 63.9% specificity, along with 38% positive
predictive value and 72.9% negative predictive
value.

In the present study CP ratio had 86.6% sensitivity,
64.2% specificity, 71% Diagnostic accuracy,
50.9% positive predictive value and 91.83%
negative predictive value to predict need for NICU
admission while CU ratio had 58.82% sensitivity,
87.76% specificity, 70% Diagnostic accuracy,
81.82% positive predictive value and 64.18%
negative predictive value to predict need for NICU
admission. These results showed statistically
significant relation between abnormal CP ratio and
abnormal CU ratio with fetuses with NICU
admission. Hence CUR was better than CPR in
predicting the NICU admission.
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These findings corroborated those of Eser et al
[12], who found a significant positive correlation of
abnormal CPR (P value = 0.0006) & abnormal
CUR (P value = 0.0009) between these two
variables in fetuses admitted to the NICU.

Ala El Guindy et al[10] study reported that CP ratio
had 41.6% sensitivity, 85% specificity, 61.2%
Diagnostic accuracy, 77% positive predictive value
and 54.5% negative predictive value to predict need
for NICU admission while CU ratio had 57.7%
sensitivity, 75.2% specificity, 65.6% Diagnostic
accuracy, 73.8% positive predictive value and
59.4% negative predictive value to predict need for
NICU admission, these results showed statistically
significant positive correlation between abnormal
CP ratio and abnormal CU ratio with fetuses with
NICU admission. Simanaviciute and Gudmundsson
et al [15] did not find a significant positive
correlation between abnormal CP ratio and
abnormal CU ratio with fetuses that required NICU
admission in their cross-sectional study involving
231 women.

In the present study CP ratio had 66.67%
sensitivity, 73.63% specificity, 73% diagnostic
accuracy, 20% positive predictive value and
95.71% negative predictive value to detect
Neonatal death, while CU ratio had 69.23%
sensitivity, 72.41% specificity, 72% Diagnostic
accuracy, 27.27% positive predictive value and
94.03% negative predictive value to detect
Neonatal death .

The CP ratio in the Ala El Guindy et al[10] study
had 45% sensitivity, 71.7% specificity, 69.6%
Diagnostic accuracy, 12.2% positive predictive
value, and 93.8% negative predictive value to
detect Neonatal death, while the CU ratio had 75%
sensitivity, 60% specificity, 61.2% Diagnostic
accuracy, 14% positive predictive value, and 96.5%
negative predictive value to detect Neonatal death.
In our study CPR &CUR complement each other to
predict neonatal death whereas in the study by Ala
El Guindy et al [10] CUR was better in predicting
neonatal death. When both the ratios were
combined, specificity& PPV increases to 100%
with diagnostic accuracy 82.92% (Table 33, 34).
Hence combined use of both the ratios increases the
specificity and prediction characteristics of
neonatal outcomes.

Conclusion

Cerebrouterine ratio has higher specificity whereas
Cerebroplacental ratio had higher negative
predictive value in predicting adverse neonatal
outcome. When both the ratios combined
specificity& PPV increases to 100% & diagnostic
accuracy 82.92%. Hence combining both ratios
improved the specificity and prediction
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characteristics of neonatal outcomes compared to
any of the ratios used alone.
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