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Abstract 

Background:  Fetal hypoxia is one of the major causes of high perinatal morbidity and mortality rates. Doppler ultra-
sound tests such as cerebroplacental ratio (CPR) evaluation are commonly used to assess blood flow disturbances in 
placento-umbilical and feto-cerebral circulations. A low cerebroplacental ratio has been shown to be associated with 
an increased risk of stillbirth regardless of the gestation or fetal weight. We conducted this study to assess the fetal 
cerebroplacental ratio in prediction of adverse intrapartum and neonatal outcomes in a term, uncomplicated preg-
nancy to reduce fetal and neonatal morbidity and mortality.

Results:  It was found that neonates with CPR ≤1.1 had significantly higher frequencies of cesarean delivery (CS) for 
intrapartum fetal compromise compared to those with CPR >1.1 (p=0.043). Neonates with CPR ≤1.1 had significantly 
lower Apgar score at 1 min and 5 min than those with CPR >1.1 (p=0.004) and (p=0.003), respectively. Neonates with 
CPR ≤1.1 had significantly higher rates of NICU admission than those with CPR <1.1 (p=0.004).

Conclusion:  The cerebroplacental ratio shows the highest sensitivity in the prediction of fetal heart rate abnormali-
ties and adverse neonatal outcome in uncomplicated pregnancies at term. The cerebroplacental ratio index is useful 
in clinical practice in antenatal monitoring of these women in order to select those at high risk of intra- and postpar-
tum complications.
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Background
Fetal hypoxia is one of the major causes of high perina-
tal morbidity and mortality rates. It is a major contribu-
tor to adverse perinatal outcomes, including stillbirth, 
hypoxic–ischaemic brain injury. It may also lead to vari-
ous neurodevelopmental disabilities [1].

Labor is an asphyxial process, with contractions reduc-
ing blood flow in the uterine arteries and thus decreasing 
oxygen availability to the placenta and fetus. This results 
in a gradual deterioration of the fetal condition reflecting 
a steady decline in the ability of the placenta to oxygen-
ate the fetus as labor progresses [2]. The fetus responds 

to uterine contractions with acute cerebral redistribution, 
evidenced by a reduced middle cerebral artery pulsatility 
index [3].

Most cases of asphyxia during labor occur due to a 
gradual decline in the ability of the fetus to tolerate the 
process of parturition. It is likely that these infants have 
decreased fetoplacental reserve prior to the onset uterine 
contractions [4]. If delivery is not expedited, these infants 
are at a serious risk of brain injury and subsequent per-
manent disability with hypoxic–ischaemic encephalopa-
thy, a key risk factor for the development of cerebral palsy 
in term infants [5].

These compromised fetuses frequently require rapid 
delivery by emergency operative delivery that carries 
more maternal risk than less urgent procedures. Neonatal 
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outcomes are also significantly poorer following emer-
gency caesarean for fetal distress [6].

Fetal hypoxia activates a number of defense mecha-
nisms, such as modification of fetal heart rate (FHR), 
increase in blood pressure, and redistribution of the 
blood to the heart, brain, and adrenal glands. Low oxygen 
partial pressure (pO2) leads to cerebral vasodilation and a 
fall in vascular resistance, which results in a decrease in 
middle cerebral artery resistance index (MCA RI) values 
[7].

The brain sparing (BS) phenomenon is considered as 
an adaptive mechanism of the fetus which is activated 
to protect the fetal brain in adverse conditions. The phe-
nomenon does not completely protect the brain against 
the effects of hemodynamic changes. Long-term studies 
have shown that children with BS have lower IQ scores, 
impaired cognitive function, attention deficit, and greater 
difficulties at school [8].

The most widely used screening method for intrapar-
tum hypoxia is electronic fetal heart rate monitoring. It 
has very poor specificity and positive predictive value for 
hypoxia and adverse neonatal outcome and may indeed 
be considered a failure of public health policy [9].

The current challenge is therefore to identify vulner-
able fetuses at risk of hypoxic complications, particularly 
within an apparently low-risk cohort before the onset of 
labor.

Doppler ultrasound tests such as cerebroplacental ratio 
(CPR) evaluation are commonly used to assess blood 
flow disturbances in placento-umbilical and feto-cerebral 
circulations [10].

The fetal cerebroplacental ratio is the ratio of the mid-
dle cerebral artery pulsatility index to the umbilical artery 
pulsatility index [11]. The cerebroplacental ratio evalu-
ation is used to detect and assess the fetal response to 
oxygen deficiency in utero. With the progress of preg-
nancy, the resistance in fetal circulation decreases grad-
ually. Nevertheless, the values of middle cerebral artery 
pulsatility index (MCA PI) should remain higher than 
umbilical artery pulsatility index (UA PI) values, which 
implicates that CPR, being the ratio of (MCA PI) to (UA 
PI), should be higher than (1–1.1) in uncomplicated 
pregnancies [12].

In some term small for gestational age fetuses, the mid-
dle cerebral artery pulsatility index is reduced despite 
normal umbilical artery Doppler indices, and this is asso-
ciated with poorer perinatal outcomes and adverse neu-
robehavior sequelae [13].

A low cerebroplacental ratio has been shown to be 
associated with an increased risk of stillbirth regardless 
of the gestation or fetal weight [14].

So in the current work, the cerebroplacental ratio will 
be assessed to identify fetuses that fail to reach their 

genetic growth potential and/or are at increased risk of 
perinatal complications.

Methods
This was a prospective observational cross-sectional 
study conducted at the outpatient clinic of the Obstet-
rics and Gynecology Department, Suez Canal University 
Hospitals, from August 2018 till June 2019 on one hun-
dred fifty primiparous women aged between 18 and 35 
in uncomplicated singleton pregnancies, between 37 and 
40 completed weeks with cephalic presentation to assess 
the fetal cerebroplacental ratio in prediction of adverse 
intrapartum and neonatal outcomes in a term, uncom-
plicated pregnancy. Table 1 shows the exclusion criteria 
that include multiple pregnancy, medical or surgical con-
ditions with pregnancy, fetal congenital anomaly, fetal 
growth restriction, and premature rupture of membrane. 
During the study period, 173 women consented to par-
ticipate in the study, of which 23 women were excluded 
for various reasons. These include 14 who underwent 
elective CS, 9 women who withdrawn from the study and 
did not have intrapartum fetal monitoring. Thus, the final 
study cohort compromise of 150 women (Fig. 1).

This study was carried out after gaining approval of 
the ethical committee in the Faculty of Medicine, Suez 
Canal University, and approval of the Suez Canal Univer-
sity Hospital administration board. An informed consent 
about participation in the study was thoroughly discussed 
with patients in an easy understandable language. Only 
consenting patients were included in the study. Patients 
were assured that they have the full right to refuse par-
ticipation in the study or withdraw at any time and that 
refusal or withdrawal will not affect the quality of care 

Table 1  Baseline characteristics of the studied sample

Data are presented as number (%) or mean ± standard deviation (SD)

BMI body mass index

Variables n= 150

Age (years), mean ± SD 29.2 ± 4.1

Occupation, n (%)

  Housewife 80 (53.3)

  Employer 40 (26.7)

  Manual worker 30 (20)

Residency, n (%)

  Rural 88 (58.7)

  Urban 62 (41.3)

Socioeconomic status, n (%)

  Low 65 (43.3)

  Middle 68 (45.3)

  High 17 (11.3)

BMI (kg/m2), mean ± SD 22.4 ± 1.4
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provided to them. Confidentiality of patient personal 
information will be maintained at all stages of the study.

At the first visit, all patients enrolled in the study were 
subjected to the following:

History taking

•	 Age, occupation, residence.
•	 Gestational age calculated by the last menstrual 

period.
•	 Past or current medical illness.
•	 History of any drug intake and allergy to any drugs.
•	 Smoking.

Physical examination

•	 General examination was done to exclude any dis-
ease or abnormality.

•	 Body mass index was calculated by dividing weight in 
kilogram/(height in meter)2.

•	 Blood pressure measurement.

Ultrasound examination
Gestational age was calculated based on the last men-
strual period confirmed by a first-trimester ultrasound 
scan. All women underwent ultrasound assessments 
weekly, from 37 weeks until delivery including meas-
urements of fetal biometry and fetal Dopplers (umbili-
cal artery (UA) and fetal middle cerebral artery (MCA) 
pulsatility index (PI)). CPR was calculated at each 
attendance. All the measurements were performed in 

semi-recumbent position. The umbilical artery color 
Doppler waveform was collected from free floating parts 
of the umbilical cord during minimal fetal activity. For 
measurement of MCA, an axial view of fetal head was 
obtained at the level of cerebral peduncles, and then, the 
color Doppler was used to visualize the Circle of Willis 
and Doppler sample volume was placed on MCA that 
was easily identified on a major branch running antero-
lateral from the Circle of Willis toward the lateral edge of 
the orbit. The machine used was Mindray DC-60.

Steps of the study
At each weekly visit, the umbilical artery (UA) pulsatility 
index (PI) and middle cerebral artery (MCA) pulsatility 
index (PI) were calculated from three consecutive wave-
forms during fetal quiescence using an automated trace 
of the spectral Doppler waveform. The CPR was calcu-
lated as a simple ratio of the MCA PI to the umbilical 
artery PI. Values below 1.1 were reported as abnormal 
[12]. The last CPR prior to delivery is reported and used 
for all analyses.

Labor and delivery were managed in the institu-
tion. Participants and clinicians were blinded to ultra-
sound results, except in cases in which malpresentation, 
severe oligohydramnios (deepest vertical pocket < 1cm) 
or absent/reversed end-diastolic flow in the UA was 
detected. If any of these abnormalities was detected, 
obstetric caregivers were informed immediately, as these 
findings would alter clinical management.

Birth weight, mode and indication for birth, and neo-
natal outcomes including Apgar score and neonatal 

CPR = MCA PI/UA PI

Fig. 1  Flowchart showing inclusion of the study participants. CPR cerebroplacental ratio, CS cesarean section
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intensive care unit (NICU) admission were recorded 
within 48 h of birth. Decision for operative delivery for 
fetal compromise was recorded as that made by the treat-
ing obstetric team.

Pulsatility index in the middle cerebral, the umbilical 
artery, and the CPR ratio were evaluated weekly by Dop-
pler ultrasonography, then were divided into two groups 
(according to last measurement): with CPR less than or 
equal to 1.1 (n = 25) and with CPR more than 1.1 (n = 
125), respectively. Abnormal flow indices were analyzed 
and compared to adverse pregnancy and neonatal out-
come determinants.

Statistical analysis
Collected data will be processed using SPSS version 22. 
Quantitative data will be expressed as mean ± SD while 
qualitative data will be expressed as numbers and per-
centages. Student t test will be used to test significance 
of difference for quantitative variables and chi-square will 
be used to test significance of difference for qualitative 
variables. A probability value (p value) <0.05 will be con-
sidered statistically significant. Data will be analyzed and 
appropriately presented in tables and graphs.

Results
The study revealed that neonates with CPR less than or 
equal to 1.1 were 16.7% and those with CPR more than 
1.1forms 83.3%.

There was no statistically significant association 
between CPR and diagnosis of oligohydramnios, absent/
reversed end-diastolic flow.

It was found that neonates with CPR ≤1.1 had signifi-
cantly higher frequencies of CS delivery for intrapartum 
fetal compromise compared to those with CPR >1.1 
(p=0.043) and that neonates with CPR ≤1.1 had signifi-
cantly lower Apgar score at 1 min and 5 min than those 
with CPR >1.1 (p=0.004) and (p=0.003), respectively. 
Neonates with CPR ≤1.1 had significantly higher rates 

of NICU admission than those with CPR >1.1 (p=0.004) 
(Tables 2 and 3).

The ROC curve analysis of umbilical artery pulsatility 
index, fetal middle cerebral artery pulsatility index, and 
cerebroplacental ratio for prediction of different adverse 
intrapartum and neonatal outcomes shows that cere-
broplacental ratio had the highest area under the curve 
(AUC) (0.72) for prediction of fetal heart rate (FHR) 
abnormality by cardiotocography (CTG) followed by fetal 
middle cerebral artery PI (0.65). Meanwhile, cerebropla-
cental ratio had the highest area under the curve (0.837) 
for prediction of CS delivery for intra-partum fetal com-
promise (IFC). For prediction of Apgar score <7 at 1 min, 
both fetal middle cerebral artery pulsatility index (0.65) 
and cerebroplacental ratio (0.62) had the highest area 
under the curve with no a significant difference between 
them. While regarding CS delivery for IFC, cerebropla-
cental ratio had the highest area under the curve (0.72) 
followed by umbilical artery pulsatility index (0.66) 
(Figs. 2 and 3).

Cerebroplacental ratio was found to have the best accu-
racy in predicting CS delivery for IFC and the best accu-
racy in predicting Apgar score <7 at 1 min with sensitivity 
60.89% and specificity 66.14%. Similarly, cerebroplacental 
ratio was found to have the best accuracy in predicting 
NICU admission with sensitivity 63.16% and specificity 
70.99% (Tables 4 and 5)

Discussion
Intrapartum complications are a major contributor to 
adverse perinatal outcomes and significant neonatal mor-
bidity [15]. The compromised fetuses frequently require 
rapid delivery by emergency operative delivery that car-
ries considerably more maternal risk than less urgent 
procedures. Neonatal outcomes are also significantly 
poorer following emergency caesarean for fetal distress 
[6].

Table 2  Relationship of cerebroplacental ratio (CPR) with different modes of deliveries

CPR cerebroplacental ratio
a p values are based on chi-square test. Statistical significance at p < 0.05
b p values are based on Fisher’s exact test. Statistical significance at p < 0.05

Variables Total (n=150) CPR, n (%) p value

≤ 1.1 (n= 25) >1.1 (n= 125)

Mode of delivery

  Vaginal 108 (72) 15 (60) 93 (74.4) 0.14 a

  Cesarean section 42 (28) 10 (40) 32 (25.6)

    Intrapartum fetal compromise 7 (16.7) 4 (40) 3 (9.4) 0.043 b

    Other causes (prolonged labor, cord prolapse, 
malposition, tetanic uterus)

35 (83.3) 6 (60) 29 (90.6)
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Table 3  Relationship of cerebroplacental ratio (CPR) with neonatal outcomes

a p values are based on Mann-Whitney test. Statistical significance at p < 0.05
b p values are based on chi-square test. Statistical significance at p < 0.05
c p values are based on Fisher’s exact test. Statistical significance at p < 0.05

Variables Total  (n= 150) CPR p value

≤ 1.1 (n= 25) >1.1 (n= 125)

Birth weight, mean ± SD 3520.6 ± 663.6 3358 ± 726.5 3553.1 ± 648.3 0.25 a

Gestational age, mean ± SD 39.5 ± 0.57 39.7 ± 0.67 39.5 ± 0.5 0.09 a

Apgar score <7 at 1 min, n (%)

  Yes 23 (15.3) 9 (36) 14 (11.2) 0.004 c

  No 127 (84.7) 16 (64) 111 (88.8)

Apgar score <7 at 5 min, n (%)

  Yes 8 (5.3) 5 (20) 3 (2.4) 0.003 b

  No 142 (94.7) 20 (80) 122 (97.6)

NICU admission

  Yes 19 (12.7) 8 (32) 11 (8.8) 0.004 c

  No 131 (87.3) 17 (68) 114 (91.2)

Fig. 2  Receiver–operating characteristics curves for prediction of cesarean section for intrapartum fetal compromise using cerebroplacental ratio, 
umbilical artery, and fetal middle cerebral artery pulsatility index
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The most widely used screening method for intrapar-
tum hypoxia is electronic fetal heart rate monitoring. It 
has very poor specificity and positive predictive value for 
hypoxia and adverse neonatal outcome [16].

Vulnerable fetuses often require rapid delivery by 
emergency cesarean section, which carries elevated 

maternal and fetal risks, and costs the healthcare sys-
tem much more than vaginal delivery. The recent the 
UK Royal College of Obstetricians and Gynaecologists’ 
Each Baby Counts Report reveals that 0.16% of all term 
babies born in 2015 died or suffered significant brain 
injury following the onset of labor. In conjunction with 

Fig. 3  Receiver–operating characteristic curves for prediction of NICU admission using cerebroplacental ratio, umbilical artery, and fetal middle 
cerebral artery pulsatility index

Table 4  Sensitivity, specificity, PPV, NPV, and diagnostic accuracy of different sonographic parameters for prediction of adverse 
intrapartum outcomes

PI pulsatility index, CS cesarean section, IFC intrapartum fetal compromise

Cut-off points Cut of point Sensitivity Specificity PPV* NPV* accuracy

FHR abnormality by CTG​

  Umbilical artery PI 1.005 63.89 68.42 38.89 85.71 67.33

  Middle cerebral artery PI 1.135 58.33 78.95 46.67 85.71 73.9

  Cerebroplacental ratio 1.205 63.89 76.32 46 87 73.3

CS delivery for IFC

  Umbilical artery PI 1.015 71.43 62.86 27.78 91.67 64.29

  Middle cerebral artery PI 1.25 85.71 65.71 33.33 95.83 69.05

  Cerebroplacental ratio 1.22 71.43 71.43 33.33 92.59 71.43
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other recommendations, this report highlights the need 
for continuous risk assessment commencing in the 
antenatal period and continuing intrapartum [17].

The current challenge is therefore to identify vulnera-
ble fetuses at risk of hypoxic complications, particularly 
within an apparently low-risk cohort before the onset 
of labor.

The cerebroplacental ratio, a ratio of the middle cerebral 
artery PI and umbilical artery PI, is widely considered to 
be more indicative of adverse neonatal outcome than the 
assessment of blood flow indices individually [18].

We conducted this study aiming at assessing the fetal 
cerebroplacental ratio for prediction of adverse intrapar-
tum and neonatal outcomes in a term, uncomplicated 
pregnancy.

One hundred fifty patients were included in the study, 
and participants were subjected to detailed history, phys-
ical examination, and ultrasound examination and were 
allocated into two groups according to CPR ratio with 
values below 1.1 as abnormal [19]. Afterwards, parame-
ters characterizing the course of labor and the newborn’s 
status were correlated with abnormal Doppler results.

The mean age of the participant’s females was 29.2 ± 
4.1 years. More than half the sample was housewives 
(53.3%). About 58.7% of the females came from rural 
areas and only 11.3% had a high socioeconomic status. 
About 72% had vaginal delivery while about 28% under-
went cesarean section and 17% of them due to intrauter-
ine fetal comprise.

Patients with CPR less than 1.1 were 16.7% and those 
with CPR more than 1.1 forms 83.3. There was no signifi-
cant association between CPR with baseline and clinical 
characteristics of the pregnant females.

On assessing the association between rate of emer-
gency cesarean section and CPR ratio, we found a sig-
nificant increase in the prevalence of emergency cesarean 
sections in the group with CPR ratios < 1.1 (40% vs. 
25.6%). An abnormal CPR had a six-fold increased odds 

of cesarean section for inrapartum fetal compromise. The 
AUC values for cesarean sections for intrapartum fetal 
compromise (0.837) are considerably higher than those 
reported for intrapartum fetal heart rate monitoring 
(0.60–0.63) [20].

In a subsequent study published 2015, Khalil et  al. 
examined 8382 patients who underwent Doppler ultra-
sound examination after 37 weeks of gestation to evalu-
ate the association between fetal cerebroplacental ratio 
(CPR) and intrapartum fetal compromise and admis-
sion to the neonatal unit, and their study showed that in 
fetuses requiring an emergency cesarean delivery for fetal 
distress, an abnormal CPR was significantly more fre-
quent (13.1% vs 9.4%; P < .001) than those not requiring 
operative delivery [21].

Prior et al. prospectively evaluated 400 fetuses at term 
and reported that the CPR was shown to be an independ-
ent predictor of CS for intrapartum fetal compromise, 
and an abnormal CPR was found in 11%. Of those who 
underwent cesarean delivery for fetal distress, 36.4% had 
an abnormal CPR compared with 10.1% (p < .001) that 
had a normal CPR. A low CPR ratio was associated with 
a six-fold increased rate of cesarean section for presumed 
fetal compromise. An abnormal CPR was a better predic-
tor for an emergency cesarean delivery than an abnormal 
middle cerebral artery or umbilical artery [22].

In a study reported by Rosello et al., who evaluated the 
CPR in fetuses between 37 and 41.9 weeks of gestation, 
they found that the UA and venous pH were significantly 
lower in newborns who had an abnormal CPR than 
fetuses with a normal CPR. These data suggest that the 
CPR could be used to assess the risk of intrapartum fetal 
distress requiring cesarean delivery [23].

Another study conducted by Bligh et al. on 207 women 
with term uncomplicated pregnancy who studied the 
screening performance of low fetal cerebroplacental 
ratio and maternal placental growth factor level, for 
the prediction of cesarean section for intrapartum fetal 

Table 5  Sensitivity, specificity, PPV, NPV, and diagnostic accuracy of different sonographic parameters for prediction of adverse 
neonatal outcomes

PI pulsatility index, CS cesarean section, IFC intrapartum fetal compromise

Cut-off points Cut of point Sensitivity Specificity PPV* NPV* accuracy

Apgar score <7 at 1 min

  Umbilical artery PI 1.005 56.52 63.78 22.03 89.01 62.67

  Middle cerebral artery PI 1.25 78.3 52.8 23.08 93.06 56.57

  Cerebroplacental ratio 1.235 60.89 66.14 24.56 90.32 65.33

NICU admission

  Umbilical artery PI 1.005 57.89 63.36 18.64 91.21 62.67

  Middle cerebral artery PI 1.25 68.42 50.38 16.67 91.67 52.67

  Cerebroplacental ratio 1.205 63.16 70.99 24 93 70
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compromise, reported that pregnancies delivered by CS 
for IFC had significantly lower mean CPR than the rest of 
the study cohort [24].

Women at a significant risk of IFC and/or adverse neo-
natal outcome could be offered elective birth when staff 
levels and availability of operative procedures are opti-
mal. This could potentially reduce the number of emer-
gency cesarean section procedures performed, thus 
improving maternal and neonatal outcomes.

In the current study, we found that infants with an 
abnormal CPR ratio had a significantly higher incidence 
of CTG abnormalities than those with a normal CPR 
ratio (80%) vs (12.8%), respectively, and that the likeli-
hood of the having an abnormal FHR was increased more 
than twenty-seven-fold with abnormal CPR.

In the line of our study Ropaka et al. who studied the 
usefulness of Doppler velocimetry, based on cerebropla-
cental ratio evaluation, in predicting intrapartum fetal 
heart rate abnormalities and adverse neonatal outcome 
in 148 women with uncomplicated pregnancies at 40–42 
weeks reported that the percentage of abnormal CTG 
records in group with abnormal CPR (62.3%) was signifi-
cantly higher when compared to group with normal CPR 
(19.0%) [25]. Prior et  al. also reported that infants with 
a low CPR ratio had significantly higher rates of CTG 
abnormalities when compared with infants with a normal 
CPR ratio (82% vs 31%) [22].

We found that there was a significant relation between 
CPR and low Apgar score. Neonates with CPR <1.1 had 
significantly lower Apgar score at 1 min and 5 min than 
those with CPR >1.1 (36% vs 11.2%) and (20% vs 2.4), 
respectively. Pregnancies with CPR <1.1 were 4.46 times 
more likely to have 1-min Apgar score <7 for neonates 
than those with CPR >1.1.

Prior et al. reported that Apgar scores <7 at both 1 min 
(56.5 vs 5.1% ) and 5 min (27.5 vs 1.3%) were significantly 
lower with a low pre-labor CPR and described a greater 
frequency of poor Apgar scores in the low CPR group, 
but these did not reach significance [22].

Ropacka-Lesiak et al. also reported 1- and 5-min Apgar 
score to be significantly lower in patients with abnormal 
CPR when compared to the control group [25]. Mean-
while, Prior et al. 2013 reported no significant difference 
in the incidence of Apgar score <7 at 5 min between the 
CPR ratio percentile groups [22].

In addition, in this study, the rate of NICU admission 
was observed to be significantly higher in neonates with 
CPR <1.1 than those with CPR <1.1 (32 vs. 8.8%) respec-
tively, and that the odds of being admitted to NICU is 
4.87 times greater for neonates who have CPR ≤1.1 vs. 
those who have CPR >1.1.

In the line of our study, Khalil et al. reported the rate 
of NICU admission to be higher in group with abnormal 

CPR 14.3% vs 9.7%, while Prior 2013 described no sig-
nificant difference in the rate of neonatal unit admission 
between the CPR ratio percentile groups [21].

Our result suggested that the cut-off value of CPR 1.1 is 
a reliable value to predict adverse intrapartum and neo-
natal outcomes, which is consistent with the value of 1.1 
recommended by Arbeille et al. and DeVore.

Evaluation of the performance of CPR revealed that it 
has (63%) sensitivity, (71%) specificity, and (70%) accu-
racy, and the positive and negative predictive values were 
(24) and (93), respectively.

Previous studies on CPR have provided conflict-
ing reports on its test performance. Murata et al. found 
that CPR with cut-off value of 1.1 had 62% sensitivity 
and 74.5% specificity to predict adverse outcome [26]. 
Prior et  al. reported that a low CPR is associated with 
increased risk of emergency operative delivery for IFC 
(sensitivity 32.5%, specificity 93.2%, and positive predic-
tive value 36.4%) [22]. Devine et  al. obtained contrast-
ing results. They suggested CPR values below 1.05 to be 
a good predictor of adverse perinatal outcome in post-
term pregnancies, but the study included a number of 
high-risk pregnancies complicated by hypertension or 
gestational diabetes [27].

In contrast, Bakalis et  al. reported using retrospec-
tive data in an unselected population, CPR measured at 
30–34 weeks’ gestation was shown to be a weak predictor 
of perinatal complications, with detection rates of 5–11% 
and 20–50% when measured >2 weeks and <2 weeks 
from delivery, respectively [28].

There are few reports regarding the screening effi-
ciency of the cut-off value of CPR. It may be difficult to 
determine the fixed cut-off value of CPR for screening 
because CPR changes depending on gestational ages 
during pregnancy. Taken into consideration, the reports 
that summarize the data by Baschat and Genbruch, our 
cut-off value of CPR 1.1 seems to be appropriate for clini-
cal application in term uncomplicated pregnancy [29]. 
Some authors suggest that reference ranges should be 
applied for the CPR assessment. However, there are stud-
ies which revealed no superiority of reference ranges over 
cut-off values with regard to adverse perinatal outcome 
prediction [30, 31].

Gramellini, as well as other researchers, reported that 
CPR values are constant throughout the last 10 weeks of 
pregnancy. That is why the value of 1.1 was established as 
a cutoff point, and values < 1.1 were reported as abnor-
mal [32].

The current study showed that the cerebroplacen-
tal ratio had a sensitivity of (63%) which represents an 
advance on current practice, in which up to 60% of births 
complicated by intrapartum compromise occur in preg-
nancies with no apparent antenatal risk factors [2].
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Conclusions
The cerebroplacental ratio shows the highest sensitiv-
ity in the prediction of fetal heart rate abnormalities and 
adverse neonatal outcome in uncomplicated pregnancies 
at term. The cerebroplacental ratio index is useful in clin-
ical practice in antenatal monitoring of these women in 
order to select those at high risk of intra- and postpartum 
fetal complications (Fig. 3).

Cerebroplacental ratio can predict women at signifi-
cant risk of intrapartum fetal compromise and/or adverse 
neonatal outcome, and those could be offered elec-
tive birth. This could potentially reduce the number of 
emergency cesarean section procedures performed, thus 
improving maternal and neonatal outcomes.
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