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Abstract

Objectives: Cerebroplacental ratio (CPR) is a useful tool in differentiating at-risk non-SGA fetuses. The first CPR reported by
Arbeille et al quantifies the redistribution of the cardiac output. In this study, we investigate CPR in non-SGA fetuses.
Materials and Methods: This descriptive-analytic study was carried out in Ahvaz from January 1, 2016 to January 1, 2017. In
this study, CPR was evaluated in 230 pregnant women at 28 to 38 weeks of gestation, with the exception of pregnant women with
SGA and multiple pregnancies. In this study, factors such as maternal age, parity (nullipara and multipara), history of abortion,
cesarean delivery or vaginal delivery, an estimate of fetal weight (EFW), history of stillbirth, pregnancy conceived through assisted
reproductive technology, and NT values were investigated.

Results: In this study, of 230 pregnant women with an EFW more than the 3rd percentile and singleton pregnancy, there were
22 women with a CPR below the 5th centile. There was no relationship between the fetal CPR and the maternal age, the number
of maternal cesarean section, the number of mother’s vaginal deliveries and the parity, history of stillbirth, pregnancy conceived
through assisted reproductive technology and NT values in the data analyzed.

Conclusions: In this study, 9.6% of the non-SGA fetuses had abnormal CPR (less than 5 percentile). There is no relationship between
CPR and maternal age, parity (nullipara and multipara), history of abortion, cesarean section delivery or vaginal delivery, EFW,
history of stillbirth, pregnancy conceived through assisted reproductive technology, and NT values.
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Introduction

Pregnancy and labor are great experiences in the life of a
woman. At the end of the 20th century, the mortality ratio of
infants has fallen from more than 90% to 7.2% per live birth
(1). Studies have shown that a death rate of 1.2-1.3 can be
prevented in fetuses and neonates(2). Today, the diagnosis
of high-risk pregnancies is one of the important issues in
the field of modern pregnancy and labor. Fetal growth
during pregnancy is determined by its anthropometric
measures, especially the weight. In fact, the birth weight
of a baby is the most important determinant of disease or
death (3). A low birth weight baby is considered as a baby
with a weight less than 2500 g at birth. These infants are
40 times more likely to be exposed to neonatal mortality
than normal babies, who have a birth weight of more
than 2500 g (4). Low birth weight babies are divided into
2 groups as follows: The first group includes premature
infants who do not have enough gestational time to
develop and grow. The second group includes termed
infants, that is, the babies whose gestational age is 37
weeks or more. These babies, despite having enough time
to grow, are very small at birth and have a birth weight less
than 2500 g (5). Intrauterine growth restriction (IUGR)
is a significant part of the present mortality. The primary

goal of the prenatal care is to diagnose conditions and
to choose the appropriate and optimal treatment for the
mother and the fetus. The management of complicated
pregnancies from IUGR remains a major challenge in
maternity and childbirth. The complications of ITUGR are
remarkable for the mother and the fetus (6-11). Babies
with birth weights less than the 10th percentile of weight
for the gestational age, according to the sex are called
the ITUGR (12,13). Ultrasound Doppler sonography is a
supplement to the diagnosis of physiological disorders
(14). Color Doppler sonography of the fetal brain is used
to investigate the incidence of uterine growth retardation,
fetal distress, asphyxia, anemia, pregnancy immunization,
twin to twin transfusion syndrome (TTTS), and the
examination of the middle cerebral artery, usually without
regard to its various parts. Uterine placental blood flow
can be detected by Doppler sonography, a non-invasive
method. This ultrasound is very important in a high-risk
pregnancy. The umbilical Doppler is considered as one
of the methods for assessing fetoplacental blood flow,
so cord blood flow can be considered as a predictor of
high-risk pregnancies without any unnecessary invasive
interventions of midwifery. It has also led to a reduction
of multiple complications, including perinatal mortalities,
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hospital admissions, hospitalization duration, labor
induction and cesarean section, fetal distress during labor,
and hypoxic encephalopathy (15,16).

Cerebroplacental ratio (CPR) is a new good tool for
differentiating the at-risk non-SGA fetuses. The first CPR
reported by Arbeille et al quantifies the redistribution
of the cardiac output (17,18). According to the brain
sparing theory, in any form of fetal distress, it can be
seen that a decrease in the blood flow to the fetus leads
to a decrease in the resistance of the cerebral arteries to
prevent the blood supply to the brain. This change is seen
as an increase in the end-diastolic velocity (EDV). Several
studies were performed with the help of Doppler velocity
measurements of uterine arteries in the second trimester
to predict the complications of preeclampsia on the fetus
in high-risk pregnancies (19,20). A cerebroplacental
Doppler ratio, defined as the ratio of the umbilical artery
PI to the MCA PI, is an important predictor of adverse
outcomes during pregnancy, and this includes implications
for the proper evaluation of the SGA and AGA fetuses.
As mentioned before, CPR is obtained by dividing the
Doppler indices of the middle cerebral artery (MCA) by
the indices of umbilical cord vessels. When these changes
occur, diastolic flow increases in the MCA (21-30).

The main aim of this study was to investigate CPR in
non-SGA fetuses at 28 to 38 weeks of gestation.

Materials and Methods

This descriptive-analytic study was conducted in Ahvaz in
2016. The sample consists of 230 pregnant women referred
to the Prenatal Clinic of Imam Hospital. This study was
performed from January 1, 2016 until January 1, 2017. All
women at 28 to 38 weeks of gestation, without SGA and
multiple pregnancies, with a Doppler scan (umbilical PI,
MCA PI, and CPR), and a growth scan in these weeks, were
included. In this study, factors such as maternal age, parity
(Nullipara and Multipara), history of abortion, cesarean
delivery or vaginal delivery and estimate of fetal weight
(EFW), history of stillbirth, pregnancy conceived through
assisted reproductive technology, and NT values were
investigated separately. Growth and Doppler scans were
done by a certified sonographer in the prenatal clinic of
Imam Hospital in Ahvaz. The ultrasound devices used in
this study were Medison V10 and V20. Data were entered
into Astraia software. CPR below the 5th percentile was
described as abnormal. CPR was divided into 2 groups of
2.5-5 and below 2.5.

Results

According to Table 1 and Figure 1, 208 (90.4%), 17 (7.4%),
and 5 women (2.2%) had a CPR greater than 5, 2.5-5, and
less than 2.5, respectively. In this way, 22 of the studied
patients had a CPR less than 5 (9.6%), which is considered
as an abnormal condition during pregnancy and should be
taken into consideration. In fact, 9.6% of the samples are
in this range. The following table is designed to determine

the relationship between the weight percentile of the
sample (22 cases) and the CPR. CPR is 9.6% according
to Table 2 and Figure 2. It was revealed that these 22
cases with CPR less than 5% of the weight percentile are
normally distributed and that high or low frequency does
not belong to a certain percentile. Therefore, according to
this analysis, it can be concluded that in the present study,
CPR less than 5 can occur per weight percentile.

The subjects’ mean age was 29.8 years. Out of 230
persons, 59 people had an abortion (25.7%), of which
39 people (17%) have had one miscarriage and 16 cases
(9%) had more than one miscarriage. In addition, 119

Table 1. Frequency of CPR Variables in the Samples

CPR No. % Cumulative Percentage
>5 208 90.4 90.4

<5and>2.5 17 7.4 97.8
<2.5 5 2.2 100.0

Total 230 100.0

Abbreviation: CPR, cerebroplacental ratio.

Frequency percentage of CPR in the sample
100

50

0  E—1
Smaller than 5 and
larger than 2.5
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= Frequency percentage

Figure 1. Frequency Percentage of Cerebroplacental Ratio in the
Samples.

Table 2. CPR Versus Weight Percentile (in Subjects With CPR
<5)

EFW**
CPR Total
3-10 10-25 25-50 50-75 75-95
>2.5,<5 1 5 7 3 1 17
<2.5 0 1 3 1 0 5
Total 1 6 10 4 1 22

Abbreviation: CPR, cerebroplacental ratio; EFW, Estimate of fetal
weight.
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Figure 2. A Chart of Cerebroplacental Ratio Versus Weight
Percentile (for People With Cerebroplacental Ratio <5).
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women had no previous history of delivery, and 111
have experienced childbirth and were divided in the way
described below. Two of the subjects had both a normal
delivery and a cesarean section, 81 had a cesarean section
during their first pregnancy, 6 had cesarean sections in
both of their pregnancies, and 3 had a cesarean section
in each of their three pregnancies. Furthermore, 17
people had a normal delivery in the first pregnancy, 2 in
both cases of normal pregnancy, 1 in each of the three
pregnancies had a normal delivery. Thus, out of these 111
people, 19 had only normal delivery, 90 had only cesarean
section, and 2 had both cesarean and normal delivery. The
average fetal weight by ultrasound was 1900 g. The highest
frequency (95) was related to the 25th-50th percentile,
and the lowest frequency (7) belonged to the 3rd-10th
percentile. The mean value of NT in this study was 1.7440.

Discussion

In this study, 9.6% of non-SGA fetuses had abnormal CPR
(less than 5 percentile). There is no relationship between
CPR and maternal age, parity (Nullipara and multipara),
history of abortion, cesarean section delivery or vaginal
delivery, EFW, history of stillbirth, pregnancy conceived
through assisted reproductive technology, and NT values.
Inastudy, Akolekar etal used the CPRin the third trimester
of pregnancy to predict the results of SGA pregnancy and
prevent the death of fetuses and early delivery (31). Odibo
et al conducted a study in 2005 and found that the CPR
and its adverse effects limited intrauterine growth (32).
Khalil et al (28) showed that CPR was more associated
with placental abnormalities than the fetal weight which
was in contrast with the results found by Achan and Anti.
Morales-Rosello and Khalil showed that fetal smallness is
largely due to placental insufficiency and fetuses with a
normal weight and a low CPR may have chronic hypoxia;
so they are recommended to evaluate a hybrid approach
of EFW (the weight of the fetal ultrasound) and CPR. In
their research, CPR (uterine artery Doppler), along with
EFW during the third trimester of pregnancy, was able to
identify deliveries that could lead to the loss of a baby or
high-risk childbirth (33).

In a study on the relationship between CPR and birth
weight in the macrosomic fetus, Abdella et al showed
that CPR cannot distinguish between the AGA and LGA
fetuses (34). Khalil and Thilaganathan showed that a
combination of the estimation of the fetal weight, CPR,
and uterine Doppler in the third trimester could identify
most of the at-risk fetus for the birth of a dead baby (35).
Regarding the results of this study, it was observed that
there is no significant relationship between cerebral blood
flow in the fetus brain and body weight percentile in
this study and this lack of association suggests that CPR
cannot be a good predictor for the differentiation between
the LGA, SGA and AGA fetuses. This means that low CPR
is not specific to the percentile of low weights. The results
of this research are different from those of the studies

conducted by Akolekar et al (31) and Odibo et al (32) are
in line with the views of Khalil et al (28), Morales-Rosello
and Khalil (33), Abdella et al (34), and Khalil et al (35).

Conclusions

In the studies conducted, considering that parameters
such as maternal age, parity (nullipara and multipara),
abortion history, cesarean section delivery or vaginal
delivery, history of stillbirth, pregnancy conceived
through assisted reproductive technology, and NT values
are important, the effects of these parameters on the CPR
were investigated and the following results were obtained.
There is no relationship between the blood flow to the
brain in the fetus and the mother’s age, the number of
cesarean section, the number of normal mother deliveries,
the parity, history of stillbirth and abortion, pregnancy
conceived through assisted reproductive technology, and
NT values.
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