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The value of middle cerebral artery-umbilical artery
pulsatility index ratio in prediction of severe fetal
growth restriction

Tongta Nanthakomon, Charintip Somprasit

Abstract

Objective: To evaluate the value of the ratio of middle cerebral artery pulsatility index
(MCA PI) to the umbilical artery pulsatility index (UA PI) for predicting of adverse
perinatal outcome in the fetal growth restriction (FGR).

Materials and A prospective study was performed on 82 pregnant women in Thammasat

methods: University Hospital between January 1, 2009 and December 31, 2009. The study
population comprised 27 pregnant women who delivered FGR fetuses and 55
pregnant women whose fetuses were normal growth. The MCA PI, UA Pl and
MCA PI/ UA PI ratio were assessed. Mild and severe FGR were defined as
a fetus having the fetal weight below the 10" and s percentile, respectively.
Abnormal MCA PI/ UA PI (CU ratio) were defined as the ratio < 1.08.

Results: Of the 82 pregnant women, In FGR cases have high oligohydramnios, high
cesarean section rate, lower GA at delivery, low birth weight and high rate
of neonatal intensive care unit (NICU) admission compared with normal cases
(P<0.05). 8 out of 27 women with FGR showed abnormal CU ratio but only
2 in 55 fetuses in normal group (P <0.001). Among these, mild and severe
FGR with abnormal CU ratio were 5 (26.3%) and 3 (37.5%), respectively which
was demonstrated not significantly difference (P = 0.658).

Conclusion: The MCA PI/ UA PI ratio could not be used as the predictor of the severe

FGR from mild FGR in a particularly severe case of FGR.
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Introduction

Fetal Growth Restriction (FGR) indicates
under development rate of fetal growth in maternal
uterus in contrast to its genetic growth potential.
Since the genetic growth potential cannot be
practically measured, the most common practice is
birthweight lower than 10 percentile of the average
weight at each gestational age. The method is
designed for small gestational age and thus data
derived from this method should be used cautiously.
These fetuses are usually known to carry a higher
morbidity and mortality rates as been compared to
normal fetuses. In progress reference for the man-
agement of FGR fetuses is to monitor fetal well-
being and timely delivery for the compromised
fetuses." Doppler ultrasound has been acceptable
for detected surveillance of FGR fetuses by assess-
ment of the uteroplacental insufficiency. Diagnosis
of uteroplacental insufficiency using Doppler
ultrasound found umbilical artery (UA) to have high
resistance to circulation. When symptom persists,
resistance of UA increases. The examination using
high frequency Doppler will show wave Absent End
Diastolic Flow (AEDF) or Reverse End Diastolic
Flow (REDF). This leads to the body adjustment
for more circulation to brain known as “brain
sparing phenomenon” that was showen by increase
in UA resistance and a decrease in middle cerebral
artery (MCA) resistance.”

There are many relationships and benefits
of Doppler ultrasound in fetal growth restriction.
Previous studies® * proved that Doppler ultrasound
can be used to identify restricted growth fetus from
small healthy fetus with better precision than using
weight showed that Doppler ultrasound can predict
the prenatal outcome of FGR and abnormal UA
pulsatility index (PI) was the best indicator for
abnormal prenatal outcome. The absent or reverse
end diastolic flow of UA was related to bad perinatal

outcomes compared to normal UA PL®

In current studies have showed prenatal
cerebral vasodilatation on the MCA Doppler is
sensitive to a physiologic response to hypoxia and
good prediction of perinatal outcome.® There are
many studies” ® use of umbilical-cerebral Doppler
ratios or used Doppler cerebro-umbilical ratio (C/
U ratio) in predicting fetal growth restriction in the
assessment of perinatal outcome in growth-restricted
and hypoxic fetuses but in previous studies were not
present value to predicted specify to mild or severe
FGR. This study intended to investigate the value
of middle cerebral artery-umbilical artery pulsatility
index ratio in prediction of severe fetal growth

restriction compared to mild FGR.

Methods

A prospective study was performed on
singleton pregnant women in Thammasat University
Hospital after having been approved by Institutional
Ethics Committee between January 1, 2009 and
December 31, 2009. Inclusion criteria were accurate
gestational age (GA), which was defined by a
reliable last menstrual period and confirmed by
first or second trimester sonography, delivery
between 32-40 weeks’ gestation in Thammasat
University Hospital. Incomplete data, no antenatal
UA and MCA Doppler studies and cases with
structural or chromosomal anomalies detected at
birth were excluded.

To accept the rationale of the study, the
authors classified the patients into 3 groups accord-
ing to the birthweight based on reference range.
Group 1 was normal fetal growth and birth weight,
Group 2 was mild FGR defined as a fetus having
the fetal weight below the 10t percentile and Group
3 was severe FGR with fetal weight below the 5
percentile for the gestational age at birth. Doppler
studies of UA, MCA, were performed by color
Doppler system. The Doppler flow velocimetry in
umbilical artery was obtained at free loop of UA,

angle of ultrasound beam to blood flow was less
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than 30° and showed at least five waveforms, then
recorded of pulsatility index (PI), resistance index
(RI) and uniform of wave-forms (positive absent
or reverse end diastolic flow). The Doppler of MCA
was recorded PI, RI and MCA PI/ UA PI ratio
(cerebro-umbilical ratio; CU ratio) were assessed
and results of UA and MCA Doppler define based
on Harrington’s chart® and abnormal MCA PI/ UA
PI was defined as the ratio < 1.08.'° The frequency
of Doppler study depended on severity of case.
Nonstress test, biophysical profile was performed
differently in each case depending on indication of
the test and gestational age.

Maternal characteristics including age,
parity, GA at last ultrasound, GA at delivery,
presence of oligohydramnios, mode of delivery,
and results of Doppler study were collected.
Neonatal outcomes were collected for birth weight,
1 minute Apgar score and neonatal morbidity.

Results were evaluation of maternal and

neonatal characteristics were presented as mean +

standard deviation (SD) or percentage. Comparison
of maternal and neonatal characteristics between
groups of FGR fetuses were performed using one
way ANOVA for continuous variable or Chi-square
test for categorized variable. A p-value < 0.05 was

considered statistically significant.

Results

Initially, there were 82 pregnant women
recruited. The study population comprised 55 preg-
nant women whose fetuses were normal growth
(group 1) and 27 pregnant women who delivered
FGR fetuses. Among 19 patients with FGR
classified in mild FGR (group 2) and 8 patients in
severe FGR. Fifty-five (67%) pregnant women were
classified as normal group, 19 (23.2%) patients as
mild FGR and 8 (9.8%) patients as severe FGR

Maternal characteristics are offered in
Table 1. The mean maternal age of FGR fetuses were
not significantly different with normal growth

fetuses 25.59 + 6.24 and 31.22 + 5.98 years respectively

Table 1 Maternal and neonatal characteristic in normal fetal growth and fetal growth restriction
Normal FGR P value
(n 55) (n = 27)
(%) (%)
Maternal Age, years* 31.22 + 5.98 25.59 + 6.24 0.805
(17 - 42) (16 - 39)
Primipara 20(36.4) 21(77.8) <0.001
Oligohydramnios 1(1.8) 13(48.1) <0.001
CU ratio < 1.08 2(3.6) 8(29.6) <0.001
Route of delivery
Vaginal delivery 43(78.2) 12(21.8) <0.001
Cesarean section 112(21.8) 18(66.7) <0.001
GA at delivery, weeks* 37.38 + 0.65 37.18 + 1.61 0.039
(36-38) (32-39)
EFW, grams* 2733 + 430.94 1968.5 = 366.55 <0.001
(2060 - 4322) (740 - 2400)
NICU admission 2(3.6) 13(48.1) <0.001

FGR = fetal growth restriction, CU = crerbro-umbilical ratio;

middle cerebral artery pulsatility index / umbilical artery

pulsatility index, GA = gestational age, C/S = cesarean section

* Mean £ SD (range)
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(p = 0.805). 8 out of 27 women with fetal growth
restriction showed abnormal MCA PI/ UA PI ratio
(CU ratio <1.08) and only 2 in 55 fetuses in normal
group showed abnormal CU ratio (p <0.001). In
FGR cases have higher oligohydramnios, high
cesarean section rate, low GA at delivery, low birth
weight and high rate of neonatal intensive care unit
(NICU) admission compared with normal case
(p <0.05). The comparisons about characteristic of

mild and severe FGR were shown in Table 2.

Among these, No significant difference from mild
and severe FGR in maternal age, primigravida,
oligohydramnios, GA at delivery, birthweight and
all of Doppler indicies. There were higher rates of
cesarean section, NICU admission and lower
birthweight in severe FGR cases (p <0.001, p =0.13
and p <0.001 respectively). Abnormal CU ratio were
5 (26.3%) and 3 (37.5%), respectively which did
not significantly any difference (p = 0.658).

Table 2 Maternal and Neonatal characteristic in mild and severe fetal growth restriction

Mild FGR Severe FGR P value
(n = 19) (n = 8)
(%) (%)
Maternal Age, years* 25.10 + 6.76 26.75 + 4.97 0.542
(19-39) (21-34)
Primipara 16(84.2) 5(62.5) 0.045
Oligohydramnios 9(47.4) 4(50) 0.887
Route of delivery
Vaginal delivery 9(47.4) 0(0) <0.001
Cesarean section 10(52.6) 8(100.0) <0.001
GA at delivery, weeks* 37.47 + 1.30 36.50 = 2.13 0.157
(33-39) (32-38)
EFW, grams* 2117.6 + 184.91 1614.4 + 161.0 <0.001
(1665-2400) (740-2025)
NICU admission 6(33.3) 7(87.5) 0.332
CU ratio < 1.08 5(26.3) 3(37.5) 0.013
Dopplert 1.15 + 0.27 1.09 + 0.25 0.635
UA PI (0.80-1.73) (0.78-1.47)
UA RI 0.67 = 0.81 0.65 = 0.91 0.620
(0.55-0.84) (0.55-0.80)
MCA PI 1.72 = 0.68 1.37 + 0.28 0.243
(0.90-3.98) (1.04-1.77)
MCA RI 0.79 * 1.38 0.73 = 0.27 0.330
(0.60-1.20) (0.66-0.82)
UA PI/MCA PI 0.77 = 0.37 0.82 = 0.30 0.739
(0.24-1.80) (0.55-1.41)
MCA PI/UA PI 1.59 = 0.81 1.30 + 1.73 0.412
(0.56-4.10) (0.71-0.81)

FGR = fetal growth restriction, CU = cere-umbilical ratio; middle cerebral artery pulsatility index/umbilical artery pulsatility

index, GA = gestational age, C/S = cesarean section,

* Mean = SD (range)

+ Severe FGR group n=6 (exclude 2 cases; 1 case for absent end diastolic flow, 1 case for reverse end diastolic flow)
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Discussion

Fetal Growth Restriction caused from
several factors. Besides finding the cause of the
symptom, one important aspect that must be
investigated into is to predict the likelihood of the
disease in order to avoid morbidities. Fetal birth
weight analysis alone is insufficient as a tool to
identify a healthy, small for gestational age fetus
from fetal growth restriction, thus, further investi-
gation into this subject is essential for treatments,
counseling and management of patient. FGR caused
by uteroplacental insufficiency has been confirmed
to transmit an increased risk of perinatal morbidity
and mortality.>'* Contemporary study by Bate JA.
et al.> proved that Doppler Ultrasound can be used
to identify FGR from small for gestational age. The
study compared Doppler Ultrasound with weight
analysis and concluded that FGR is better identified
using Doppler Ultrasound and appears to be the
most promising diagnostic tool for supervision of
these at-risk fetuses.'' Doppler ultrasound can be
use to predict the prenatal outcome of fetal growth
restriction and abnormal UA PI was the best
indicator for abnormal perinatal outcome.* Seyam
YS et al.’ studied for the relationship between um-
bilical artery Doppler flow velocimetry and perinatal
outcome. The study found restricted growth fetus
with abnormal UA Doppler flow velocimetry to
have a higher rate of admission at neonatal intensive
care unit, birth weight and GA at delivery
statistically lower than normal group. Gerber S
et al.'? reported that absent or reverse end diastolic
flow in umbilical artery was correlated with poor
perinatal outcome and some fetuses have major
handicaps. The use of Doppler umbilical indices
for fetal surveillance had a standard in high risk
pregnancy especially in FGR follow up.'®

First sign of uteroplacental insufficiency is
the diagnosis of increase pressure in umbilical
artery. When a symptom persists, there is increased

resistance in the umbilical artery. The examination

using high frequency Doppler will show wave
Absent End Diastolic Flow (AEDF) or Reverse End
Diastolic Flow (REDF). Also, the fetus will adjust
its circulation by increasing blood flow to central
brain (centralization) causing “brain sparing
phenomenon”. When symptoms are more, blood
vessels in fetal brain will lose its tuning ability
causing compensatory vasodilatation.”* Fetal MCA
PI value below 95" percentile of the normal range
was found to be highly predictive of subsequent
neurological outcomes.®'*'® The addition of
placento-cerebral ratios has been shown to increase
the sensitivity of these indices in detecting this
pathological brain sparing effect and in predicting
adverse neurological outcome.'® Abnormal umbili-
cal Doppler indices and cerebro-umbilical ratios are
strong predictors of fetal growth restriction and of
adverse perinatal outcome in pre-eclampsia, while
the MCA PI alone is not a reliable indicator.'” Such
results indicate that the combination of fetal
umbilical and cerebral Doppler indices to produce
an umbilico-cerebral ratio can increase the utility
of Doppler ultrasound in high-risk pregnancies. Obido
AO et al.’ presented cerebro-placental Doppler ratio
(CPR) with categorical threshold in the prediction
of adverse perinatal outcomes in growth-restricted
pregnancies with a CPR threshold of less than 1.08,
the sensitivity, specificity, positive and negative
predictive values were 72%, 62%, 68%, and 67%
respectively. The present study shows significant
higher incidence of abnormal CU ratio in severe
FGR compared to mild FGR. However, because
of limitation of sample size, the data could not
demonstrate the significant higher rate of NICU
admission in severe FGR compare to mild FGR.
Furthermore, the authors do not compare perinatal
outcomes between FGR fetuses with normal CU
ratio and abnormal CU ratio. Further investigation
with a large number of cases may be needed to

prove this hypothesis.
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The MCA P17 UA PI ratio could be used
as the predictor for fetuses with growth restriction
compared to normal cases but cannot differentiate
mild from severe cases of FGR but in the study that
had a small number of patients, further study that
has a higher population may be need to proved this

hypothesis.
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