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Abstract

Background and Objective Knowing the factors affecting fetal distress is of particular importance in improving prognosis
in newborns. The study aimed to determine the relationship between fetal middle cerebral artery pulsatility indexes and
umbilical artery Doppler ratio with fetal distress at 38—40 weeks of gestation.

Materials and Methods In this prospective cohort, 181 consecutive pregnant women with 38—-40 weeks of gestational age
were selected by a non-random convenience sampling method from January 2016 to January 2017. Women with labor pain
and embryos with chromosomal and structural disorder were excluded. Color Doppler sonography was done for all of them,
and the association of this ratio with fetal distress consequently was assessed as well.

Results In this study, abnormal amniotic fluid index (AFI) (1.1%), low birth weight (< 2500 g) (5.5%), emergency cesar-
ean (11.6%), neonatal intensive care unit (NICU) admission (12.2%), low 5th minute Apgar (< 7) (0.6%), abnormal fetal
monitoring (10.5%), fetal distress (11.6%), meconium aspiration syndrome (10.5%), and respiratory distress (3.9%) were
present. The mean cerebroplacental ratio was 1.9. There was a significant association between low fetal middle cerebral
artery pulsatility index and umbilical artery Doppler ratio with fetal distress, abnormal monitoring, and urgent cesarean
(P=0.006). The cutoff 1.94 led to sensitivity, specificity, positive predictive value, and negative predictive value of 80.95,
50, 17.5, and 95.2%, respectively.

Conclusion It may be concluded that in our study a cutoff for fetal middle cerebral artery to umbilical artery ratio of 1.94 at
38 weeks was considered statistically significant in predicting fetal distress at 38—40 weeks. However, further studies with
larger sample size and multi-center sampling would develop more definite results for wider application.
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Fetal distress leading to hypoxia-related neural tissue
injury is a bothersome issue in the prenatal period [1]. Dis-
ordered fetal oxygen during labor may be affected by differ-
ent mechanisms aggravated due to hypertension, diabetes
mellitus, inflammatory diseases, chorioamnionitis, preterm
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labor, and fetal growth retardation leading to the exacerbated
fetal distress [2]. Ultrasonographic fetal assessment with bi-
dimensional color Doppler would help to diagnose the struc-
tural anomalies, rhythm abnormalities, and disordered fetal
circulation [3]. Fetal growth retardation may be diagnosed
by ultrasonography to prevent further problems, especially
hypoxia, acidosis, and fetal death [4].

There are different prenatal tests to determine the optimal
fetal oxygen supply such as biophysical profile, amniotic

@ Springer


http://orcid.org/0000-0002-0680-3942
http://crossmark.crossref.org/dialog/?doi=10.1007/s13224-019-01250-2&domain=pdf

510

Masihi et al.

fluid index (AFI), non-stress test (NST), contraction stress
test (CST), and Doppler assessment of umbilical and middle
cerebral arteries [5—7]. Doppler indices indirectly demon-
strate blood flow impedance in these arteries, and there is a
significant association between abnormal Doppler indices
and fetal hypoxia, acidosis, and perinatal complications [3,
8], which are especially useful in the assessment of fetal
health in high-risk pregnancies [9]. Crovetto has revealed
that the increased ultrasonographic impedance in the umbili-
cal artery and the decreased impedance in the middle cer-
ebral artery are associated with fetal distress and academia
[10]. Hence, in this study, we assessed the association
between the fetal middle cerebral artery and the umbilical
artery ratio on color Doppler sonography with fetal distress
at 38-40 weeks of gestation.

Materials and Methods

The study protocol complies with the Helsinki Declara-
tion and was approved by the Research Ethics Committee
of Ahvaz Jundishapur University of Medical Sciences (IR.
AJUMS.REC.1396.1141-FIRC-9620). Institutional review
board approval was obtained. In this prospective cohort, 181
consecutive subjects with 38-40 weeks of gestation preg-
nancy were enrolled at the University Hospitals in Ahvaz,
Southwest of Iran from January 2016 to January 2017. The
inclusion criteria for entering the study included women
with 38—40 weeks of gestational age. They had uncompli-
cated pregnancies. Fetal age was based on the first trimester.
Exclusion criteria were women with labor pain and the pres-
ence of chromosomal and structural disorders. A non-stress
test (NST) and amniotic fluid index (AFI) were assessed
weekly until pregnancy termination. Color Doppler ultra-
sonography assessment of middle cerebral and umbilical
arteries was done (My Lab 70, Italy), and then, pulsatil-
ity index of the middle cerebral artery to umbilical artery
was determined. It was compared according to the other
variables, especially fetal distress. The umbilical artery was
measured with color Doppler ultrasonography, and the wave-
forms were detected at the free loop portion of the umbilical
cord. The middle cerebral artery was determined by color
flow mapping at a transverse section of the fetal head at
the level of the lesser wing of the sphenoid bone. All of
the records were measured in the absence of fetal breathing
and movement with the fetal heart rate between 120 and
160 bpm. Each record was calculated by at least three con-
secutive waves.

Pregnancy was terminated when NST was inactive, AFI
less than 5 cm, BPS less than 8/10, and gestational age more
than 40 weeks. Fetal monitoring was done routinely. A num-
ber of normal vaginal deliveries, cesarean sections via for-
ceps, induced, or spontaneous were recorded. The newborn
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assessment included fifth minute Apgar, NICU admission,
umbilical pH, cesarean for fetal distress, abnormal NST,
meconium aspiration, and respiratory distress. Also, the
association between these findings with CPR was assessed.

Data analysis was performed among 181 subjects using
the SPSS (version 24.0) [Statistical Procedures for Social
Sciences; Chicago, Illinois, USA]. The Chi-square, Fisher,
independent-sample-T, Pearson, ROC analysis, and ANOVA
tests were used, and P values less than 0.05 were considered
statistically significant.

Results

The mean age was 29 +4.3 years. The mean body mass
index was 29.8 +4.2 kg/m?. The mean gravid and parity
were 2 and 1, respectively. The mean gestational age was
38 weeks, and 22.7% of pregnant women were working out
of the home. Hypertension, gestational diabetes, and other
background diseases were reported by 3.9, 8.3, and 14.4%,
respectively. Abnormal AFI, low birth weight (<2500 g),
emergency cesarean, NICU admission, low fifth minute
Apgar (< 7), abnormal fetal monitoring, fetal distress, meco-
nium aspiration syndrome, and respiratory distress were pre-
sentin 1.1, 5.5, 11.6, 12.2, 0.6, 10.5, 11.6, 10.5, and 3.9%,
respectively. The color Doppler results are demonstrated in
Table 1.

As shown in Table 2, there was a significant associa-
tion between low fetal middle cerebral artery and umbilical
artery Doppler ratio with fetal distress, abnormal monitor-
ing, and urgent cesarean.

The cutoff 1.94 led to sensitivity, specificity, PPV, and
NPV of 80.95, 50, 17.5, and 95.2%, respectively (Fig. 1).

As shown in Table 3, the association between CPR with
fetal distress was significant in non-diabetics (P =0.010),
patients without other background diseases (P =0.038), and
cesarean sections (P =0.008).

Discussion
Knowing the factors affecting fetal distress is of particular

importance in improving the prognosis of newborns. There-
fore, this study investigated the relationship between fetal

Table 1 Color Doppler findings

Variable Mean (SD) Limit
Cerebral artery pulsatility index 1.4 (0.4) 0.6-2.5
Umbilical artery Pulsatility index 0.8 (02) 0.4-1.9
Cerebral/umbilical artery pulsatility 1.9 (0.6) 0.8-5

index ratio
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Table 2 Association between color Doppler findings with complica-

tions
Complication CPR
Mean SD P value
AFI
Normal 1.93 0.64 <0.05
Abnormal 1.97 0.83
LBW
Yes 1.84 0.64 <0.05
No 1.94 0.64
Cesarean
Emergency for fetal 1.72 0.55 0.017
distress
NICU
Yes 1.94 0.64 <0.05
No 1.93 0.64
fifth minute Apgar
7 1.75 - <0.05
8 1.78 0.88
9 1.84 0.56
10 1.96 0.64
Fetal monitoring
Normal 1.98 0.64 0.022
Abnormal 1.67 0.56
Fetal distress
Yes 1.58 0.48 0.006
No 1.98 0.64
Meconium aspiration syndrome
Yes 1.89 0.57 <0.05
No 1.94 0.65
Respiratory distress
Yes 1.62 0.51 <0.05
No 1.95 0.64
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Table 3 Association between CPR and fetal distress, according to
other variables

CPR

Fetal distress

middle cerebral artery and umbilical artery Doppler ratio
with fetal distress at 38—-40 weeks of gestation. Among the
subjects, 11.6% had fetal distress and CPR was low at 37.6%.
The best cutoff point was 1.94 with sensitivity, specificity,
PPV, and NPV of 80.95, 50, 17.5, and 95.2%, respectively.

Monteith et al. [11] determined that the CPR is a useful
tool in differentiating the at-risk fetus in both intrauterine
growth restriction (IUGR) and the appropriate for gesta-
tional age, because the detection of a brain-sparing effect is
significantly associated with an adverse perinatal outcome
in [UGR.

In a study in 2016, Karlsen et al. investigated the efficacy
of the middle cerebral artery index alone and its relation to
the fetal umbilical artery in predicting prenatal complica-
tions. The results of this study showed that the use of ultra-
sonography of the middle cerebral artery with a percentile
below 10% has a better prediction of early delivery due to

Yes No P value
Mean SD Mean SD
Job
Housewife 1.67 0.49 1.95 0.59 0.038
Out of home 1.36 0.39 2.08 0.81
Hypertension
Yes - - 1.90 0.55 0.852
No 1.58 0.48 1.99 0.65
Diabetes mellitus
Yes 1.41 0.23 1.73 0.28 0.010
No 1.60 0.50 2.00 0.66
Other diseases
Yes 1.81 0.55 2.06 0.62 0.007
No 1.54 0.47 1.97 0.65
Labor
NVD 1.75 0.44 2.01 0.69 0.008
C/S 1.57 0.49 1.96 0.59

respiratory distress, hospitalization of newborn infants in the
NICU, and unpleasant complications compared to the use of
the middle cerebral artery index with a percentile below 10%
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alone. Finally, they concluded that the middle cerebral artery
velocity index to the fetal umbilical artery and cerebropla-
cental levels less than 5% and 10% were associated with
poor prenatal effects [12] which is in line with the findings
of our research.

Ropacka-Lesiak et al. [13] reported index CPR showed
the highest sensitivity in the prediction of both the intra-
partum abnormal FHR (74.1%) and the adverse neonatal
outcome (87.8%) as same as our findings. In this study, a
significant increase in the prevalence of emergency cesar-
ean sections was noted in the group with CPR ratios < 1.1
(24.6% vs. 71.6%).

Ghosh et al. [14] reported that in an abnormal Doppler
group, perinatal outcome was also not significantly different,
but neonatal intensive care unit admission was significantly
increased, that is consistent with our study.

In the study by Schreurs et al. [15], it was reported that
low CPR is related to some pregnancy outcomes, including
fetal distress, which is consistent with our study.

Cavallaro et al. [16] reported that concomitant use of
other indices such as AC growth velocity as parallel as CPR
would be useful to predict fetal distress, and this matter may
be assessed in Iranian women in future studies.

The review study by Khalil AA et al. [17] demonstrated
that rate of operative delivery for presumed fetal distress
and neonatal admission was 17.2% and 3.9%, respectively.
Our findings showed that NICU admission was more than
three times. They showed that CPR multiples of median
(MoM) was an independent predictor for NICU admission
at term, while birth weight was not that is consistent with
our findings.

Atabay I et al. [18] reported 7.1% of fetal distress with
and without NICU admission, and 85.8% of them with NICU
admission were nulliparous. The rate of fetal distress is less
than the study. They determined fetal distress increased in
the fetus with a low CPR, and patterns of Doppler of two
subgroups were heterogeneous. Parity affected the frequency
of fetal distress. In our study, the frequency of fetal distress
was not calculated based on parity or gravidity, but the asso-
ciation between CPR and fetal distress was the same.

Curtin et al. [19] reported abnormal Doppler was associ-
ated with more placental pathology in the fetus with sus-
pected fetal growth restriction (FGR), but we did not evalu-
ate this association.

Conclusion

It may be concluded that in our study a cutoff for fetal middle
cerebral artery to umbilical artery ratio of 1.94 at 38 weeks
was considered statistically significant in predicting fetal dis-
tress at 38—40 weeks. However, further studies with larger
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sample size and multi-center sampling would develop more
definite results for wider application.

Limitations

One of the most important limitations of this study was the
incompleteness of some of the data that were excluded from
the study.
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