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Abstract

Aim. The aim of this study was to assess the relation between middle cerebral to umbilical artery
pulsatility index ratio and uterine artery pulsatility and resistive indices with birth weights in
normal pregnancies. Methods. The pulsatility indices were obtained together with the birth weight
from 160 healthy pregnancies. Measurements were done at five weeks intervals from 20 weeks’
gestation until delivery. A relationship between indices and birth weight was sought at gestational
age ranges of 20 th to 40th weeks. Results. The values of pulsatility indices towards to 40th weeks
of gestation were decreased progressively. There was a correlation between the pulsatility indices
of uterine and the middle cerebral arteries nd the birth weights of cases. Conclusion. Doppler
pulsatility index measurements can be valuable in detecting birth weight.
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Ozet

Amag¢. Bu c¢aligmanin amaci normal gebelerde orta serebral arter- umbilikal arter pulsatilite
indeksi orani ve uterin arter pulsatilite ve rezistif indekslerinin dogum agirliklar: ile iligkisini
degerlendirmektir. Yontem. Yiizaltmis saglikli gebeden pulsatilite indeksleri ile birlikte dogum
agirliklar elde edildi. Olgiimler 20. haftadan itibaren doguma kadar beser hafta araliklarla yapildi.
20-40. gebelik haftalarindaki indeksler ve dogum agirligi arasindaki iligki arastirildi. Bulgular.
Gebeligin 40. haftasina dogru pulsatilite indekslerinin degerleri giderek azaldi. Uterus ve orta
serebral arterlerin pulsatilite indeksleri ve olgularin dogum agirliklar1 arasinda bir korelasyon
vardi. Sonug. Doppler pulsatilite indeksleri 6l¢iimii dogum agirhigini saptamada degerli olabilir.
Anahtar sozciikler: Pulsatilite indeksi, orta serebral arter, umblikal arter, uterin arter, dogum
agirhig
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Introduction

The determination of intrauterine growth restriction (IUGR) relies on risk evaluation and
observation. IUGR is diagnosed by ultrasound biometry. The next question is how to
identify which fetus is at risk? [1]. The screening for preeclampsia is provided by uterine
artery Doppler velocimetry at 22 week of gestation [2, 3]. In IUGR, the pulsatility index
(PI) of the umbilical artery is increased, while the middle cerebral artery’s (MCA) is
decreased. A precursor study reported that peak systolic velocity of MCA is increased in
IUGR fetuses, suggesting that it would be a foretelling of perinatal mortality [4]. The
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fetal response of hypoxia is increased blood flow to the brain, as called the "brain sparing
effect”. If the placental disease progresses, the fetus cannot keep his vital organs
functioning and finally leading to disorder of acid-base disturbance and death [5].
Doppler ultrasound in the second trimester is suggested as potential screening test for
preeclampsia and intrauterine growth restriction. An abnormal uterine artery Doppler
waveform indicates increased resistance in the uterine circulation. The uterine artery
Doppler as a screening method for poor pregnancy outcome is restricted by variable
methods and various gestational ages. The uterine artery waveform indices to obtain the
positive predictive value for preeclampsia or IUGR are not clear yet [6, 7]. A lack of the
vascular trophoblastic invasion has been related with pregnancy disorders [8]. Previous
studies have demonstrated an increase in the uterine artery resistance due to lack of this
invasion. Increased flow resistance in the capillaries of the placenta causes a low end-
diastolic velocity in the umbilical artery and subsequent hypoxia. Due to the prolonged
fetal hypoxia, circulatory adaptation begins, so cerebral vasodilatation provides sufficient
oxygen supply to the brain [9]. Uterine artery Doppler indices are noninvasive methods
for evaluation of uteroplacental circulation. The indices as a screening method for cases
with preeclampsia or IUGR indicate increased risk of poor outcomes [10]. Doppler
velocimetry of uterine arteries at second and third trimester of pregnancy should be useful
to determine the risk in patients with preeclampsia or IUGR [11]. The evaluation of
umbilical artery Doppler indices in high risk pregnancy has been associated with
reduction in perinatal deaths [12]. Prenatal umbilical artery Doppler evaluation is an
effective marker in predicting poor perinatal outcome in IUGR fetuses [13].

The purpose of this study was to assess the accuracy of the middle cerebral to umbilical
artery pulsatility index ratio and uterine artery pulsatility and resistive indices in post-
partum evaluation of birth weights in normal pregnancies. The value of these parameters
was evaluated for the prediction of brain lesions caused by fetal hypoxia, preeclampsia,
intrauterine growth restriction, and low birth weight.

Materials and methods

Study population and Doppler assessment

This prospective study was carried out in the, Radiology Clinic, of between Cumhuriyet
University January 2009 and December 2009. Research sample included 160 healthy
pregnants. The study was approved by the Human Ethics Committee of Sivas Province,
and all participants gave written informed consent. Measurement of fetal cerebral
circulation changes was performed on the ultrasound apparatus Logic 9 (GE Healthcare,
Milwaukee, WI, USA) with Doppler features. We used convex probe with frequency of
3.5 MHz. maximum emission energy of the device was below the limits approved for use
in fetal medicine, in both imaging and Doppler modes. Doppler ultrasound was
performed while the women lying in a semi-recumbent position, taking care of the
absence of fetal movements and a fetal heart rate between 120 and 160 bpm. The
transducer was placed on the left and right lower quadrant of the maternal abdominal
wall, visualizing the uterine artery. Flow velocity waveforms were obtained from each
uterine artery near to the external iliac artery. Umbilical artery pulsatility index was
estimated on a free loop of cord. For measurements of the middle cerebral artery
pulsatility index, an axial view of the fetal head was obtained at the level of the cerebral
peduncles. Color Doppler was used to visualize the circle of Willis. The Doppler sample
volume was placed within 1 cm lateral of the origin of the middle cerebral arteries. The
maximum and minimum values of the velocity waveforms on the frozen image were
measured by use of electronic calculations of the ultrasound machine. Fetal weight was
determined on the basis of fetal biparietal diameter, abdominal circumference, and femur
length. Fetal weight was estimated according to Haddlock et al. [14]. We evaluated
pregnants five times at the 20", 25", 30", 35™, and 40™ weeks of gestation.
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Statistical analysis

The SPSS 14.0 software package (SPSS Inc., Chicago, IL, USA) was used for statistical
analyses. Age, pulsatility and resistive indices of uterine, pulsatility index of middle
cerebral and umbilical arteries were recorded. Age and uterine, middle cerebral and
umbilical arteries indices of the pregnants were analyzed with ANOVA test. Correlation
of MCA/Umblical artery pulsatility ratio and birth weight was analyzed with Pearson
correlation test. Significance was determined at the p<0.05 level.

Results

One hundred sixty healty pregnants were enrolled and followed-up until the end of
pregnancy. Mean maternal age was 26.6+£5.6 (range 18-39) years. The mean values of
uterine artery pulsatility and resistive indices, middle cerebral and umbilical arteries
pulsatility indices are given in Table 1. The values at 20-40th weeks of gestation were
decreased progressively.

Table 1. The mean Doppler indices of 160 pregnants are shown according to gestational
weeks.

20" week 25" week 30" week 35" week 40" week
UA PI 1.15+0.34 0.95+0.33 0.83+0.30 0.75+0.28 0.72+0.27
UARI 0.57+0.11 0.52+0.11 0.48+0.11 0.46+0.10 0.45+0.10
MCA PI 1.83+0.28 1.90+0.26 1.82+0.26 1.58+0.23 1.29+0.20
Um A PI 1.65+0.30 1.36+0.30 1.07+£0.26 0.93+0.25 0.81+0.23

UA: Uterine artery; MCA: Middle cerebral artery; Um A: Umbilical artery; PI: Pulsatility index;
RI: Resistive index. Data are expressed as mean+SD.

We recorded mean birth weights of pregnants 3555.7+428.4 (range 2800-4400). There
was significant positive correlation between mean uterine PI’s of 25th, 30th, 35th, and
40th gestational weeks and the middle cerebral arteries PI’s of 35th and 40th gestational
weeks and the birth weights of cases (p<0.05). In addition there was no significant
correlation between the umbilical artery Pl and the birth weights of cases (p>0.05).
Figure 1 shows the correlation between mean of MCA/Um A PI ratio and the birth
weights of cases. There was no significant correlation between the mean of MCA/Um A
Pl ratio and the birth weights of cases (p>0.05).
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Figure 1. The correlation between means of MCA/Um A ratio and the birth weights of cases.

Discussion

In this cross-sectional and longitudinal assessment of the uterine, middle cerebral and
umbilical arteries pulsatility indices in healthy pregnancies , our data have shown that, the
values at 20-40th weeks of gestation were decreased progressively. However, there were
correlation between mean uterine and the middle cerebral arteries Pl and the birth weights
of cases and there was no significant correlation between the means of MCA/Um A ratio
and the birth weights of cases.
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Doppler ultrasound monitoring has become an important component in the antepartum
surveillance of pregnancies. Birth weight depends on many variables including maternal
weight, ethnicity, parity, and the gestational age. The clinical value of middle cerebral,
umbilical and uterine artery Doppler has been investigated by many researchers. Very
few previous publications regarding middle cerebral, umbilical, and uterine artery
Doppler and fetal growth restriction have used the regional birth-weight approach. We
aimed to provide the prevalence of normal findings using our data and establish cutoffs in
Turkish people.[Figueras et al. [15] investigated relationship between low birth weight
and umbilical artery Doppler in the prediction of adverse outcome]. In that study, a total
of 7645 singleton pregnancies were evaluated. They concluded that normal antenatal
umbilical artery Doppler cannot be taken as an indicator of low risk in pregnancies where
the fetus is SGA according to customized percentiles. Axt-Fliedner et al. [7] determined
value of uterine artery Doppler in a risk population for the prediction of severe pregnancy
complications. In that study 56 pregnant women were evaluated and performed on
women with singleton “risk” pregnancies in between 19 and 26 completed weeks’
gestation. They suggested that Doppler ultrasound of the uterine artery in the second
trimester of gestation is a useful method to predict abnormal outcomes in risk
pregnancies. Tchirikov et al. [16] assessed the diagnostic power of umbilical venous—
arterial index (VAI), umbilical artery pulsatility index, and blood flow volume in
umbilical vein for prediction of poor fetal outcome. Umbilical artery (UA), uterine artery
(utA), the middle cerebral artery (MCA), and aorta were determined in 181 fetuses once
(at between 17-41weeks of gestation) during pregnancy using Doppler ultrasound. They
concluded that combination of umbilical artery Pl and the venous—arterial index can be
used to predict fetal outcome. Sankaran et al. [8] examined the relationship between
uterine artery Doppler measurement at 19 to 23 weeks and birth weight. They evaluated
2035 pregnancies scanned at 19 to 23 weeks. They suggested lower sensitivity of uterine
artery Doppler screening for fetal growth restriction as compared with preeclampsia.
Owen et al. [17] investigated the relation between the umbilical artery impedance (PI and
S/D) and sonographically determined EFW in the third trimester. In that study the
pulsatility index (PI) and S/D (systolic/diastolic) ratio were obtained from 274 low-risk
pregnancies. They suggested that it was not necessary to adjust umbilical artery Doppler
impedance indices to account for fetal size. Mari et al. [18] evaluated the middle cerebral
artery peak systolic velocity in IUGR fetuses compare the performance of MCA
pulsatility index (PI), MCA-PSV and umbilical artery (UA) absent/reversed end-diastolic
velocity in predicting perinatal mortality, and to determined the changes that occur in
MCA-PI and MCA-PSV. It was a retrospective cross-sectional study of 30 IUGR fetuses
in which the last MCA-PI, MCA-PSV and UA values were obtained. In their study high
MCA-PSV predicted perinatal mortality better than low MCA-PI.

Konje et al. [19] investigated the changes of uterine artery flow volume in pregnancies
with intrauterine growth restriction and then compared them with appropriate for
gestational age (AGA) pregnancies. They prospectively measured uterine artery Doppler
velocimetry at 20 and 24 weeks of gestation in 32 pregnant women with risk factors for
IUGR and in 25 women with no risk factos for IUGR at the 20 and 38 weeks of gestation.
They suggested that proximal uterine artery diameter and volume changes with gestation
and showed significant differences between AGA pregnancies and IUGR. These changes
occurred early and become more marked as pregnancy advances.

Ebrashy et al. [9] investigated that the middle cerebral to umbilical artery resistance index
ratio in pregnancies complicated by preeclampsia with or without IUGR and found
sensitivity in high-risk pregnancies. They evaluated 50 pregnant women with
preeclampsia with or without intrauterine growth restriction. They proved middle cerebral
to umbilical artery resistance index ratio < 1 may be helpful in identification of newborns
at risk of morbidity. Da Silva et al. [20] determined significant predictors for adverse
neonatal outcome in severe fetal compromise. They examined prospectively 46
consecutive premature fetuses at between 25 and 32 weeks with severe placental
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insufficiency. They concluded that pathological Doppler findings with fetal weight Z
score index can identify the fetus at risk for neonatal mortality and morbidity.

Evaluation of uterine, umbilical and middle cerebral arteries Doppler ultrasound can be a
useful procedure in clinical practice for pregnants. To determine if the use of regional
data will confer an overall clinical benefit will require large-scale prospective studies, as
perinatal mortality is an infrequent event even in this high-risk group.
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