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Introduction
Placentation when it is impaired, on the 
one hand, may result in high residence 
to blood fl ow of uterine arteries (UtAs) 
during pregnancy, particularly within 
fi rst, second, and third trimesters. On the 
other hand, this can lead to developing 
preeclampsia (PE) subsequently and 
birth of small-for-gestational-age (SGA) 
newborns.[1-5] The evidence suggests that 
there is an association between persistence 
of increased residence to blood fl ow in 
the UtAs within the third trimester of 
pregnancy and the increased risk of adverse 
outcomes in perinatal period such as 
stillbirths or force to use cesarean section 
when fetal distress and low cord blood pH 
occurred.[6-10]

Whereas adverse perinatal outcomes are 
prevalent in developing countries, the 
importance of perinatal mortality index 
which refl ects the health of a country is 

Address for correspondence: 
Prof. Shahrzad Shabaninia,
Department of Obstetrics and 
Gynecology, Isfahan University 
of Medical Sciences,
Isfahan, Iran.
E-mail: dr.shabaninia@yahoo.
com

Abstract
Background: Given the high prevalence of adverse perinatal outcome in the developing countries 
and the association between uterine artery (UtA) blood fl ow and fetal status in the uterine, in the 
current study, we assess the association between UtA pulsatility index (UtA-PI) at 30–34 week’s 
gestation and adverse perinatal outcome. Materials and Methods: This cohort study included 
100 pregnant women at 30–34 weeks’ gestation. At baseline, UtA-PI was evaluated with color 
Doppler through abdominal ultrasound. Then, adverse perinatal outcomes including preterm labor, 
intrauterine fetal death, preeclampsia, low 5-min Apgar score (<7), low umbilical arterial cord blood 
pH, admitted to Intensive Care Unit in the fi rst 3 days of birth, low birth weight, infant with low 
weight, death of newborns, cesarean section for respiratory distress, and meconial amniotic fl uid 
were recorded. Ultimately, the collected data were analyzed using SPSS, version 20. Results: The 
presence of small-for-gestational-age fetuses indicated the highest prevalent adverse prenatal outcome 
with the incidence of 13.3% and 58.5%, respectively, among pregnancies with normal UtA-PI 
as well as those with high UtA-PI (P < 0.001). Overall, given that sensitivity and specifi city of 
high UtA-PI were 37.5% and 73.3%, respectively, it could not properly predict adverse perinatal 
outcome (P = 0.360). Conclusion: According to the results, although the incidence of some of 
adverse perinatal outcomes in pregnant women with high UtA-PI was higher compared to those with 
normal UtA-PI, this factor alone cannot predict adverse perinatal outcome well. Therefore, this factor 
may predict these outcomes well, in the subgroups with high-risk pregnancies or with some blood 
factors or with pregnancy complications.
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undeniable. Annually, 4 million newborns 
die within the fi rst 4 weeks of life, while 
3 million of these cases occur in the 
perinatal period (early death). By taking 
into account the cases of stillbirth, nearly 
6 million perinatal deaths come about each 
year; however, 98% of perinatal deaths 
occur in developing countries.[11,12] Due to 
the fact that one-third of perinatal deaths 
occur during labor, it can be effectively 
prevented.[13,14] In this regard, using Doppler 
ultrasound is one of the noninvasive 
methods to assess uterine blood fl ow. It 
works based on variations in frequencies 
of the sound waves that have been sent 
from the probe to the red blood cells in 
vessels and refl ected to the probe.[15] In 
most studies, some of the Doppler indices 
including resistive index (RI) or pulsatility 
index (PI) have been measured. PI is 
measured at 11–14 weeks’ gestation. 
Many studies have been conducted on 
the association between UtA blood fl ow 
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and fetal status,[16-18] which refl ects the importance of 
reduced trend of PI in the fi nal stages of pregnancy. An 
increased risk of hypertension, epilepsy during pregnancy, 
intrauterine growth restriction (IUGR), placental abruption, 
and stillbirth has been reported during the fi rst and second 
trimesters of pregnancy in pregnant women with a high 
UtA-PI.[19-22]

The results of another study indicated that high UtA-PI 
can help us predict adverse perinatal outcome, since 
its diagnostic potential was higher in pregnancies with 
an SGA fetus compared to others in the prediction of 
adverse perinatal outcome. The diagnostic potential in the 
prediction of stillbirth in two groups of high UtA-PI and 
normal UtA-PI was 24% and 13%, in the prediction of 
cesarean section for respiratory distress was 15% and 5%, 
and in the prediction of decreased umbilical arterial/venous 
cord blood pH was 22% and 9%, and in the prediction 
of low 5-min Apgar score was reported 20% and 3%, 
respectively.[23]

Gomez-Roig et al. on the assessment of the association 
between IUGR and PE and UtA-PI suggested that UtA-PI 
with the measurement of serum level of placental growth 
factor (PIGF) can be useful in early diagnosis of adverse 
perinatal outcome caused by IUGR and PE in the third 
trimester of pregnancy, but this study demonstrated that 
UtA-PI measurement alone can be identifi ed as a poor 
predictor in this regard.[24] Considering the high incidence 
of adverse perinatal outcome as well as the lack of precise 
criteria for assessing and screening the newborns at risk 
off, and given that the results from previous studies on 
the performance of UtA-PI are contradictory, the current 
study investigates the association between UtA-PI at 
30–34 weeks’ gestation and adverse perinatal outcome.

Materials and Methods
This cohort study included 100 pregnant women at 
30–34 weeks’ gestation referred to Beheshti Hospital 
during March 2015–March 2016. Since this study 
only follows diagnostic purposes with no invasive and 
therapeutic intervention, there is no danger to patients. 
Therefore, to participate in the study, written informed 
consent was obtained from these women. History of 
chronic hypertension, diabetes mellitus, systematic lupus 
erythematosus and autoimmune diseases, fetal anomalies 
diagnosed by ultrasound, thrombophilia, abnormal 
karyotype, fetal growth restriction, pregnancy-induced 
hypertension and preterm labor (PTL) in recent pregnancy, 
multiple pregnancies, and lack of consent to continue 
cooperation were considered as the exclusion criteria in 
this study.

Following being included in the study, the maternal 
basic information including age and medical history of 
hypertension, hyperglycemia, birth, and PE was recorded at 
baseline.

Afterward, at 30–34 weeks of pregnancy, an ultrasound 
was performed by Mindray DC7 device (made in China) 
with abdominal probe. First, through transabdominal 
probe, uterus and ovarian size, endometrial thickness, and 
amniotic fl uid were measured and examined. Then, UtA-PI 
was evaluated with color Doppler through abdominal 
ultrasound after voiding. Evaluation of UtA-PI at the level 
of the internal cervical os from its ascending branch on the 
right and left sides of cervix was performed and measured 
in all three areas, and then, their mean was recorded. It 
should be noted that all measures related to ultrasound and 
color Doppler were performed by an experienced person in 
the morning.

Then, after delivery of newborns, the information on 
adverse perinatal outcome, including PTL, intrauterine 
fetal death, PE, low 5-min Apgar score (<7), low umbilical 
arterial cord blood pH, admitted to Intensive Care Unit in 
the fi rst 3 days of birth, low birth weight, infant with low 
weight, death of newborns, cesarean section for respiratory 
distress, and meconial amniotic fl uid, was recorded.

Finally, collected data were entered into Statistical Package 
for the Social Sciences (SPSS) software version 20 (SPSS, 
Inc., Chicago, IL, USA), and as descriptive statistics, we 
used mean and standard deviation for quantitative data and 
frequency and frequency percentage for qualitative data. As 
inferential statistics, we applied Chi-square test, Fisher’s 
exact test, and independent t-test to compare maternal and 
pregnancy characteristics to UtA-PI, and we used receiver 
operating characteristic curve (ROC curve) analysis to 
assess the diagnostic value of UtA-PI in the prediction of 
adverse perinatal outcome. For all analyses, we considered 
a signifi cance level of <0.05.

Results
In the current study, according to the results from 
Doppler ultrasound, of the 100 pregnant women, 
there were 40 women (40%) with high UtA-PI (mean 
age = 28.50 ± 6.03 years) and 60 women (60%) with normal 
UtA-PI (mean age = 30.53 ± 5.51 years) (P = 0.085). 
Gestational age was 36.49 ± 2.51 and 37.93 ± 1.96 weeks 
in high UtA-PI and normal UtA-PI groups, 
respectively (P = 0.002). Adverse perinatal outcome was 
observed in 12 cases (30%) of high UtA-PI group versus 
in nine cases (15%) of normal UtA-PI (P = 0.047). 
However, the number of male births in high UtA-PI group 
with the frequency of 30 (75%) was signifi cantly higher 
compared to the frequency of 31 (51.7%) in normal UtA-PI 
group (P = 0.012). Moreover, the birth weight in normal 
UtA-PI group (mean weight = 3236.50 ± 592.64 g) was 
signifi cantly higher compared to high UtA-PI group (mean 
weight = 2422.75 ± 473.95 g) [Table 1].

The results from ROC curve analysis, meanwhile, on the 
assessment of diagnostic value of UtA-PI in the prediction 
of adverse perinatal outcome indicated that sensitivity and 
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specifi city of this index for identifi cation of adverse perinatal 
outcome were equal to 37.5% and 73.3% respectively; 
thereby, the possibility of high UtA-PI would be as a 
diagnostic criterion to identify adverse perinatal outcome, 
which is ruled out statistically signifi cant (area under the 
curve = 0.554, P = 0.360) [Figure 1].

Furthermore, the results from the assessment of adverse 
perinatal outcome with high UtA-PI suggested that, in 
general terms, in the current study, there were no 5-min 
Apgar score <7, abnormal umbilical arterial and venous 
cord blood pH, and stillbirth while all pregnancies resulted 
in live birth. The newborns with a birth weight <2500 g in 
high UtA-PI group and normal UtA-PI group were 57.5% 
and 13.3%, respectively; however, SGA in high UtA-PI 
group showed the highest incidence for both cesarean 
and normal deliveries (SGA: odds ratio [confi dence 
interval 95%] = 8.794 [3.323–23.272], P < 0.001). 
Furthermore, overall, the incidence of PE observed in 
fi ve cases. Of these fi ve cases in high UtA-PI group, 
there were 2 (5%) and 3 (7.5%) cases with gestational 
age <37 weeks and with gestational age ≥37 weeks, 
respectively (P > 0.05) [Table 2].

Discussion
In developing countries, there is a high prevalence of 
adverse perinatal outcomes, of which perinatal mortality 
is indicative of health development in the country. In the 

recent decade, Doppler ultrasound has been identifi ed as 
a part of examination in midwifery. Due to the incidence 
of hemodynamic changes in uteroplacental vessels and 
fetus before clinical incidence of midwifery complications, 
the placental and fetal immaturity could be diagnosable 
through blood fl ow measurement. Doppler ultrasound 
can be applied for IUGR and oligohydramnios, but it is 
not a routine approach to screen high-risk pregnancies. 
Doppler ultrasound is used as a simple nonintensive 

Table 1: Maternal and pregnancy characteristics in two groups
Variables Totally (n=100) Normal UtA-PI (n=60) UtA-PI >95th centile (n=40) P
GA at assessment (weeks) 37.35±2.29 37.93±1.96 36.49±2.51 0.002
Maternal characteristics

Age (year) 29.72±5.78 30.53±5.51 28.50±6.03 0.085
Weight (kg) 76.92±11.03 75.51±12.03 79.04±10.65 0.233
Height (m) 1.64±0.71 1.65±0.68 1.63±0.74 0.913
Cigarette smoker, n (%) 0 0 0 -

Obstetric history, n (%)
Parous 55 (55) 36 (60) 19 (47.5) 0.397
Nulliparous 45 (45) 24 (40) 21 (52.5)

Adverse pregnancy outcome, n (%)
Preeclampsia 3 (3) 0 3 (7.5) 0.047
Gestational diabetes 9 (9) 8 (13.3) 1 (2.5)
Hypertension 3 (3) 0 3 (7.5)
Hypertension with preeclampsia 2 (2) 0 2 (5)
IUGR 4 (4) 1 (1.7) 3 (7.5)

Mode of delivery, n (%)
Natural vaginal delivery 75 (75) 47 (78.3) 28 (70) 0.357
Cesarean section 25 (25) 13 (21.7) 12 (30)

Newborn characteristics
Sex, n (%)

Boy 61 (61) 31 (51.7) 30 (75) 0.012
Girl 39 (39) 29 (48.3) 10 (25)

Weight (g) 2911.00±677.004 3236.50±592.64 2422.75±473.95 <0.001
Admission to the NICU, n (%) 13 (13) 4 (6.7) 9 (22.5) 0.021

GA: Gestational age, IUGR: Intrauterine growth restriction, UtA-PI: Uterine artery pulsatility index, NICU: Neonatal Intensive Care Unit

 Figure 1: The receiver operating characteristic curve used to assess 
diagnostic value of high uterine artery pulsatility index in prediction of 
adverse perinatal outcome
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approach to distinguish high-risk pregnancies from low-risk 
pregnancies. It can reduce perinatal mortality by 50% 
in high-risk pregnancies. Today, adverse fetal condition 
can be recognizable through assessing Doppler indices of 
middle cerebral artery (MCA) and umbilical artery (UMA). 
The novelty of this study is the assessment of UtA due to 
existing limited studies with contradictory results.

The results of the current study showed that high UtA-PI 
at 30–34 weeks’ gestation has been associated with 
adverse pregnancy outcome, number of male newborns, 
and low birth weight. The birth weight in high UtA-PI 
group was <2500 g whereas in normal UtA-PI group 
was >3000 g, and the percentage of male newborns was 
higher than normal UtA-PI group as well. However, 
overall, 31% of pregnant women participating in the study 
have experienced adverse prenatal outcome, of which 21% 
result in male newborns and 10% lead to female newborns.

In this respect, considering the vulnerability of male 
newborns, the “male fetuses” will need more prenatal care 
because some studies expressed that perinatal mortality 
and low birth weight are more common in male newborns 
compared to female newborns.[25,26]

In the current study, high UtA-PI has no acceptable 
diagnostic value in the prediction of adverse perinatal 
outcome since its sensitivity and specifi city were 37.5% 
and 73.3%, respectively. Contrary to many studies in 
which PI and RI, as the critical and useful factors in 
Doppler ultrasound, are identifi ed as appropriate criteria 
in the prediction of adverse perinatal outcome, high-risk 
pregnancies and etc., in this study the mean of each of 
these criteria has been measured and showed that PI can be 
used as an appropriate predictor at the second trimester of 
pregnancy; since this criterion has a high specifi city as well 
as an acceptable sensitivity compared to RI, in prediction 
of high-risk pregnancies and PE complications.[18,27,28]

In agreement with this study, Gomez-Roig et al. on 156 
complicated pregnancies and 344 uncomplicated pregnancies 
found that UtA-PI measurement alone can be identifi ed as 
a poor predictor for early diagnosis of adverse perinatal 
outcome caused by IUGR in the third trimester of pregnancy 
although more precise assessment revealed that its diagnostic 
value can be acceptable in this respect if it was accompanied 
by the measurement of serum level of PIGF.[24]

Contrary to the current study, Valiño et al., in their study 
of 30,780 singleton pregnancies at 30–34 weeks to evaluate 
high UtA-PI in prediction of each perinatal outcome, found 
out that high UtA-PI at 30–34 weeks’ gestation may well 
predict adverse perinatal outcome while pregnancies result 
in SGA newborns; however, in the absence of SGA, it 
could not predict adverse outcome well.[23]

Furthermore, Rani et al. in their study on 223 pregnant 
women composed of preeclampsia group (n = 115) and 
control group (n = 108) demonstrated that maximum 
specifi city (97%–98%) among all MCA and UMA Doppler 
indices was observed in MCA/UMA PI and RI ratios and 
UMA RI, despite their poor sensitivity (9.3%–17.6%) in 
the prediction of adverse perinatal outcome.[29]

Hofstaetter et al. in their study of 110 uncomplicated 
pregnancies suggested that increased UtA score had been 
associated with increased risk of adverse outcome. They 
concluded that the unilateral notch can be considered as a 
better predictor of the perinatal outcome than the unilateral 
high PI.[30]

In other studies, it has been expressed that high PI value 
representing high resistance on the one side of the uterine 
circulation has been in association with increased risk of 
adverse outcome.[31-34]

Therefore, overall, through transabdominal ultrasound and 
analysis of calculated indices, the status of blood fl ow in 

Table 2: Comparison of adverse perinatal outcome between normal and high uterine artery pulsatility index groups
Perinatal outcome Totally (n=100), 

n (%)
Normal (n=60), 

n (%)
UtA-PI >95th centile 

(n=40), n (%)
P

Preeclampsia 5/100 (5) 0/60 (0) 5/40 (12.5) 0.686
Preeclampsia with delivery <37 weeks 2/100 (2) 0/60 (0) 2/40 (5) 0.158
Preeclampsia with delivery ≥37 weeks 3/100 (3) 0/60 (0) 3/40 (7.5) 0.273

SGA 31/100 (31) 8/60 (13.3) 23/40 (57.5) <0.001
SGA and cesarean section for fetal distress 12/100 (12) 1/60 (1.7) 11/40 (27.5) <0.001
SGA and vaginal delivery 19/100 (19) 7/60 (11.7) 12/40 (30) 0.036

PTL 2/100 (2) 0/60 (0) 2/40 (5) 0.158
Abruption 2/100 (2) 0/60 (0) 2/40 (5) 0.158
ROM 2/100 (2) 2/60 (3.3) 0/40 (0) 0.515
Abnormal amniotic fl uid 3/100 (3) 1/60 (1.7) 2/40 (5) 0.562
Stillbirth 0/100 (0) 0/60 (0) 0/40 (0) -
Arterial pH ≤7.0 or venous pH ≤7.1 0/100 (0) 0/60 (0) 0/40 (0) -
5-min Apgar <7 0/100 (0) 0/60 (0) 0/40 (0) -
SGA: Small-for-gestational age with birth weight <10th percentile, PTL: Preterm labor, ROM: Rupture of membranes, UtA-PI: Uterine artery 
pulsatility index
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UtAs can be examined to a great extent and it seems that 
high-risk pregnancies can be assessed by using Doppler 
ultrasound. Although, in this study, high UtA-PI was not 
identifi ed as an acceptable predictor, this could be achieved 
due to some limitations including small sample size or low 
incidence of adverse perinatal outcome.

In this study, the incidence of complications such as 
decollement, rupture of membranes, abnormal amniotic 
fl uid, and PTL was very low, and there was no difference 
between two groups in this respect. However, newborns 
with SGA were observed in high UtA-PI group and 
normal UtA-PI group in 57.5% and 13.3% of cases, 
respectively (P < 0.001). However, among pregnancies 
with high UtA-PI, the PE occurred in gestational 
age <37 weeks although, among pregnancies with 
normal UtA-PI, the PE was observed in gestational 
age ≥37 weeks.

In line with this study, Mitao et al. (2016) in their study 
of 37,799 singleton births suggested that low birth weight 
is associated with adverse perinatal outcome. Therefore, 
early identifi cation of risk factors of low birth weight 
through prenatal surveillance of high-risk pregnant women 
can be useful in the prevention of these adverse perinatal 
outcomes.[35]

Furthermore, in many other studies, the incidence of 
complications including PE, IUGR, SGA, and prenatal 
mortality in the group with abnormal RI or PI has been 
reported higher compared to normal group. In fact, PE 
occurs with reduced organ perfusion following a severe 
vasospasm and, therefore, appears to be associated with 
high UtA-PI. This confl ict and lack of signifi cant difference 
between the incidence of PE and the UtA-PI status in the 
current study may be achieved due to small sample size 
and its low incidence since in some studies has been stated 
that indices of RI, PI, and notch at the fi rst and second 
trimester can be useful in the prediction of PE.[23,34,36,37]

Conclusion
Finally, it can be concluded that although high UtA-PI 
in the current study could not be identifi ed as an 
acceptable criterion in the prediction of adverse perinatal 
outcome, substantial proportion of incidence of some 
adverse including SGA or PE, birth of male newborn, 
and adverse pregnancy outcome were observed in 
pregnancies with high UtA-PI. Therefore, according 
to the results of this study and confl icting results of 
previous studies representing PI as a preferred criterion 
in the examination of pregnant women particularly at 
second trimester that is more valuable if it is performed 
with prediastolic notch assessment and the use of other 
indices including end-diastolic velocity, peak systolic 
velocity, and RI to identify adverse perinatal outcome 
and high-risk pregnancies, it seems that more studies 
with larger sample size in this regard are required.
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