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Abstract

Objectives: Preeclampsia is considered as one of the most important causes of death among pregnant women all around the world.
This study aimed to study the predictive value of uterine artery Doppler ultrasonography in the incidence of preeclampsia and the
intrauterine growth restriction (IUGR) in pregnant women who attended Fatemieh hospital.
Materials and Methods: This study was performed by the prospective cohort method and the statistical population included 108
pregnant women, in their 18-22 weeks of pregnancy, with a singleton pregnancy who referred to the prenatal Fatemieh Hospital
of Hamadan during 2013-2016. The uterine artery Doppler ultrasonography was performed and the incidence of IUGR and the
occurrence of preeclampsia in the followed pregnancy was evaluated in these patients. Data were analyzed by SPSS 16.0 using the
chi-square and Mann-Whitney U statistical tests.
Results: The mean difference of pulsatility index (PI) in patients with preeclampsia was statistically significant compared to healthy
individuals (P = 0.001). In addition, the mean difference of PI in individuals with infants suffering from IUGR was statistically
significant compared with the infants not suffering from the IUGR (P = 0.001). Further, the incidence of preeclampsia and IUGR
in women with a bilateral notch in ultrasonography was significantly greater than those of the women with no report of a bilateral
notch in ultrasonography (P = 0.001).
Conclusions: Therefore, Doppler ultrasonography of the uterine artery has a predictive value in preeclampsia among pregnant
women.
Keywords: Doppler ultrasonography, Uterine artery, Preeclampsia, Intrauterine growth restriction

Introduction
Hypertensive disorders commonly occur during
pregnancy and are considered as three fatal factors when
combined with bleeding and infection. These factors are
responsible for the major part of mortalities and maternal
complications including preeclampsia (1-3). According to
the estimation of the World Health Organization, more
than one million women around the world annually die
due to preeclampsia and its complication which lead to
maternal deaths in developing countries. This rate is
5-10 and more than 18% in developing countries and the
developed countries, respectively (4,5).
In addition, preeclampsia is one of the pregnancyspecific disorders in pregnancy, which is characterized by
hypertension and proteinuria after 20 weeks of pregnancy.
Proteinuria is an important sign of preeclampsia and
contains the protein excretion of 300 mg or more within
24 hours or persistent proteinuria of 30 mg per deciliter
in random urine samples (2,6,7). Further, preeclampsia
often occurs in young and nulliparous women and its
incidence is greatly influenced by race, ethnicity, and

genetic predisposition.
Other factors include the environmental, social,
economic, and even seasonal effects, as well as maternal
obesity, multiple pregnancy, older age, and the history of
hypertension in the previous pregnancy (8-10).
The exact pathophysiology of this disease is not clear,
but it is shown that preeclampsia is associated with
an imbalance between the production of prostacyclin,
thromboxane A2, and vascular spasm (11). The end organ
involvement in the form of heart failure, pulmonary
edema, liver involvement, and coagulation system,
and finally, the hemolysis, elevated liver enzymes,
and low platelet count (HELLP) syndrome are considered
as its serious complications. Furthermore, preeclampsia
is accompanied by a decline in renal function, cerebral
involvement, convulsions, and even maternal deaths.
On the other hand, the incidence of intrauterine growth
restriction (IUGR) and intrauterine fetal death is also
possible due to a problem in placental perfusion (12,13).
The Doppler ultrasonography, as a non-invasive
technique, can be used to investigate placental blood
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flow. The impedance of uterine artery flow progressively
reduces during the first and second trimester of normal
pregnancy due to the trophoblastic invasion of the
musculo-elastic membrane of uterine spiral arteries (14).
Moreover, the pathology of the placenta in pregnancies
with preeclampsia and IUGR indicates the failure in the
normal transmission of maternal placental arteries to the
vessels with low resistance (15,16).
Some studies expressed that an abnormal Doppler at
11-14 weeks of pregnancy can be effective in identifying
the high-risk patients in preeclampsia (17,18). Abnormal
findings in Doppler ultrasonography include a unilateral or
bilateral notch in the diastolic notch or vascular resistance
index (RI) or high pulsatility index (PI) is high (19,20).
Espinoza et al conducted a study to identify patients
at the risk of severe or mild preeclampsia using uterine
arteries Doppler. They found that abnormal uterine
artery Doppler and abnormal placental growth factor
(PGF) are 2 independent risk factors for the occurrence
of severe and mild pre-eclampsia, as well as IUGR (21).
Similarly, the results of the study by Myatt et al showed
that the incidence of preeclampsia was significantly
correlated with higher RI and the PI was higher than 0.75
in patients with preeclampsia (22). Dehghani-Firouzabadi
et al indicated that the average ratio of RI in women with
infants having IUGR was significantly higher than that
of the other groups (23). The present study sought to
investigate the predictive value of uterine artery Doppler
ultrasonography in the incidence of preeclampsia and
IUGR in those pregnant women referring to prenatal
Fatemieh hospital of Hamedan during 2013-2016.
Materials and Methods
This study was performed using a prospective cohort
method in order to evaluate the predictive value of uterine
artery Doppler ultrasonography in the incidence of
preeclampsia and IUGR in pregnant women.
The population of the study included all pregnant
women, in 18 to 22 weeks of pregnancy, with singleton
pregnancies who referred to the prenatal clinic of Fatemieh
hospital during 2013-2016. The exclusion criteria included
patients with advanced underlying disease, diabetes, and
advanced liver and kidney diseases.
The sample selection was conducted by census method
and among the eligible patients, those who had the
exclusion criteria underwent a survey. Additionally,
after being justified to the study and its objectives, 108
patients obtained the participation consent for the study.
Then, all patients underwent uterine artery Doppler
ultrasonography. Uterine artery Doppler was conducted
in the semi-upright position with a probe, as an operator
for all patients.
Ultrasonography was performed by probe Convex 3.5
of Emedicine x 10 device in the junction between uterine
arteries and external iliac. In all the patients, the PI of every
uterine artery was calculated by averaging 3 consecutive

waves using the formula of the maximum systolic volume
difference of end-diastolic volume divided by the average
volume. In addition, a unilateral or bilateral notch was
recorded in a diastolic wave, if present.
Then, all patients were followed and the occurrence
or non-occurrence of preeclampsia in their pregnancy
was evaluated in these patients. Further, the incidence or
non-incidence of intrauterine growth was investigated as
a weight less or more than 10. Then, all the information
related to patients was included in the checklist specific
to each patient, such as demographic data (i.e., age and
sex), persistence index, the unilateral or bilateral notch
in the diastolic notch, and the presence or absence of
preeclampsia or IUGR. Finally, all data entered into
SPSS software, version 16 and data were described using
descriptive and inferential statistics indices, and finally,
statistically analyzed using the chi-square and MannWhitney statistical tests. The significance level was
considered below 0.05.
Limitations of the study included the lack of follow-up
visits of the patients, therefore, their telephone numbers
were taken and followed for solving this issue.
Results
The average age of pregnant mothers was 28.00 with an age
range of 17 to 43 years. Furthermore, the mean number of
pregnancies in the pregnant women was 1.78 with a range
of 1 to 5 and the average weight of the newborns at the
time of birth was 3069.88 g with a range of 1200 to 4100 g.
Moreover, the mean time of ultrasonography in pregnant
women with 19.45 weeks of pregnancies ranged from 18
to 22 weeks.
The 2-week delay at the time of ultrasonography relative
to specified time was due to the time of patients’ admission
and restrictions in the number of studied patients. The
average left plasticity index in pregnant women was 1.17
of the wavelength with a range of 0.35 to 2.88 and the
average right PI was 1.19 of the wavelength ranging from
0.35 to 2.91. In total, the mean right and left plasticity
index in the participants was 1.18 with a range of 0.45 to
2.77 of a wavelength.
In the studies of intrauterine artery Doppler
ultrasonography, 8 patients (7.4%) out of 108 pregnant
women participated in the study had a right-hand notch
whereas 9 patients (8.3%) had left notch and 10 patients
had both left and right notches. However, no notch was
observed in the ultrasonography of the other 81 patients
(75%). The mean of both left and right PI was ≥1.5 in 28
patients while 80 patients (74.1%) had the mean PI <1.5 of
a wavelength, in which the incidence of preeclampsia was
less. In the follow-up studies of the participated patients,
64 (59.3%) and 44 (40.7%) out of 108 pregnant women
had normal and caesarean section deliveries, respectively.
In addition, 11 (10.2%) and 16 (14.8%) patients had severe
hypertension and non-severe hypertension, respectively.
However, no sign of gestational hypertension was observed

International Journal of Women’s Health and Reproduction Sciences, Vol. 7, No. 3, July 2019

355

Borna et al
Table 1. Comparison of Notch in the Sonography of Patients With and
Without Preeclampsia and Neonates With and Without IUGR

Notch

Not With
IUGR

IUGR

Not With
Preeclampsia
Preeclampsia

No

76 (78.3)

5 (45.4)

66 (82.5)

15 (53.6)

Right

7 (7.2)

1 (9.1)

6 (7.5)

2 (7.1)

Left

9 (9.3)

0 (0.00)

6 (7.5)

3 (10.7)

Both sides

5 (5.6)

5 (45.6)

2 (2.5)

Significance

0.001

8 (28.6)
0.001

IUGR, Intrauterine growth restriction.

in the remaining 81 patients. Likewise, in terms of having
proteinuria, 6, 7, 3, and 2 patients suffered from 1+, 2+,
3+, and 4+ proteinuria, respectively. Additionally, four
of these patients were hospitalized for further diagnosis
and treatment, from whom 24-hour urine samples were
taken. However, no sign of proteinuria was detected in the
other 90 patients (83.3%) during pregnancy. Of the total
number of newborns of the study, 11 patients (10.2%) had
IUGR, that is, their weights were less or more than 10.
The mean PI in the patients with preeclampsia was
1.83 while it had a value of 0.95 of wavelength in nonpreeclamptic patients, which indicates a meaningful
difference between the patients in this regard (P=0.001).
In addition, the mean PI in women having infants
with and without IUGR was 1.74 and 1.11 of wavelength,
respectively, representing a statistically meaningful
difference among the women (P=0.001) (Figure 1).
According to the findings of ultrasonography, the
incidence of preeclampsia in women, with reported
bilateral notch, was meaningfully more than its incidence
in women with no report of a notch (P=0.001). Further, the
incidence of IUGR in the infants of women with bilateral
notches was significantly higher than that of the infants
of women with no notch in ultrasonography (P=0.001)
(Table 1 and Figure 2).
It is noteworthy that the pregnancy prematurely
terminated in 15 patients of the study for various reasons.
Furthermore, 2 preterm deliveries were observed, in one
of which the fetus was delivered by cesarean section due to
being breech (Table 2).
The test results of multivariable logistic regression
analysis showed that the chance of preeclampsia was 6.08
times higher in patients with a mean PI of more than 1.5
than those with the mean PI less than 1.5 in the identical
condition in terms of having a notch, demonstrating that
the difference between these two groups was statistically
significant. However, in patients with a bilateral notch
in ultrasonography, the chance of preeclampsia was 4.22
times higher than those without a bilateral notch in
terms of PI in identical conditions. Thus, the high PI in
the Doppler ultrasonography of the uterine artery is a
significant predictive factor for preeclampsia (Table 3 and
Figure 3).
356

Figure 1. Box Plot of Pulsatility Index in Women Having Children With
IUGR or Healthy Babies.

Figure 2. Box Plot of Pulsatility Index in Patients With Preeclampsia (<1.5)
and Healthy People.

Table 2. Distribution of Causes of Premature Termination of Pregnancy in
Seventeen Cases of the Studied Subjects

Causes of Pregnancy Termination
Preeclampsia

No.
6

%
35/29

Preeclampsia and thrombocytopenia

2

11.76

High blood pressure, chronic hypertension, and
consumption of methyldopa

2

11.76

Preeclampsia and high liver function test

1

5.88

Preeclampsia, chronic hypertension, and
consumption of methyldopa

1

5.88

High blood pressure

1

5.88

Cholestasis and increased aspartate
aminotransferase and alanine aminotransferase

1

5.88

Rheum

1

5.88

Preterm delivery

2

11.76

Total

17

100

Discussion and Conclusions
Preeclampsia is an abnormality in blood pressure that
occurs in the course of pregnancy and is characterized
by reduced organ perfusions following severe vascular
vasospasm (1). The World Health Organization estimated
that over one million women in the world die due to
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Table 3. Multivariate Regression Analysis of Predictive Factors for
Preeclampsia

Variable

OR

PI

6.08

Without notch

Reference

Unilateral notch

1.55

Bilateral notch

4.22

95% CI
Low Level
High Level

P Value

17.27

2.13

0.001

-

-

-

0.43

5.6

0.497

0.83

21.36

0.082

OR: odds ratio; PI: pulsatility index.

preeclampsia and its complications each year and maternal
deaths in developing countries is due to this situation
(4,5). Moreover, preeclampsia usually occurs in young and
nulliparous women and its incidence is greatly influenced
by race, ethnicity, and genetic predisposition (8,9). Doppler
ultrasonography is a non-invasive technique which can
be utilized for assessing uterus-placental blood flow (14).
Some studies suggested that an abnormal Doppler in the
first trimester of pregnancy can be effective in identifying
those at the high risk of having preeclampsia (17,18).
The present study attempted to assess the predictive
value of uterine artery Doppler ultrasonography in the
incidence of preeclampsia and the IUGR in pregnant
women referring to the prenatal Fatemieh clinic of
Hamedan during 2013-2016.
In the prospective cohort study, 108 pregnant women
with a mean age of 28 years underwent uterine artery
Doppler ultrasonography at 18 to 22 weeks of pregnancy.
In the study by Barzin et al (24), the transabdominal
uterine artery Doppler ultrasonography was conducted
on 100 pregnant women with a mean age of 23.2 from 11
to 14 and 21 to 24 of gestational weeks. In another study
by Dehghani-Firouzabadi (23), uterine artery Doppler
ultrasonography was performed at 14 to 16 weeks of
pregnancy. Similarly, Papageorghiou et al (25) used
uterine artery Doppler ultrasonography for the patients
through a transvaginal method at 23 gestational weeks for
predicting the incidence of preeclampsia.
Based on the follow-up investigation of 108 pregnant
women of the current study, 11 (10.2%) and 16 (14.8%)
patients were diagnosed with severe and non-severe
hypertension, but no sign of gestational hypertension was
observed in the other 81 patients.
In terms of having proteinuria, 6, 7, 3, and 2 patients
suffered from 1+, 2+, 3+, and 4+ proteinuria, respectively.
In the other 90 patients (83.3 %), no sign of proteinuria was
observed during pregnancy. Barzin et al (24) found that
10 patients from the studied population had preeclampsia,
out of whom 2 and 8 patients suffered from severe and
mild preeclampsia, respectively.
Likewise, Papageorghiou et al (25) studied a total of
8335 pregnant women and observed preeclampsia in 71
of these patients. In addition, the IUGR was detected in
698 patients (9.8%) in their study. In our study, IUGR
was finally observed in 11 patients of the total number of

newborns (10.2%).
In the present study, the mean left and right PIs in pregnant
women were 1.17 and 1.19 times of the wavelength with a
range of 0.35-2.88 and 0.35-2.91, respectively. Overall, the
mean right and left PI in the participants was 1.18 with
a range of 0.45-2.77 of the wavelength and among 108
studied subjects, the mean PI (left and right) of 28 patients
was ≥1.5 while that of 80 patients (74.1%) was less than 1.5
of a wavelength and thus the incidence of preeclampsia
was less probable. In the study by Papageorghiou et
al (25), of 8335 pregnant women, 95% had a high PI.
Further, Barzin et al (24) reported the mean PI of 1.84 and
0.82 in the weeks of 11-14 and 21-24, respectively. Finally,
Barzin et al found that the sensitivity and specificity of
PI for the diagnosis of preeclampsia were greater in the
second trimester compared to the first trimester. In our
study, the mean PI in patients with preeclampsia was
1.83 while it was equal to 0.95 of a wavelength in terms of
having preeclampsia in healthy subjects. Thus, the mean
PI difference between patients with preeclampsia and
healthy individuals was statistically significant regarding
pre-eclampsia. Furthermore, the mean PI in patients
with infants with IUGR was equal to 1.74 while that of
those with infants without IUGR was equal to 1.11 of a
wavelength, indicating that the difference between them
was significant in those with restriction. Therefore, the
mean PI difference between the patients having infants
with or without IUGR was statistically significant. In the
study by Myatt et al, the pulsatile index was above 0.75 in
patients with preeclampsia (22). Moreover, Papageorghiou
et al (25) reported that of all women whose infants had
IUGR (9.8%), 69% had a high PI. In addition, the results
of the study by Espinoza et al (21) showed that abnormal
uterine artery Doppler, along with an abnormal PI are
two independent risk factors for severe and mild preeclampsia and IUGR.
In the present study, the uterine artery Doppler
ultrasonography of women indicated that of 108 pregnant
women participating in the study, 8 (7.4%), 9 (8.3%), and
10 patients had right, left, and simultaneous left and right
notches, respectively. Barzin et al (24) concluded that the
pre-diastolic notch values in patients with preeclampsia
and women with normal pregnancy were 80% and 78% in
the first trimester, respectively. However, in the assessment
of second trimester (weeks 21-24), the notch was observed
in 17% of the women with normal pregnancies while
notches were found in 60% of patients with preeclampsia.
Examining the incidence of preeclampsia according to
the results of ultrasonography, it was revealed that the
incidence of preeclampsia in women with the detected
bilateral notch was significantly higher compared to
women without a notch in the current study.
Similarly, investigating the incidence of IUGR according
to the results of the ultrasonography, the incidence of
IUGR was significantly higher in the infants of women
with a bilateral notch as compared to the infants of women
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with no report of a notch in their ultrasonography. Finally,
Barzin et al (24) also considered bilateral notch and the
high mean PI in Doppler ultrasonography as a useful
standard method in the diagnosis of preeclampsia in
high-risk pregnancies. In addition, based on the result
of the present study, the chance of having preeclampsia
was 6.08 times more in patients with a mean PI of higher
than 1.5 compared to patients with a mean PI of less than
1.5 in the identical condition. Additionally, in patients
with a bilateral notch in the ultrasonography, the chance
of preeclampsia incidence was 4.22 times higher than
those without a bilateral notch in the identical conditions
in terms of PI. According to the results of another study
(26), the combination of uterine artery PI and serum HRG
level at 11-13+6 weeks of gestation was not an effective
method for predicting preeclampsia at the time of firsttrimester screening. However, considering the findings
of the above-mentioned study, it can be concluded that
there is a significant relationship between the findings
of uterine artery Doppler ultrasonography and the
incidence of preeclampsia and IUGR in pregnant women.
In other words, high PI in the uterine artery Doppler
ultrasonography is a meaningful predictive factor for
preeclampsia incidence. Thus, the uterine artery Doppler
ultrasonography at 18 and 22 weeks of pregnancy can be
used as an appropriate method for screening the highrisk pregnant patients and prevent irreversible pregnancy
complications such as IUGR and intrauterine fetal deaths.
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