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Abstract
Background and objective: Intrauterine growth retardation remains the most frequent
cause of perinatal morbidity and mortality. Doppler ultrasound has become an
indispensable tool in evaluating pregnancies at risk, on the basis of the vascular resistance
to blood flow. This study aimed to evaluate non-invasively the fetoplacental and
uteroplacental circulations in clinically confirmed high-risk pregnancies, using Doppler
parameters of some vessels to apply clinical interventions which could result in reduced
prenatal morbidity and mortality and help to decide the type of delivery.
Methods: This cross-sectional study was conducted in Duhok city from June 2014 to
January 2015. The study involved 100 pregnant women between 26–42 weeks of gestation
with known last menstrual period and a definite clinical high-risk for intrauterine growth
retardation. Various Doppler indices were performed including the resistive index,
pulsatility indices of both umbilical and middle cerebral arteries, and the resistive index
of the uterine artery to predict fetal health, correlated with physical and clinical outcomes,
taking into consideration the variability in Doppler measurements of gestational age.
Data have been described and then analyzed statistically for their correlation with
gestational age.
Results: Umbilical artery and fetal middle cerebral artery Doppler indices are correlated
inversely with gestational age. Although the uterine artery has a major role in Doppler
examination of high-risk pregnancies, there is only a weak correlation between maternal
uterine artery Doppler index and gestational age in late pregnancy. Doppler measurement
of three arteries was more conclusive and show more sensitivity than one arterial Doppler
measurement in the third trimester.
Conclusion: Significant inverse correlations were found between Doppler indices of fetal
middle cerebral and umbilical arteries, and gestational age, while the correlation with
maternal uterine artery index was not significant with advancing gestational age.
Keywords: Intrauterine growth restriction; Resistive index; Pulsatility index; Middle
cerebral artery; Umbilical artery; Uterine artery.
Introduction
Intrauterine growth retardation (IUGR)
complicates 5% to 10% of all pregnancies
and up to 30% of multiple pregnancies.
In 60% of these pregnancies, the
primary cause is placental insufficiency.
Improvement in the identification of the
fetus at risk of intrauterine demise may
lead to more successful management
strategies. 1,2 Doppler flow velocity
waveform analysis of fetal vessels is one

of the main methods for evaluating fetal
health before labor; it is considered one
of the major tests for prenatal fetal
surveillance to determine fetal wellbeing
and to prevent perinatal mortality and
morbidity, as well as for the timing of
delivery. Vascular indices of various fetal
vessels were assessed by Doppler
ultrasound. The pulsatility index (PI) and
the resistive index (RI) are measured
on the umbilical, cerebral, and maternal
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uterine arteries. Ratios of these indices
are based on the comparison of
cerebral, umbilical, and uterine vascular
resistance, frequently associated and
affected by IUGR, in various sensitivities
and specificities.1-3 Placental insufficiency
is the primary cause of intrauterine growth
restriction in normally formed fetuses and
can be identified using umbilical artery
Doppler velocimetry.1,4 Umbilical artery
Doppler waveforms provide an estimate of
downstream placental vascular resistance
and placental blood flow.5,6 In case of
fetal hypoxia, there is vasodilatation of
the cerebral artery and consequently
decreased PI and redistribution of fetal
blood flow to the vitally important organs.5,7
The resistive index (RI) of the uterine artery
has a normal range between 0.45-0.58
after 26 weeks of gestation; decreased
end diastolic flow and consequent raised
RI above 0.58 (after 26weeks gestation)
is considered abnormal. Multi-vessels
Doppler parameters’ changes precede
changes in the biophysical parameters in
the fetus with severe IUGR.7,8 Doppler
indices are calculated using the pulsatility
index and resistive index, which are
calculated by certain methods.9,10 The
normal values of Doppler Velocimetry are
umbilical artery (Umb.A): P.I. = 0.6 -1.4,R.I.
= 0.5 - 0.7; middle cerebral artery (MCA):
P.I.>1.3, R.I.> 0.7; uterine artery (Ut.A):RI =
0.45-0.58.11-13 Donald School Textbook of
Ultrasound in Obstetrics and Gynecology
contains standard nomograms showing the
normal value of each arterial index during
each week of gestation.6 This study aimed
to evaluate non-invasively the fetoplacental
and uteroplacental circulations in clinically
confirmed high-risk pregnancies, using
Doppler parameters of some vessels to
apply clinical interventions which could
result in reduced prenatal morbidity and
mortality and help to decide the type of
delivery.
Methods
This cross-sectional study was conducted
from June 2014 to January 2015. One
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hundred pregnant women with known last
menstrual period (LMP), definite clinical
high-risk pregnancy and normal fetal
morphological ultrasound findings, who
were at 26–42 weeks of gestation were
selected from the Consultancy Clinic of the
Obstetrics Hospital at Duhok. The study
protocol was approved by the Scientific
and Ethics Committee of the Faculty of
Medical Sciences of the University of
Duhok. A pretested questionnaire was
designed to obtain information about
gestational age, last menstrual period,
expected date of delivery, presenting
complaint, previous obstetrical, medical
and surgical histories. The patients were
examined using Siemens (ACUSON
X3000) machine with 3.5 MHz convex
transducer. Grey scale ultrasound was
performed first, measuring the fetal
biparietal diameter, femoral length,
abdominal circumference, estimated fetal
weight, placental location and grade of
maturation, liquor amount and consistency.
Cases with the well-documented length of
pregnancy (known LMP), gestational age
at 26-42 weeks, high-risk pregnancy
as pre-eclampsia, gestational diabetes,
twin pregnancy, polyhydramnios and
oligohydramnios all were included in the
study, while wrong dating, gestational age
more than 42 weeks and intrauterine death
were excluded from the study.
Statistical analysis: Data management
and statistical analyses were performed
using the statistical package for social
sciences (SPSS) version 22. Data for the
100 women were described and then
analyzed with appropriate statistical tests.
The variables of patient age, gestational
age, RI, and PI were summarized by their
range, mean and standard deviation (SD).
The sensitivity of each artery was
obtained with its false negative ratio (FNR).
Pearson correlation coefficient (r) values
were calculated to test the association
between Doppler vascular parameters and
gestational age. A level of statistical
significance (P value) of ≤0.05 was
considered significant.
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Results
Table 1 shows that mean gestational age
(GA) was 36.7 weeks with a range between
26-42 and SD of 3.8, the mean age of
the patients was 29 years with a range
between 15-45years and SD of 6.1. For
Doppler indices, the mean and SD of MCA,
Umbilical (Umb.A) and Uterine A (Ut.A)
were calculated as shown in Table 1.The
mean of MCA, Umbilical A. and Uterine A.
RI were 0.7, 0.6 and 0.6 respectively,
and for PI the mean of MCA and Umb.
A were 1.4 and 1.1 respectively. To
evaluate Doppler ultrasound findings of
the uteroplacental and fetoplacental
circulations, the sensitivity of each artery
and its FNR are shown in Table 2. For

the MCA, among 100 risky patients, 53
patients had abnormal reading, so the
sensitivity was 53% and FNR was 47%.
For the Umb.A, there were 52 patients with
abnormal reading with a sensitivity of 52%
and FNR of 48%. There were 82 patients
with abnormal readings of the uterine
artery. Accordingly, the sensitivity was 82%
and FNR was 12%. When results were
combined for all the three arteries, it
appeared that 29 patients had all three
arteries affected,42 patients had two
arteries affected, and 13 patients had
only one artery affected, but among the
remaining 16 patients no artery was
affected, so the sensitivity was 84% and
FNR was 16%.

Table 1: Maternal age, gestational age and main Doppler ultrasound findings for 100 risky
pregnant women.
Factors

Min.

Max.

Mean

SD

Age of patients (years)

15.0

45.0

29.0

6.1

Gestational age (weeks)

26.0

42.0

36.7

3.8

Middle cerebral artery RI

0.3

0.9

0.7

0.1

Middle cerebral artery PI

0.5

3.0

1.4

0.5

Umbilical artery RI

0.3

1.1

0.6

0.1

Umbilical artery PI

0.4

2.7

1.1

0.4

Uterine artery RI

0.3

0.8

0.6

0.1

SD: Standard deviation; RI: Resistive index; PI: Pulsatility index.

Table 2: Doppler U/S evaluation of feto-placental circulation of the patients.
Middle cerebral artery
Umbilical artery
Uterine artery
Any affected artery

Abnormal

No. (%)
53 (53.0)

Normal

47 (47.0)

Abnormal

52 (52.0)

Normal

48 (48.0)

Abnormal

82 (82.0)

Normal

18 (18.0)

Three arteries
Two arteries
One artery

29 (29.0)
42 (42.0)
13 (13.0)

Normal

16 (22.0)

Total

100 (100)

FNR: False negative ratio.
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Sensitivity%

FNR%

53%

47%

52%

48%

82%

18%

84%

16%
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progressed. For the umbilical artery RI,
the r-value was -0.277 (P = 0.005), which
indicates a decrease in umbilical artery
seen with advancing gestational age. The
PI of umbilical artery showed an r-value
of -0.310 (P = 0.002), which indicates
a decrease in PI of the umbilical artery with
increasing gestational age. The r-value for
uterine artery RI correlation with GA was
0.026 (P = 0.795), which designates no
significant change in the RI with advancing
gestational age.

The correlation between gestational age
and different parameters was analyzed
according to gestational age as shown in
Table 3. Figure 1 displays scatter diagrams
for the same correlations. Correlation
between GA of the patients and RI of MCA
was significant and negative (r = -0.347;
P <0.001), i.e., there was a decrease in
RI seen with advancing gestational age.
The r-value between MCA PI and GA
was -0.380 with (P <0.001), which mean
the PI decreased as gestational age

Table 3: Correlation of the Doppler ultrasound indices with gestational age (GA) of 100
risky pregnant women.
MCA RI
r
- 0.347
Gestational age in weeks
< 0.001
P
r = Pearson correlation coefficient.

MCA PI
- 0.380
< 0.001

UA RI
- 0.277
0.005

UA PI
- 0.310
0.002

UtA RI
0.026
0.795

Figure 1: Scatter diagrams of the correlation between various Doppler vascular indices
and gestational age in weeks (r-values and their P values are shown in Table 3).
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not be an indicator of fetal well-being as
in severe fetal hypoxia, the brain-sparing
effect breaks down due to acidemia or
brain edema, and the low MCA indices
becomes normal, such finding had been
noticed in a study done by Sachin16 which
supports our finding. Therefore, detection
of these changes from abnormal to normal
MCA indices with prolonged hypoxia,
predicts prenatal death. Correlating these
indices with the gestational age, these
indices were regressing as gestational age
was advancing, and in our study, the
correlation of MCA with gestational age
was statistically significant with a P value
of <0.001 for both RI and PI. These
findings were similar to Sachin16 who
found falling of indices after 28weeks of
gestation, reflecting a decrease in vascular
resistance with increasing gestational age.
Similar findings were also noticed in an
Iranian study done by Bano.18 A study
in Germany done by Tarzamni18 and
a study done in the USA by Baschat.19
The correlation coefficient of Umb.A RI
was (r=-0.277, P = 0.005) and for PI was
(r=-0.310, P = 0.002) which are highly
significant. The sensitivity of UA in our
study was 52%, which is comparable to the
result of an Indian study by Shnieder;15 the
sensitivity was 57.1%. This relatively
higher sensitivity of the UA is probably
because it directly reflects the resistance in
the placental vascular bed. Comparing the
current results with results of Sachin16 who

Table 4 shows that the most common
Doppler vascular patterns among pregnant
women in early third trimester were having
abnormal three arteries. In mid third
trimester, the commonest pattern was
having no or one affected artery. In late
third trimester, the predominant pattern
having two affected arteries.
Discussion
Delivery of healthy offspring is the ultimate
goal of a breeding program; Doppler
ultrasound causes a significant decrease
in perinatal mortality and morbidity
(Nicholson).14 The usefulness of the RI and
PI of Umbilical A, and MCA, as well as RI
of maternal Uterine A were evaluated to
detect risky fetus among risky pregnancy.
For MCA evaluation, the most dependent
index was the PI, which had a mean of 1.4,
and then RI, which had a mean of 0.7 in
the current study. The sensitivity of MCA
was 53%, which was very close to a study
done by Shnieder 15 having a sensitivity of
52.8%, while in comparison with another
Indian study done by Sachin16 the
sensitivity of fetal MCA was only 16.7%,
but according to their study, normal MCA
PI and RI may not be an indicator of fetal
well-being. A prenatal death was observed
in one pregnant lady, during her follow up
by Doppler which had shown a change in
the MCA indices from abnormal to normal.
This suggests that normalization of the
MCA indices during chronic hypoxia may

Table 4: The distribution of affected arteries among gestational age categories of pregnant
women with IUGR.
No. of affected
Arteries

26-34
No. (%)

Gestational age (weeks)
35-38
39-42
No. ( %)
No. (%)

Total
No.

Nil

5 (22.7)

11 (50.0)

6 (27.3)

22

One artery

10 (23.3)

19 (44.2)

14 (32.6)

43

Two arteries

7 (29.2)

2 (8.3)

15 (62.5)

24

Three arteries

4 (36.4)

3 (27.3)

4 (36.4)

11

Total no. (%)

26 (26.0)

35 (35.0)

39 (39.0)

100 (100.0)

P value (Fisher’s exact test) = 0.028
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obtained a sensitivity of 79.2% of UmbA,
the difference in the results could be due
to their small sample size (only 40 cases).
In the examination of Ut.A the most
commonly used indices is the RI; the mean
of RI among 100 risky pregnant women
was 0.6 and this is regarded as abnormal,
because Flischer and Bowe7,8 found that
after 26weeks of gestation, the normal
range of Ut.A RI is between 0.45-0.58,
consequently raised RI above 0.58 is
considered abnormal. The sensitivity of
Ut.A RI in the present study was 82%,
when compare with the study of Arduini,20
who found the sensitivity of Ut.A RI 71.4%.
The correlation between RI of Ut.A and
gestational age was not significant in the
current study (0.026 with a P = 0.795).
This agrees with findings of Antasklis21
who found the physiological process of
trophoblastic invasion is reflected in the
observation from Doppler studies that
impedance to flow in the uterine arteries
decreases with gestation between 6 and 24
weeks and remains constant thereafter,
so no changes occur with advancing
gestational age. The most frequently
affected number of arteries as revealed
by Doppler studies was three abnormal
arteries in the gestational age between
26-34 weeks, one abnormal artery between
35-38 weeks, and two abnormal arteries
between 39-42 weeks. These patterns
probably reflect the varying severity of
intrauterine growth restriction throughout
the third trimester.
Conclusion
Doppler ultrasound is important in
predicting pregnancy at risk women,
helping in their management and aiding in
the decision of their deliveries. Umbilical
artery and fetal middle cerebral artery
Doppler indices are correlated strongly and
inversely with gestational age. A weak
correlation between maternal Uterine A
Doppler indices and gestational age was
seen in late pregnancy. Two arteries
examination yields more information than
one artery.
6
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