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ABSTRACT
Aim: This study was designed to evaluate umbilical artery 
Doppler indices [systolic/diastolic (S/D) ratio and pulsatility index 
(PI)] in normal fetus at term. Doppler ultrasound of umbilical 
arteries is widely accepted as a primary tool for quantitative 
analysis of fetoplacental and uteroplacental blood flow in high-
risk pregnancies.

Materials and methods: A total of 100 normal singleton preg-
nant women were recruited in this study from the Radiology 
Department Fatima Memorial Hospital (FMH) from August 3, 
2012 to November 30, 2012. Their gestational ages were from 
37 to 40 weeks.

Results: A total of 100 Doppler indices measurements were per-
formed. The values of S/D ratio were less than 3 and the values 
of mean PI were less than 1 from 37 to 40 weeks of gestation.

Conclusion: Umbilical artery Doppler indices among normal 
pregnant women in our population are similar to most published 
reference values from other parts of the world.

Clinical significance: This normative data will serve as a 
basis for the evaluation of the umbilical artery circulation in our 
population.
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INTRODUCTION

Adequate quantity of blood (nutrients and oxygen) is 
required for the proper growth of the fetus during preg-
nancy.1 The main blood supply to the uteroplacental and 
fetoplacental circulation is from uterine and umbilical 
arteries.2 As normal pregnancies advance, blood flow 
in the umbilical arteries increases with the consequent 
decrease in placental resistance, characterized by good 
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diastolic flow and fall in Doppler indices. Figure 1 show 
umbilical artery normal Doppler indices from 37 to  
40 weeks respectively.

In certain pathologic conditions that lead to uteropla-
cental insufficiency, blood flow in the umbilical arteries is 
reduced. This is characterized by absent or reversed dia-
stolic flow and increased Doppler indices.3 It is reported 
consistently by several studies that risk for adverse preg-
nancy outcomes including preeclampsia and intrauterine 
growth retardation (IUGR) is high in women who fail 
to establish a low-resistance uteroplacental circulation.4 
In response to progressive hypoxemia, the fetus may 
redistribute its blood supply centrally to brain, heart, 
and adrenals. This results in increased diastolic flow in 
middle cerebral artery.5

Doppler has been widely accepted as the primary tool 
for surveillance of pregnancies affected from preeclamp-
sia and IUGR secondary to placental insufficiency.6-9

In cases of suspected IUGR, several fetal vessels can 
be investigated but the society for maternal-fetal medi-
cine guidelines recommends umbilical artery Doppler 
as an initial tool for interrogation.10 Doppler should be 
used as a screening tool in the 2nd half of pregnancy, as 
it detects abnormal vascular resistance patterns in the 
umbilical arteries noninvasively11 and safely.12 It will 
help to reduce the number of antenatal examinations 
and cesarean deliveries for suspected fetal distress in 
high-risk pregnancies.13

Doppler indices [S/D ratio, PI, resistance index (RI)] 
are mathematical formulas that attempt to estimate the 
relative difference in flow velocity between systole and 
diastole.14 Peak S/D ratio and PI are most commonly used 
Doppler indices for assessment of umbilical arteries.15

Doppler velocimetry has improved our understand-
ing of pathophysiological processes leading to IUGR and 
possibilities of monitoring fetal health. It is an excellent 
method to differentiate between healthy and growth-
retarded fetuses and may help to identify pregnancies 
that need special fetal surveillance.11

MATERIALS AND METHODS

In this study, nonprobability, consecutive sampling was 
performed to obtain normal reference values of umbili-
cal artery in the third trimester of pregnancy among 
healthy normotensive pregnant women. Research was 
started after approval from institutional review board. 
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Sample size was determined with post hoc sampling 
techniques. The study was conducted at the Radiology 
Department, FMH, Shadman, Lahore, from August 3, 
2012 to November 30, 2012. Both indoor and outdoor 
patients were included in this study.

All pregnant women were examined by GE 730 pro 
Volsun and Toshiba Xario Doppler ultrasound machine 
using the convex probe. Before examination, procedures 
were explained to each patient and informed consent 
was obtained. The abdominal and pelvic area was 
exposed, transmitting gel was applied. The transducer 
was placed over the parauterine area and the umbilical 
cord was located by real-time gray-scale ultrasound 
and color Doppler. Then pulsed Doppler was utilized 
with optimum settings to avoid aliasing or very small 
spectrum. The sample volume was selected at approxi-
mately mid cord level in one of the umbilical arteries 
and searched until characteristic waveforms were 
obtained. Waveforms were obtained three times per 
patient and the Doppler indices were calculated from 
the optimum one.

Pregnant women with singleton pregnancy at 37 to 
40 weeks of gestational age, with certain last menstrual 
period were recruited. All the fetuses having a differ-
ence of less than 3 standard deviation in their biometric 

parameters were included. Pregnancies with uterine, 
placental, and fetal anomalies were excluded.

Collected information was entered to Statistical 
Package for the Social Sciences computer software 
program and analyzed accordingly. The mean and stan-
dard deviation of the umbilical artery Doppler indices 
were derived for descriptive analysis.

There was no ethical issue, as it was an observational 
study.

RESULTS

In this study, a total of 100 subjects were recruited and 
Doppler indices measurements were performed. The 
ranges of S/D and PI from 37 to 40 weeks of gestation 
are shown in Table 1. Mean values with the standard 
deviation of S/D and PI from 37 to 40 weeks of gestation 

Table 1: Range of Doppler indices

Weeks n

S/D PI

Minimum Maximum Minimum Maximum

37 25 1.68 2.90 0.52 1.00

38 25 1.66 2.80 0.64 1.10

39 25 1.61 2.96 0.50 1.11

40 25 1.60 2.80 0.46 1.04

Figs 1A to D: Umbilical artery normal Doppler waveform indices at (A) 37 weeks (S/D 2.59, PI 1.02), (B) 38 weeks (S/D 2.42,  
PI 0.82), (C) 39 weeks (S/D 2.58, PI 0.99), (D) 40 weeks (S/D 2.67, PI 0.97)
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are shown in Table 2. Graph 1 shows 95% confidence 
interval (CI) for S/D ratio from 37 to 40 weeks of gesta-
tion. Graph 2 shows 95% CI for PI from 37 to 40 weeks 
of gestation.

DISCUSSION

Doppler ultrasound is an established, noninvasive, 
easily accessible, and cheap method for assessment of 
fetoplacental circulation16 and is an accurate method for 
diagnosis and management of fetal growth retardation.17 
Doppler velocimetry of umbilical arteries reflects the 
development of the placental villous vasculature and is 

a reliable tool in the diagnosis and conservative manage-
ment of fetal growth restriction before term.18

The slight variations in values of Doppler indices may 
occur due to several factors like gestational age, fetal heart 
rate, fetal breathing, site of measurement in the cord, race, 
inter- and intraobserver measurement variations that 
have been reported to affect Doppler indices.19

Gupta et al20 in India found high values of umbilical 
artery Doppler indices in hypertensive group than in the 
normotensive group of the same gestation. Saeed et al11 in 
Pakistan concluded that their results of Doppler indices 
in umbilical artery vary as compared with international 
data. In their study, mean S/D, PI, and RI were 4.68, 1.48, 
and 0.78 respectively, at 22 weeks of gestation.

In our study, the mean values of umbilical artery 
Doppler indices (S/D, PI) are similar to the study reported 
by Chanprapaph et al19 and Owen et al.21 The values of 
mean PI are similar to those reported by Acharya et al22 in 
Norway and Ferdous et al23 in Bangladesh. The values of 
mean S/D are similar to those reported by Kofinas et al24 
in North Carolina, Harneet et al,25 and Singh26 in India.

In this study, we have documented the normal values 
and mean values of umbilical artery Doppler indices 
(S/D ratio, PI) in normal singleton pregnant women in 
Pakistani population. It is believed that the data presented 
here can represent our normal population and be used as 
baseline data in the evaluation of fetal umbilical arteries 
resistance due to adequate sample size and well-selected 
patients with normal pregnancies.

CONCLUSION

Umbilical artery Doppler indices among normal pregnant 
women in our population are similar to published refer-
ence values from other parts of the world.

CLINICAL SIGNIFICANCE

This normative data will serve as a basis for the evalua-
tion of the umbilical artery circulation in our population.

RECOMMENDATIONS

It is recommended to reduce the influence of several 
factors affecting Doppler indices: The reference range of 
umbilical artery Doppler indices should be derived from 
the local population. Further studies should be done 
with a larger sample size including multiple classes of 
gestational age from second trimester to term.
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