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Original Article 
 

Comparison  of  Fetal Umbilical 
Artery  Doppler Indices between 
Normal  and  Hypertensive  
Pregnant Women  in  the  Second 
Trimester  of  Pregnancy  
 
ABSTRACT 
 
Objective: The purpose of the study is to compare doppler indices in fetal umbilical artery between 
normal and hypertensive pregnant women in the second trimester of pregnancy. 
Study design: The study design was non-probability consecutive sampling. 
Place and duration: From 31th March 2014 till 30th September 2014. 
Materials and methods: Ninety five patients were included in the study over a span of six months. 
The criteria for normal pregnancy was  that there was no prior or present history of maternal renal 
disease and other disorders affecting maternal haemodynamics, like pregnancy induced 
hypertension including pre-eclampsia and eclampsia, anemia (Hb levels less than 11g/dl) 
thyrotoxicosis, congenital and acquired heart diseases. This was based on previous record and 
clinical examination. The diagnostic criteria for hypertensive pregnancies required two readings of 
diastolic pressure of more than 90 mm Hg at least 4 hours apart. These patients may or may not 
be taking medication for the management of hypertension. 
Results: The three dependant variables were analyzed individually. Mean and standard deviations 
were calculated for these indices and comparison made between normotensive and hypertensive 
subjects. Mean and standard deviations for the pulsatility index were 1.478 (+ 0.355) and 1.218 (+ 
0.218), for the resistivity index were 0.684 (+ 0.0973) and 0.640 (+ 0.699).  For the S/D ratio these 
were 5.010 (+ 1.368) and 3.480 (+  0.570) in hypertensives and normotensives respectively.  
Conclusion: In my study, among the Doppler indices, the resistivity index proved to be significant. 
In hypertensive pregnancies Doppler ultrasound should be used for evaluating the degree of feto-
placental blood flow in order to detect the risk of pregnancy complications. Different studies 
showed varied significance of the Doppler indices in hypertensive pregnant ladies. However further 
studies are necessary to determine the diagnostic value of doppler uteroplacental velocimetry with 
regard to the pulsatility index and Systolic/Diastolic ratio in our population. 
Keywords: Umbilical artery, Doppler ultrasound, Grayscale ultrasound, Obstetrics, Pulsatility 
index, Doppler indices, Resistivity index.  
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Introduction 
Doppler Ultrasonography has revolutionized the field of 
obstetrics. Doppler examination of fetal umbilical artery 
indices will help improve risk assessment. Abnormal 
Doppler flow pattern will predict which growth retarded 
fetuses are at a greater risk of a poor outcome. In high 
risk pregnancies this will help reduce the number of 
antenatal examinations and the number of cesarean 
deliveries for suspected fetal distresses. 

The advent of Doppler sonography has opened up a 
new functional dimension in diagnostic ultrasound.1 The 
pregnant women can be safely recommended Doppler 
ultrasound.2 We are able to evaluate both the 
physiology and pathophysiology of uteroplacental 
heamodynamics during the course of pregnancy using a 
non invasive method. The evaluation of fetal well being 
is an important pre-requisite for obstetric risk 
assessment.1 One potential major application in the use 
of Doppler ultrasound is in the management of 
intrauterine growth restricted fetuses.6 Pre-eclampsia is 
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a heterogeneous disorder with variable fetal and 
maternal manifestations. In a study of 100 hypertensive 
cases, 56% had abnormal S/D ratio for umbilical and 
uterine artery. Sixty percent of these delivered IUGR 
babies where, S/D ratio of more than 3.0 in the umbilical 
artery and 2.5 in uterine artery was considered 
abnormal.3 The Doppler indices recorded from the fetal 
and maternal vessels show a variable pattern during 
pregnancy. The umbilical  systolic/diastolic ratio 
normally falls continuously with advancing gestation 
owing to increase in arterial blood flow during the course 
of pregnancy.1 The abnormal umbilical artery flow 
velocity waveform is characterized by decreased 
diastolic velocities relative to the systolic peak and in 
extreme cases by absent or even reversal of blood flow 
in diastole.4 
Umbilical artery Doppler sonography is advocated as a 
method for fetal surveillance.7 It is recommended that 
umbilical artery Doppler should be the standard practice 
in managing high-risk pregnancies complicated by fetal 
growth restriction and pre-eclampsia.8 It is thus 
concluded that Doppler study allows a non-invasive 
assessment of uteroplacental insufficiency and is an 
accurate method for diagnosis and management of fetal 
growth retardation.5 
Doppler has revolutionized the field of obstetrics. 
Doppler examination of these indices will help improve 
risk assessment. Abnormal Doppler flow patterns will 
help predict which growth retarded fetuses are at a 
greater risk for a poor outcome. In high risk pregnancies 
this will help reduce the number of antenatal 
examinations and the number of cesarean deliveries for 
suspected fetal distress. 

Materials and Methods 
The non-probability consecutive sampling conducted at 
Radiology Department of Khan Research Laboratories 
(KRL) Hospital, Islamabad from 31th March 2014 till 30th 
September 2014. Both indoor and outdoor patients were 
included in this study  
In pregnant women singleton pregnancy and gestational 
age (20-24 weeks) was confirmed by history and 
Ultrasonography. Both normal and hypertensive 
pregnant women were included in the study.  All 
pregnant women were examined by grey scale and 
Doppler ultrasound using a color Doppler scanner 
(Voluson 730 Pro V of GE) with a 2.0 - 5.0 MHz convex 
probe. Before each examination the procedure was 
explained to the patient, who was then asked to pass 

urine to ensure empty urinary bladder. Doppler 
examination was carried out with the patient in the 
supine position in both normal and hypertensive 
mothers in quiet respiration. Initially the umbilical blood 
vessels were recognized and the various indices 
recorded. Sampling site for the umbilical artery was mid-
cord level. To minimize bias all recordings were taken 
by me without prior knowledge of maternal blood 
pressure levels. All data was collected in a predesigned 
proforma and analyzed.  

Results 
Doppler indices were taken in 100 cases in the second 
trimester of pregnancy, which fulfill the required 
inclusion criteria. Out of these 100 patients 50 were 
hypertensive and 50 normotensive. We had 3 
dependent variables i.e.  Pulsatility and Resistivity 
Indices and Systolic-Diastolic Ratio, a fixed factor 
(Hypertension) and two covariates (Age in Years and 
Gestational Age in Weeks).  
Mean and standard deviation were calculated for the 
age of the patients and the gestational age in years. The 
mean and standard deviation for the age in years was 
24.52 +4.21 and 26.62 + 4.62 for hypertensives and 
normotensives respectively. Similarly the mean and 
standard deviation for the gestational age in years was 
21.20 +1.53 and 21.98 + 1.61 for hypertensives and 
normal individuals respectively as shown in Table I. 
 
Table I: Descriptive Statistics For The Age Of The
Patients And Gestational Age 

 
Two Groups 

Hypertension 
Group 

Normal Group 

Age of Patient  
( years ) 

24.52 + 4.21 26.62 + 4.62 

Gestational Age 
(weeks ) 

21.20 + 1.53 21.98 + 1.61 

 
The three dependent variables were analyzed 
individually. Mean and standard deviations were 
calculated for these indices and comparison made 
between   normotensives and hypertensive. Mean and 
standard deviation for the pulsatility index were 1.478+ 
0.355 and 1.218 + 0.218, for the resistivity index were 
0.684+ 0.0973 and 0.640+ 0.699 and for the S/D ratio 
were 5.010 + 1.368 and 3.480 + 0.570 in hypertensives 
and normotensives respectively. These values are 
shown in Table II. 
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Table II: Descriptive Statistics Of Range Of Indices In 
Umbilical A 

Rang of 
Indices 

Two Groups 

Hypertension Group Normal Group 

Pulsatility 
Index 

1.4780 + 0.355 1.218 + 0.215 

Resistivity 
Index 

0.684 + 0.0973 0.640 + 0.0699 

Systolic / 
Diastolic 
Ratio 

5.010 + 1.368 3.480 + 0.570 

 
The variable pulsatility index showed values of between 
0.7-2 in hypertensives and between 0.6 and 1.7 in 
normotensives. When Chi-square test was applied the 
p-value was 0.051 which is statistically not significant as 
shown in Table III and Figure  1. 
 
Table III:  Crosstabulation of Pulsatility Index in two 
Groups  

The variable resistivity index showed values of 0.6-0.9 in 
hypertensives and between 0.5 and 0.7 in 
normotensives. Chisquare test was applied in which the 
p-value was 0.010 which is statistically significant as 
shown in Figure 2.  
The variable Systolic/Diastolic ratio showed values of 
between 3 and 7.6 in hypertensives and between 
2.4and 4.5 in normotensives. Chi-square test was 
applied in which the p-value was 0.115 which is 
statistically not significant shown in Figure # 3.Thus the 

variable that was significant in my study was the 
resistivity index, in the comparison between 
normotensive and hypertensive pregnant ladies. 

 
Figure 1. Pulsatility Index comparison between 
hypertensive and normal groups. 

 
Figure 2. Comparison between normotensive and 
hypertensive pregnant ladies 

 
Figure 3. Comparison between normotensive and 
hypertensive pregnant ladies 
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Discussion 
The aim of the study was to compare Doppler indices 
between normal and hypertensive pregnant ladies so 
that pregnancies at risk could be identified and 
monitered. Doppler has revolutionized the field of 
obstetrics since its introduction in late 1950’s. Useful 
information is obtained during second half of pregnancy 
and pregnancies with high resistance can be 
determined. Vascular structures have long been used as 
anatomical landmarks during sonography. Arteries 
normally have forward and backward flow. Abnormal 
flow is represented by an increased, decreased, or 
absent flow components during the cardiac cycle. 
Reversed diastolic flow in the umbilical artery  is an 
ominous finding, associated with a very high mortality 
rate within I to 7 days if the fetus is left in utero . Absent 
diastolic flow suggests a poor prognosis as well, but 
outcome in these fetuses is not as uniformly bad as in 
those with reversed flow.9 
Impaired placentation can cause some of the most 
important obstetrical complications such as pre-
eclampsia and intrauterine growth restriction and has 
been linked to increased fetal morbidity and mortality.  
Doppler ultrasound study of utero-placental blood 
vessels, using waveform indices or notching, may help 
to identify the 'at-risk' women in the first and second 
trimester of pregnancy, such that interventions might be 
used to reduce maternal and fetal morbidity and/or 
mortality.10 
Wang KG et al14 has shown that end diastolic velocity 
should be present at 20th week in umbilical artery. In 
our study it was present in all the 100 normal patients at 
22 weeks. 
 Wahid S et al15 shows normal umbilical artery waveform 
pattern to establish the A/B ratio during the 2nd and 3rd 
trimester. The mean S/D ratio was 4.8 which matched 
our results of S/D ratio in normotensive individuals. 
Descriptive statistical analysis of the umbilical artery 
indices was carried out by Saeed et al9 where mean PI 
was 1.48, RI was 0.78 , S/D ratio was 4.68 , which 
matched our findings of Doppler indices in normotensive 
individuals. 

In our study the indices that was significant was the 
resisitivity index. This was in contrast to a study done by 
Khanduri S et al12 where the pulsatility index had the 
highest sensitivity and specificity. 
Studies have shown that Doppler provides a non 
invasive method of studying the fetal and maternal 

circulation. In  a study done by Al-azad et al11 
pregnancies with hypertension were used for calculating 
the umbilical artretry Doppler indices. It was found the 
the pulsatility index had the highest sensitivity and 
specificity. 
Kevin et al17 showed no overall difference in pulsatility 
index between groups (p > 0·1).  
The rate of preterm birth,growth retarded fetuses and 
preinatal deaths,are significantly increased in 
pregnancies complicated by severe pre-eclampsia. 
Elective preterm delivery is frequently advised for 
hypertensive women in an attempt to improve neonatal 
outcome. In a study by Gaillard R et al16 resistivity index 
was recorded from the umbilical arteries in 20 normal 
and 23 hypertensive pregnancies,which showed 
significant difference between the two groups. This was 
in accordance with our study where this indices proved 
to be significant.    
 A study done by Hosein et al18 indicate a measure of 
0.77 for RI; 1.39 for PI and 4.88 for S/D ratio in the case 
group while in the control group,such measurements 
were calculated as 0.64; 1.08 and 2.97. The case group 
were significantly rated higher in terms of the above 
mentioned indices.In my study the systolic/diastolic ratio 
and the pulsatility index were insignificant while the 
resistivity index was. 

Similar results of increased Doppler indices of all three 
parameters was seen by a study done by Gupta et.al13 
where the mean values of umbilical artery doppler 
velocimetric indices were higher in hypertensive than in 
normotensives. 
 

Conclusion 
The Doppler indices the resistivity index proved to be 
significant. In hypertensive pregnancies Doppler 
ultrasound should be used for evaluating the degree of 
fetoplacental blood flow in order to decrease the risk of 
pregnancy complications. Different studies showed 
varied significance of the Doppler indices in 
hypertensive pregnant ladies. However further studies 
are necessary to determine the diagnostic value of 
doppler uteroplacental velocimetry with regard to the 
pulsatility index and Systolic/Diastolic ratio in our 
population. 
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