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A B S T R A C T  
Objective: This study was conducted to ascertain the diagnostic accuracy 
of Doppler ultrasonography for the diagnosis of pre-eclampsia in 
primigravidae during second trimester of pregnancy. 
Methods: This prospective study was conducted at MCH Unit II, 
Pakistan Institute of Medical Sciences, Islamabad from November 2013 
to April 2014. 170 primiparous women with singleton pregnancy were 
included in the study.  Doppler Ultrasound was performed on study 
participants who presented with minimum 20 weeks of gestation and 
presence or absence of abnormal waveforms was noted. The patients 
were then followed up till delivery. Those who developed pre-eclampsia 
were managed according to departmental protocols.                                                                      
Results: Resistive index was found to be more than 0.7 in 81 study 
participants and pre-eclampsia was diagnosed in 82 patients. Among 
those who developed pre-eclampsia, 69 patients had a resistive index 
more than 0.7.  The sensitivity, specificity, PPV, NPV and diagnostic 
accuracy of doppler ultrasonography were 84.15%, 86.37%, 85.18%, 
85.4% and 0.85 respectively. 
Conclusion: Uterine artery doppler ultrasonography can be used for 
predicting the development of pre-eclampsia in primigravidae. 
Key words: Pre-eclampsia, Resistive Index, Doppler Ultrasonography, 
trophoblasts 
 
 
 

Introduction  
Pre-eclampsia is one of the commonest cause of maternal 
morbidity and mortality in Pakistan. Doppler 
ultrasonography is a non-invasive tool for assessment of 
uteroplacental perfusion which is reported to have 
potential value in identifying pregnancies that might be 
complicated by pre-eclampsia. 
Pre-eclampsia is a major cause of maternal and paternal 
morbidity and mortality affecting 2-5% pregnancies 
worldwide.1,2 In Pakistan, it is one of the commonest 
causes of maternal morbidity and mortality with a 
reported prevalence of 21%.3 Although the exact reasons 
for the precipitation of pre-eclampsia are yet to be 
discovered, current research has shown the association of 

pre-eclampsia with the failure of extravillous trophoblasts 
to invade the maternal spiral arteries resulting in reduced 
utero-placental circulation as well as an increased 
vascular resistance in the uterine vessels.4,5 Doppler 
examination of the uterine vasculature is a non-invasive 
tool that can be used to indirectly asses trophoblast 
development and uteroplacental perfusion. This technique 
has the potential value to describe potential pregnancies 
complicated by pre-eclampsia. In this procedure, first the 
blood vessels are identified using color Doppler and 
pulsed wave Doppler US is subsequently used to obtain 
waveforms.1  
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Several studies have been performed to assess the validity 
of uterine artery Doppler Ultrasonography as a tool for 
prediction of pre-eclampsia.6With the successful 
utilization of DUS in many medical fields for diagnostic 
purpose, it was hypothesized that DUS can be be of 
benefit to the obstetricians in the diagnosis of pre-
eclampsia which is responsible for a significant 
proportion of maternal mortality. There is evidence in 
literature asserting as well as rejecting the use of DUS in 
the determination of development of pre-eclampsia early 
on allowing the obstetricians to take steps to halt/control 
the progress of the disease. Owing to the presence of 
conflicting evidence regarding the usefulness  of DUS in 
predicting or diagnosing pre-eclampsia,  

Materials and Methods 
This study was a prospective study which was conducted 
at the MCH Unit-II, Pakistan Institute of Medical 
Sciences from November 2013 to April 2014. The study 
population comprised of 170 primiparous women with a 
singleton pregnancy, aged 20-35 years and with a 
gestational age of up to 20 weeks. The sample size was 
calculated using 95% confidence interval, 16.5% margin 
of error, an expected frequency of pre-eclampsia as 21% 
and using the sensitivity and specificity of DUS as 41% 
and 88% respectively. Non-probability purposive 
sampling was used to enroll the study participants. 
Women with an anomalous baby identified on USG and 
high-risk patients with chronic disease e.g., diabetes 
mellitus, pre-existing renal disease (serum creatinine 
>1.2mg/dl, and cardiovascular disease were excluded 
from this study. 
An informed consent was obtained from each study 
participant before their demographic profile including 
name, age, gestational age and contact numbers were 
noted. A Doppler ultrasound of the uterine artery was 
performed on each participant using a color Doppler 
Phillips Envisor C system with a 3.5Mhz  conves probe. 
The uterine artery was identified first, and then flow-
velocity wave shapes were picked up from a free floating 
loop of the umbilical cord. The observations were entered 
into pro forma only when at least three nearly identical 
consecutive waveforms were visible on the screen. 
Doppler parameters including resistive index were 
calculated using the software supplied with the Doppler 
equipment. The average value of at least two waveforms 
was taken as the final measurement. The study 
participants were labeled as positive if the resistive index 
recorded on Doppler was more than 0.7 and likewise 

when the resistive index was recorded less than 0.7, they 
were labeled negative for pre-eclampsia.  
The patients were followed until third trimester of 
gestation and monitored for the development of pre-
eclampsia. The data was entered in a prepared pro forma. 
All the patients who eventually went on to develop pre-
eclampsia were managed according to the hospital 
protocol and were followed up till delivery of baby. 
For the purpose of the study, pre-eclampsia was said to 
have been present if the resistive index on DUS was more 
than 0.7. It was assumed that with such high resistive 
index, the patient will go on to develop pre-eclampsia 
during current pregnancy. 
Pre-eclampsia was diagnosed with a blood pressure of 
≥140/90 mmHg and protienuria of ≥ 300 mg in 24 hours 
or two readings of at least ++ on urine dipstick 
examination. Patients whose RI was more than 0.7 and 
who later on actually developed pre-eclampsia were 
labelled as true positives. True negatives were defined as 
the patients with a RI ≤ 0.7 and who didn't actually 
develop pre-eclampsia later on. False positive patients 
had a resistive index > 0.7 but they did not develop pre-
eclampsia later on. False negative patients were those 
who had a resistive index ≤ 0.7 but later actually 
developed pre-eclampsia.  
The collected data was entered into and analyzed using 
SPSS 16.0. Quantitative variable e.g., age, gestational 
age, height, weight, BMI and RI were described as mean 
and standard deviation. Qualitative variables like BMI 
status (obese / non obese) and pre-eclampsia were 
described as frequencies and percentages. The sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV) and diagnostic accuracy of DUS 
was calculated using a 2x2 table generated for this 
purpose. The development of pre-eclampsia was taken as 
the gold standard for this purpose.  Data was stratified for 
BMI (obese / non obese) and diagnostic accuracy was 
calculated for stratified groups. 

Results  
This prospective study enrolled 170 pregnant patients in 
during first trimester with a mean ± SD age of 
27.50±4.65 years. (Table I)  The mean gestational age at 
the time of recruitment was 20.95±0.83 weeks. At the 
time of presentation, the resistive index was found to be 
more than 0.7 in 81 (47.65%) patients while in 89 
(52.35%) patients the resistive index was calculated to be 
less than 0.7. 82 (48.24%) study participants went on to 
develop pre-eclampsia. 46 (27.1%) out of 170 patients 
were obese (Table II). Among the study participants, 
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71.2% had a protienuria of at least ++ (Table III). Pre-
eclampsia was ultimately diagnosed in 82 (48.2%) 
patients (Table IV). Of the patients who developed pre-
eclampsia, 69 patients were found to have a resistive  
index (RI) more than 0.7 on doppler ultrasonography 
examination earlier in the study period (p 0.00) (Table-5). 
The sensitivity, specificity, PPV, NPV and diagnostic 
accuracy of doppler ultrasonography were 84.15%, 
86.37%, 85.18%, 85.4% and 0.85 respectively. The 
diagnostic accuracy for the obese and non-obese groups 
was found to be 0.87 and 0.84 respectively. Of the 
patients who were found to have a resistive index > 0.7, 
20 (24.69%) patients were obese. Majority(57; 70.37%) 
of the patients with resistive index more than 0.7 were  
younger than 30 years. 

 
Table III: Cross tabulation of Resistive Index and Pre-
eclampsia  

Resistive Index Pre eclampsia Total 
Yes No 

More than 0.7 69 12 81 
Less than 0.7 13 76 89 
Total 82 88 170 
Sensitivity = 84.15% 
Specificity = 86.37% 
PPV = 85.18% 

NPV  = 85.4% 
Diagnostic Accuracy = 85%  

 

Discussion 
Pre-eclampsia has been defined as “a syndrome 
characterized by new-onset of hypertension and 
proteinuria after 20 weeks of gestation in a previously 
normotensive woman”.7 On the other hand, the 
precipitation of generalized epilepsy (grand-mal seizures) 
in a pregnant women with gestational hypertension or 
pre-eclmapsia is called as eclampsia.8 Pre-eclampsia is 
one of the top three leading causes of maternal death and 
disease across the world. During the past 5 decades, the 
rates of pre-eclampsia, maternal morbidity and mortality 
have significantly reduced in the developed countries.2 
Abnormal placental function due to failure of invasion of 
extravillous trophoblasts into maternal spiral arteries 
underlies the development of pre-eclampsia and this 
mechanism is thought to be responsible for  the poor 
blood flow in utero-placental circulation. As a result, it 
has been proposed that the Doppler ultrasonography 
(DUS) can be used routinely for the assessment of the 
blood flow in uterine arteries from third trimester 
onwards.9,10  
The DUS of non-pregnant women or women in first 
trimester of pregnancy shows low blood velocities at the 
end of diastole and an early notch in diastole in the wave 
form of uterine artery. Poor trophoblast invasion of 
maternal vessels is characterized by persistent diastolic 
notch, defined presence beyond 24 weeks of gestation or 

Table II:  Frequency of obesity, Proteinuria and Pre-
eclampsia among study participants 
 
 

 Frequency Percentage 

Obesity 
Non- obese 124 72.9 
Obese 46 27.1 

Proteinuria 
+ 49 28.8 
++ 52 30.6 
+++ 69 40.6 

Pre-eclampsia 
Yes 82 48.2 

No 88 51.8 

Table I: Descriptive Statistics of study population 

 N 
Minimu
m 

Maximu
m Mean 

Std. 
Deviation 

Age 170 20 36 27.50 4.655 
Weight (kg) 170 52 91 72.83 10.617 
Height (meters) 170 1.41 1.77 1.6546 .07269 
BMI 170 20 36 26.66 4.017 
Gestational age  
(weeks) 

170 20 22 20.95 0.83 

Systolic Blood 
Pressure 

170 110 180 140.21 20.238 

Diastolic Blood 
Pressure 

170 60 110 88.32 16.290 

Table IV: Resistive index stratified according to BMI groups 
BMI Groups Pre eclampsia 

Total Yes No 
Non-
obese 

Resistive 
Index 

More than 0.7 51 10 61 
Less than 0.7 9 54 63 

Total 60 64 124 
Obese Resistive 

Index 
More than 0.7 18 2 20 
Less than 0.7 4 22 26 

Total 22 24 46 
 Resistive_Inde

x 
More than 0.7 69 12 81 
Less than 0.7 13 76 89 

Total 82 88 170 

FOR OBESE PATIENTS 
Sensitivity = 81.82% 
Specificity = 91.7% 
PPV = 90% 
NPV = 84.6% 
Diagnostic Accuracy = 87% 

FOR NON-OBESE 
PATIENTS: 
Sensitivity = 85 
Specificity = 84.4% 
PPV = 83.6% 
NPV = 85.8% 
Diagnostic accuracy = 84% 
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abnormal ratios of flow and velocity in the uterine 
arteries.11 Timely and precise anticipation of pre-
eclampsia is essential for wise apportioning of available 
resources for supervision, prevention and management of 
pre-eclampsia, thus allowing for better maternal and peri-
natal outcomes.12,13 Varied results have been reported by 
different studies which sought to determine the 
prognostic fidelity of the uterine artery doppler indices. 
Therefore, the use of the uterine artery Doppler 
ultrasonography for prediction / diagnosis of pre-
eclampsia is questionable. 
As noted previously, the validity of uterine artery doppler 
ultrasonography in predicting pre-eclampsia has been a 
matter of research and several researchers have attempted 
to determine its validity.6 
In a case-control study from Iran, the researchers 
calculated the pulsatility and the resistive indices of 
umbilical artery at a free loop of umbilical cord in 100 
patients. 25 of these patients had pre-eclampsia and 75 
had an uneventful pregnancy.14The researchers then 
compared the measurements in the two groups and 
determined the diagnostic characteristics of the indices. 
They reported that a resistive index cut-off value of 0.64 
had a100% sensitivity but only 44% specificity. The PPV 
& NPV were reported to be 37.3% and 100%. The 
researchers went on to propose a cut off value of 0.64 for 
the resistive index to rule-out pre-eclampsia.14  
In another study, the reported sensitivity, specificity, 
PPV, NPV and diagnostic accuracy of DUS with a cutoff 
resistive index value of >70 were 85.2%, 82.3%, 23.2%, 
98.9%, and 82.5% respectively 15, and the researchers 
concluded that the DUS of uterine artery had a utility as a 
reliable tool for predicting pre-eclampsia. However, 
another study reported that the sensitivity and specificity 
of DUS with a RI value >70 were 41% and 88% 
respectively leading to the conclusion that DUS couldn't 
be relied upon for the diagnosis of pre-eclampsia.16 This 
systematic review and bi-variable meta-analysis explored 
the role of uterine artery DUS in prediction of  pre-
eclampsia and IUGR. The authors reviewed a total of 135 
studies including 74 on pre-eclampsia and concluded that 
pulsatility index determined on uterine artery DUS 
provided a more accurate prediction of pre-eclampsia. 
However, the prediction was more accurate when DUS 
was performed in second trimester.16 
Similarly, Myatt et al reported a poor sensitivity and 
specificity of doppler USG for the overall prediction of 
pre-eclampsia in a low-risk population.17 After 
correlation of doppler measurements of uterine artery 

before third trimester with the subsequent development of 
pre-eclampsia in 2188 nulliparous patients, they reported 
a 43% sensitivity and 67% specificity for DUS.17 
Interestingly, a recent study by Verlohren et al reported 
that doppler US of uterine artery was not helpful in 
predicting late-onset pre-eclampsia. They investigated 
relationship between the doppler indices of uterine artery 
in women with early, intermediate and late pre-eclampsia 
and the birth weight of infants. They concluded that 
although uterine artery DUS showed a high mean RI for 
patients with early onset pre-eclampsia, it fared poorly in 
predicting late onset pre-eclampsia.18 
A recent systematic review by Velauthar et al reported 
found the utility for first-trimester uterine doppler 
ultrasound in predicting not only for pre-eclampsia but 
for also other adverse pregnancy outcomes.19 For the 
prediction of early-onset pre-eclampsia, they reported a 
sensitivity of 47.8% and specificity of 92.1% for an 
abnormal uterine artery flow velocity waveform. Very 
recently, a prospective study from India reported that 
Doppler studies could be used as a useful prediction tool 
for pre-eclampsia as well as IUGR.20 They reported a 
40% sensitivity and a specificity in the range of 93.68% 
for resistive index. The PPV was 25% and the NPV was 
96.74%. 
While the results of this study are encouraging in the use 
of doppler ultrasonography for predicting pre-eclampsia, 
the sample size was small and the fact that only those 
patients who presented to the MCH Unit II for checkup 
were included in the study meant that these results cannot 
be generalized to the whole population. Large scale 
studies are needed to confirm these results in our region. 

Conclusion 
Doppler Ultrasonography can be relied upon as a useful 
investigation in order to rule out the development of pre-
eclampsia in primigravidae between 20-22 weeks of 
gestation. This non-invasive tool can help to identify 
potential pregnancies and thus can be helpful in reducing 
maternal and neonatal morbidity and mortality.  
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