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Abstract: 
Aim:  Current study aimed to predict effectiveness of uterine artery and placental growth factor (PlGF) in 
predicting the preeclampsia (PE) and outcome. 
Materials and Methods:  100 antenatal women of 12 - 16 weeks of singleton pregnancy were studied. Uterine 
artery Doppler were studied in all cases and again rescanned at 24-26 weeks of gestation by Trans abdominal 
USG.  
Results: Uterine artery Doppler notching at <20 weeks is observed in 35% and uterine artery Doppler notching 
at 24 weeks is noted in 16% of women. Uterine artery Doppler notching at <20 weeks is observed in 34.3% of 
preeclamptic women. Uterine artery Doppler notching at 24 weeks is observed in 75% of preeclamptic women. 
In PE cases, the median PLGF level in PE was 15 pg/ml. The sensitivity of bilateral uterine artery notching is 
52.3%, specificity is 84.6% positive predictive value is 54.5%, and negative predictive value is 70.5% in 
prediction of preeclampsia. PlGF in pre-eclamptic women found to have the optimal cut off using ROC curve 
was 1.2 with sensitivity being 90% and specificity being 23.4%, positive predictive value of 15.5% and negative 
predictive value of 93.8%. In preeclampsia women, 4 babies were associated with IUGR, IUFD in one 
preeclamptic woman. Study observed 85.6% sensitivity rate and 84.62% specificity with 98.2% of Negative 
predictive value regarding Notch + RI with >0.65 Optimal cut off to predict the PE.  
Conclusion: The combined measurement of maternal placental growth factor concentration along with mean 
pulsatility index (PI) of uterine arteries at <20 weeks of gestation has very predictive for pre-eclampsia. Uterine 
artery Doppler studies between <20 weeks help to categorize pregnant into low risk and high risk so that proper 
vigilance may be done in high risk women. 
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Introduction

Preeclampsia affects 2-8% of pregnancies, and an 
estimated 8.3 million pregnant women experience 
preeclampsia every year globally. [1] In developing 
countries, there were 13 cases of preeclampsia in 
every 1,000 births, whereas in developed countries, 
only 2-3 cases of preeclampsia were found in every 
10,000 deliveries. [2,3] 

In preeclampsia will be found an increase in sFlt-1 
and sEng levels and a decrease in PlGF levels. This 
situation will cause vascularity and angiogenesis 
disorders in the fetomaternal circulation, which will 
eventually lead to preeclampsia syndromes such as 
proteinuria, hypertension and endothelial 
dysfunction. [4] An imbalance of angiogenic and 
antiangiogenic factors has been observed when the 
diagnosis of preeclampsia is established, it can 
sometimes even be observed before clinical 

symptoms appear. Then angiogenic factors such as 
PlGF and antiangiogenic factors such as sFlt-1 and 
sEng can be a screening or assessment of risk 
factors for preeclampsia. [5] 

There is growing evidence that an imbalance in 
these factors released from the placenta 
and maternal endothelium, including placental 
growth factor (PlGF), sEng (soluble Endoglin), and 
soluble Fms-like tyrosine kinase 1(sFlt-1) were 
associated with disorder. [6] PlGF was thought to 
induce the non-branching angiogenesis leading to a 
low-resistance placental vascular network. In a 
healthy pregnancy, PlGF increases with gestation 
in maternal circulation. [7] In preeclampsia, limited 
angiogenesis early in pregnancy with shallow 
vascular invasion of maternal spiral arteries leads 
to subsequent placental hypoperfusion. [8] PlGF 
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was abnormally low in preeclampsia when 
compared to healthy gestational age-matched 
controls. [9]  

In a normal pregnancy, the pulsating index (PI) and 
resistance index (RI) values will decrease after 24 
w of pregnancy, so that a permanent picture is 
formed, which is a picture of high and almost 
horizontal diastolic velocity. The picture of uterine 
artery waves in the first trimester of pregnancy has 
a winding diastolic peak (diastolic notch) that 
disappears after 24 w of pregnancy. If this 
indentation is permanent and the PI and RI values 
remain high after 20-24 w' pregnancy, it means that 
there is high pressure on the uterine arteries, which 
usually results in preeclampsia or stunted fetal 
growth. [10] 

Uterine artery velocimetry Doppler examination to 
predict the incidence of preeclampsia is better done 
in the second trimester compared to the first 
trimester. The pulsality index with the diastolic 
notches examined in the second trimester obtained 
a pulsality index with a positive like hood ratio of 
4.5 and the positive likelihood value of the 
resistance index is 3.5.6 It was shown that 
prevention of preeclampsia by examination of sFlt-
1, sEng and PlGF levels in maternal blood is best 
done in the second trimester because the invasion 
of the spiralsal trophoblast has been completed. 
[11] Study aimed to investigate the efficacy of 
placental growth factor, and uterine artery diastolic 
notch to predict the early onset of preeclampsia. 

Materials & Methods 

Study design: Hospital based prospective clinical 
study.  

Setting: Department of Obstetrics & Gynecology, 
Katuri Medical College & Hospital, 
Chinnakondrupadu, Guntur. 

Study design: A hospital based prospective 
observative study conducted on normotensive, non- 
proteinuric women attending the OPD and admitted 
in antenatal ward of Department of Obstetrics & 
Gynaecology, Katuri Medical College & Hospital, 
Chinnakondrupadu, Guntur. The study protocol 
was approved by the Institutional Ethics 
Committee. 

Preeclampsia patients defined as: 

1. Blood pressure of > 140/90 mmHg after 
twenty weeks of pregnancy in women with 
previously normal BP. 

2. Newly detected proteinuria (>300 mg of 
protein in twenty-four hours or a random/spot 
urine protein/creatinine ratio of >0.30). 

Inclusion criteria: Primigravidae and second 
gravidae less than 20 weeks of gestation. 

Exclusion criteria: Small for gestational age; 
IUGR cases; any vaginal infection; premature 
rupture of membranes; diagnosed preeclampsia, 
and patient not willing to participate. 

A total of 100 pregnant were fulfilled the inclusion 
criteria among 300 pregnant with <20 wk gestation.  

Methodology: 

Data on research subjects were obtained, asked 
about the first Day of Last Menstruation, menstrual 
cycles and complaints during pregnancy. 
Furthermore, weight checks using digital scales, 
height using microtoise, vital signs (blood pressure, 
pulse, breathing frequency and body temperature), 
urinalysis, routine ultrasound and examination of 
uterine artery doppler. 

The blood flow spectrum on Doppler is analysed by 
video, using an electronic gauge to measure the 
systolic peak, the diastolic end and the average 
blood flow velocity. The pulsatile index is obtained 
from the mean of 3 consecutive waves. Abnormal 
uterine artery velocimetry Doppler means that of 3 
consecutive consistent waves found notches in 
either the unilateral or bilateral uterine arteries 
and/or the mean pulsatile index>1.45. Both groups 
had blood drawn and put into a vacuum tube with 
EDTA and sent to the laboratory and the PLGF 
level was estimated by ELISA based kit.  

Scanning: 

After completing the consent process, all women 
subjected to transvaginal ultrasound for dating and 
screening scan. Women were placed in the dorsal 
position with knee flexed, a trans-vaginal 
ultrasound scan was done and doppler assessment 
of uterine circulation for uterine artery indices 
using Philips USG machine with 7.5 Mhz 
transvaginal curvilinear transducer. Uterine artery 
is located on one side by placement of probe in that 
fornix and colour flow mapping was done. The 
utero placental circulation was measured by various 
uterine artery Doppler indices, Resistance Index 
(RI) and Pulsatility Index (PI). The total procedure 
was completed within 10 min. These women were 
again rescanned at 24 weeks of gestation by 
transabdominal USG HP image point color Doppler 
machine with convex probe 3.5 MHz. The external 
iliac artery is visualized at pelvic side wall with 
color Doppler. The transducer is then angled 
medially towards the uterine artery, where they 
cross the external iliac artery. The flow velocity 
waveforms on the right and left uterine arteries 
were taken when 3 or 4 waves of equal height were 
observed, and the image was recorded. Doppler 
indices were obtained directly from the machine 
and further followed up clinically.  

The utero placental circulation were measured by 
various uterine artery Doppler indices i.e. 
resistance index (RI) and pulsatility index (PI). 
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Increased resistance to flow in the uterine artery is 
associated with the appearance of diastolic notch 
and increase in all these indices. Perinatal outcomes 
are considered are IUFD, Apgar at 5 minutes, birth 
weight and NICU admission. 

Statistical analysis:  

Data was analyzed using Statistical Program for 
Social Science (SPSS. ver. 22.0). Chi-square test of 
significance was used to compare proportions. 
Receiver operating characteristic analysis was used 
to find out the sensitivity and specificity at cut-off 
value. P value < 0.05 was considered significant. 

Result 

54% of women were primigravida and 22% are 
associated with hypertensive disorders of 
pregnancy. Uterine artery Doppler notching at 24 
weeks is noted in 16% of women. Uterine artery 
Doppler notching at <20 weeks is observed in 35% 
of women. 4.5% pregnant were diagnosed as pre-
eclampsia among 300 pregnant with <20 wk 
gestation.   Uterine artery Doppler notching at <20 
weeks is observed in 34.3% of preeclamptic 
women which is statistically significant. Uterine 
artery Doppler notching at 24 weeks is observed in 
75% of preeclamptic women which is statistically 
significant.  

Table 1: Association of Resistance index Uterine artery Doppler indices in preeclamptic and in normal 
pregnant women 

Resistance Index: 
Resistance indices (RI) In preeclampsia women In normal women 
Gestation age Mean SD Mean SD 
At <20 week 0.61 0.049 0.52 0.02 
 
Resistance indices (RI) In preeclampsia women In normal women 
Gestation age Mean SD Mean SD 
At 24 week 0.53 0.09 0.45 0.035 

Table 2: Association of Uterine artery Doppler pulsatility index in preeclamptic and normal pregnant 
women 

Pulsatility Index 
Pulsatility indices In preeclampsia women In normal women 
Gestation age Mean SD Mean SD 
At <20 week 0.957 0.0905 0.878 0.03 
 
Pulsatility indices In preeclampsia women In normal women 
Gestation age Mean SD Mean SD 
At 24 week 0.796 0.20 0.605 0.07 
 

The serum PLGF levels in preeclampsia were less 
than normal group with statistically significant. 
Uterine artery notching at <20 weeks gestation has 
84.6% specificity, 70.5% negative predictive value. 
When notch and RI >0.6 taken together increases 
sensitivity by 85.7% and negative predictive value 
by 98.2%. 

Uterine arteries PI in pre-eclamptic women found 
to have the optimal cut off using ROC curve was 

>0.95 with specificity of 84.6%, positive predictive 
value of 54.5% and negative predictive value of 
70.5%. 

PlGF in pre-eclamptic women found to have the 
optimal cut off using ROC curve was 1.2 with 
sensitivity being 90% and specificity being 23.4%, 
positive predictive value of 15.5% and negative 
predictive value of 93.8%. 

Table 3: Diagnostic accuracy of mean PlGF and Uterine arteries PI in prediction of pre-eclampsia at <20 
weeks 

Variable Optimal 
Cut off 

Sensitivity 
(%) 

Specificity 
(%) 

Positive 
predictive value 

Negative 
predictive value 

Notch + RI >0.6 85.7% 84.7% 37.5% 98.2% 
PlGF between 11-22.5 1.2 90% 23.4% 15.5% 93.8% 
Uterine arteries PI  at <20 wks >0.95 52.3% 84.6% 54.5% 70.5% 

In preeclampsia, 63.6% women delivered between 36-38 weeks of gestation age, 18.2% delivered between 34-
36 weeks and 9.1% delivered between 32-34 week. 
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Table 4: Analysis of maternal and fetal measurements 
Pre-eclampsia Mean SD p – value 
Gestational age at delivery Pre-eclampsia 36.85 wk 2.55wk 0.002 

Normal 38.7 wk 2.82wk 
Birth weight Pre-eclampsia 2.15 kg 550 gr 0.04 

Normal 2.74 kg 480 gr 

Incidence of pre-eclampsia showed 54.5% were primigravida and 45.45% were second gravidae. Out of all the 
pre-eclamptic women, 30% delivered by LSCS.  Eight babies delivered preterm with minimum birth weight of 
1.3 kg. The mean APGAR at 5 min is 8.7.  

Table 5: Descriptive statistics for birth weight, APGAR score, NICU stay 
Pre-eclampsia Mean SD p – value 
Birth weight Pre-eclampsia 2.15 kg 550 gr 0.04 

Normal 2.7 kg 480 gr 
Ap1 Pre-eclampsia 7.7 0.95  

0.09 Normal 7.6 1.12 
Ap5 Pre-eclampsia 8.7 0.96  

0.09 Normal 8.6 1.08 
NICU Stay (days) Pre-eclampsia 3.8 2.58 0.65 

Normal 2.9 2.55 
 
Discussion 

Out of 100 women studied 22% women developed 
preeclampsia, which is similar to Gupta Shashi et al 
(20%) and high prevalence compared to that quoted 
by Bewley et al (4.6%) and Irion et al (4%). [12,13] 

In preeclampsia women, the mean RI at <20 week 
is 0.6 and at 24 week is 0.5 which is statistically 
significant as compared to non-preeclampsia group 
( p<0.0001) and this will help in prediction of 
preeclampsia when combined with uterine artery 
notching which was similar to Gupta et al where 
mean RI in 37.5% was 0.6. Mean PI in current 
study is 0.8 at <20 weeks and 0.6 at 24 weeks. In 
preeclampsia mean PI at <20 weeks is 0.9 and at 24 
weeks is 0.7, which is statistically significant 
(p<0.0001) as compared to non-preeclampsia 
women. Hence this will help in prediction 
preeclampsia when combined with uterine artery 
notching similar to Gomez et al. [14] 

Out of 100 women, 42 patients had bilateral 
notching at <20 weeks and 22 women developed 
preeclampsia. The sensitivity of bilateral uterine 
artery notching is 52.3%, specificity is 84.6% 
positive predictive value is 54.5%, and negative 
predictive value is 70.5% in prediction of 
preeclampsia, which was similar to Gupta et al. 
Mean gestation age at delivery is 38 ± 1 week, 75% 
had full term vaginal delivery and 9% had preterm 
vaginal delivery and 16% had CS delivery, and 
eight babies delivered preterm with minimum birth 
weight of 1.3 kg and mean birth weight is 3.6 kg, 
mean Apgar at 1 min is 7 and at 5 min is 8.  

In current study, we observed 85.7% sensitivity 
rate and 84.7% specificity with 98.2% of Negative 
predictive value regarding Notch + RI with >0.6 
Optimal Cutoff. The current study results are 

accordance with the study by Bhattacharyya et al 
showed that Doppler velocimetry of uterine artery 
in 2nd trimester pregnancy was used as screening 
test for prediction of PE, these women were 
categorized into high risk and low risk groups 
according to the risk factors, 29.1% and 70.9% 
were in high risk and low risk groups, in low risk 
group which was similar to current study group, 10 
women developed PE, uterine artery velocimetry 
showed increased RI (> 0.6) in 10.2% and among 
them, 7 developed PE, notching was not observed 
in any of them, hence, the sensitivity, specificity, 
PPV and NPV of abnormal uterine artery 
velocimetry were observed as 70.0%, 94.87%, 
53.84% and 97.37%. [15] Current study results 
were consistent with other study, reported that 
uterine artery was abnormal in 30 patients, 20 
patients had PE, 10 patients had pregnancy- 
induced hypertension, RI > 0.69 had sensitivity of 
40% and specificity was 94.77%, PPV 28.56%, 
NPV 96.77%. [16] The finding of median PLGF 
levels being significantly lower in pre-eclampsia 
cases (15 pg/ml) compared to normal (20pg/ml) 
was replicated in current study. Study by Schneuer 
et al [17] also found median PLGF level in all PE 
cases and late PE cases significantly lower as 
compared to unaffected controls with median 
values as 21.3, 20.7 and 24.1 pg/ml. The findings 
of current study demonstrate that the maternal 
serum PlGF concentration at <20 weeks of 
gestation in normal pregnancies increased, whereas 
in preeclamptic women there was slight decrease 
with the cutoff value of < 1.2 with sensitivity of 
90% and specificity of 23.4%. The PLGF levels in 
cases when plotted on (ROC) curve had more area 
for PE (0.8) as compared to normal pregnants (0.7) 
thereby, suggesting that PLGF assessment had 
better detection rate for PE with 90% of sensitivity, 
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and 93.8% of negative predictive value. This study 
demonstrated the feasibility of Doppler assessment 
of uterine arteries into the routine scan. 

Conclusion 

The combined measurement of maternal serum 
placental growth factor concentrations and mean PI 
of uterine arteries at <20 weeks of gestation has 
very predictive value for pre-eclampsia in 
pregnancy. Uterine artery Doppler exam between 
<20 weeks used to categorize pregnant into low 
risk and high risk. 
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