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ABSTRACT 

Introduction: Preeclampsia is a multisystem disorder and is a major contributor of maternal 

and perinatal morbidity and mortality. Identifying women, who are at risk is important to 

prompt gestational management. Uterine artery waveform and biomarkers like pregnancy-

associated plasma protein-A (PAPP-A) may reflect the pathophysiology of preeclampsia. 

Aim: We aim to find out whether abnormal uterine artery pulsatility index (PI) and low 

serum PAPP-A in the first trimester can be used to predict preeclampsia. 

Material And Methods: Antenatal women at 11-13+6 weeks of gestation visiting Sri Guru 

Ram Das Universty Of Health And science, Amritsar were enrolled after informed consent. 

Uterine artery Doppler was done with the early anomaly scan at 11-13+6 weeks. Serum levels 

of PAPP-A were analyzed. The women were followed up at intervals up to delivery. 

Incidence of preeclampsia was noted. 

RESULTS: The incidence of preeclampsia was 26%. The mean uterine artery PI among 

those who developed preeclampsia was 2.03, which was significantly higher than the 

unaffected group (p=0.001). The first-trimester uterine artery PI as a screening tool showed a 

sensitivity of 84.67% and specificity of 75.68 % .The mean PAPP-A MoM of the affected 

group was 0.91 which was lower than the unaffected group (p=0.028). The first trimester 

PAPP-A as a screening tool showed a sensitivity of 15.38%, specificity of 91.89%. 

Conclusion: Both the tests were concluded to be good predictors of preeclampsia. 

Identification of high-risk factors, screening, and surveillance are  important for timely  

prediction of  preeclampsia and initiation of preventive therapy. 

Keywords: Prospective study, preeclampsia, uterine artery Doppler, PAPP-A. 

INTRODUCTION 

Pre-eclampsia (PE) is a pregnancy-specific syndrome that can affect virtually every organ 

system. It affects 5-10% of pregnancies worldwide and 4.6% of pregnancies in India 1.It 

forms a member of the deadly triad, along with haemorrhage and infection that contribute 

greatly to maternal morbidity and mortality( 14% of maternal deaths worldwide and 29.54% 

of maternal deaths in India 2,3).  
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Studies have shown that defective trophoblastic invasion of the placenta plays a crucial role 

in the pathogenesis of preeclampsia. This leads to incomplete spiral artery remodeling   and 

increased  resistance to flow in the uteroplacental unit, which is transmitted upstream to the 

uterine arteries4. This results in an increased pulsatility index (PI). Thus, uterine artery 

Doppler waveform analysis has the potential to predict pregnancy complications associated 

with uteroplacental insufficiency before the onset of clinical features 5. 

 

Poor placentation is associated with an imbalance of circulating vasoactive factors and, in 

turn, leads to maternal vascular maladaptation with associated systemic endothelial 

dysfunction. Placental products are released as part of the placentation process. Levels of 

these biochemical markers reflect the pathophysiology of defective placentation, and, as a 

result are assuming an increasing role in early gestation screening tests for later pregnancy 

complications. PAPP-A (pregnancy associated plasma protein A) is a protease for insulin like 

growth factor binding protein-4 (IGFBP- 4). The expression and secretion of PAPP-A 

increase during differentiation of villous cytotrophoblasts to syncytiotrophoblasts6. A low 

level of PAPP-A is associated with higher IGFBP-4 and lower free Insulin like growth factor 

(IGF). IGF is known to influence fetal growth by controlling uptake of amino acids and 

glucose as well as having an autocrine and paracrine role in trophoblast invasion. Maternal 

serum PAPP-A has been shown to be relatively low in the first trimester of pregnancies 

complicated by IUGR and/or pre-eclampsia. 

Our objective is to find out whether abnormal uterine artery Doppler and/or maternal PAPP-

A levels at 11 to 13+6 weeks can predict preeclampsia. 

 

Material And Methods 

This was a prospective analytical study done in the Sri Guriu Ram Das University Of Health 

Sciences(SGRDUHS),  Amritsar, after getting approval from the Institute Ethics 

Committee. The study was conducted from April 2021 to July 2022. The study included all 

antenatal women attending SGRDUHS out-patient department (OPD) at or before 11-

13+6 weeks gestation, willing to follow-up and give consent for the study.   

Total 104 women were enrolled in the study after obtaining the written informed consent and 

obtaining clearance from ethical committee. Out of these 4 loss to follow up . Thus, a total of 

100 study participant’s data was subjected for the final analysis 

 

Inclusion Criteria: 

1. All pregnant women with spontaneous conception at 11 to 13+6 weeks of gestation 

 

Exclusion Criteria: 

1. Chronic hypertension 

2. Multiple pregnancy 

3. Molar pregnancy 

4. Chromosomal abnormalities of fetus 

5. Comorbid condition (diabetes mellitus/renal, cardiovascular and thyroid disorder) 

6. Body Mass Index > 30 
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7. Previous history of pre eclampsia     

 

After taking informed consent for participation in the study, detailed history, a general and 

systemic examination was done at the first visit. Particulars like age, parity, body mass index 

(BMI), education, socioeconomic status and  residence was  noted. After confirming dates 

and fetal cardiac activity, antenatal women were advised to undergo uterine artery Doppler 

along with the routine nuchal translucency (NT)/ nasal bone (NB) scan at 11-13+6 weeks. The 

uterine artery pulsatility index (UtA-PI) was noted. The values of PAPP-A in multiples of 

median (MoM) were noted from the dual markers report. 

 

The study population was divided into four groups; the first one being patients with abnormal 

first-trimester uterine artery Doppler and normal PAPP-A, the second one being patients with 

abnormal PAPP-A and normal first-trimester uterine artery Doppler, the third one where both 

investigation results were abnormal, and last those where both investigation results were 

normal. 

 

Follow-up visits were as follows: once every four weeks until 28 weeks gestation, once every 

2 weeks until week 36, and weekly until week 40 or until delivery. In each follow-up visit, 

the blood pressure and urine dipstick was noted. Diagnosis and definition of preeclampsia 

was made as per the American College of Obstetricians and Gynecologists (ACOG) 2013 

criteria6. 

 

Statistical Analysis:  

Statistical analyses were performed using a Statistical Package for Social Sciences software 

(SPSS) version 22. Student t-test (independent t-test) was applied to compare the PAPP-A 

MoM and UtA-PI between the normotensive and those who developed hypertensive 

disorders. 

The Chi-square test was applied to see the association between outcome and demographic 

characteristics. The Receiver Operating Curve (ROC) was constructed for PAPP-A MoM and 

UtA-PI values. 

 

For all statistical analyses, p<0.05 was considered significant, and p<0.001 was considered 

highly significant. 

 

Results: 

After considering the inclusion and exclusion criteria, 104 women were enrolled in the study 

after taking informed consent. Out of these   four were lost to follow-up and were excluded 

during the analysis of data, and thus a total of 100 women’s data were subjected for the final 

analysis. 
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Table 1: Distribution of the Study Population According to outcome 

Outcome  No. of cases %age 

Normotensive  74 74.0 

Preeclampsia  26 26.0 

Total 100 100.0 

 

In the present study, 26 out of 100 cases (26%) developed pre eclampsia  and 74(74%) were 

normotensive. 

Table 2: Comparison of mean uterine artery PI (first trimester) among hypertensive 

disorders of preeclampsia and normotensive cases 

Outcome PI 

Mean SD 

Preeclampsia  2.0335 0.31039 

Normotensive 1.4438 0.28950 

t-value -8.761 

p-value 0.001 

PI: pulsatility index, SD: standard deviation 

 

The mean of the first-trimester uterine artery PI values of those developing 

preeclampsia(2.03) is significantly higher (p=0.001) than the mean uterine PI of those who 

did not (1.44), as shown in Table 2 

 

 
Figure 1: Receiver operator characteristic (ROC) curve of uterine artery pulsatility index 

From the receiver operator characteristic curve of uterine artery pulsatility index (Figure 1), 

the area under the curve was 0.912. The best cut-off that maximized sensitivity and 

specificity was 1.50. The first-trimester uterine artery PI as a screening tool had a sensitivity 

https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#table-anchor-317272
https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#figure-anchor-320404
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of 84.67%, specificity of 75.68%, positive predictive value (PPV) of 55%, negative 

predictive value (NPV) of 93.33%, and accuracy of 78% 

 

Table 3: Comparison of mean PAPP-A MoM levels among hypertensive disorders of 

pregnancy and normotensive 

Outcome PAPP-A 

Mean SD 

Preeclampsia  0.9188 0.31869 

Normotensive 1.0645 0.27476 

t-value 2.229 

p-value 0.028 

MoM: Multiples of Median, SD: Standard Deviation, PAPP-A: pregnancy-associated plasma 

protein-A 

The mean first trimester PAPP-A MoM values of those who developed preeclampsia(0.91) 

was lower than the mean PAPP-A MoM of those who did not (1.06, p=0.028) (Table:3). 

 
Figure 2: Receiver operator characteristic (ROC) curve for PAPP-A MoM 

MoM: Multiples of Median, PAPP-A: pregnancy-associated plasma protein-A 

 

As per the receiver operator characteristic (ROC) curve for PAPP-A MoM (Figure 2), the 

area under the curve was 0. 336. The best cut-off that maximized sensitivity and specificity 

was 0.5. The first trimester PAPP-A as a screening tool had a sensitivity of 15.38%, 

specificity of 91.89%, PPV of 40%, NPV of 75.56%, and accuracy of 72%. 

 

https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#figure-anchor-320407
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Table 4: Comparison of hypertensive disorders of pregnancy among the study groups 

Screen 

characteristics 

Outcome Total 

Normotensive Preeclampsia   

No. %age No. %age No. %age 

Both abnormal 2 2.70 2 7.69 4 4.00 

PI abnormal, 

PAPP-A normal 
16 21.62 20 76.92 36 36.00 

PI normal, PAPP-A 

abnormal 
4 5.41 2 7.69 6 6.00 

Both normal 52 70.27 2 7.69 54 54.00 

Total  74 100.00 26 100.00 100 100.00 

X2: 31.66; df:3; p=0.001 

PI: uterine artery pulsatility index, PAPP-A: pregnancy-associated plasma protein-A 

 

The incidence of preeclampsia was 50% when both the screening parameters were abnormal. 

The incidence of preeclampsia was 3.7% when both parameters were normal. When 

combined, their association with preeclampsia was highly significant (p=0.001) (Table 4). 

 

Discussion: 

This study has demonstrated an approach for combining biophysical and biochemical 

parameters in the first-trimester of pregnancy to predict patient-specific risks for subsequent 

development of hypertensive disorders. 

 

We chose 11 + 0 to 13 + 6 weeks as the gestational age for screening because this is being 

established as the first hospital visit of pregnant women at which combined sonographic and 

biochemical testing for chromosomal and other major defects is carried out. At this visit a 

record is made of maternal characteristics, such as age, ethnic origin, BMI, smoking status 

and medical and obstetric history; an ultrasound scan is carried out to determine the number 

of fetuses, confirm the gestation from the fetal CRL, exclude major defects, measure the NT 

thickness and other first-trimester markers of chromosomal defects; and maternal blood is 

taken for measurement of free β-hCG and PAPP-A. 

 

Out of the 100 pregnant women included in the study, 26 (26%) developed preeclampsia 

during pregnancy (table 1 ) which was comparable to the study done by Sharanya Satish et al 
7 (24%). 

The mean uterine artery PI value among those who developed preeclampsia  in pregnancy  

was 2.03, which was significantly higher than the unaffected group (p=0.001) (Table   ). 

Satish et al 7. G’omez et al.8, and Narang et al. 9  also had a similar mean PI among the 

affected group: 2.34, 2.04, and 1.94, respectively. 

 

Goetzinger et al. 10  did not find any significant difference in uterine artery PI values between 

affected and unaffected groups. 

https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#table-anchor-320409
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Uterine artery PI at 11-13+6 weeks was considered a good predictor for pre eclampsia in  

pregnancy with a sensitivity of  84.67% and specificity of 75.68 % at a cut-off of 1.50 (as 

obtained from the ROC curve, Figure 1). A similar cut-off (1.52) was also obtained in a study 

by Staboulidou et al. 11. Narang et al.9 conducted a study in Uttar Pradesh, India, and showed 

similar sensitivity (75.9%) and specificity (79.6%).Similar cut-off(1.48) was also obtained by  

E das et al.12 in a study conducted at AIIMS, Raipur, India with sensitivity of 68%, specificity 

of 52.99%. Sharanya Satish 7et al showed Sensitivity and specificity of uterine artery PI in 

their study as 98% and 31% 

 

At the 95%th percentile of uterine artery PI, Martin et al. 13 and G’omez et al. 8 showed lower 

sensitivity (27% and 23.9%, respectively). Goetzinger et al. 10 also showed a lower sensitivity 

of 52%. 

 

The PPV was 55%, and NPV was 93.33% for uterine artery PI in the screening for 

preeclampsia, according to this study. Singh et al. 14 conducted a similar study in India with 

PPV 97.33%  and  NPV 97.33%.E das 12 et al. showed  positive predictive value (PPV) of 

23.61%, negative predictive value (NPV) of 88.57% for uterine artery PI in their study. 

 

In this study, the mean PAPP-A MoM of the affected group (preeclampsia ) was 0.91 

(Table 4), which was comparable to the studies of Goetzinger et al. 10 and Spencer et 

al. 15 with mean PAPP-A MoM of 0.88 and 0.772. 

 

From the ROC curve (Figure 2), the cut-off value for PAPP-A MoM at 11-13+6 weeks was 

0.5  with a sensitivity of  15.38% and specificity of  91.89% in this study. Staboulidou et 

al. 11  had found a similar cut-off value of PAPP-A MoM at 0.58 for  preeclampsia.  Zhong et 

al. 16 showed similar sensitivity and specificity of 16% and 93%, respectively. E das et al.12  

had found a cut off of  0.41 with a sensitivity of 28% and specificity of 90.6%  

Odibo et al. 17  showed a higher sensitivity of 58% for PAPP-A. 

The present study showed PPV of  40% and NPV of  75.56% for PAPP-A. Patil et 

al. 18  showed a PPV of 52%  comparable  to our study. 

 

As shown in Table 4, the incidence of preeclampsia is 50 % when both the screening 

parameters are abnormal. The incidence of preeclampsia becomes respectively in the affected 

group  3.7% when both the parameters are normal which is comparable to the study done by 

E Das et al.12. When combined, their association with preeclampsia is highly significant 

(p=0.001). Similar observations were made by Staboulidou et al. 11 and Satish et al. 7.  

A Pilalis et al. 19 also concluded in their study that the combination of maternal history with 

abnormal uterine artery Doppler and low PAPP-A level at 11–14 weeks achieves better 

results than does either test alone in the prediction of pre-eclampsia. 

However, according to Odibo et al. 17, the median uterine artery MoM was higher in the 

group with early preeclampsia; it was not statistically significant. The PAPP-A MoM was 

significantly lower in the affected group. Thus a combination of all the parameters did not 

improve the screening capacity. 

https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#figure-anchor-320404
https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#table-anchor-320406
https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#figure-anchor-320407
https://www.cureus.com/articles/84938-prediction-of-preeclampsia-using-first-trimester-uterine-artery-doppler-and-pregnancy-associated-plasma-protein-a-papp-a-a-prospective-study-in-chhattisgarh-india#table-anchor-320409
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Poon et al. 20  found PAPP-A to be a good predictor of early-onset preeclampsia. There was 

no significant improvement by the addition of PAPP-A to the combination of maternal 

factors, mean arterial pressure (MAP), and uterine artery in the prediction of late PE and 

gestational hypertension. Goetzinger et al. 10 demonstrated that at 11-14 weeks gestation, 

ADAM12, PAPP-A, and uterine artery Doppler in combination with maternal characteristics 

identified 50%, 48%, and 52% of patients who developed preeclampsia, respectively. Thus a 

combination of all the parameters did not improve the predictability. 

 

Conclusion: 

Preeclampsia is a life-threatening disorder of pregnancy. Thus early detection of the disease 

at a low cost is importance. Uterine artery Doppler in the first trimester done along with early 

anomaly scan at 11-13+6 weeks has been found to be a good predictor of preeclampsia with 

moderate sensitivity and specificity. It is convenient and cost-effective to use PAPP-A as a 

biomarker since PAPP-A levels are routinely checked as a part of aneuploidy screening. It 

also has a high specificity for preeclampsia screening.  

 

Identification of high-risk factors, screening, and surveillance are of utmost importance in 

order to predict preeclampsia. Preventive therapy, if initiated early on the basis of these 

screening tests, will help save the antenatal woman from the complications of preeclampsia. 
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