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Abstract:Preeclampsia is a preventable cause of maternal mortality and should be
detected and appropriately managed before the onset of convulsions (eclampsia) and
other life-threatening complications. To assess the role of Uterine artery Doppler and
Maternal serum pregnancy associated plasma protein-A (PAPP-A) at 11-14 weeks of
gestation in prediction of preeclampsia. Seventy eight pregnant women with 11- 14
weeks of gestation were studied at the Department of Obstetrics and Gynaecology,
King George Medical University, Lucknow from September 2014 to August 2015. The
women who developed preeclampsia and related complications at the end of pregnancy
were grouped under GROUP 1 (n=29) and the women who did not develop any of these
complications were kept under GROUP 2 (n=49). After routine antenatal examination
uterine artery doppler and PAPP-A were measured in each patients. The mean
pulsatility index (PI) multiple of the median (MoM) of the women who developed
preeclampsia and related complications was 1.18 ± 0.317and that of women who did
not develop complications was 0.90 ± 0.316 (p = 0.003). The relative risk of
development of complications in women with presence of ‗notching‘ was 2.48 (95% CI
= 1.479 – 4.159, p = 0.004). The relative risk of development of preeclampsia in the
presence of notch was 2.48 (95% CI = 0.742 to 0.832, p = 0.28) but this was not
statistically significant. The relative risk of development of IUGR in women with notch
in uterine artery Doppler at 11-14 weeks of pregnancy is 2.22 (95% CI = 1.187-4.146,
p= 0.037).The mean PAPP-A MoM of women who developed preeclampsia, early
onset preeclampsia, late onset preeclampsia, IUGR was 4.97 ± 3.89 (p = 0.179), 5.77 ±
4.61 (p = 0.061), 3.39 ± 1.12 (p = 0.76) and 4.30 ± 3.70 (p = 0.43) respectively. Uterine
artery Doppler pulsatility index (PI) alone is the best screening method at 11-14 weeks
of gestation for women at high risk of preeclampsia and related complications.
Keywords: Pregnancy-associated plasma protein-A, preeclampsia, IUGR, uterine
artery Doppler.

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[1,2].
Attempts at prevention of preeclampsia by
prophylactic interventions from late second trimester
have largely been unsuccessful. It is uncertain whether
interventions starting from the early second trimester
rather than late second trimester would prove to be
more effective in the prevention of preeclampsia, 3 but
before this can be investigated, it is essential to develop
a method of effective and early identification of the
high-risk group.
As ours is a developing nation, it is not
practical to use an expensive screening tool universally.
Available online: http://saspublisher.com/sjams/

Thus, we have restricted ourselves to using only three
parameters (uterine artery Doppler and PAPP-A).
In present study we tried assess the role of
Uterine artery Doppler and maternal serum pregnancy
associated plasma protein-A (PAPP-A) at 11-14 weeks
of gestation in prediction of preeclampsia.
MATERIALS AND METHODS
Present prospective study included 78 pregnant
women at the Department of Obstetrics and
Gynaecology, King George Medical University,
Lucknow over a period of one year from September
2014 to August 2015. Pregnant women were enrolled in
the antenatal OPD at 11- 14 weeks of gestation and
followed till delivery.
All pregnant women with singleton pregnancy
who attended the antenatal OPD at 11-14 weeks of
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gestation and were willing for follow up were enrolled
smoking and converted to multiples of median (MoMs)
after taking informed consent. Women who did not give
using the Fetal Medicine Foundation algorithm for
consent, with multifetal pregnancy and women with
prediction of preeclampsia[5].
essential hypertension were excluded from the present
study.
The women enrolled in the study were then
kept under follow up for the subsequent development of
The women who developed preeclampsia and
preeclampsia, gestational hypertension, small for
related complications (gestational hypertension, small
gestational age (SGA) babies, placental abruption and
for gestational age (SGA) babies, abruption placentae
other maternal or fetal complications. The gestational
or intrauterine fetal demise) at the end of pregnancy
age of development of these complications was
were grouped under GROUP 1 and the women who did
recorded along with their severity.
not develop any of these complications were kept under
GROUP 2. Out of the 78 women, 29 women (37.18%)
At delivery gestational age at delivery, type of
developed the above mentioned complications and
delivery, indication of Caesarean section and baby
constituted Group 1 and the other 49 (62.82 %) were
details (weight, sex, APGAR score, NNU admission)
Group 2.
were recorded.
After routine antenatal examination uterine
artery doppler and PAPP-A was measured in each
patients. Uterine artery Doppler was done according to
the ISUOG Practice Guidelines for use of Doppler
Ultrasonography in obstetrics[4].
The values of serum PAPP-A were matched
for age of women, gestational age, height, weight, racial
origin, type of conception, obstetric history, past
history, family history of preeclampsia and history of

The data was analyzed using SPSS (Statistical
Package for Social Sciences) Version 20.0 statistical
analysis software. For the categorical data in the study,
relative risk was calculated and chi square test was
applied. For the MAP and Mean PI, mean ± SD was
calculated and these were analysed by student t test. 95
% confidence interval was calculated for all the
parameters.
RESULTS

Table-1: Comparison of mean PI MoM of various outcomes compared to control group
Group 1
Group 2
Variable
All (n=29) PE (n=9)
IUGR (n=25) EO-PE (n=6) LO-PE (n=3) N=49
Mean MAP 1.18 ± 0.31 1.17 ± 0.36 1.16± 0.32
1.19 ± 0.42
1.13 ± 0.27
0.90 ± 0.31
P value
0.003
0.023
0.001
0.046
0.216
CI (95%)
0.13-0.42
0.03 – 1.50 0.10 – 0.42
0.005-0.57
-0.13 – 0.61
PE; preeclampsia, IUGR, Intrauterine growth restriction, EO-PE; early onset preeclampsia, LO-PE, late onset
preeclampsia, MAP; mean arterial pressure, CI; confidence interval, N; no of patients, MoM; multiple of the median
Nineteen (24.36 %) of the women enrolled had
presence of an early diastolic notch on Uterine Artery
Doppler at 11-14 weeks of pregnancy. 13 of these
women developed complications and 6 did not develop
complications. The relative risk of development of
complications in women with presence of ‗notching‘
was 2.48 (95% CI = 1.479 – 4.159, p = 0.004). This
value was statistically significant.
Of the women who had uterine artery
‗notching‘ at 11-14 weeks of pregnancy, 4 developed

preeclampsia. The relative risk of development of
preeclampsia in the presence of notch was 2.48 (95%
CI = 0.742 to 0.832, p = 0.28) but this was not
statistically significant.
Ten (of 19) women, who had notching at 1114 weeks of pregnancy, had a small for gestational age
(SGA) baby. The relative risk of development of IUGR
in women with notch in uterine artery Doppler at 11-14
weeks of pregnancy is 2.22 (95% CI = 1.187-4.146, p=
0.037) and this was statistically significant.

Table-2: Comparison of development of IUGR with presence of notch in uterine artery Doppler
Notch status
IUGR developed(n = 25)
IUGR did not develop(n = 53)
Notch present(n = 19)
10
9
Notch absent (n=59)
15
44
Relative risk = 2.22 (95% CI = 1.187 – 4.146) (of development of IUGR in women with notch in uterine artery Doppler
at 11-14 weeks of pregnancy),p = 0.037 ; χ2 = 4.36. IUGR; intrauterine growth restriction
The mean PAPP-A MoM of women who
developed preeclampsia was 4.97 ± 3.89 (p = 0.17, 95%
CI = 0.57 – 2.99). The mean PAPP-A MoM of the
Available online: http://saspublisher.com/sjams/

women who developed early onset preeclampsia was
5.77 ± 4.6163 (p = 0.061, 95% CI = -0.13- 4.13) and
that of women who developed late onset preeclampsia
3497
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was 3.39 ± 1.12 (p = 0.76, 95% CI = 0.19-6.59). The
1.92). When compared to women who did not develop
mean PAPP-A MoM of the women who developed
complications, none of these values were statistically
IUGR was 4.30 ± 3.70 (p = 0.43, 95% CI = -0.84 –
significant.

Fig-1: Receiver Operating Characteristic (ROC) curve for mean PI MoM
Area under curve (AUC) = 0.782, (95% CI = 0.670 – 0.894), Cut off for mean PI MoM= 1.005

Fig-2: Receiver Operating Characteristic (ROC) curve for PAPP-A MoM
Area under curve (AUC) = 0.531, (95% CI = 0.385 – 0.678), Cut off for PAPP-A MoM= 2.15
DISCUSSION
In the case of preeclampsia, effective early
identification of the high risk group could potentially
improve the outcome by directing close surveillance of
these women and would be the basis for future studies
investigating the potential role of pharmacological
interventions, such as aspirin[3] starting from the early
second trimester to reduce the prevalence of the disease
or at least prevent adverse complications.
The values of PI and
converted to their respective
(MoMs) which was matched
gestational age, height, weight,
conception, obstetric history,

serum PAPP-A were
multiples of median
for age of women,
racial origin, type of
past history, family

Available online: http://saspublisher.com/sjams/

history of preeclampsia and history of smoking using
the Fetal Medicine Foundation algorithm for prediction
of preeclampsia. These patients were followed till
delivery and the development of preeclampsia and
related complications were recorded.
Uterine artery Doppler is known to be one of
the best first-trimester PE markers. The underlying
mechanism for PE is thought to be impaired
trophoblastic invasion of the maternal spiral arteries and
their conversion from narrow muscular vessels to wide
nonmuscular channels. 6 An early diastolic ― notch‖
appears to be a common feature of the uterine artery
Doppler waveform in pregnancy, as it is present in 46–
64% of normal gestations in the first trimester. The
3498
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poor reproducibility of uterine artery notching has led
PAPP-A is a protease for insulin like growth
to inclusion of more objective measures of vascular
factor binding protein-4 (IGFBP- 4).A low PAPP-A
impedance, favoring PI[7].
level is associated with higher IGFBP-4 and lower free
Insulin like growth factor(IGF). Maternal serum PAPPAs the formula for the calculation of the PI
A has been shown to be relatively low in the first
includes the area below the waveform, the PI indirectly
trimester of pregnancies complicated by SGA and/or
includes the presence or absence of an early diastolic
pre-eclampsia [11].
notch. But a study by Gomez et al. [8] found the interobserver repeatability of uterine artery Doppler
Multiple biochemical markers have been
velocimetry, showing high reproducibility, confirm that
studied individually and in combination as potential
both bilateral notching and mean PI may be useful
markers for adverse pregnancy outcomes. 12 As firstparameters in a clinical setting (the κ-coefficient for
trimester combined screening for fetal aneuploidy has
inter-rate reliability on bilateral notching was 0.76 and
been widely adopted, the biochemical markers used in
that of uterine artery PI was 0.91. But the study found
this testing—PAPP-A and free hCG- have been
that bilateral notch was present in 41% of the women
evaluated extensively. 13 Previous studies have reported
and it is therefore unlikely to be useful in screening for
that maternal serum PAPP-A below the 5th percentile in
these complications.
early pregnancy could detect 10 to 18% of pregnancies
delivering SGA neonates 14-16.
Results obtained in present study are
consistent with the theory that early onset PE and IUGR
Although a low PAPP-A in itself is not a
arise due to impaired trophoblastic invasion whereas
strong indicator of preeclampsia; studies have
late onset preeclampsia develops due to maternal
previously shown a significant improvement in
factors.
detection by combining first trimester PAPP-A
measurement with uterine artery Doppler velocimetry
The area under the curve (AUC) of the
[17,18]. In present study, PAPP-A was not found to be
receiver operating curve (ROC) of mean PI Mo M was
statistically significant (p = 0.575) when comparing
0.618. The sensitivity of mean Mo M at [11-14] weeks
groups of women who developed complications to
of pregnancy for predicting complications is 75.9 % and
those who did not.
specificity is 79.6 %. Mean PI was found to be the best
single investigation to predict preeclampsia and related
The area under the curve (AUC) of the
complications of the three parameters under study as it
receiver operating curve (ROC) of PAPP-A MoM was
has the highest AUC.
0.531. The sensitivity of PAPP-A MoM at 11-14 weeks
of pregnancy for predicting complications is 34.5 % and
A recent meta-analysis by Velautharet al. [9]
specificity is 83.7 %. PAPP-A at 11- 14 weeks of
done in 2014, reviewed the accuracy of uterine artery
pregnancy was found to have a high specificity to rule
Doppler analysis in the first trimester in the prediction
out preeclampsia and related complications. This study
of FGR and preeclampsia. Eighteen studies involving
has been conducted in a limited number of pregnant
55 974 women were evaluated, with fifteen of these
women and results cannot be extrapolated to a larger
studies enrolling women with low risk pregnancies.
population. Nevertheless, the trends of uterine artery
Uterine artery RI or PI ≥ 90th centile and the presence
Doppler PI have been similar to international studies. A
of notching (unilateral/bilateral) were used to define
larger study is needed in an Indian scenario to validate
abnormal flow velocity waveforms. An abnormal
the findings of this study.
uterine artery PI in the first trimester was predictive of
preeclampsia and early-onset preeclampsia with
CONCLUSION
sensitivities of 26.4% and 47.8%, respectively. Fetal
Uterine artery Doppler pulsatility index (PI)
growth restriction was predicted at 15.4%. The
alone is the best screening method at 11-14 weeks of
sensitivity achieved for placental abruption was 44.4%.
gestation for women at high risk of preeclampsia and
First-trimester Doppler indices showed a low predictive
related complications. Effective early identification of
accuracy for stillbirth, with a sensitivity of 14.5%.But
the high risk group could potentially improve the
in the present study there was only one case of abruptio
outcome by directing close surveillance of these women
placentae, so its relation with uterine artery mean PI
and would be the basis for future studies investigating
could not be assessed.
the potential role of pharmacological interventions,
such as aspirin, starting from the first trimester to
There are only few studies evaluating the role
reduce the prevalence of the disease or at least prevent
of uterine artery notching at [11-14] weeks of gestation
adverse complications.
as it was found to have a high prevelance (46 -64 %) in
the low risk populations even though it was found to be
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