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Abstract This paper is an analysis of the effectiveness of
various first trimester markers in detecting uteroplacental
insufficiency. The various parameters used for screening in
3373 women were uterine artery pulsatility index (PI)

>90th percentile, maternal characteristics, mean arterial
pressure (MAP), PAPP-A lower than 0.5 MoM, and PIGF
test. Adverse pregnancy outcomes related to uteroplacental
insufficiency, namely low birth weight, fetal loss, delivery
before 36 weeks (due to abnormal fetal Doppler or oligo-
hydramnios), and hypertension were assessed. Adverse
outcomes were found in 37 % of patients who had high
uterine PI, in 52 % of cases that had a positive risk after
inclusion of maternal characteristics, MAP, and uterine
artery Doppler, 55 % of women with low PAPP-A values,
85 % in cases that had both low PAPP-A values and high
uterine artery PI, in all the cases positive for early onset
pre-eclampsia (PE), and in 65 % of cases positive for late
onset PE after inclusion of all parameters mentioned above
with PIGF testing. Hence, PIGF test had the maximum
detection rate for early onset PE. However, the predictive
efficacy for detection of PE and fetal growth restriction
(FGR) is quite good when PAPP-A is combined along with
first trimester risk prediction using maternal characteristics,
MAP, and uterine artery PI. The adverse outcomes were
very minimal in the screen negative group, thus first tri-
mester screening for PE and FGR definitely helps in
triaging patients earlier in pregnancy giving the advantage
of adding low-dose aspirin and increasing surveillance in
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screen positive group which would help us in minimizing
adverse perinatal outcomes.
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Introduction

Hypertensive disorders of pregnancy are one of the most
common medical disorders encountered in pregnancy.
Globally, pre-eclampsia (PE) is responsible for approxi-
mately 50,000 maternal deaths annually and is a leading
cause of perinatal morbidity and mortality [1]. Many
studies quote about 15-18 % of maternal mortality to be
associated with PE [2-4]. One in six babies born to pre-
eclamptic mother is often preterm or severely growth
restricted [5]. Neonatal morbidity and mortality is
approximately 7-9 % in pregnancies complicated with PE
[6, 7].

With the current standards of prenatal care we have not
devised an effective method to identify relatively common
obstetric problem like PE in low-risk populations [8] and
we are still uncertain about the best screening and moni-
toring strategies [9]. The performance of screening can be
improved by combining history with a series of biophysical
and biochemical markers which are altered early in the first
trimester of pregnancy in cases that subsequently develop
PE [10, 11]. Recent studies have established the benefits of
the use of low-dose aspirin early in gestation in the high-
risk population to reduce the incidence of PE and fetal
growth restriction (FGR) [12]. The aim of this study is to
analyze the effectiveness of various first trimester screen-
ing markers in identifying uteroplacental insufficiency.
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Material and Method

All women who were referred to us for first trimester
11-14 weeks scan from June 2012 to June 2015 were
included in the study. Fetuses with structural malforma-
tions and proven aneuploidy were excluded. Screening for
PE was done for 3373 cases after obtaining informed
consent from them. Biophysical or biochemical tests or
combined testing were done in this group as per the request
of the referring clinicians. The parameters used for
screening in this study were uterine artery Doppler, risk
prediction of PE and FGR by FMF (Fetal Medicine
Foundation) Astraia software after incorporating maternal
characteristics, mean arterial pressure (MAP), and uterine
artery pulsatility index (PI), pregnancy associated plasma
protein-A (PAPP-A) and placental growth factor (PIGF).
Seventy-two cases were lost to follow-up and hence
excluded from the study.

Uterine artery PI measurements were recorded as per the
FMF guidelines by doctors who had obtained the FMF
certificate of competence in screening for PE. Unilateral or
bilateral uterine artery PI >90th percentile was considered
as screen positive. Blood pressure measurement was taken
by an automated device in this study after a rest of 5 min in
both the hands. Mean arterial pressure, maternal charac-
teristics, and uterine artery PI were included and the risk
for PE and FGR was calculated as per the FMF Astraia
software.

In patients who were referred for serum biochemistry
as a part of aneuploidy screening, PAPP-A values <0.5
MoM (multiples of median) were taken as a screen pos-
itive parameter in our study. The patients referred for PE
screening with PIGF were also included in the study
group.

Adverse pregnancy outcomes related to uteroplacental
insufficiency were assessed. Details of these patients were
obtained from the respective clinicians and were followed
till delivery to analyze the perinatal outcome. As PE and
FGR are considered as a disease spectrum related to
uteroplacental insufficiency, the outcome parameters cho-
sen for the study were low birth weight (birth weight
<2.5 kg at term or <10th percentile for that gestational
age), delivery before 36 weeks due to abnormal fetal
Doppler or oligamnios, fetal loss, and maternal
hypertension.

To analyze the effectiveness of each screening
parameter, the study cohort was categorized into five
groups. Group I included patients with unilateral or
bilateral uterine artery; PI >90th percentile. Group II
included patients who were predicted to have high risk
after inclusion of maternal characteristics, MAP and
uterine artery PI. Patients with PAPP-A value <0.5 MoM
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were classified under Group III. The subset of patients in
Group III who also had high risk after inclusion of
maternal characteristics, MAP, and uterine artery PI came
under Group IV. Group V included patients who were
screen positive after PIGF testing.

Results

Out of the 3301 patients, 265 were found screen positive
with high uterine artery PI. Adverse outcomes were seen in
37 % of these cases. After inclusion of maternal charac-
teristics, MAP with uterine artery PI, and the risk for PE
and FGR predicted, 596 patients were screen positive.
Adverse outcomes were seen in 52 % of these cases.

Of 1147 patients who opted for serum biochemistry, 112
patients had a low PAPP-A of less than 0.5 MoM. Thirty
six cases with low PAPP-A values were also screen posi-
tive in Group II and were categorized as Group IV.
Adverse pregnancy outcomes were seen in 55 % of cases in
Group III and 85 % of cases in Group IV, respectively.

Of 400 patients who underwent combined PIGF testing,
52 were screen positive, 23 were positive for early onset
PE, and 29 for late onset PE. All cases in the early onset
group had one or more adverse outcomes. However, only
75 % in late onset group had adverse outcomes. The study
results are illustrated in Table 1.

Outcomes were also taken in the screen negative cases
in Group IV and Group V as illustrated in Table 2. Of
screen negative patients in Group V, 39 % had adverse
outcomes making PIGF test less specific. In Group IV, 729
patients neither had high uterine artery PI nor had low
PAPP-A values, and were screen negative after inclusion of
maternal characteristics and MAP. In this group of cases,
only 11 % had adverse outcomes and the fetal loss was
0.5 %.

Discussion

The National Institute of Clinical Excellence (NICE) rec-
ommends a screening strategy by which women with age
greater than 40 years, body mass index >30 kg/m?, pre-
existing vascular or renal disease, nulliparity or pregnancy
interval of >10 years, prior or family history of PE, and
multiple pregnancy have an increased probability of
developing PE. But unfortunately this categorizes more
than 60 % of pregnant women as high-risk and predicts
<30 % of those destined to develop PE [13-16], hence
screening for PE using maternal history alone is very
unreliable. Poon et al. [17] and Akolekar et al. [18] in their
study had emphasized the importance of combined
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Table 1 Illustration of adverse outcomes in the screen positive cases of various groups studied

Group I Group 11 Group 111 Group IV Group V
Adverse outcomes Uterine Uterine art. PI, Low PAPP-A (%) Uterine art. PI, MAP, and PIGF (%)

artery MAP, and maternal maternal characteristics &

PI (%) characteristics (%) PAPP-A (%) Early Late
Low birth weight 19.5 25 39 42 33 30
BP 8 15 18 23 65 55
IUD 3 3.1 34 15 14 5
Delivery before 36 weeks 10 14 12 8 28 20
Normal outcome 63 48 45 15 0 35

BP blood pressure, /UD intrauterine death, MAP mean arterial pressure, PAPP-A pregnancy associated plasma protein-A, PIGF plasma placental

growth factor, P/ pulsatility index

Table 2 Illustration of adverse outcomes in the screen negative cases
in group IV and group V

Adverse outcomes Screen negative (%)

Group IV Group V
Low birth weight 4 14.9
BP 39 14
IUD 0.5 1.3
Delivery before 36 weeks 2.1 11.7
Normal out come 89 61

BP blood pressure, IUD intrauterine death

inclusion of maternal characteristics, biophysical and bio-
chemical testing at 11-13 weeks gestation to improve
predictive efficacy in the screening for PE.

Pre-eclampsia is classified clinically as early onset PE
which is diagnosed and requires delivery before 34 weeks
and late onset PE. Though the incidence of early onset PE
is less (0.4-1 %), it amounts to a significant burden of
disease as it is associated with prematurity, FGR, and long-
term perinatal, and maternal morbidity [19-22]. The
pathogenesis of early onset PE or “placental PE” is
attributed to impaired trophoblastic invasion of spiral
arteries resulting in placental ischemia and oxidative stress
[20, 21, 23, 24]. This high-resistance blood flow in utero-
placental circulation can be measured noninvasively by
uterine artery Doppler ultrasonography [17].

Late onset PE or “maternal PE” is thought to be a
secondary maternal response to endothelial dysfunction.
Placenta may be normal or with minimal impairment as
evidenced by histopathology [25, 26]. Consequently, uter-
ine artery Doppler may or may not be affected in all cases.
This explains why the use of uterine artery Doppler as a
screening tool for PE in first trimester yields a detection
rate of only 40 % and has low positive predictive values for
term disease in low-risk population. However, when
attention is focused on early-onset PE, uterine artery

Doppler serves as an important predictor, and it is better to
identify the “at risk” population in first trimester itself if
the disease outcome has to be modified by adding aspirin
[27]. Many studies used uterine artery Doppler measure-
ments in the second trimester, but there is an increasing
number of studies showing the effectiveness of first tri-
mester uterine Doppler mean PI measurements [28].
Velauthar et al. [29] in their meta-analysis reviewed the
accuracy of uterine artery Doppler analysis in first trimester
in the prediction of FGR and PE. The predictive efficacy of
uterine artery Doppler quoted is quite similar to our results.

It has been studied that women who tend to develop PE
may have subtle increase in systolic blood pressure and mean
arterial pressure in first and second trimester well before the
onset of clinical disease [30—32]. Accurate measurements of
blood pressure using a validated automatic monitor are
important when attempting to identify early signs of PE.
MAP is an easy, cost-effective, and noninvasive test that can
readily be combined with uterine artery Doppler and
maternal characteristics to improve the predictive accuracy
for PE as illustrated in Table 1 under Group II.

In response to the placental hypoperfusion caused by the
pathogenic placenta, various angiogenic factors are
released in the maternal circulation. PAPP-A is a large
glycosylated protein produced by the syncytiotrophoblast
which plays an important role in fetal growth and is a
known biomarker in screening for Down syndrome. In
chromosomally normal pregnancies, there is evidence that
low maternal serum PAPP-A is associated with increased
risk for subsequent development of PE and FGR [33, 34].
About 55 % of cases with low PAPP-A value had one or
more adverse outcomes, of which, 39 % were associated
with low birth weight in our study. When low PAPP-A was
combined with uterine PI, MAP, and maternal character-
istics, the predictive efficacy for PE and FGR was fairly
good. In this group, 85 % had adverse outcomes, of which,
39 % had low birth weight. Fetal loss in this group was the
highest, of about 15 %.
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Fig. 1 Growth charts depicting WEIGHT in oms*10
interval growth in cases shown 350 T
in Table 3

O

12 15 18 21 24 27 30 33 36 35 42 12 15 18 21 24 27 30 33 36 35 42

CASE-2

WEIGHT in gms™10

GA i weeks GA inowesks
CASE-4

WEIGHT in gms™10

1]

CASE-3

PIGF is secreted by developing trophoblasts and is a
member of the vascular endothelial growth factor (VEGF)
family. Low maternal serum PIGF levels during early
gestation were associated with a significant odds ratio for
development of PE (P < .005) [35]. Soluble fms-like
tryosin kinase-1 (sFlt-1) is the spliced variant of soluble
form of VEGF receptor. The level of sFlt-1 has been shown
to rise significantly in serum in women who develop PE. It
neutralizes PIGF and hence decreases its level [36, 37].
Cowans et al. [38] in their study showed that low levels of
first-trimester PIGF provide a good indicator of small-for-

12 15 18 21 24 27 30 33 36 35 42 12 15 18 21 24 27 30 33 36 35 42

GA in wesks GA in wesks

CASE-5

gestational-age (SGA) complications, early onset PE, and
HELLP syndrome.

In 400 cases, maternal history, MAP, and uterine artery
Doppler were taken into consideration along with PAPP-A
and PIGF, and risk prediction was done for early and late
onset PE. All the 23 cases that were screen positive for
early onset PE had one or more adverse outcomes making
PIGF the most sensitive test for detecting early onset PE.
The predictive accuracy was not as good for late onset PE
as shown in Table 2. Maternal hypertension was best pre-
dicted with PIGF as 65 % of women in the early onset
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SCREEN POSITIVE

Group I - Uterine PI and > 90th percentile
Group II - Uterine PI, maternal history, MAP

Group III - Low PAPP-A
Group V - Positive for late onset PE

Group V- High uterine Pland low PAPP-A
Group V- Positive for early onset PE

28 weeks monitoring umbilical artery PI

26 weeks monitoring umbilical artery PI

Umbilical artery PI normal
Normal growth/liquor

Umbilical artery PI normal
Abnormal growth/liquor

Umbilical artery PI > 90th percentile
Monitor CPR and ductus venosus PI

3 weekly assessment of
Doppler and liquor

2 weekly monitoring of
Doppler and liquor

Weekly monitoring of
Doppler and liquor

Fig. 2 Flowchart illustrating ultrasound surveillance in screen positive cases

group and 55 % in the late onset group developed
hypertension.

Few case scenarios are illustrated in Table 3. The
woman had a fetal loss at 22 weeks and had high uterine
artery PI in Case 1. Also, she was screen positive, the risk
for PE being 1:110 and for FGR being 1:92. Given the
common origins of FGR and PE in defective placentation
and consequent uteroplacental insufficiency, fetal com-
promise was evident early in gestation at 20 weeks. Case 2
shows the significance of PIGF testing in a known hyper-
tensive patient to predict superimposed PE. Case 3 belon-
ged to Group IV. The woman had high uterine artery PI,
the risk for PE being 1:28, for FGR being 1:12 and had a
low PAPP-A of 0.35 MoM. This case was on prophylactic
low molecular weight (LMW) heparin and aspirin based on
her history even before screening had been done. Enhanced
surveillance in this case helped us to identify fetal com-
promise at 29 weeks and a live baby weighing 900 g was
delivered. Case IV represents a scenario wherein appro-
priate screening, prophylactic therapy, and timely inter-
vention resulted in a fruitful outcome in a high-risk case.
Case 5 depicts a scenario in which, screening during first
trimester was not done and the mother was hypertensive
from 25 weeks onwards, ended up in IUD at 27 weeks.
Growth charts of these cases are illustrated in Fig. 1.

This study also emphasizes the need for increased
surveillance in the screen positive group. We had devised a
protocol based on the number of screen positive parameters
present to monitor these cases as shown in Fig. 2. Serial
assessment of fetal growth using growth charts, liquor
status, umbilical artery PI, and cerebroplacental ratio were
used for surveillance in these cases. In early onset utero-
placental insufficiency, there is an increase in umbilical
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artery PI early in gestation and the progression to absent
end diastolic flow (AEDF) and reversed end diastolic flow
(REDF) occurs rapidly and hence, this group had to be kept
under strict surveillance.

This study is one of the first of its kind in the Indian
population and throws light on the presence of adverse
outcomes when one or more screening parameters are
positive for PE. The study included both the high-risk
group who had already been on prophylactic aspirin based
on history and also the low-risk cases. The study having
been done in the rural setup, our referring clinicians were
unable to offer the ideal screening test for all the cases due
to economical constraints, which is actually the real life
scenario. Our study plots the predictive efficacy for indi-
vidual screening parameter and also for a few in combi-
nation so that with the available resources in a particular
locality, one can still try to offer screening for PE con-
sidering the severe consequences of the disease. A slightly
higher false positive rate for PE would generally be of no
great harm for the screen positive cases would just be
offered prophylactic aspirin and enhanced surveillance
[39].

Conclusion

Evolving through the years with an aim of constant
improvement and better healthcare, we have achieved
many milestones. Down’s screening during first trimester,
which used to be done only among high-risk women, has
now come into the gamut of routine antenatal care. Hence,
the utility of 12 weeks scan and the biomarkers for aneu-
ploidy screening can aptly be used for PE screening as well



J. Fetal Med. (June 2016) 3:77-84

83

with no additional cost to the patient. Incidence of Down
syndrome is 1:700, whereas early onset PE is three and half
times more prevalent being associated with 1:200 preg-
nancies. Hence, screening for PE and FGR should be
universal and not be confined to only the high-risk popu-
lation. The rationale for screening in early gestation is to
predict later pregnancy complications which allows for the
early commencement of proven prophylactic therapy and
to enhance clinical surveillance in the truly high-risk
population. No later pregnancy complications can be pre-
dicted with sufficient specificity and sensitivity by a single
biomarker and hence, multiparametric testing is required to
achieve adequate predictive performance. Though the
motive is implementation of the best screening test to the
whole population, inability to do so must not stop one from
offering PE screening. In the current scenario, even a part
of the screening protocol including few parameters like
uterine Doppler, maternal characteristics, MAP, or PAPP-
A might improve our screening potential for PE and FGR,
which would definitely aid in our venture to minimize
adverse perinatal outcomes.

Compliance with Ethical Standards

Conflict of interest None.

References

1. Duley L, Henderson-Smart DJ, Knight M, King JF. Antiplatelet
agents for preventing pre-eclampsia and its complications.
Cochrane Database Syst Rev. 2003;(4): Art. No.:CD004659.

2. Levine RJ, Hauth JC, Curet LB, Sibai BM, Catalano PM, Morris
CD, et al. Trial of calcium to prevent preeclampsia. N Eng J Med.
1997;337:69-76.

3. Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet.
2005;365(9461):785-99.

4. Duley L. Maternal mortality associated with hypertensive disor-
ders of pregnancy in Africa, Asia, Latin America and the Car-
ibbean. Br J Obstet Gynaecol. 1992;99:547-53.

5. James D, Steer PJ, Weiner CP, Gonik B. High risk pregnancy:
management options-expert consult. 4th ed. Elsevier Health
Sciences; 2010. p. 609.

6. Jones WK. Improving women’s health: national strategy is
needed. Chronic Disease Notes & Reports. National Center
for Disease Prevention and Health Promotion, vol. 13; 2000.
p- 1-7.

7. Mathews TJ, Curtin SC, MacDorman MF. Infant mortality
statistics from the 1998 period linked birth/infant death data set.
National Vital Statistics Reports, vol. 48, no. 12. Hyattsville,
Maryland: National Center for Health Statistics; 2000.

8. Hall MH, Chng PK, MacGillivray I. Is routine antenatal care
worth while? Lancet. 1980;2(8185):78-80.

9. Staff AC. Circulating predictive biomarkers in preeclampsia.
Pregnancy Hypertens. 2011;1(1):28—42.

10. Poon LCY, Kametas NA, Maiz N, Akolekar R, Nicolaides KH.
First trimester prediction of hypertensive disorders of pregnancy.
Hypertension. 2009;53(5):812-8.

11. Costa FS, Murthi P, Keogh R, Woodrow N. Early screening for
preeclampsia. Rev Bras Ginecol Obstet. 2011;33(11):367-75.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Bujold E, Roberge S, Lacasse Y, Bureau M, Audibert F, Marcoux
S, et al. Prevention of preeclampsia and intrauterine growth
restriction with aspirin started in early pregnancy: a meta-anal-
ysis. Obstet Gynecol. 2010;116:402-14.

Onwudiwe N, Yu CK, Poon LC, Spiliopoulos I, Nicolaides KH.
Prediction of pre-eclampsia by a combination of maternal history,
uterine artery Doppler and mean arterial pressure. Ultrasound
Obstet Gynecol. 2008;32(7):877-83.

Thilaganathan B, Wormald B, Zanardini C, Sheldon J, Ralph E,
Papageorghiou AT. Early-pregnancy multiple serum markers and
second-trimester  uterine artery Doppler in  predicting
preeclampsia. Obstet Gynecol. 2010;115(6):1233-8.

Wright D, Akolekar R, Syngelaki A, Poon LC, Nicolaides KH. A
competing risks model in early screening for preeclampsia. Fetal
Diagn Ther. 2012;32:171-8.

Yu CKH, Smith GCS, Papageorghiou AT, Cacho AM, Nicolaides
KH. An integrated model for the prediction of preeclampsia using
maternal factors and uterine artery Doppler velocimetry in uns-
elected low-risk women. Am J Obstet Gynecol.
2005;193(2):429-36.

Poon LC, Akolekar R, Lachmann R, Beta J, Nicolaides KH.
Hypertensive disorders in pregnancy: screening by biophysical
and biochemical markers at 11-13 weeks. Ultrasound Obstet
Gynecol. 2010;35(6):662-70.

Akolekar R, Zaragoza E, Poon LC, Pepes S, Nicolaides KH.
Maternal serum placental growth factor at 11 +0 to
13 + 6 weeks of gestation in the prediction of pre-eclampsia.
Ultrasound Obstet Gynecol. 2008;32(6):732-9.

Tuuli MG, Odibo AO. First- and second-trimester screening for
preeclampsia and intrauterine growth restriction. Clin Lab Med.
2010;30(3):727-46.

Steegers EAP, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-
eclampsia. The Lancet. 2010;376(9741):631-44.

Huppertz B. Placental origins of preeclampsia: challenging the
current hypothesis. Hypertension. 2008;51(4):970-5.

Visser GHA, Bilardo CM, Lees C. Fetal growth restriction at the
limits of viability. Fetal Diagn Ther. 2014;36:162-5.

de Boo HA, Harding JE. The developmental origins of adult
disease (Barker) hypothesis. Aust N Z J Obstet Gynaecol.
2006;46(1):4-14.

Gomez O, Martinez JM, Figueras F, et al. Uterine artery Doppler
at 11-14 weeks of gestation to screen for hypertensive disorders
and associated complications in an unselected population.
Ultrasound Obstet Gynecol. 2005;26(5):490-4.

Melchiorre K, Sharma R, Thilaganathan B. Cardiovascular
implications in preeclampsia: an overview. Circulation.
2014;130(8):703-14.

Verlohren S, Melchiorre K, Khalil A, Thilaganathan B. Uterine
artery Doppler, birth weight and timing of onset of pre-eclampsia:
providing insights into the dual etiology of late-onset pre-
eclampsia. Ultrasound Obstet Gynecol. 2014;44(3):293-8.
Bujold E, Morency AM, Roberge S, Lacasse Y, Forest JC,
Giguere Y. Acetylsalicylic acid for the prevention of
preeclampsia and intrauterine growth restriction in women with
abnormal uterine artery Doppler: a systemic review and meta-
analysis. J Obstet Gynaecol Can. 2009;31(9):818-26.

Martin AM, Bindra R, Curcio P, Cicero S, Nicolaides KH.
Screening for pre-eclampsia and fetal growth restriction by
uterine artery Doppler at 11-14 weeks of gestation. Ultrasound
Obstet Gynecol. 2001;18(6):583-6.

Velauthar L, Plana MN, Kalidindi M, Zamora J, Thilaganathan B,
Illanes SE, et al. First-trimester uterine artery Doppler and
adverse pregnancy outcome: a metaanalysis involving 55 974
women. Ultrasound Obstet Gynecol. 2014;43(5):500-7.

Poon LC, Kametas NA, Valencia C, Chelemen T, Nicolaides KH.
Hypertensive disorders in pregnancy: screening by systolic

@ Springer



84

J. Fetal Med. (June 2016) 3:77-84

31.

32.

33.

34.

35.

diastolic and mean arterial pressure at 11-13 weeks. Hypertens
Pregnancy. 2011;30(1):93-107.

Page EW, Christianson R. The impact of mean arterial pressure in
the middle trimester upon the outcome of pregnancy. Am J Obstet
Gynecol. 1976;125:740-6.

Moutquin JM, Rainville C, Giroux L, et al. A prospective study of
blood pressure in pregnancy: prediction of preeclampsia. Am J
Obstet Gynecol. 1985;151:191-6.

Poon LC, Nicolaides KH. Early prediction of preeclampsia.
Obstet Gynecol Int. 2014.

D’Anna R, Baviera G, Giordano D, Russo S, Dugo N, Santamaria
A, et al. First trimester serum PAPP-A and NGAL in the pre-
diction of late-onset pre-eclampsia.  Prenat  Diagn.
2009;29:1066-8.

Tidwell SC, Ho HN, Chiu WH, Torry RJ, Torry DS. Low
maternal serum levels of placenta growth factor as an antecedent

@ Springer

36.

37.

38.

39.

of clinical pre-eclampsia. Am J  Obstet
2001;184(6):1267-72.

Lapaire O, Shennan A, Stepan H. The preeclampsia biomarkers
soluble fms-like tyrosine kinase-1 and placental growth factor:
current knowledge, clinical implications and future application.
Eur J Obstet Gynecol Reprod Biol. 2010;151:122-9.

Petla LT, Chikkala R, Ratnakar KS, Kodati V, Sritharan V.
Biomarkers for the management of pre-eclampsia in pregnant
women. Indian J Med Res. 2013;138:60-7.

Cowans NJ, Stamatopoulou A, Matwejew E, vonKaisenberg CS,
Spencer K. First-trimester placental growth factor as a marker for
hypertensive ~ disorders and  SGA. Prenat  Diagn.
2010;30(6):565-70.

Kane SC, Costa FS, Brennecke SP. New directions in the pre-
diction of pre-eclampsia. Aust N Z J Obstet Gynaecol.

2014;54(2):101-7.

Gynecol.



	First Trimester Screening for Pre-eclampsia and Fetal Growth Restriction
	Abstract
	Introduction
	Material and Method
	Results
	Discussion
	Conclusion
	References




