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ABSTRACT
Objective: to evaluate the role of second trimester uterine artery Doppler ultrasound velocimetry (UADV),
maternal serum Inhibin-A andplacental growth factor (PLGF) concentrations and as predictors of preeclampsia.
Study design: Cohort study.
Methodology: This prospective study was conducted at Obstetrics & Gynecology department, Alazhar
University hospitals, Cairo, Egypt between May 2012 and May 2014. Ninety low risk normotensive singleton
pregnant women were recruited for the study. Blood samples were collected at 16- 18 weeks, centrifuged to
extract the serum then stored at — 80 °C until tested for inhibin-A and free PLGF levels. At 22-24 weeks,
bilateral uterine artery Doppler velocimetry were recorded. The primary outcome was preeclampsia defined as
hypertension with proteinuria after 20 weeks gestation. Women who developed preeclampsia were compared
against normotensive control group.Statistical analysis: Receiver operating characteristics (ROC) curves were
used for detection of the sensitivity and specificity and cut off value for each predictor using SPSS version 21 for
analysis (IBM Inc., Chicago, lllinois, USA).
Results:Eight cases out of 90 had developed preeclampsia. Women who developed preeclampsia had
significantly higher median uterine artery resistance index (UARI) (0.645 + 0.3 vs. 0.485 + 0.16, P = 0.009) and
significantly lower median uterine artery pulsitility index (UAPI) (0.625 £ 0.24 vs. 1.0 + 0.68 with P= 0.001)
than normotensive control group.Maternal serum inhibin-A level was significantly higher in women with
preeclampsia than the normotensive control group (1375 + 1431 vs. 540 + 1900 with P = 0.016) while level of
PLGF was non-significantly lower in women with preeclampsia than the normotensive control group (275.5 +
369 vs. 390 + 583 with P = 0.156). ROC curves were analysed for cases and control groups, areas under the
curve (AUC) was 0.709 (95% ClI, 0.527— 0.891, P = 0.016) for UARI with sensitivity of 87.5%, specificity 74%
at cut off value > 0.5650, AUC was 0.848 (95% CI, 0.742— 0.955, P = 0.001) for UAPI with sensitivity of 80%,
specificity 74% at cut off value < 0.735, AUC was 0.758 (95% ClI, 0.566 - 0.951, P = 0.016) for Inhibin-A with a
sensitivity of 75%, specificity of 80% at cut off value of > 832.5 pg/ml and finally AUC was 0.652 (95% CI,
0.447 — 0.858 and P = 0.165) for PLGF with a sensitivity of 74% and specificity of 50% at cut off value of <205
pg/ml.
Conclusion: second-trimester uterine artery Doppler indices, serum Inhibin-A and PLGF and may be helpful as
a predicting markers for preeclampsia.
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INTRODUCTION
Preeclampsia (PE) is a pregnancy-specific
syndrome characterized by the onset of
hypertension and proteinuria after the 20th
week of gestation. Preeclampsia is a major
cause of maternal and fetal morbidity and
mortality worldwide affecting 2 to 8% of all

deliveries, with a trend towards an increase in
recent years . It is responsible for
approximately 18% of all maternal deaths
globally (70,000 deaths annually), mostly in
low and middle income countries and its
management and consequences are responsible
for considerable health care expenditure 2.
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Despite of decades of research, the etiology of

PE remains unclear, numerous
pathophysiological scenarios, alone or in
combination, have been postulated to be
responsible for the development of the disease.
Abnormal vascular remodeling at the maternal
fetal interface early in pregnancy due to an
altered immune response to paternal antigens
leads to relative placental hypoperfusion which
leads to anexponential release of multiple
cytokine and growth factors into the maternal
circulation as a result of oxidative stress. This
may cause excessive systemic inflammatory
response and generalized maternal endothelial
dysfunction, contributing to the maternal
clinical features of preeclampsia modulated by
genetic and environmental parameters [* ¢,
Until recently, preeclampsia still lacks a safe
and effective therapy or prophylaxis as well as
a reliable method for prediction raising the
concerns about the importance of continuing
research in order to identify a predictive
biomarker to improve the management of
women who distend to have PE "8,

Inadequate placental perfusion has led to the
use of Doppler ultrasonography to assess the
velocity of the blood flow in the uterine
arteries. Pregnancies associated with an
abnormal uterine Doppler after 24 weeks of
gestation are associated with a more than six
fold increase in the rate of preeclampsia .
Inhibin is a dimeric glycoprotein hormone
belonging to the transforming growth factor-b
(TGF-B)  superfamily, released by the
fetoplacental unit during pregnancy. It is
reported to be increased in women who develop
PE [10, 11].

Recent advances in understanding preeclampsia
and fetal growth restriction have elucidated
important biological roles for placentally
derived angiogenic factors. Placental growth
factor (PLGF) is a member of the vascular
endothelial growth factor (VEGF) family and is
implicated in angiogenesis and trophoblastic
invasion of the maternal spiral arteries. It is
reported to be increased in women who develop
PE [12- 14].

Methodology:
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The current study was a prospective cohort
study of singleton pregnant ladies who had their
routine antenatal care at Alazhar University
Hospitals between May 2012 and May 2014.
Ninety ladies were included in the study; all
were primigravida, non-smokers, non-diabetics,
had no history of chronic hypertension, had
normal renal and liver function and taking only
routine vitamins and iron supplementations.
Women younger than 18 years, had multiple
pregnancy, had operative interference within
the last 12 months, received any type of blood
products during the current pregnancy or had
pre-existing renal impairment were excluded.
Duration of pregnancy was estimated by
measuring the crown-rump length in the late
first trimester (11 to 13+6 weeks’ gestation).
Blood samples were collected at 16- 18 weeks,
centrifuged to extract the serum then stored at —
80 °C untill tested for maternal serum Inhibin-
A and free PLGF levels using quantitative
sandwich enzyme-linked immunosorbent assay
technique (ELISA) (R&D Systems, Inc., 614
McKinley Place NE, Minneapolis, MN 55413,
USA). At 22- 24 weeks uterine artery, Doppler
velocimetry were performed using trans-
abdominal ultrasonography with color flow
mapping, According to Fetal Medicine
Foundation (FMF) guidelines [15]. The
transducer was placed in the lower lateral
quadrant, angled medially and color Doppler
was used to identify each uterine artery. Three
consecutive wave forms were recorded for both
right and left uterine arteries, resistance index
(R1) and pulsitility index (PI) were measured
and the median RI and Pl for both uterine
arteries were estimated.

The primary outcome was pre-eclampsia
defined as systolic blood pressure > 140 mmHg
and/or diastolic blood pressure > 90 mmHg or
both on at least two occasions four hours apart,
developing after 20 weeks of gestation in
previously  normotensive  women  with
proteinuria of 300 mg or more in 24 hour, or
two readings of at least + 1 on dipstick analysis
of midstream or catheter urine specimens if 24-
hour urine collection was not available .




Statistical analysis:

Statistical analysis was performed using SPSS
version 21 (Statistical package for social
studies) (IBM Inc., Chicago, Illinois, USA). For
quantitative variables; minimum, maximum,
range, mean, standard deviation, median and
interquartile range (IQR) were calculated. For
analytical statistics; student t-test, Mann-
Whitney and Chi-square tests were used to
assess the statistical significance of the
difference between the two population means in
a study involving independent samples.
Correlation coefficient (Pearson- r) measures
the association between variables. Receiver
operating characteristic (ROC) curve used to
illustrate the diagnostic properties of a test on a

numerical scale. The sensitivity and specificity
values of the test were used to estimate the
ability of the studied variables to predict

development of Preeclampsia. P value
considered significant if < 0.05.
RESULTS

One hundred and seven cases were enrolled at
the beginning of the study, 17 cases were
dropped due to inability to continue their ante
natal care. So ninety women were followed up
until the end of the study, 8 cases developed
preeclampsia (8.9%). Table 1 showed the basic
characteristics of the patients, both groups are
comparable as regard maternal age; women
who developed preeclampsia had higher BMI
than normotensive control group.

Table (1) Patient’s characteristics and differences between preeclampsia and normotensive
control groups.

Parameters Cases no. =8 Control no. =82 P- Value

Age (years) 23-34 (29 +£2.2) 19-32 (27 £ 3.8) <0.07

BMI (Kg/m?) 27-31(29.2£2.9) 24-29(26.1£3.1) <0.004*

Systolic blood pressure 145- 165 (152 + 4.8) 90- 125 (117 £ 7.9) <0.001*

Diastolic blood pressure 90- 120 (106.5 £ 7.742) 60- 85 (72.82 = 6.647) <0.001*

Proteinuria (Frequency and

%)

Nil 0 (0%) 80 (97.5%)

1+ 5 (62.5%) 2 (2.5)

2+ 2 (25%) 0 (0%) <0.001*

3+ 1 (12.5%) 0 (0%)

*Significant at P-value < 0.05. Differences were estimated using student t-test and Chi-square test

Table (2) Comparison between both groups as regard inhibin-A levels,PLGF levels, UARI and
UAPI. All were presented by the minimum, the maximum and the median + IQR.

Parameters Cases no. =8 Control no. =82 P- Value

Serum Inhibin-A (pg/  345-2315 (1375 £ 1431) 104 -2004 (540 £ 1900) 0.016*

ml)

Serum PLGF (pg/ ml)  37- 533 (275.5 £ 369) 37-620 (390 +583) 0.156

UARI 0.43 £ 1.0 (0.6450.3) 0.38-1.1 (0.485 £ 0.16) 0.009*

UAPI 0.53-0.93 (0.625+0.24) 0.55-1.84 (1.0 £0.68) 0.001*

*Significant at P-value <0.05. Differences were estimated using Mann-Whitney test and Chi-square test.

Table 2 showed differences between both groups as regard the studied predictors; Women with
preeclampsia had abnormal uterine artery Doppler indices, higher serum inhibin-A level, lower serum
level of PLGF concentrations than normotensive control group.
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(1):Box plotsshow the medians and ranges for serum inhibin A levels in both groups.
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arenap= Figure
(2): Box plots show the medians and ranges for serum PLGF levels in both groups.
Table (3): Receiver-operating characteristic (ROC) curve analysis for prediction of

preeclampsia using, inhibinA level, PLGF level, UARI and UAPI.

ROC index AUC 95% ClI P-Value Best Cut off Value  Sensitivity Specificity
(area under (prediction of the test  of the test
the curve) probability)

Serum inhibin A 0.758 0.566 -0.951 0.016 > 832.5 pg/ml 75% 80%

Serum PLGF 0.652 0.447-0.858 0.165 <205pg/ml 74% 50%

UARI 0.709 0.527-0.891  0.016 >0.565 87.5% 74%

UAPI 0.848 0.742—0.955  0.001 <0.735 80% 74%
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Table 3 showed that the areas under the curves (AUC) in ROC curve for serum inhibin-A,UARI and
UAPI are statistically significant,all these parameters can be used as good predictors of preeclampsia
with cut off values>832.5pg/ml for serum Inhibin-A ,>0.565for UARI and< 0.735 for UAPI.
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Figure (3): bar chart shows the sensitivity of all predictors.
In figure 3, UARI showed the highest sensitivity (the ability of the test to diagnose the disease)while
serum Inhibin-A showed highest specificity (the ability of the test to exclude the disease).

DISCUSSION
Preeclampsia is a syndrome of unknown
etiology that is associated with a considerable
maternal morbidity and mortality. In spite of
advancement in perinatal care, the incidence of
preeclampsia has continued to increase
worldwide ™.
At this time, PE still lacks a safe and effective
therapy, as well as a reliable, early means of
diagnosis or prediction. Many biophysical and
biochemical markers have been used for
prediction of women at high risk for developing
preeclampsia, but many of them were
unreliable, not specific or had a low predictive
accuracy for clinical application.
In the current study, ninety of low risk
normotensive women were followed up through
their antenatal period, blood samples were
collected in the second trimester and tested for
Inhibin-A and PLGF biomarkers, Doppler
ultrasound estimation for bilateral uterine artery
velocimetry was done at 22-24 weeks gestation.
All women were followed up until delivery; the
8 patients whom develop preeclampsia 8.9 %
(case group) were compared against the 82
ladies who did not develop preeclampsia
(normotensive control group).

There was no difference in the maternal age
between the women who developed
preeclampsia compared to the normotensive
controls (29+2.2 vs. 27 +3.8 years, p <0.07)
respectively. The BMI at recruitment was
higher among women who developed
preeclampsia (29.2+2.9 vs. 26.1+3.1 kg/m?,
p <0.04), that is in agreement with Dantas et
al. "\who studied the relationship between
BMI and preeclampsia and concluded that
women with high BMI had an increased rate of
developing preeclampsia.

Uterine artery Doppler analysis has the
potential to predict pregnancy complications
associated with uteroplacental insufficiency
before the onset of clinical features. For almost
30 years, uterine artery Doppler studies have
been utilized as a screening tool for
uteroplacental insufficiency, mostly in the
second trimester (from 18-24 gestation) 7).

In our study, abnormal uterine artery Doppler
velocimetry either high median uterine artery
resistance index (UARI) or low median uterine
artery pulsatility index (UAPI) at 22- 24 weeks
were significantly associated with a high
incidence of PE where medians + IQRs are
(0.645 £ 0.3 vs. 0.485 + 0.16, p = 0.009) and
(0.625 £ 0.24 vs. 1.0 £ 0.68, p = 0.001) for RI
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and Pl respectively (Table 2). ROC curve
analysis for the probability of median uterine
artery Rl and Pl to predict PE showed that
UARI can predict PE with sensitivity of 87.5 %

The Role Of Second Trimester Uterine Artery

and specificity of 74% at a cut off value > 0.56
and also UAPI can predict PE with sensitivity
of 80 % and specifity of 74% at a cut off value
<0.74 (Table 3) (Figure 4, 5).
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Figure

(4): ROC curve analysis for UARI, AUC = 0.709 UARI can predict PE with sensitivity of 87.5%,

specificity 74% at cut off value > 0.565.
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Figure

(5): ROC curve analysis for UAPI, AUC = 0.848 UAPI can predict PE with sensitivity of 80%,
specificity 74% at cut off value < 0.735.

Those results were in agreement with Coleman
et al. [18], who reported that UARI of > 0.58
can predict PE with a sensitivity of 91% and
specificity of 42% and with Spencer et al. %

Walid Abdelgalil Elsheikh; etal....

who highlighted the ability of second trimester
UAPI to predict early onset PE with a
sensitivity of 76% and s?ecificity of 80%.
Bhattacharyya et al. ' showed that an




abnormal uterine artery flow velocity was
associated with an increased relative risk of

preeclampsia both in high risk and low-risk
women with sensitivity and specificity of
increased uterine artery RI for prediction of
preeclampsia of 70 and 94.87 %, respectively
and concluded that Doppler velocimetry of
uterine artery at 24 weeks could be considered
as a reliable screening test to predict PE in both
low and high risk women.

On the other hand, Myatt et al. ?* reported that
second trimester Doppler ultrasound indices
showed a low sensitivity for detection of PE in
low risk nulliparous women and Pongrojpaw
et al. ®reported that mid trimester uterine

ROC Curve

artery Doppler waveform analysis cannot be
used as screening test for PE in higher risk
women. However women with normal uterine
artery Doppler results are unlikely to develop
preeclampsia.

The level of maternal serum inhibin-A during
the second trimester of pregnancy was
significantly higher among women who
developed preeclampsia compared to the
control group (1375 + 1431 vs. 540 £ 1900, P =
0.016) (Table2, Figure 1). ROC curve
analysis for the probability of Inhibin-A to
predict PE showed that Inhibin-A can predict
PE with sensitivity of 75%, specificity 80% at
cut off value > 832.5 pg/ ml (Table 3, Figure 6).
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Figure (6): Receiver-operating characteristic
(ROC) curve analysis for inhibin A level, AUC
= 0.758. Inhibin-A can predict PE with
sensitivity of 75%, specificity 80% at cut off
value > 832.5 pg/ml.

These results are in agreement with those of
Ree et al. [23]who conducted a retrospective
study of 4,764 subjects who underwent second-
trimester multiple marker screening for Down
syndrome to evaluate the role of serum inhibin-
A and other serum markers in prediction of
preeclampsia and reported that second trimester
serum markers including inhibin-A may be
helpful for prediction of PE and that inhibin-A
seems to be the most important one among the
other surveyed markers. Also with Olsen et al.
[2lwho conducted another retrospective study
of 7767 subjects undergoing second-trimester

serum aneuploidy screening and concluded that
elevated second trimester Inhibin-A was
associated with early onset preeclampsia.

On the other hands Roes et al. ?® and Sibai et
al. *® reported that inhibin-A alone has a poor
sensitivity but if combined with other markers,
it could have a useful role in prediction of
preeclampsia.

The published data regarding PLGF in the
prediction of preeclampsia are controversial. In
our study, we found that level of second
trimester PLGF  was  non-significantly
decreased in the preeclampsia group when
compared to the women in the control group
(2755 £ 369 vs. 390 + 583, P = 0.156)
(Table 2, Figure 2). ROC curve analysis for
the probability of PLGF to predict PE revealed
that PLGF can predict PE with sensitivity of
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74%, specificity 50% at cut off value < 205 pg/
ROC Curve

ml (Table 3, Figure 7).
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Figure

(7): ROC curve analysis for PLGF level, AUC = 0.652. PLGF can predict PE with sensitivity of 74%,

specificity 50% at cut off value < 205pg/ml.

These results are in agreement with many
authors who highlighted the poor predictive
ability of PLGF to predict PE. Kleinrouweler
et al. 1 conducted a systemic review and
mata-analysis to investigate the capacity of
circulating placental growth factor (PLGF), and
other angiogenic factors to predict preeclampsia
and reported that PLGF showed modest but
significantly different concentrations before
30 weeks of gestation in women who developed
preeclampsia but the test accuracy (32%
sensitivity) was too poor for accurate prediction
of pre-eclampsia in clinical practice. Also
McElrath et al. ®® reported poor predictive
ability of PLGF for prediction of PE (sensitivity
47% and specificity 62%).

On the other hand many authors showed that
low level of maternal serum PLGF precede the
clinical presentation of PE ?* 3% provide a
good indicator of SGA and severe PE B! and
predict women who will develop early-onset
preeclampsia  ®2.Conde-Agudeloet  al.
[33]postulated that, among women at a low to
moderate risk to develop Preeclampsia, the pre-
dictive accuracy of angiogenic factors including
PLGF was moderate to high when measured
during the second trimester (Sensitivities
ranging from 17 to 100%, specificities from 51
to 97%).

YU et al., B reported that both serum inhibin-
A and activin A levels were increased, while
the PLGF level was decreased, in the early
second trimester in women who developed pre-
eclampsia. If each marker were used alone, the
sensitivity and specificity would be limited in a
clinical setting. However, the combination of
activin A, inhibin A and uterine artery Pl or
activin A, PIGF and uterine artery PI provided a
test with high sensitivity and specificity that
may be useful in predicting preeclampsia.
Moreover, the combination of all three serum
markers with uterine artery Pl had an even
higher prediction value.

Finally Conde-Agudelo et al. ¥ conducted a
comprehensive review of different markers
used to predict the development of
preeclampsia. They reported that, at present
there is no single test to predict PE but
multivariable prediction models (based on
combinations of maternal  demographic
characteristics and medical and obstetrical
history with biophysical and biochemical tests
performed either in the first trimester or early
second trimesters) have shown a high predictive
accuracy for early-onset PE in populations at
low to moderate risk of developing this
disorder.Replication of such models to confirm
their accuracy in the prediction of preeclampsia
IS needed. Maternal plasma/serum
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concentrations of angiogenic and
antiangiogenic factors in the second trimester of
pregnancy coupled with uterine artery Doppler
velocimetry appear to have a moderate to high
predictive accuracy for early-onset
preeclampsia.Discovery  approaches  have
promise for the identification of potential
biomarkers. Preeclampsia is a syndrome, and

therefore it is unlikely that a single test (or a

combination of tests) to identify a particular

phenotype (e.g. early-onset disease, late-onset

disease and HELLP syndrome) would be

effective in predicting all cases of the disorder.
CONCLUSION

In conclusion, by using second trimester

Doppler velocemetry of uterine artery, maternal

serum level of Inhibin-A and PLGF, we may be

able to identify women who are more prone to
develop preeclampsia.
REFERENCES

1. Duley L. The global impact of pre-eclampsia
and eclampsia. SeminPerinatol2009; 33: 130-
137.

2. Wallis AB, Saftlas AF, Hsia J, Atrash HK.
Secular trends in the rates of preeclampsia,
eclampsia, and gestational hypertension,
United  States, 1987— 2004. Am ]
Hypertens2008; 21: 521-526.

3. Abalos E, Cuesta C, Carroli G, Qureshi Z,
Widmer M, Vogel JP, Souza JP. Pre-
eclampsia, eclampsia and adverse maternal and
perinatal outcomes: a secondary analysis of the
World Health Organization Multi-country
Survey on Maternal and Newborn Health.
BJOG 2014; 121(Suppl. 1):14-24.

4. SibaiB, Dekker G, Kupferminc M. Pre-
eclampsia. Lancet 2005; 365:785-99.

5.  Von Dadelszen P, Magee L. What matters in
preeclampsia are the associated adverse
outcomes: the view from
Canada.CurrOpinObstetGynecol2008; 20:110-
5.

6. Warrington JP, George EM, Palei AC,
Spradley FT, Granger JP. Recent advances in
the understanding of the pathophysiology of
pre-eclampsia. Hypertension 2013, 62, 666—
673.

7. Anderson UD, Olsson MG, Kristensen KH,
Akerstrom B, Hansson SR. Review:
Biochemical markers to predict preeclampsia.

Walid Abdelgalil Elsheikh; et al....

10.

11.

12.

13.

14.

15.

16.

Placenta. 2012; Volume: 33, Issue: SUPPL.,
Pages: S42-S47.

Wu P, van den Berg C, Alfirevic Z, O’Brien S,
Réthlisberger M, Baker PN, Kenny LC,

Kublickiene K and Duvekot JJ. Early
Pregnancy Biomarkers in Pre-Eclampsia: A
Systematic Review and Meta-Analysis Int. J.
Mol. Sci. 2015, 16, 23035-23056.

Grill S. Rusterholz C. Zanetti-Déllenbach R.
Tercanli S. Holzgreve W. Hahn S. Lapaire O.
Potential markers of preeclampsia — a review.
Reproductive Biology and Endocrinology
2009; 7:70.

Muttukrishna S. North RA. Morris J.
Schellenberg JC. Taylor RS. Asselin J. Ledger
W. Groome N. Redman CW. Serum inhibin-A
and activin-A are elevated prior to the onset of
pre-eclampsia. Hum. Reprod. 2000; 15, 1640-
1645.

Smith GC,Stenhouse EJ, Crossley JA, Aitken
DA, Cameron AD, Connor JM. Early
pregnancy levels of pregnancy-associated
plasma protein-A and the risk of intrauterine
growth restriction, premature birth, pre-
eclampsia, and stillbirth. J. Clin. Endocrinol.
Metab. 2002, 87, 1762-1767.

Tsiakkas A. Duvdevani N. Wright A. Wright
D. Nicolaides KH. Serum placental growth
factor in the three trimesters of pregnancy:
Effects of maternal characteristics and medical
history. Ultrasound Obstet. Gynecol. 2015, 45,
591-598.

Kar M. Role of biomarkers in early detection
of pre-eclampsia. J. Clin. Diagn. Res. 2014, 8,
BE01-BEOA4.

Knudsen UB, Kronborg CS, von Dadelszen,
Kupfer K, Lee SW, Vittinghus E, Allen JG,
Redman CW. A single rapid point-of-care
placental growth factor determination as an aid
in the diagnosis of preeclampsia. Pregnancy
Hypertens. 2011, 2:8-15.

Yu CK, Smith GC, Papageorghiou AT,
CachoAM, Nicolaides KH. Fetal Medicine
Foundation Second Trimester Screening
Group. An integrated model for the prediction
of pre-eclampsia using maternal factors and
uterine artery Doppler velocimetry in
unselected  low-risk  women. Am ]
ObstetGynecol2006 Jul; 195(1):330.

Dantas EMM, Pereira FVM, Queiroz JW,
Dantas DLM, Monteiro GRG, Duggal L,
Azevedo MF, Jeronimo SMB and Araujo APF.




17.

18.

19.

20.

21.

22.

23.

24.

Preeclampsia is associated with increased
maternal body weight in a northeastern
Brazilian population. BMC Pregnancy and
Childbirth 2013, 13:159.

Cnossen JS. Morris RK. Riet GT et al., “Use
of uterine artery Doppler ultrasonography to
predict pre-eclampsia and intrauterine growth
restriction: a systematic review and bivariable
meta-analysis,” Canadian Medical Association
Journal 2008; vol. 178, no. 6, pp. 701-711.
Coleman MAG, Mc Cowan LME, North RA.
Mid trimester uterine artery Doppler screening
as a predictor of adverse pregnancy outcome in
high risk women. Ultrasound Obstet Gynecol.
2000; 15:7-12.

Spencer K, Cowans NJ, Chefetz I, Tal J and
Meiri H. First-trimester maternal serum PP-13,
PAPP-A and second-trimester uterine artery
Doppler pulsatility index as markers of pre-
eclampsia Ultrasound ObstetGynecol2007; 29:
128-134.

Bhattacharyya SK. Kundu S. Kabiraj SP.
Prediction of preeclampsia by midtrimester
uterine artery Doppler velocimetry in high-risk
and low-risk women. Journal of Obstetrics and
Gynecology of India 2012; Vol. 62, Issue: 3,
Pages: 297-300.

Myatt L, Clifton RG, Roberts JM, Spong CY,
Hauth JC, Varner MW et al. The utility of
uterine artery Doppler velocimetry in
prediction of preeclampsia in a low-risk
population. Obstetrics and gynecology (2012);
Volume: 120, Issue: 4, Pages: 815-22
Pongrojpaw D., Somprasit C,
Chanthasenanont A., Nanthakomon T. Mid-
trimester uterine artery Doppler screening in
prediction of preeclampsia in high risk women.
Pregnancy Hypertension (2010); Volume: 1,
Pages: S44.

Ree PH. Hahn WB. Chang SW. Jung SH.
Kang JH. Cha DH. Kang MS and Huh JY.
Early Detection of Preeclampsia Using Inhibin-
A and Other Second-Trimester Serum Markers.
Fetal DiagnTher. 2011; Vol. 29, No. 4, 280-
286.

Olsen RN, Woelkers D, Dunsmoor-Su R,
Lacoursiere D. Abnormal second-trimester
serum analytes are more predictive of preterm
preeclampsia. American Journal of Obstetrics
and Gynecology (2012) Volume: 207, Issue: 3,
Pages: 228.e1-228.e7.

Walid Abdelgalil Elsheikh; et al....

25.

26.

27.

28.

29.

30.

31.

Roes EM, Gaytant MA, Thomas CMG,

raijmakers MTM, Zusterzeel PLM, Peters
WHM, Steegers EA. First trimester inhibin-A
concentrations and later development of
preeclampsia.
ActaObstetriciaetGynecologicaScandinavica20
04; 83: 117.

Sibai BM. Koch MA. Freire S. Pinto e Silva
JL. Rudge MVC. Martins-Costa S. Santos
JBC. Cecatti JG. Costa R. Ramos JG. Spinnato
JA. Serum inhibin-A and angiogenic factor
levels in  pregnancies with  previous
preeclampsia and/or chronic hypertension: are
they useful markers for prediction of
subsequent preeclampsia? Am J
ObstetGynecol2008; 199(3):268-9.
Kleinrouweler C, Wiegerinck M, Ris-Stalpers
C, Bossuyt P, van der Post J, von Dadelszen P,
Mol B, Pajkrt E. Accuracy of circulating
placental growth factor, vascular endothelial
growth factor, soluble fms-like tyrosine kinase
1 and soluble endoglin in the prediction of
pre-eclampsia: a systematic review and
meta-analysis. BJOG 2012; 119:778-787.
McElrath TF, Lim KH, Pare E, Rich-Edwards
J, Pucci D, Troisi R, Parry S. Longitudinal
evaluation of predictive value for preeclampsia
of circulating angiogenic factors through
pregnancy. Am J Obstet Gynecol. 2012;
207:407.e1-407 .e7.

Romero R, Nien JK, Espinoza J, Todem D, Fu
W, Chung H, Kusanovic JP, Gotsch F, Erez O,
Mazaki-Tovi S, Gomez R, Edwin S,
Chaiworapongsa T, Levine RJ, Karumanchi
SA. A longitudinal study of angiogenic
(placental growth factor) and anti-angiogenic
(soluble endoglin and soluble vascular
endothelial growth factor receptor-1) factors in
normal pregnancy and patients destined to
develop preeclampsia and deliver a small for
gestational age neonate. J Matern Fetal
Neonatal Med 2008, 21:9-23.

Law WL, Sahota DS, Chan LW, Chen M, Lau
TK, Leung TY. Serum placental growth factor
and fms-like tyrosine kinase 1 during first
trimester in chinese women with pre-
eclampsia—a case—control study. J Matern Fetal
Neonatal Med 2011, 24:808-811.PubMedView
Article

Cowans NJ, Stamatopoulou A, Matwejew E,
von Kaisenberg CS, Spencer K. First-trimester
placental growth factor as a marker for




ZUMJ. Vol. 22; No.4 July; 2016

disorders
30:565-570.PubMedView

32.

hypertensive and SGA.
PrenatDiagn2010,
Avrticle.

Villa PM, Hamalainen E, Méaki A, Raikkdnen
K, Pesonen A, Taipale P, Kajantie E, Laivuori
H. (2013): Vasoactive agents for the
prediction of early- and late-onset preeclampsia
in a high-risk cohort. BMC Pregnancy and

Childbirth 2013; 13:110.

Walid Abdelgalil Elsheikh; et al....

The Role Of Second Trimester Uterine Artery

33.

34.

Conde-Agudelo A, Romero R, Roberts JM.
Tests to Predict Preeclampsia. Chesley's
Hypertensive Disorders in Pregnancy (Fourth
Edition) 2015, Chapter 11; Pages 221-251.

YU J, Shixia CZ, Wu Y, Duan T. Inhibin A,
activin A, placental growth factor and uterine
artery Doppler pulsatility index in the
prediction of pre-eclampsia.  Ultrasound
ObstetGynecol2011; 37: 528-533.




