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Improved Early Prediction of Preterm Pre-Eclampsia by
Combining Second Trimester Maternal Serum
Alpha-Fetoprotein and Uterine Artery Doppler

Rebecca Allen® ¢, Shemoon Marleen?, Luxmilar Velauthar?,
Kevin Harrington®, Joseph Aquilina®

Abstract

Background: Pre-eclampsia (PE) is a leading cause of maternal
and perinatal morbidity and mortality. One of the primary aims of
antenatal care is to identify women at high risk and provide them
with prophylactic treatment and more intensive surveillance. Cur-
rent identification is based mainly on maternal characteristics,
which is not specific and sensitive enough to be an ideal screen-
ing test highlighting the need for an alternative. We evaluated the
combination of second trimester maternal serum alpha-fetoprotein
(MSAFP) and uterine artery Doppler (UAD) studies for the predic-
tion of PE.

Methods: A total of 724 women had MSAFP and UAD measured.
The presence of notches and Resistance Index were measured.
ROC’s were created for MSAFP and UAD alone and in combina-
tion. Sensitivities for the two outcomes were compared for a fixed
specificity of 94% for PE and 97% for preterm PE.

Results: A total of 41 women (5.7%) developed PE. The sensitivity
of using UAD (bilateral notches/mean RI > 0.735) was 60.9% and
for MSAFP was 24.4% (> 2.0 MoM). The combination of UAD (bi-
lateral notches/mean RI > 0.55) and MSAFP (> 1.2 MoM), didn’t
improve the sensitivity of UAD for PE for the same specificity; 17
women (2.4%) developed preterm PE. The sensitivity using UAD
(bilateral notches/mean RI > 0.75) was 29.4% and for MSAFP (>
2.6 MoM) was 5.9%. The combination of UAD (bilateral notches/
mean RI > 0.55) and MSAFP (> 1.6 MoM), improved the sensi-
tivity for preterm preeclampsia to 64.7% (OR 52.17 (CI 17.81 -
152.84)). The improvement in sensitivity for the combined method
was statistically significant compared to MSAFP (P <0.01) or UAD

Manuscript accepted for publication January 17, 2014

Fetal Medicine Centre, Barts Health NHS Trust, South Tower, Royal
London Hospital, Whitechapel, London, E1 1BB, UK

"The Portland Hospital, 205-209 Great Portland St, London, W1W 5AH,
UK

“Corresponding author: Rebecca Allen, Fetal Medicine Centre, 8th Floor,
South Tower, Royal London Hospital, Whitechapel, London, E1 1BB,
UK. Email: Rebecca e allen@yahoo.co.uk

doi: http://dx.doi.org/10.14740/jcgo223w

(P <0.02) alone.
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Introduction

Pre-eclampsia (PE) remains a leading cause of maternal and
perinatal morbidity and mortality. The ultimate aim of early
identification of a high-risk group of women is to reduce
these risks. One of the pathophysiological mechanisms as-
sociated with the development of PE is partial or complete
failure of trophoblastic invasion [1]. Doppler ultrasound pro-
vides indirect evidence of this and is used as a screening test
for PE and related complications. Current evidence supports
measuring uterine artery Dopplers (UAD) at around 20 - 24
weeks where the detection rate for pregnancies that subse-
quently develop PE requiring early delivery is 50-70% for a
false positive rate of 5% [2].

Alpha-fetoprotein is a glycoprotein produced by the fe-
tal liver and gastrointestinal tract. Up to the third month the
majority of fetal production arises from the yolk sac. Ma-
ternal serum alpha-fetoprotein (MSAFP) is influenced by a
combination of fetal production, clearance through fetal kid-
ney and any perturbation of the placental interface between
the fetus and the mother.

The association between elevated second trimester
MSAFP in chromosomally normal fetuses and subsequent
development of PE was first reported by Gordon et al [3].
Walters et al reported that 13% of women with elevated
MSAFP developed PE compared to 1% of the women with
normal MSAFP [4]. Williams et al compared 201 women
with unexplained elevated MSAFP (> 2.0 MoM) with 211
women with normal MSAFP [5]. A significant association
was found between elevated MSAFP and PE, adjusted risk
ratio (ARR) being 3.8. Several other studies have also con-
firmed these findings [6-8].

Brazerol reported that the explanation for the association
between elevated MSAFP and adverse pregnancy outcome is
not clear, but is probably a marker of placental dysfunction,
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Figure 1. Flow chart demonstrating included women.

including partial placental abruption, feto-maternal bleeding
and abnormal implantation [9]. Both UAD and MSAFP are
indirect markers of impaired placentation, which forms the
basis of the pathophysiology of PE. The hypothesis for our
study is that the combination of second trimester MSAFP
and UAD screening at 20 weeks will improve the screening
efficacy of either investigation for the subsequent develop-
ment of PE and other predefined pregnancy complications.

Methods

This was a prospective study where seven hundred and twen-
ty four consecutive unselected women who had MSAFP mea-
sured as part of the serum-screening programme for trisomy
21 over a twelve-month period were included. Exclusion
criteria were: multiple pregnancies, diabetic pregnancies,
hypertension diagnosed before 20 weeks gestation, pregnan-
cies with a prenatal/post-natal diagnosis of a chromosomal
or structural abnormality. These women formed part of a
larger group of women who were offered UAD studies, as
part of a prospective study, when they presented for a rou-
tine anomaly scan between the nineteenth and twenty-first
week of pregnancy [10]. Ethics approval was obtained from
the local ethics committee. The investigators were blinded to
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the serum biochemistry results unless they were identified as
screen positive for trisomy 21 (Risk > 1 in 300). The depart-
ment caters for a high risk inner-city multi-racial community.
All the serum samples for measurement of MSAFP
levels were collected between 15 and 19 weeks gestation.
MSAFP was assayed using the Technicon Immuno 1R sys-
tem (Bayer, Switzerland), which adopts the heterogeneous
sandwich magnetic separation assay. There is a significant
inverse relationship between maternal weight and MSAFP
levels between 15 - 20 weeks, the levels were therefore cor-
rected for weight and expressed as Multiples of the Median
(MoM), as previously described for other analytes such as
hCG and oestriol [11, 12]. The method for obtaining the uter-
ine artery flow velocity waveforms is described in our pre-
vious paper [10]. Women with bilateral notches/mean RI >
0.55 or unilateral notches/mean RI > 0.65 were offered four
weekly growth scans up till 36 weeks due to the increased
risk of fetal growth restriction [13, 14]. If a reduction in the
growth velocity was suspected, reduced liquor or the umbili-
cal artery PI was above the 90th centile, scans were booked
every one to two weeks. The results of the growth scans were
available to clinicians but the results of the UAD were not
routinely reported unless specifically requested.
Demographic data collected prospectively is shown in
Table 1. The main outcome measure was the development
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Table 1. Demographic Characteristics of Study Population

°
Characteristic fl:g;):r n (%)
Race
Caucasian 383 (52.9)
Afro-Caribbean 289 (39.9)
Asian 43 (5.9)
Oriental 7(0.9)
Nulliparous 354 (48.8)
Smoker 166 (22.9)
Previous severe pre-eclampsia 21(2.9)
Previous babies < 2,500g after 37 weeks 11 (1.5)
Previous premature delivery 12 (1.6)

of PE. The development of pregnancy induced hypertension
was based on the definitions given by Davey and McGil-
liviray: pregnancy induced hypertension was defined as the
occurrence in a previously normotensive and non-protein-
uric women of [1] a diastolic blood pressure greater than or
equal to 90 mmHg on at least two consecutive occasions at
least 4 hours apart after the 20th week of gestation or [2] a
diastolic blood pressure greater than or equal to 110 mmHg
on a single occasion after the 20th week of gestation [15].
PE was diagnosed when pregnancy induced hypertension
was associated with significant proteinuria which was de-
fined as > 300 mg proteinuria on 24 hour urinary collection
or the appearance of at least ++ on protein stick-testing on
two separate occasions, four hours apart, in the absence of a
urinary tract infection. Women who required delivery before
37 completed weeks of gestation as a direct consequence of
PE on the mother or fetus, were analyzed as a subset and
subsequently referred to as ‘preterm PE’. The secondary
outcome was the development of any of the following com-
plications: pregnancy induced hypertension, PE, abruption,
pre-term delivery, stillborn baby, a baby who died in the neo-
natal period, a baby born small for gestational age (< 5th
centile). Outcome data was collected from the patient notes
and labor ward. During the data collection the investigators
were blinded to the MSAFP and Doppler data. The sensitiv-
ity, specificity, positive predictive value, negative predictive
value, odds ratios and positive likelihood ratios for the sub-
sequent development of PE, preterm PE and the above preg-
nancy complications were calculated for the following meth-
ods: 1), method 1: MSAFP cut-offs between 0.50 MoM and
4.0 MoM; 2), method 2: Bilateral notches with variable RI
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cut-offs (between the 50th and 90th centile) and all unilateral
notches with mean RI > 0.65 (fixed variable); 3), method 3:
Bilateral notches with mean RI > 0.55 (50th centile) and all
unilateral notches/ mean RI > 0.65 (fixed variable) combined
with MSAFP cut-offs between 0.50 MoM and 4.0 MoM.

Receiver operator characteristic (ROC) curves were
created for each method. Arbitrary cut-offs were created,
to ensure smooth ROC curves and to enable us to compare
the sensitivity of the different methods for fixed specifici-
ties. The data was analyzed using a Windows based SPSS
statistical package version 8.1.3. Statistical significance was
assessed using Chi-squared test or Fisher’s exact test where
cell counts were small. The Chi-squared and Mann-Whitney
U tests were used to compare categorical and continuous de-
mographic data in women with known outcome and those
lost to follow-up. McNemar’s test was used to assess the
statistical significance of the differences in sensitivities ob-
tained for fixed specificities. The positive Likelihood Ratios
(LR) was calculated for the main outcomes. The positive
likelihood ratio for an abnormal result is the ratio of women
who have an abnormal test result among those who have the
defined disease to women who have an abnormal test but do
not have the disease; this equals sensitivity/(1-specificity).
Statistical significance was set at P <0.05.

Results
The study recruitment period ran over two years from No-

vember 1997 to November 1999. MSAFP assays of 773
women were available for analysis. UAD studies were per-
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ROC curves for the prediction of pre-eclampsia
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Figure 2. ROC curves for the prediction of pre-eclampsia.

formed at a mean gestation of 20.5 weeks (range 18 - 22)
and uterine artery waveforms were obtained from both sides
in all women studied; 4 pregnancies were excluded: two be-
cause of subsequent development of hydrops; one because
of Down’s syndrome and one was born with ambiguous
genitalia; 45 pregnancies were lost to follow up leaving 724
(93.6%) outcomes available for analysis; 41 (5.7%) women
developed PE, of which 17 (2.4%) required delivery be-
fore 37 weeks gestation as a direct consequence of PE (Fig.
1). There were no significant differences in race, booking
weight or blood pressure between the women with a known
outcome and those lost to follow-up. Other demographic
characteristics are listed in Table 1.

For the outcome of PE; in method 1 the sensitivity, spec-
ificity, positive predictive value, negative predictive value
and odds ratio for MSAFP as a stand-alone screening test
at various cut-offs between > 0.50 MoM and > 4.0 MoM
are presented as a ROC (Fig. 2). The highest sensitivity and
specificity were obtained using MSAFP > 1.6 MoM: sen-
sitivity 41.5%, specificity 87.8%, positive predictive value
17.0%, negative predictive value 96.2% and odds ratio of
5.12 (95% confidence intervals (CI) 2.64 - 9.93).

The same methodology was applied to UAD (method 2)
and the results are presented as a ROC curve (Fig. 2). Com-
pared to MSAFP, UAD performed significantly better as a
stand-alone test across all specificities (Fig. 2). For a speci-
ficity of 94.7% (false-positive rate closest to 6) the sensitiv-
ity of UAD (bilateral and unilateral notches/mean RI > 0.67)
was significantly better than MSAFP (> 2.0 MoM) (60.9%
vs. 24.4%) P < 0.001. When method 3 (combined method)
was compared to method 2 (UAD alone), the sensitivity was
not better. For a specificity of approximately 94% (93.9%),
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the sensitivity of UAD combined with MSAFP (> 1.2 MoM)
was 48.8%, this is less than the sensitivity of UAD alone, but
better than MSAFP alone (24.4%, P <0.001). The likelihood
ratio was 4.1 in method 1, 8.6 in method 2 and 8 in method
3. The results are summarized in Table 2.

The same methodological analysis was applied for pre-
term PE. For similar specificities, the sensitivity of MSAFP
as a stand-alone test for preterm PE was consistently higher
than that for all pre-eclamptics including preterm ones (for
example, for a specificity of 97%, sensitivity 5.9% for pre-
term PE vs 2.4% for PE). The results for the prediction of
preterm PE using the three methods are presented as a ROC
curve (Fig. 3). UAD as a stand-alone test (method 2) again
performed significantly better than MSAFP (method 1)
across all specificities (Fig. 3). The sensitivity for method
3 (combined method) was generally better for specificities
> 96.6% compared to method 2. For a specificity of ap-
proximately 97%, the sensitivity of the combined method
(bilateral notches/mean RI > 0.55 and MSAFP > 1.6 MoM)
was significantly better than UAD (bilateral notches/mean
RI > 0.75) alone or MSAFP >1.6 alone (64.7% vs. 29.4%
and 5.9%). The positive likelihood ratio goes from 1.90 for
MSAFP to 9.8 for uterine Doppler and to 19.01 for the com-
bined method. The results are tabulated in Table 2.

The receiver operator characteristic curves (Fig. 2, 3)
demonstrate the effect of combining both tests by a shift of
the peak of the curve to the left-hand side.

Discussion

This study reports a statistically significant improvement in
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Table 2. Prediction of Pre-Eclampsia and Preterm Pre-Eclampsia Using Uterine Artery Doppler and MSAFP Alone and in Combination
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9.8

19.2

97.0 (686/707)
96.6 (683/707)

29.4 (5/17)
64.7 (11/17)

Doppleri

19.0

522 (17.1 - 152.8)

314

Doppler and
MSAFP¢

PE: pre-eclampsia; pret PE: pre-eclampsia requiring delivery before 37 weeks gestation; Sens: sensitivity; Spec: specificity; PPV: positive predictive value; OR: odds ratio; Cl: confidence

intervals; LR: positive likelihood ratio. *“MSAFP = 2.0 MoM; ** Bilateral notches/mean Rl = 0.67; t Bilateral notches/mean Rl > 0.55 and unilateral notches/mean Rl = 0.65 and MSAFP
> 1.2 MoM; 1 Bilateral notches/mean Rl = 0.75 and unilateral notches/mean RI = 0.65; # MSAFP = 2.6 MoM; ® Bilateral notches/mean RI = 0.55 and unilateral notches/mean Rl = 0.65

combined with MSAFP = 1.6 MoM.

the screening efficacy for preterm PE when UAD studies at
20 weeks are combined with MSAFP data obtained between
15 - 19 weeks gestation. Using a cut off of AFP > 1.6 MoM
the PPV was 48.6% for all preeclampsia and 31.4% for pre-
term preeclampsia.

Strengths and limitations

A summary of similar studies to ours are shown in Table 3.
All but one of these studies selected women based on them
having elevated MSAFP levels or abnormal UADs, these
studies also had a much smaller sample size [16-18]. The
advantage of our study is that we had a larger unselected
population of 724 women whom all had MSAFP and UADs
measured. The study performed by Audibert et al is most
similar to ours. They demonstrated a PPV of 21% for all PE
when uterine artery notching was combined with an AFP >
1.5MoM [7]. Our study shows a higher PPV. This is may be
due to the higher prevalence of PE in our population (5.7%
vs 1.95%). On the basis of published evidence, if trials are
to determine the real potential of therapies such as aspirin
or calcium, a screening test in the first half of pregnancy
with a high sensitivity, positive predictive value (PPV) (over
40%) and positive likelihood ratio (over 12) appears to be
essential. Our study’s results are comparable to these (PPV
48.6%) with earlier identification at 20 weeks.

Our study identified nearly two out of three pregnancies
that developed PE requiring preterm delivery, with a PPV
of 31.4% for a false positive rate of approximately 3%. A
lower prevalence (average of 3%), will result in lower PPVs,
assuming that similar sensitivities and specificities are ob-
tained. The positive likelihood ratio of 19.02 would, howev-
er, still support the use of this method of screening in popula-
tions with low prevalence.

The combination of MSAFP and UAD did not improve
the sensitivity of the test for all cases of PE. This may indi-
cate different etiological mechanisms between PE and pre-
term PE. Recent studies on placental pathology have sug-
gested that early onset disease is more likely to be associated
with abnormal villous and vascular morphology, whereas in
late onset disease these are not dissimilar to controls. There
is evidence that late onset disease compared with early
onset is more likely to be related to impaired glucose me-
tabolism and a hyperdynamic low peripheral resistance (as
opposed to a low cardiac output vasoconstricted) maternal
cardiovascular profile [19]. If late PE is not associated with
impaired placentation then it is therefore not surprising that
AFP doesn’t perform as well as a marker for all preeclamp-
sia when compared to preterm preeclampsia. Melchiore
showed a difference in first trimester UAD indices between
preterm and term preeclampsia also supporting a different
pathophysiology [20]. In their study the majority of pregnan-
cies complicated by preterm preeclampsia showed Doppler
evidence of reduced uteroplacental perfusion, predisposing
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Figure 3. ROC curves for the prediction of PRETERM pre-eclampsia.

to placental hypoxaemia, oxidative stress and trophoblastic
apoptosis. It is thought that in pregnancies complicated by
preeclampsia at term there are late atherosclerotic changes in
the spiral arterioles but they are thought to have undergone
normal transformation by the trophoblast in the first trimes-
ter [20]. Another argument could be that women presenting
with preeclampsia at a later gestational age may have less se-
vere trophoblastic pathology than those presenting preterm,
with less severe trophoblastic/placentation changes, indirect
measures such as AFP and UADs may not detect these mild
changes.

A limitation of our study is that in women whom had
bilateral notches/mean RI > 0.55 and those with unilateral

Table 3. Summary of Related Studies

notches/mean RI > 0.65 serial growth scans up till 36 weeks
were offered. More intensive monitoring in this group may
lead to earlier delivery due to the detection of IUGR which
may have developed before the clinical features of PE lead-
ing to an underestimation in the screening performance of
our test. However, it may have also increased the detection
of disease that may have otherwise been missed, leading to
an increase in preterm deliveries for PE/IUGR.

Our study excluded women with diabetes and chronic
hypertension. Previous meta-analyses examining the use of
aspirin for the prevention of preeclampsia, have shown a sig-
nificant reduction when given to high risk women at an early
gestation. It could be argued that we shouldn’t have exclud-

Study Sample

Results

Janiaux 1996 [16]
measured AFP

Chung 2000 [17]
UADs between 26 - 28 weeks

Konchak 1995 [18]
measured between 17 - 22 weeks

Audibert 2005 [7]
second trimester

41 women with abnormal UADs at 20 - 24 weeks and

179 women with MSAFP > 2.5MOMs and abnormal

103 women with unexplained increase AFP had UAD

2,615 women had MSAFP and UAD measured in the

PPV 47%

PPV 14.5 % MSAFP alone

Elevated uterine artery RI associated with
an increased RR of preeclampsia (RR
41.82,95% CI 5.36 to 326)

Elevated MSAFP with uterine artery
notching had a PPV of 21%
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ed these women and it may be interesting in future work to
compare the effectiveness of UADs and AFP as a screening
tool for preeclampsia in a high risk population versus a low
risk population. However, the focus of our study was to iden-
tify women that would otherwise be considered as low risk
as high risk women would be commenced on aspirin prophy-
laxis regardless of any biochemical or biophysical tests. The
National Collaborating centre for Women’s and Children’s
Health has issued guidelines on routine prenatal care recom-
mending that at the first visit a woman’s level of risk for PE
should be evaluated by a series of maternal characteristics,
for example, age, weight to identify those at high risk and
allow intensive monitoring. However this approach would
falsely classify two thirds of women as being high risk and
in need of intensive monitoring [21]. Poon et al examined
the effectiveness of combining maternal characteristics and
previous history into an algorithm derived by multivariate
analysis to estimate the individual patient specific risk of
preeclampsia and found one third of pregnancies develop-
ing preeclampsia were detected [22]. These studies highlight
the need for a more sensitive and specific screening test for
detecting women at risk of developing preeclampsia.

Clinical implications

The ultimate aim of identifying a high-risk group is the in-
stitution of effective prophylactic therapies that can prevent
or palliate the underlying pathophysiology in PE. When as-
pirin was given to women selected by UAD at 24 - 26 weeks
(positive predictive value 41%), the number of pre-eclamp-
tics requiring early delivery was significantly less compared
to women on placebo, but there was no overall reduction in
the incidence of preeclampsia [23]. Bujold et al performed
a meta-analysis of 34 RCTs comparing the reduction in pre-
eclampsia if aspirin was started prior to, or after, 16 weeks
in women at risk of preeclampsia. They found a significant
decrease in the incidence of preeclampsia when low dose as-
pirin therapy was commenced prior to 16 weeks (RR 0.47,
95% CI 0.34 - 0.65) but no significant decrease when it was
commenced after 16 weeks (RR 0.81, 95% CI 0.63 - 1.03)
[24]. Roberge also performed a meta-analysis examining
RCTs where aspirin was initiated at or before 16 weeks to
a high-risk population and showed an 89% reduction in pre-
eclamptics delivered before 37 weeks gestation but had no
effect on the risk of term preeclampsia [25]. Although our
study has shown second trimester MSAFP and UADs have
a reasonable PPV for detecting preeclampsia (PPV 48.6% in
our study), these meta-analyses’ highlight the need to start
prophylaxis as early as possible. If the screening efficacy of
MSAFP and UADs can be replicated in the first trimester
aspirin can be given earlier when it is likely to further im-
prove outcomes. In future work it would be interesting to
examine the preventative effect of aspirin when given to a
group of women that would have otherwise be considered
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low risk but were considered high risk based UADs and AFP
measurements.

Our findings, though promising, are limited by the fact
that the emphasis of PE screening has now shifted to the first
trimester, therefore, MSAFP and UADs need to be validated
in larger prospective studies in the first trimester. There is
good evidence to suggest from Akolekar’s recent paper that
multi-marker streaming in combination with first trimester
Doppler constitutes a very effective early screening test [21].
The drawbacks of such a strategy are the high economic
costs of testing for many markers. It is estimated that this
test would cost around £30/patient excluding machine main-
tenance, staffing costs etc. AFP screening at the time of first
trimester screening is cheap (about £1) and may also help
with improvement of T21 screening. [26, 27]. The combina-
tion of MSAFP with first trimester UAD needs to be vali-
dated in larger prospective studies of unselected populations.
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