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Down syndrome maternal serum marker screening
after 18 weeks of gestation: a countrywide study
Sophie Dreux, MD; Claire Nguyen, MD; Isabelle Czerkiewicz, MD; Thomas Schmitz, MD, PhD;
Elie Azria, MD, PhD; Marc-Antoine Fouré; Françoise Muller, MD, PhD; ABA Study Group
OBJECTIVE: The objective of the study was to evaluate the efficacy of
maternal serum markers in detecting Down syndrome after 18 weeks of
gestation in women who book late for maternity care in a large national
retrospective study.

STUDY DESIGN: During the period 2007-2012, 27,648 women, regard-
less of maternal age (17.4% were 35 years old and over), were included in a
late Down syndrome screening program (18�0 to 35�6 weeks) using the

aternal serum markers alpha-fetoprotein and human chorionic gonado-
rophin-beta. Samples were assayed in a single laboratory. A dataset of me-
ian markers previously established in our laboratory was used for risk cal-
ulation. The control group consisted of 27,648 women (14�0 to 17�6
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RESULTS: When the later screening group was compared with the
standard second-trimester control group, the median multiples of me-
dians (1.01 vs 0.98 for alpha-fetoprotein, 1.03 vs 0.98 for human cho-
rionic gonadotrophin-beta), median risks (1 of 2414 vs 1 of 2720),
false-positive rates (11.1% vs 11.6%), and trisomy 21 detection rates
(83.3% vs 85.7%) did not differ significantly.

CONCLUSION: Late Down syndrome maternal serum screening is fea-
sible with a good sensitivity/specificity compromise throughout gesta-
tion and is of clinical value in late-booking women.
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weeks) randomly selected from the routine database.
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Down syndrome (DS) screening
based on maternal serum markers

was initially described at 14�0 to 18
weeks of gestation.1 The efficacy of this
screening has been largely demonstrated,2-7

and in recent years this screening has
been focused on the first trimester.8-10 In
France, Down syndrome screening is or-
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ganized on a national scale and is offered
to every pregnant woman.

Maternal serum screening concerns
85% of the 820,000 women pregnant in
any given year. The specific regulation
for this screening stipulates the sampling
period: from 14�0 to 17�6 weeks for sec-

nd-trimester screening and, since 2009,
rom 11�0 to 13�6 weeks for first-trimester
creening. However, pregnant women who
ave access to prenatal care only later in
regnancy may still wish to undergo this
creening.

In France, about 6.6% of pregnant
omen have their first prenatal visit dur-

ng the second trimester and 1.2% dur-
ng the third trimester and therefore do
ot undergo prenatal screening for DS.
ost of these are in socially deprived

ituations.11,12

Programs have been implemented lo-
cally to promote early access to prenatal
care, but despite these efforts, the num-
ber of late-booking women remains
high.13 Using a dataset previously estab-
lished in our laboratory14 and adapted to
new software, we studied the efficacy of
DS screening in a large series of 27,648
(after 18 weeks of

MAY 2013 Americ
gestation) to provide solid results for the
information given to such women.

MATERIALS AND METHODS
This retrospective study was conducted
in our laboratory using the database of
women included in second-trimester DS
maternal serum marker screening dur-
ing the period 2007-2012. Twin preg-
nancies were excluded. Two groups of
women were defined: (1) the late screen-
ing group (LS group) of the 27,648
women included in a late screening pro-
gram (18�0 to 35�6 weeks of gestation)
nd (2) a control group of 27,648 women
14�0 to 17�6 weeks) randomly selected

from the routine database. No match-
ing was done to allow comparison of
maternal age and other confounding
factors in the 2 groups. In the vast ma-
jority of controls, pregnancy dating
was based on first-trimester ultra-
sound crown-rump length measure-
ment, but when pregnancy was discov-
ered later, dating was based on the last
menstrual period or biparietal diame-
ter measurement.15

Parameters taken into account in the

risk calculation were recorded in the da-

an Journal of Obstetrics & Gynecology 397.e1

http://dx.doi.org/10.1016/j.ajog.2013.01.039


3

u
.

w
i
o
d

p
t

eks.

Research Obstetrics www.AJOG.org
tabase: maternal age, maternal weight,
and smoking status. Markers were hu-
manchorionicgonadotrophin-beta(hCG�)
and alpha-fetoprotein (AFP) (Dualkit;
AutoDelfia, PerkinElmer, Turku, Fin-
land). Results were expressed in multiple
of median (MoM) corrected for mater-
nal weight and smoking status.

We adapted our published reference val-
ues for AFP and hCG� between 18�0 and
5�6 weeks (Multicalc Wallac software)14,16

for LifeCycle software (PerkinElmer, Turku,
Finland). The reference medians were

TABLE 1
Demographical description of the d

Demographic

Median gestational age, wks
..........................................................................................................

14 to 17�6 (n � 27,648)
..........................................................................................................

18 to 21�6 (n � 18,753)
..........................................................................................................

22 to 25�6 (n � 6576)
..........................................................................................................

26 to 35�6 (n � 2319)
...................................................................................................................

Maternal age, y (median and ranges)
..........................................................................................................

�38 years, %
...................................................................................................................

Smokers, %
...................................................................................................................

Maternal weight, kg (median and ranges)
...................................................................................................................

AFP MoM (median)
...................................................................................................................

hCG� MoM (median)
...................................................................................................................

Risk (1/�) (median)
...................................................................................................................

False-positive rate, %
..........................................................................................................

Age �38 years
..........................................................................................................

Age �38 years
...................................................................................................................

Trisomy 21
..........................................................................................................

Screened-positive, n
..........................................................................................................

Screened-negative, n
..........................................................................................................

Detection rate, %
..........................................................................................................

Frequency (1/�)
...................................................................................................................

AFP �2.5 MoM, %
..........................................................................................................

Neural tube defect
..........................................................................................................

Ventral wall defect
..........................................................................................................

Congenital nephrotic syndrome
..........................................................................................................

PPV (1/�)
...................................................................................................................

AFP, alpha-fetoprotein; hCG�, human chorionic gonadotrophin
positive predictive value.
a P � .0001; b P � .002.

Dreux. Down syndrome biochemical screening after 18 we
checked every trimester. DS risk calcula-
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tion (LifeCycle) was based on a combi-
nation of maternal age and maternal se-
rum markers, with a decision cutoff at
1:250. Pregnancy outcomes were re-
corded, especially fetal karyotyping for
at-risk women or karyotyping at birth if
DS was clinically suspected.

In accordance with French law, in-
formed consent for biochemical testing
was obtained from each woman prior to
blood sampling as part of routine ante-
natal care. If amniocentesis was per-
formed, a second written consent was

abase

ntrol group
�0 to 17�6 wks)
� 27,648)

LS group
(18�0 to 35�6 wks)
(n � 27,648)

..................................................................................................................

15�4

..................................................................................................................

19�4

..................................................................................................................

23�2

..................................................................................................................

28�2

..................................................................................................................

30 (14–51) 28 (13–52)a
..................................................................................................................

8.9 7.3b

..................................................................................................................

12.4 17.1a

..................................................................................................................

66 (30–180) 72 (32–163)a
..................................................................................................................

0.98 1.01
..................................................................................................................

0.98 1.03
..................................................................................................................

20 2414
..................................................................................................................

11.6 11.1
..................................................................................................................

8.6 8.4
..................................................................................................................

43.4 43.7
..................................................................................................................

..................................................................................................................

36 30
..................................................................................................................

6 6
..................................................................................................................

85.7 83.3
..................................................................................................................

58 762
..................................................................................................................

1.33 2.0
..................................................................................................................

7 10
..................................................................................................................

1 5
..................................................................................................................

1 1
..................................................................................................................

41 35
..................................................................................................................

a; LS, late screening; MoM, multiples of the median; PPV,
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The Mann-Whitney test was used for
MoM comparisons and Student t test for
quantitative variables. The �2 test was

sed for comparison of percentages. P �
05 was considered as significant.

RESULTS
Table 1 presents a description of the da-
tabase. Median gestational age at sam-
pling was 20.4 weeks in the LS group and
15.4 weeks in the control group, a 5 week
difference. Median maternal age was 28
years (range, 13–52 years) in the LS
group, significantly younger than in the
control group (P � .0001). The percent-
age of women smoking during preg-
nancy was significantly higher in the LS
group (17.1% vs 12.4% in the control
group, P � .0001). The maternal weight

as higher in the LS group correspond-
ng to the normal increase in the weight
f pregnant women over the 5 week
ifference.
Table 1 also presents the results of the

maternal serum marker screening. Me-
dian MoMs, median risks, false-positive
rates, and trisomy 21 detection rates did
not differ between the 2 groups. Detec-
tion rates were 80.7% (21 of 26) in an 18
to 21�6 week subgroup (n � 18,741) and
90% (9 of 10) in a 22-35 week subgroup
(n � 8907), and false-positive rates were
9.8% and 11.3%, respectively in the
subgroups.

When the AFP greater than 2.5 MoM
is considered, neural tube defects, ven-
tral wall defects, and nephrotic syn-
drome can be detected at the same level
between the 2 groups.

Trisomy 21-affected pregnancies are
presented in Table 2. No significant dif-
ference was found between the LS group
and the control group.

COMMENT
In France, Down syndrome maternal se-
rum marker screening has been rou-
tinely proposed free of charge to all preg-
nant women younger than 38 years of
age since 1997 and to women of any ma-
ternal age since 2010.7 For a good com-

romise of practicability, standardiza-
ion, and moderate cost ($50 [US] for
at
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egy based on only 2 serum markers has
been elected.

In addition, since 2010, first-trimester
Down syndrome screening has been rou-
tinely proposed instead of second-tri-
mester screening. During these 2 years,
the proportion of first-trimester screen-
ing has progressively increased from
40% to 60%. Despite the opportunity to
have second-trimester screening, 2.8%
of the women involved in the 2010
French national perinatal survey de-
clared that they did not have DS mater-
nal serum screening because their first
prenatal visit was after 18 weeks of gesta-
tion.12 This rate could be higher in deprived
reas. Late-booking women wanting to be
creenedforDScouldthusbenefitfromatest
alidated in a large series after 18�0 weeks or
ven during the third trimester.

In this study, based on this large series
f 27,648 cases (including 36 with DS) in
hich screening was performed after 18
eeks of gestation, the observed 83.3%
etection rate and 11.1% false-positive
ate were similar to the results observed
n the standard population (85.7% and
1.6%, respectively). These results are
imilar to those we observed previously
n the routine countrywide DS screening
rogram7 and in the retrospective se-

ected group of women screened later in
regnancy.14

The good detection rate we report
must be interpreted in view of the high
false-positive rate we observed in our
population, which comprised 17.4% of
women 35 years old and older. When
these older women are excluded, our

TABLE 2
Comparison of trisomy 21–affected
maternal serum markers screening

Variable Control grou

Trisomy 21 Screened po

n 36
...................................................................................................................

Maternal age, y 39 (27-46)
...................................................................................................................

GA at sampling, wks 15.1 (14-17.4
...................................................................................................................

AFP MoM 0.64 (0.38-1
...................................................................................................................

hCG� MoM 2.71 (1.1-9.
...................................................................................................................

AFP, alpha-fetoprotein; GA, gestational age; hCG�, human ch

Dreux. Down syndrome biochemical screening after 18 we
false-positive rate becomes 6.6% and the
detection rate 60%, percentages very
similar to the 5% and 60% generally ob-
served. It may be objected that our high
detection rate is due to poor knowledge
of the total number of DS-affected in-
fants at birth. However, in France, mater-

al serum DS screening is strictly regulated,
ith only 84 laboratories authorized to per-

form the screening tests, and only 73 cy-
togenetic laboratories authorized for fe-
tal karyotyping. In addition, the results
of karyotyping for at-risk patients and
outcome (trisomy 21 or not) of pregnan-
cies for the not-at-risk patients must be
collected because an annual report is
mandatory to keep the authorization.
Two different sources of data (maternity
units and cytogenetic laboratories) al-
lowed us to check the total number of DS
cases.

It may be argued that late-booking
women do not benefit from early gesta-
tional age determination by a first-trimes-
er ultrasound examination and therefore
hat gestational age is not firmly estab-
ished. However, whereas determination
f gestational age is of major importance
or marker screening between 11 and 18
eeks because of the steep slopes of

hanges in markers over this period of
regnancy, after 18 weeks, AFP and
CG� levels follow a gentle slope before

reaching a plateau. The impact of a pre-
cise determination of gestational age at
sampling is therefore less in late DS risk
calculation.

Altogether, women concerned by late
screening are younger, often smoke
(17.1%), and are probably less careful

egnancies, depending on
utoff risk 1/250)

4�0 to 17�6 weeks) LS

ve Screened negative Sc

6 30
.........................................................................................................................

33 (23-42) 38
.........................................................................................................................

15.3 (14.3-17.4) 20
.........................................................................................................................

) 0.73 (0.62-1.50) 0
.........................................................................................................................

1.1 (0.77-1.35) 2
.........................................................................................................................

ic gonadotrophin-beta; LS, late screening; MoM, multiples of the
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about their health. Because socioeco- i
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nomic factors are very difficult to re-
trieve and to score, we did not analyze
them and this study was focused on
overall observation of Down syndrome
screening. As reported by others, a late
first prenatal visit and late screening are
associated with a poor socioeconomic
status.17

The trisomy 21 frequency observed in
the LS group (1 of 762) was paradoxically
not significantly different from that ob-
served in the control group (1 of 658),
whereas the LS group comprised younger
women with therefore a lower age-re-
lated risk of trisomy 21. In addition, at
late gestational age, fetuses with an ab-
normal karyotype are less numerous be-
cause of in utero fetal death and sponta-
neous miscarriage. This frequency can
perhaps be explained by a small bias in
the recruitment of the women of the LS
group.

These late-booking women did not in
most cases undergo any previous screen-
ing, and the discovery at ultrasound ex-
amination of an isolated minor sono-
graphic sign suggestive of aneuploidy
such as pyelectasis, hyperechoic bowel,
short femur, echogenic intracardiac fo-
cus, or plexus choroid cysts18,19 would
have led to the inclusion of these women
in the late maternal serum screening
program, thus increasing the number of
detected trisomy 21 cases.

In the LS group, the efficacy of DS
screening can be related to the hCG� val-

es. Maternal age is probably not in-
olved because the median maternal age
n the LS group was lower (28 years) than

up (18�0 to 35�6 weeks)

ned positive Screened negative

6
..................................................................................................................

-43) 33 (28-40)
..................................................................................................................

18.1-30.3) 19.4 (18-23.6)
..................................................................................................................

(0.34-2.45) 0.97 (0.79-1.31)
..................................................................................................................

(1.21-8.43) 1.07 (0.61-2.18)
..................................................................................................................

ian.
pr
(c

p (1 gro

siti ree

......... .........

(31
......... .........

) .2 (
......... .........

.78 .73
......... .........

67) .93
......... .........

orion med
n the control group (30 years). AFP was
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not involved in efficacy because the me-
dian MoM was higher in the LS group
than in the control group. It has been
known for years that during the second
trimester, the most efficient biological
marker is hCG or its free fraction �, with

mean median MoM of 1.93 and 2.24,
espectively.20 The value we observed

here, 2.93 MoM, confirms the major role
of hCG� in maternal serum marker
screening efficiency.

The pathophysiological relation be-
tween fetal DS and high levels of hCG�
could explain the high detection rate of
this screening. Human chorionic gonad-
otrophin is a highly glycosylated (30%)
hormone produced by the trophoblast.
In primary culture of human cytotro-
phoblasts isolated from control placen-
tas (n � 44) and trisomy 21 placentas
n � 71), abnormal fusion occurs in

more than 90% of the cells. This defect is
associated with a dramatic decrease in
the synthesis and secretion of hCG.21 In
ddition. this hCG is abnormally glyco-
ylated and is weakly bioactive.22 This

abnormally low level of placenta synthe-
sis contrasts with the abnormally high
level observed in maternal serum.

The increased maternal hCG levels ob-
served in trisomy 21-affected pregnan-
cies might be related to different abnor-
malities such as a decreased number (or
an abnormality) of hCG receptors in af-
fected placentas or a decrease in binding
and/or internalization of this weakly bio-
active hCG.21-23 These anomalies will
ead to abnormal placental hCG clear-
nce in the maternal compartment.22

In trisomy 21-affected pregnancies,
hCG progressively accumulates in the
maternal serum from an early stage of
gestation, leading to a 1.93 hCG� me-

ian MoM during the first trimester,24

a 2.24 MoM during the second trimes-
ter,16 and the 2.93 MoM observed in the

resent study during the second part
f the second trimester and the third
rimester.

In addition, maternal serum AFP can
e used in the late screening group for
eural tube defects, ventral wall de-

ects, and nephrotic syndrome screen-
ng with a good positive predictive
alue (1 of 35) as observed in the con-

rol group (1 of 41).

397.e4 American Journal of Obstetrics & Gynecolo
Recently, noninvasive prenatal detec-
ion of fetal aneuploidies has been
chieved by exploitation of the presence
f cell-free deoxyribonucleic acid in ma-
ernal plasma, based on massive parallel
hotgun sequencing.25-27 With this ap-

proach, trisomy 21 has been detected
successfully noninvasively. Clinical studies
have primarily included women identi-
fied by prior screening to be at high risk
for aneuploidies, so the at-risk late-
booking patients could benefit from this
new noninvasive strategy.

In conclusion, late maternal serum
screening is feasible with a good sensitiv-
ity/specificity compromise throughout
gestation and may be of clinical value in
late-booking women. f
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APPENDIX
ABA study group
This is an association of the French lab-
oratories authorized by the Ministry of
Health to carry out biochemical Down
syndrome screening: Albi (C. Gassier,
MB Bleunven); Amiens Centre Hospita-
lier Universitaire (F. Boitte, M. Brazier);
Amiens Vallée des Vignes (L. Maille, S.
Jutard, A. Jean); Angers Centre Hospita-
lier Universitaire (V. Moal, H. Puissant);
Annecy (P. Lorenter, M. Jouval); Argen-
teuil Centre Hospitalier (B. Sitruk-Khal-
fon); Arras Centre Hospitalier (A. Gru-
son, S. Verchain); Avignon (V. Gras, T.
Roudon); Bayonne (D. Savarit, P. Bl-
ouin), Belfort-Montbéliard Centre Hos-
pitalier (M. Laplace); Béziers Labosud
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