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ABSTRACT

INTRODUCTION

Objective To determine the performance of screening
for Down syndrome (DS) and other major chromosomal
abnormalities using nuchal translucency (NT), free βhuman chorionic gonadotropin (β-hCG) and pregnancyassociated plasma protein-A (PAPP-A) in a prospective
study of a non-selected population.

Since Nicolaides et al. introduced the term ‘nuchal
translucency’ (NT)1 in 1992, several studies in highrisk populations2 – 6 have shown that increased NT is
an excellent marker for Down syndrome (DS) and other
major chromosomal abnormalities7 . A detection rate (DR)
of 75% for an approximately 5% false-positive rate (FPR)
when combined with maternal age has been confirmed
in several studies3,8 – 11 . Likewise, an association has been
found between DS and a low level of pregnancy-associated
plasma protein-A (PAPP-A)12 – 14 and a high level of free βhuman chorionic gonadotropin (β-hCG)15 – 17 in maternal
blood in the first trimester of pregnancy. For the same
FPR of 5%, biochemical screening in combination with
maternal age has been calculated to have a slightly lower
DR of around 60%18 – 20 . As ultrasound and biochemical
markers are independent, the effectiveness of a combined
screening strategy has been estimated as 80–90% for a
5% FPR21 – 24 . A prospective study recently confirmed that
combined serological and NT screening25 could achieve a
92% DR for a 5% FPR.
We performed a prospective study in an unselected
Danish population.

Methods Of 9941 women with an early ultrasound
examination, NT was measured in 8622 singleton
pregnancies with a gestational age between 10 + 3 and
13 + 6 weeks. β-hCG and PAPP-A were analyzed in 6441
cases. Detection rates (DR) and false-positive rates (FPR)
for the NT screening, the double test (β-hCG and PAPPA) and the combined test (NT and the double test) were
calculated using a 1 : 250 cut-off.
Results NT could be measured in 97.5% of cases. The
DR for DS with NT screening alone was 75% with a
FPR of only 1.8%. The double test detected 73% and
the combined test 91%, for FPRs of 8.8% and 2.1%,
respectively. We detected 80% of fetuses with other major
chromosomal abnormalities with a combination of NT
screening and other ultrasound findings. Low β-hCG and
PAPP-A values (below 0.4 MoM) were observed in 0.5%
of the women including all cases of triploidy and trisomy
18 and 13.
Conclusions The performance of a screening strategy for
DS using a combination of NT and the double test was
superior to that using either NT or the double test alone
due to a very low FPR and a higher DR. Copyright 
2005 ISUOG. Published by John Wiley & Sons, Ltd.

METHODS
From March 1998 to June 2001, 9941 women referred to
the three obstetric departments in Copenhagen University
Hospital underwent an ultrasound examination as part
of the Copenhagen First Trimester Study. Participation in
the study entailed an ultrasound examination and a blood
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sample in gestational weeks 11–14, with the possibility
of choosing one or both. We were concerned that using
both ultrasound and biochemical markers might result
in an undesirably high FPR. We therefore used the
NT as interventional marker and β-hCG and PAPP-A
as non-interventional markers. Written informed consent
was obtained from the participants. The scientific ethics
committee of the cities of Copenhagen and Frederiksberg
(No. (KF) 01-288/97) and The Data Protection Agency
approved the study protocol.
The ultrasound examinations were performed by 13
sonographers or doctors experienced in obstetric ultrasound and certified by The Fetal Medicine Foundation
(FMF) in London, UK. Three Logic 700 MR (General
Electric, Milwaukee, WI, USA) were used for all the examinations either transabdominally (5 MHz), transvaginally
(8 MHz) or both. To determine the gestational age we
measured the crown–rump length (CRL) and for DS risk
calculation the NT according to the guidelines of the FMF.
NT was measured as described by Nicolaides et al.1 . For
NT measurements a good sagittal section of the fetus in
a resting position was used; the magnification was such
that the fetus occupied at least 75% of the image. Care
was taken to distinguish between fetal skin and amnion;
the maximum thickness of the subcutaneous translucency
between the skin and the soft tissue overlying the cervical
spine was measured. Furthermore, an anomaly scan was
performed, the results of which will be presented elsewhere. For each examination, 30 min were allocated for
performing the detailed anomaly scan, obtaining informed
consent and data registration. Throughout the study we
assessed the quality of the NT measurements by following
the FPR and the distribution of the NT multiples of the
median (MoMs) based on our own medians26 . In addition, an external audit was performed every 6 months by
the FMF.
The risk of trisomy 21 (T21) based on NT, gestational
age and maternal age was calculated using the ViewPoint
TM
Fetal Database (ViewPoint GmbH, Webling, Germany)
using the delta-NT approach27,28 and women were
informed about their age-related risk and their NT-based
risk. Women with a risk ≥ 1 : 250 (the risk for a 35year old woman in gestational week 12) were offered
an invasive test with karyotyping. Factors that may have
influenced the decision on invasive testing such as mode
of conception, maternal age and change in risk assessment
as a consequence of the NT screening were examined in
this high-risk group.
A blood sample was drawn immediately after the
ultrasound examination. Blood was taken into dry
containers and sent by mail to Statens Serum Institut
where serum was separated from the clot and subsequently
stored at −20◦ until assay. Transport time was mostly
1 day or less, however transport time could occasionally
be as long as 3 days. After having received the first 700
serum samples we ascertained that the distribution of
the marker values were satisfactory. Analyses for PAPP-A
and β-hCG were performed prospectively during the study
period in small batches without knowledge of the clinical
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data, and were not acted upon. Maternal serum PAPP-A
was determined by an in-house manual enzyme-linked
immunoassay technique using a polyclonal–monoclonal
sandwich assay29 . Maternal free β-hCG was determined
TM
using the AFP/β-hCG AutoDelfia
kit (EG&G Life
Sciences, Turku, Finland).
The risk for DS based on the two biochemical
markers β-hCG and PAPP-A, known as the double
test, was calculated using our own log marker
medians from the first 2702 normal pregnancies
and correlations between the markers and medians
in DS pregnancies from the literature30 . The
regressions we used for log MoM transformation
were: log10 (β-hCG) = −0.0067* CRL − 0.0029* weight +
2.2188 and log10 (PAPP-A) = 0.0123* CRL − 0.0062*
weight + 3.1684. As truncation for the log MoM values
we used −0.6 and 0.6. A likelihood ratio (LR) was
then calculated for the double test (β-hCG and PAPPA) and multiplied by the background risk based on
maternal age. This age-related risk was calculated as
described by Cuckle et al.31 , the risk for DS at birth being
0.000627 + exp(−16.2395 + 0.286* age). To determine
the risk at the time of the examination, the age-related
risk was divided by 0.732 , thus accounting for the 30%
fetal loss rate from examination to birth.
The risk in the combined test (combining NT and the
double test) was calculated using the NT-based risk as
background risk and multiplying this background risk,
based on a risk calculation with ViewPoint software
using the delta-NT approach, with the LR found in the
double test. Women with a risk ≥ 1 : 250 were considered
screen-positive.
The screening performance was evaluated by a crosscheck with all the chromosome laboratories in Denmark.
The follow-up rate of the pregnancies through patient
records was 96.2%. All infants were examined by
pediatricians. Fetal chromosome analysis was carried out
in cases of second-trimester miscarriage.
Women at increased risk of a fetal chromosomal
abnormality according to the regulations of the Danish
National Board of Health from 1994 were offered an
invasive diagnostic test, irrespective of whether they
participated in the study or not. Women in Denmark are
offered an invasive diagnostic test from the age of 35 years
or if they fulfill other criteria, such as a previous child
or fetus with a chromosomal abnormality or metabolic
disease, a parent with a chromosomal abnormality or
carrier of a metabolic disease, or are at increased risk
according to a second-trimester triple test (carried out on
request). At all three departments, antenatal care included
an anomaly scan at gestational weeks 18–20.

RESULTS
Down syndrome
During the 3-year study period, 13 621 pregnant women
were invited to participate in the study. The uptake of
the screening was 73% as 9941 women were included.
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Figure 2 Maternal age distribution in the Copenhagen First
Trimester Study () and in Denmark (1998–2000) ().

Figure 1 Study population in the Copenhagen First Trimester
Study. CRL, crown–rump length; NT, nuchal translucency.

As shown in Figure 1, these 9941 women carried 10 032
living fetuses at the time of the examination, and 9229
of these fetuses had a CRL measurement between 38
and 82 mm, corresponding to a gestational age between
10 + 3 and 13 + 6 weeks. After the first 8 months of the
study, the ViewPoint software was updated according
to FMF guidelines, and the gestational age window was
narrowed. Thereafter the gestational age was changed to
include only fetuses with a CRL measurement between 45
and 82 mm, corresponding to a gestational age between
11 + 0 and 13 + 6 weeks. In 118 singleton pregnancies
(1.2%) a missed miscarriage was diagnosed at the
examination. It was technically impossible to measure
the NT in 2.5% of the cases. Therefore 8995 fetuses
with a mean CRL of 67 mm (12 + 6 weeks) had an NT
measurement: 8622 fetuses from singleton, 368 from twin
and five from triplet pregnancies. The transabdominal
approach alone was used in 18% of the examinations, the
transvaginal approach alone in 1% and both approaches
in 81% of the examinations.

The maternal age distributions in Denmark and in
the study population are illustrated in Figure 2. The mean
maternal age in the study group was 29.3 years and 10.8%
of the participants were 35 years or older, compared to
14.2% in the general population in Denmark. The mean
maternal age in the group who declined to participate was
32.0 years.
A blood sample was accepted and taken after the
ultrasonography from 7014 of the participants with
viable pregnancies (71.4%); of these 6441 were singleton
pregnancies within the gestational age window for NT
measurement.
Our screen-positive rate (SPR) was 1.9% as 163 women
had a risk above the cut-off of 1 : 250 in the NT screening.
This resulted in a FPR of 1.8%.
There were 12 DS cases among the 8622 singleton pregnancies we examined (Table 1), and 11 of these women
underwent a double test. Using the risk according to NT
screening detected nine cases (75%; 95% CI, 42.8–93.4).
All nine women had a termination of the pregnancy.
If serum markers had been used as a stand-alone test
then 8/11 (73%; 95% CI, 39.0–93.4) cases would have

Table 1 Down syndrome cases among singleton pregnancies

Case
1
2
3
4
5
6
7
8
9
10
11
12
Screen-positive

Age
(years)

CRL
(mm)

NT
(mm)

Delta-NT
(mm)

β-hCG
(MoM)

PAPP-A
(MoM)

NT risk
(1:)

Double test risk
(1:)

Combined test risk
(1:)

33
36
28
31
34
30
37
37
34
30
29
31
3/12

62
69
66
67
70
72
76
51
64
61
76
76

1.8
2.1
2.4
3.2
3.2
3.9
4.1
4.5
5.0
5.1
5.2
8.7

0.2
0.4
0.7
1.5
1.4
1.7
2.2
3.1
3.4
3.5
3.3
6.8

2.32
2.95
1.78
1.38
*
3.00
0.51
1.71
5.87
1.50
3.29
1.44

0.39
0.47
0.73
0.65
*
0.45
0.17
0.26
1.09
0.26
1.11
0.40

1327
481
900
116
89
250
14
6
12
22
26
20
9/12

68
29
546
554
*
80
192
28
67
131
226
367
8/11

225
66
627
115
*
31
8
1
1
5
8
13
10/11

Outcome
LB
LB
LB
TOP
TOP
TOP
TOP
TOP
TOP
TOP
TOP
TOP

TM

Nuchal translucency risk calculated using ViewPoint software. The double test risk was calculated as the 12-week risk. Cut-off 1 : 250.
*, no blood test taken. β-hCG, β-human chorionic gonadotropin; CRL, crown–rump length; LB, live birth; MoM, multiples of the median;
NT, nuchal translucency; PAPP-A, pregnancy-associated plasma protein-A; TOP, termination of pregnancy by suction.
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Table 2 Results for Down syndrome (DS) and all aneuploidies from three prospective DS screening strategies in gestational weeks 11–14
DS (%, (n))

Major chromosomal abnormality (%, (n))

Screening test

DR

SPR

FPR

DR

SPR

FPR

NT
Double test
Combined test

75 (9/12)
73 (8/11)
91 (10/11)

1.9 (163/8622)
8.9 (572/6441)
2.3 (148/6441)

1.8 (154/8622)
8.8 (564/6441)
2.1 (138/6441)

59 (16/27)
40 (10/25)
64 (16/25)

1.9 (163/8622)
8.9 (572/6441)
2.3 (148/6441)

1.7 (147/8622)
8.7 (562/6441)
2.0 (132/6441)

The double test risk was calculated as the 12-week risk. DR, detection rate; FPR, false-positive rate; NT, nuchal translucency; SPR,
screen-positive rate.

been detected (Table 1), while 10/11 (91%; 95% CI,
58.7–99.8) cases would have been detected using NT in
combination with the double test (i.e. the combined test).
Table 2 shows the DR and SPR of the three screening
strategies. The odds of being affected given a positive
result (OAPR) were 1 : 17 using the NT screening, 1 : 37
using the double test and 1 : 13 using the combined firsttrimester screening.
The uptake of invasive testing was 77%, as 125/163
screen-positive women based on the NT screening
underwent an invasive test. In 157 cases the mode of
conception was reported: 149 conceived spontaneously
and eight by assisted reproduction (five by in-vitro
fertilization and three by ovulation induction). There was
a tendency towards a declining rate of invasive testing
if the pregnancy was achieved by assisted reproduction
(odds ratio (OR) 3.52; 95% CI, 0.83–14.82; P =
0.0867). There was no difference (P = 0.46) in the mean
maternal age between the subgroup which chose invasive

testing (34.8 years) and the subgroup which declined
(33.9 years). Likewise, we found no direct influence of
the change in risk assessment on the decision for invasive
test, as 16/38 (42%) women who declined invasive testing
had a decrease in their NT-based risk validation compared
to the background risk and 52/125 (42%) women who
chose the invasive test had a decrease. However, when
corrected for maternal age, there was a slight tendency
towards declining invasive test if the risk decreased (OR
1.63; 95% CI, 0.54–4.93).
The overall invasive rate in Denmark is 12%33 and
it was 8.5% (737/8622) in our study group. The
total spontaneous fetal loss between examination and
gestational week 20 was 0.55% (47/8622) in the study
group and 0.54% (4/737) in the invasive group.

Other chromosomal abnormalities
In addition, 15 other major chromosomal abnormalities
were found in the examined group (Table 3), namely five

Table 3 Other major chromosomal abnormalities among the examined women

Case

Age
(years)

T18
1
33
2
26
3
23
4
31
5
33
T13
1
30
2
26
3
32
TS
1
30
2
35
3
25
4
19
5
33
T18 mosaicism
1
28
Triploidy
1
27

CRL
(mm)

NT
(mm)

Delta-NT
(mm)

β-hCG
MoM

PAPP-A
MoM

NT
risk
(1:)

Double
test risk
(1:)

Combined
test risk
(1:)

Diagnosed
in study

60
58
62
75
56

1.0
1.8
3.0
3.1
9.7

−0.6
0.3
1.4
1.3
8.2

0.15
0.16
0.23
0.11
0.15

0.30
0.21
0.14
0.19
0.24

2775
2258
240
357
14

1519
2510
2824
1555
1121

17 995
6996
251
1302
39

Yes†
Yes†
Yes
Yes†
Yes

TOP (15)
TOP (14)
TOP (13)
TOP (14)
TOP (13)

69
51
60

2.0
2.0
2.1

0.3
0.6
0.5

0.33
*
0.38

0.33
*
0.32

1898
776
636

2105
*
1217

6271
*
1617

No
Yes†
No

TOP (23)
TOP (14)
TOP (18)

63
82
64
73
77

8.5
9.0
10.0
15.0
12.0

6.9
7.0
8.4
13.2
11.2

3.58
1.26
0.44
1.21
0.88

0.13
1.48
0.19
0.60
0.25

22
10
34
38
15

20
744
1313
1222
199

Yes
Yes
Yes
Yes
Yes

TOP (13)
MIC (18)
TOP (13)
TOP (15)
MIC (16)

62

1.6

0

0.26

0.65

4184

9031

48 213

No

SB (31)

52

1.1

0.3

0.21

0.05

5826

2359

678

0.2
28
27
43
7

Yes†

Outcome
(completed weeks)

TOP (12)

The double test risk was calculated as the 12-week risk. Cut-off 1 : 250. *, no blood test taken. †, due to a major abnormality detected by
ultrasound. β-hCG, β-human chorionic gonadotropin; CRL, crown–rump length; LB, live birth; MIC, miscarriage; MoM, multiples of the
median; NT, nuchal translucency; PAPP-A, pregnancy-associated plasma protein-A; SB, stillbirth; T, trisomy; TOP, termination of
pregnancy; TS, Turner syndrome.
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cases of T18, three cases of T13, five cases of Turner
syndrome (TS), one case of triploidy and one case of T18
mosaicism. Two out of five cases of T18 and all cases of
TS were screen-positive in the NT screening. Hence, 7/15
major chromosomal abnormalities were detected, when
screening for DS using NT, giving an OAPR for a major
chromosomal disease of 1 : 9.
Among the fetuses at low risk in the NT screening,
early invasive diagnostic procedures were performed in
five fetuses due to structural malformations: midgut
herniation (three T18 fetuses), holoprosencephaly (one
T13 fetus) and holoprosencephaly and hydrocephaly
(one triploid fetus). Consequently, the early ultrasound
examination detected 12/15 other major chromosomal
abnormalities. Of these 12 women, 10 had a pregnancy
termination, while two continued their pregnancy and
miscarried within a few weeks (Table 3). Using serum
markers alone and DS risk calculation would only have
detected two cases with TS of the 14 cases in which a
blood test was available, while the five cases with TS
would have been detected using NT in combination with
serum markers.
The DR for all major chromosomal abnormalities in
the combined screening for DS was 64% for a 2.3% SPR
(Table 2).
As T13, T18 and triploidy are known to be associated
with very low values of serum markers, we examined
all cases in the study group with concurrent β-hCG and
PAPP-A MoMs below 0.4. Only 35/6441 (0.5%) cases
fulfilled these criteria. Of these 35 cases, eight of the other
major chromosomal abnormalities were found (Table 3).
A total of 27 (0.31%) cases of major chromosomal
abnormalities were thus diagnosed among the 8622 singleton pregnancies who underwent an NT examination.
(The data analysis from the screening in twin pregnancies
is in progress.) Among the 3680 women who declined
participation in the study 17 fetuses (0.46%) with major
chromosomal abnormalities were found: nine T21, two
T18, two with TS, one T18 mosaicism, one T13 mosaicism
and two with TS mosaicism.

DISCUSSION
Our results confirm that screening for DS by combining
NT and the double test in a non-selected population
is superior to other screening strategies. Our 91% DR
is similar to that found by others, even though the
95% CI is wide given the small number of DS cases
in our study population. The remarkable result of our
study was the low FPR compared to other studies8,25 .
There may be several explanations for this. First, the
study was only conducted in two ultrasound units that
worked closely together. Second, we took special care in
monitoring the SPR as described previously26 , and the
quality of the examinations was continuously assessed
and especially the variation according to learning phase
and intervention. Third, NT measurements were obtained
in as many as 97.5% of women. The fact that we were able
to obtain such a high percentage of NT measurements is
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probably explained by the use of both the transabdominal
and the transvaginal approach in the majority of the
examinations (81%), but it is also likely that the anomaly
scan performed at the same time contributed. We therefore
believe that the focus on quality – and consequently the
low variation in the NT measurements – in this study
may contribute to the very low SPR that was constant
throughout the study period. Our DR is comparable to
that obtained using the integrated test34 , which consists
of a combination of first-trimester ultrasonography and
first- and second-trimester biochemical tests. Although
our SPR is slightly higher than that obtained using the
integrated test, we believe that most women will prefer the
first-trimester combined screening test, because the result
of the integrated test is not available before 16 weeks’
gestation.
Ultrasonography alone detected 80% of the other
chromosomal abnormalities by a combination of NT and
an early anomaly scan. These were not picked up by
the double test due to marker distributions unlike those
in DS pregnancies. A proper serum screening for T18
and T13 using the distributions for these chromosome
abnormalities in a risk calculation would have been more
appropriate for comparison. Nevertheless, we observed
that only 0.5% of the women examined had β-hCG and
PAPP-A values below 0.4 MoM. The low concentration
of serum markers has been described by others35 – 37 , but
the SPR in a screening program for these disorders needs
further investigation.
Of the nine DS fetuses diagnosed prenatally in this
study, six would have survived until birth assuming a
30% fetal loss rate32 . Together with the three cases
diagnosed postnatally, there were thus nine (95% CI,
4.1–17.1) cases of DS, resulting in an overall observed
birth prevalence of 1.0‰ (95% CI, 0.5–2.0). From the
literature we would expect a prevalence of 1.3–1.7‰38 ,
similar to the Danish prevalence during the 1990s
of 1.6‰33 . If all invited women had accepted the
NT screening, the total number of DS cases at birth
would have been 16, representing a relatively low birth
prevalence of 1.2‰ in our invited 13 621 women.
Differences in maternal age distribution could explain this
difference in prevalence (a tendency towards a younger
age in our study was found). The rather low DS prevalence
in the study group and the left skewed age distribution in
Figure 2 suggest that our study group is most likely a lowrisk population. Since no selection was done at inclusion,
the explanation may be that women who were already
offered an invasive test due to the legal regulations decided
to accept this offer without risk assessment in our study.
The age distribution might contribute to the low FPR
since younger women are more likely to have a negative
test. However, a negative impact on the DR would thus
have been expected, but was not observed, although no
conclusions on this topic can be drawn due to the small
number of DS cases.
It is noteworthy that using a 1 : 100 cut-off, 8/11 DS
cases would have been detected with a SPR of 0.95%
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(61/6441), suggesting that it is possible to achieve a very
low SPR for a satisfactory DR.
It should be emphasized that first-trimester screening
overestimates the DR of chromosome abnormalities,
since these fetuses have an increased loss rate during
pregnancy31 . The birth incidence of DS can therefore not
be expected to be reduced by 90% if a combined screening
program is introduced.
In the authors’ opinion, the low SPR and FPR found in
this prospective study are the most important findings,
since screening in low-risk populations can only be
justified if the FPR is very low. When compared to
the screening presently used in Denmark, we estimate
that implementation of the combined screening would
decrease the number of invasive procedures by 50%. The
Danish National Board of Health has just decided that
all pregnant women should be offered DS risk estimation.
It will be interesting to see whether it will be possible to
maintain the low FPR when a national screening program
is implemented.
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