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background

 

It is uncertain how best to screen pregnant women for the presence of fetal Down’s
syndrome: to perform first-trimester screening, to perform second-trimester screen-
ing, or to use strategies incorporating measurements in both trimesters.

 

methods

 

Women with singleton pregnancies underwent first-trimester combined screening
(measurement of nuchal translucency, pregnancy-associated plasma protein A [PAPP-A],
and the free beta subunit of human chorionic gonadotropin at 10 weeks 3 days through
13 weeks 6 days of gestation) and second-trimester quadruple screening (measure-
ment of alpha-fetoprotein, total human chorionic gonadotropin, unconjugated estriol,
and inhibin A at 15 through 18 weeks of gestation). We compared the results of step-
wise sequential screening (risk results provided after each test), fully integrated screen-
ing (single risk result provided), and serum integrated screening (identical to fully in-
tegrated screening, but without nuchal translucency).

 

results

 

First-trimester screening was performed in 38,167 patients; 117 had a fetus with Down’s
syndrome. At a 5 percent false positive rate, the rates of detection of Down’s syndrome
were as follows: with first-trimester combined screening, 87 percent, 85 percent, and
82 percent for measurements performed at 11, 12, and 13 weeks, respectively; with
second-trimester quadruple screening, 81 percent; with stepwise sequential screening,
95 percent; with serum integrated screening, 88 percent; and with fully integrated
screening with first-trimester measurements performed at 11 weeks, 96 percent.
Paired comparisons found significant differences between the tests, except for the
comparison between serum integrated screening and combined screening.

 

conclusions

 

First-trimester combined screening at 11 weeks of gestation is better than second-
trimester quadruple screening but at 13 weeks has results similar to second-trimester
quadruple screening. Both stepwise sequential screening and fully integrated screen-
ing have high rates of detection of Down’s syndrome, with low false positive rates.
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irst-trimester screening for

 

Down’s syndrome that includes the use of
ultrasonography to assess nuchal translu-

cency has become widespread since its introduction
by Nicolaides and colleagues in the early 1990s.

 

1-4

 

The largest U.S. study of first-trimester screening
to date, involving 8514 pregnancies, reported a 79
percent detection rate at a 5 percent false positive
rate.

 

5

 

 Second-trimester screening remains the most
common approach to assessing the risk of Down’s
syndrome in the United States.

 

6

 

 When inhibin A is
included in second-trimester quadruple screening,
the estimated detection rate for Down’s syndrome
is 81 percent with a 5 percent false positive rate.

 

7

 

However, little information is available on the com-
parative performance of these first- and second-
trimester approaches. More complex options for
risk assessment have also become available, includ-
ing sequential screening (performance of screen-
ing tests at different times during pregnancy, with
the results provided to the patient after each test)
and integrated screening (performance of screen-
ing tests at different times during pregnancy, with
a single result provided to the patient only after all
tests have been completed).

 

8,9

 

Accurate comparison of the performance of dif-
ferent screening tests conducted at different times
during pregnancy remains complex because of the
bias that can arise from spontaneous pregnancy
losses that may occur between the first-trimester
and the second-trimester screenings. We conducted
the First- and Second-Trimester Evaluation of Risk
(FASTER) Trial with the goal of providing direct
comparative data on currently available screening
approaches to Down’s syndrome from a large pop-
ulation followed prospectively.

 

study population

 

This study was conducted at 15 U.S. centers from
October 1999 to December 2002. Institutional re-
view board approval was obtained, and the partici-
pants gave written informed consent. The inclusion
criteria were a maternal age of 16 years or older,
pregnancy with a singleton live fetus, and a fetal
crown–rump length of 36 to 79 mm (consistent
with a gestational age of 10 weeks 3 days through
13 weeks 6 days at study entry).

 

10

 

 Women were ex-
cluded from the study if they had undergone prior
measurement of nuchal translucency or if anen-

cephaly was diagnosed in the fetus. Patients whose
fetuses had septated cystic hygroma were followed
separately without contributing serum samples.
The first-trimester risk was calculated from mea-
surements of nuchal translucency and two serum
markers, pregnancy-associated plasma protein A
(PAPP-A) and the free beta subunit of human chori-
onic gonadotropin (f

 

b

 

hCG), together with maternal
age. The patients returned at 15 to 18 weeks of ges-
tation for second-trimester screening. At this time,
a second-trimester risk was calculated from mea-
surements of serum alpha-fetoprotein, total human
chorionic gonadotropin (hCG), unconjugated es-
triol, and inhibin A, together with maternal age.

Ultrasonography to assess nuchal translucency
was performed according to a standardized proto-
col by specially trained ultrasonographers.

 

4

 

 A min-
imum of 20 minutes was reserved for the assess-
ment, and transvaginal ultrasonography was used
if necessary. The patient could return for a second
evaluation if the initial attempt failed. All images
were scored by a single reviewer at the main study
center, and feedback was provided to the ultra-
sonographers. A random selection of 10 percent of
images underwent additional review by an indepen-
dent ultrasound quality-assurance committee. Me-
dian nuchal-translucency measurements and their
standard deviations were monitored according to
ultrasonographer and study site. Drift in these val-
ues triggered review of images and feedback to in-
dividual ultrasonographers.

 

assessment of risk

 

Measurements of biochemical markers were con-
verted into multiples of the median (MoM) for ges-
tational age, adjusted for maternal weight and race
or ethnicity. Nuchal-translucency MoM values were
center-specific, and the mean of three measure-
ments was used for calculation of risk. The risk of
Down’s syndrome was estimated by multiplying the
maternal age-specific odds of the live birth of an in-
fant affected by Down’s syndrome

 

11

 

 by the likeli-
hood ratio obtained from the overlapping gaussian
distributions of affected and unaffected pregnan-
cies, as previously described.

 

12

 

 These distributions
were specified by using published statistical param-
eters.

 

8,13

 

 The distributions of nuchal-translucency
measurements were based on all pregnancies, in-
cluding those in which cystic hygromas were found.
The patients were provided with two separate esti-
mates of the risk of Down’s syndrome, with cutoff

f

methods

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 26, 2008 . For personal use only. No other uses without permission. 



 

n engl j med 

 

353;19

 

www.nejm.org november 

 

10, 2005

 

screening for down’s syndrome

 

2003

 

points chosen at the start of the trial; a positive re-
sult from first-trimester screening was defined as a
risk at the end of pregnancy (40 weeks) of 1 in 150,
and a positive result from second-trimester screen-
ing was defined as a risk at the end of pregnancy of
1 in 300. Because second-trimester screening was
considered the standard of care, the risk cutoff
point was chosen so that the rate of positive screen-
ing results was similar to that of current screening
practice — that is, a rate of 5 percent, given the age
distribution of pregnancies in the United States.
The first-trimester risk cutoff point was chosen to
yield a lower rate of positive screening results (2 to
3 percent) in order to ensure that the overall rate for
the study population would not be excessive. The re-
sults were provided to the patients after all screening
tests were complete, and patients with positive re-
sults from either first-trimester or second-trimester
screening were offered formal genetic counseling
and the option of amniocentesis for genetic analysis.

 

screening tests

 

The following screening tests for fetal Down’s syn-
drome were evaluated: measurement of first-tri-
mester nuchal translucency alone; first-trimester
serum screening alone (PAPP-A and f

 

b

 

hCG were
measured); first-trimester combined screening
(nuchal translucency plus PAPP-A and f

 

b

 

hCG); sec-
ond-trimester quadruple screening (alpha-fetopro-
tein, total hCG, unconjugated estriol, and inhibin
A); independent sequential screening (the results
of combined screening were provided to the pa-
tient in the first trimester, and the results of qua-
druple screening in the second trimester, with both
risks calculated independently); stepwise sequen-
tial screening (the results of combined screening
were provided in the first trimester, and the results
of quadruple screening in the second trimester; the
risk in the second trimester was calculated with in-
clusion of the marker levels measured in the first
trimester); serum integrated screening (PAPP-A was
measured in the first trimester, and the results were
not provided to the patient; quadruple markers were
measured in the second trimester, and the risk in
the second trimester was calculated with inclusion
of the marker levels measured in the first trimester);
and fully integrated screening (identical to serum
integrated screening with the addition of first-tri-
mester measurement of nuchal translucency). For
all tests, the calculated risk took into account ma-
ternal age.

 

data collection

 

Research coordinators at each clinical site recorded
information on patients by using a computerized
tracking system to maximize the amount of data
obtained. Copies of fetal and pediatric medical rec-
ords were submitted for review by a single pediatric
geneticist in all cases in which a possible fetal or
neonatal medical problem was suspected, in all
cases with a positive screening-test result but with-
out karyotype results, and in a 10 percent random
sample of all other cases in enrolled patients. Fetal
chromosome status was determined by amniocen-
tesis; by sampling neonatal cord blood in cases with
a positive screening-test result in which the mother
declined amniocentesis; or by tissue sampling in
cases of spontaneous pregnancy loss, pregnancy
termination, or stillbirth.

Completeness of ascertainment was assessed by
calculating the expected number of cases of Down’s
syndrome from the maternal age distribution of the
enrollees and recent age-specific birth prevalence
data.

 

14

 

 On the basis of these data, 112 cases of
Down’s syndrome were expected in the second tri-
mester; we identified 117 cases, suggesting that all
cases were probably identified.

 

statistical analysis

 

Screening performance was based on the maternal
age-specific risk of having an affected live-born
child, corrected to early mid-trimester to allow for
loss of fetuses with Down’s syndrome from this
time until term,

 

11

 

 and applied to the U.S. standard
population of births for 1999.

 

14

 

 MoM values for
each pregnancy were calculated by dividing the ob-
served marker concentration by the median value for
unaffected pregnancies with the same fetal crown–
rump length. The first trimester was not treated as
a single time period, because MoM values of the
markers in affected pregnancies change linearly
with gestational age. Confidence intervals for the es-
timates of screening performance of the combined,
quadruple, fully integrated, serum integrated, and
stepwise sequential testing strategies were derived
by bootstrapping with 1000 Down’s syndrome data-
set replications. These confidence intervals give the
range of values within which the true screening
performances are likely to lie. To compare screen-
ing performances of different strategies, the differ-
ence between pairs of tests was determined for each
dataset replication and the 95 percent confidence
intervals of these differences were calculated.
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An independent replication of the data analysis
was performed by the Foundation for Blood Re-
search, Scarborough, Maine, and the results were
reported to the data-monitoring committee, which
was independent of the FASTER Trial consortium.
These results were consistent with those of the pri-
mary analysis.

A total of 42,367 patients were approached for en-
rollment (Fig. 1). The demographic characteristics
of the 38,033 patients enrolled are summarized in
Table 1. Data on pregnancy and pediatric outcomes
were obtained in 36,837 cases (97 percent). One
hundred two approved ultrasonographers per-
formed all nuchal-translucency evaluations. The ul-
trasonographer failed to obtain an adequate nuchal-
translucency image in 1727 cases (4.5 percent),

and in a further 974 cases (2.6 percent) the images
were rejected at central review. Adequate nuchal-
translucency measurements were therefore ob-
tained in 35,332 cases (92.9 percent). Complete
first- and second-trimester screening data were
available for 33,459 unaffected pregnancies and 87
pregnancies affected by Down’s syndrome. There
were 117 cases of Down’s syndrome in the popula-
tion of 38,167 patients (38,033 enrolled patients
plus 134 patients whose fetuses had cystic hygro-
mas). Of the 117 cases of Down’s syndrome, 25
were in the cystic-hygroma subgroup and 92 oc-
curred among the 38,033 pregnancies described in
this report.

Table 2 summarizes the performance of first-
and second-trimester screening, by counting the
number of detected and false positive cases above
the risk cutoff levels used. Table 3 presents the me-
dian MoM values in pregnancies affected by Down’s

results

 

Figure 1. Recruitment of Subjects in the FASTER Trial.

 

NT denotes nuchal translucency, and DS Down’s syndrome.

38,189 Eligible

42,367 Approached

38,033 Enrolled for first-
trimester screening

22 With anencephaly
134 Cystic hygroma

(25 with DS)

First-trimester serum obtained
from 37,843 (92 with DS)

Measured NT in 36,306
(92 with DS)

Second-trimester serum obtained
from 35,236 (87 with DS)

Complete first-trimester data
for 36,120 (92 with DS)

Complete first- and second-trimester
data for 33,546 (87 with DS)

4178 Ineligible or refused
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syndrome for individual markers at each week dur-
ing the first trimester and the detection rates for
each marker used alone. The median MoM values
in affected pregnancies are not constant from 11
through 13 weeks of gestation, so that the perfor-
mance of tests that include measurement of nuchal
translucency and PAPP-A declines, and the perfor-
mance of tests that include measurement of f

 

b

 

hCG
improves, over this time period.

The second-trimester median MoM values for
markers in affected pregnancies were 0.74 for alpha-
fetoprotein (95 percent confidence interval, 0.67 to
0.82), 1.79 for hCG (95 percent confidence inter-
val, 1.59 to 2.01), 0.61 for unconjugated estriol (95
percent confidence interval, 0.55 to 0.67), and 1.98
for inhibin A (95 percent confidence interval, 1.74
to 2.26). The observed median MoM value of 0.61
for unconjugated estriol was substantially lower
than almost all previously published estimates.

 

15

 

In a meta-analysis of 733 pregnancies affected by
Down’s syndrome, the median MoM value for un-
conjugated estriol was 0.72 (95 percent confidence
interval, 0.68 to 0.75).

 

15

 

 The effect of this unexpect-
ed finding in our study would be improved rates of
detection of Down’s syndrome, at a 5 percent false
positive rate, of 86 percent (instead of 81 percent)
for quadruple screening and 78 percent (instead of
69 percent) for triple screening. The median MoM
value of 0.61 for unconjugated estriol is likely to be
an outlying low result that would tend to produce
an overestimation of second-trimester screening
performance, since the 95 percent confidence in-

tervals of our observed values and the meta-analy-
sis values do not overlap, whereas our other results
are all consistent with published values. Our sub-
sequent results are therefore based on the pooled
median MoM of 0.72 for unconjugated estriol ob-
tained from a meta-analysis.

 

15

 

Table 4 shows the estimated performance of a

 

* The mean (±SD) maternal age at the expected date of delivery was 30.1±5.8 years.

 

† Race or ethnic group was self-reported.

 

Table 1. Demographic Characteristics of the 38,033 Enrolled Patients.

Characteristic
No. of 

Patients

No. of
Fetuses with

Down’s Syndrome

Percent
of Total
Patients

 

Maternal age at expected date
of delivery*

<35 Yr 29,834 28 78.4

≥35 Yr 8,199 64 21.6

Maternal race or ethnic group†

White 25,459 65 66.9

Hispanic 8,607 17 22.6

Black 2,031 5 5.3

Asian 1,556 4 4.1

Other 380 1 1.0

Gestational age of fetus at first-
trimester screening

10 wk 3 days to 10 wk 6 days 1,345 0 3.5

11 wk 0 days to 11 wk 6 days 8,583 19 22.6

12 wk 0 days to 12 wk 6 days  17,052 44 44.8  

13 wk 0 days to 13 wk 6 days 11,053 29 29.1

 

* The detection rate is subject to bias, because an unknown proportion of fetuses with hygroma might have been sponta-
neously aborted before the second trimester, when most cases of Down’s syndrome were ascertained.

† The detection rate is based on a positive result from either the first-trimester combined screening at a risk cutoff of 1 in 
150 or the second-trimester quadruple screening at a risk cutoff of 1 in 300, with both screening results being calculated 

 

independently.

 

Table 2. Directly Observed Performance Characteristics of First- and Second-Trimester Screening Tests for Down’s Syndrome.

Screening Test Risk Cutoff Detection Rate* False Positive Rate

 

percent (no. positive/total no.) percent

 

First-trimester combined screening

Hygroma not included 1:150 77 (71/92) 3.2 

Hygroma included 1:150 82 (96/117) 3.2 

First-trimester combined screening

Hygroma not included 1:300 82 (75/92) 5.6 

Hygroma included 1:300 86 (100/117) 5.6 

Second-trimester quadruple screening 1:300 85 (74/87) 8.5 

Sequential screening in both trimesters† 1:150 for 1st trimester
1:300 for 2nd trimester

94 (82/87) 11
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variety of screening approaches, applied to the
1999 U.S. distribution of maternal ages (mean age,
27.1 years, with 13.2 percent 35 years of age or old-
er).

 

14

 

 First-trimester serum screening and nuchal-
translucency measurement perform similarly, but
the combination of both is superior for detecting
Down’s syndrome at 11 to 13 weeks of gestation.
Serum integrated screening performs similarly to
first-trimester combined screening yet does not
require nuchal-translucency measurement. Fully
integrated screening (including measurement of
nuchal translucency) yields the highest detection
rates with the lowest false positive rates as compared
with other forms of screening. Quadruple screen-
ing performs better than triple screening (measure-
ment of alpha-fetoprotein, hCG, and unconjugat-
ed estriol), with both lower false positive rates and
higher detection rates. The detection rates at vari-
ous false positive rates and the false positive rates at
various detection rates are summarized in Table 4.

To compare the performance of different screen-
ing tests, it is not appropriate to rely on the 95 per-
cent confidence intervals surrounding the point es-
timates of performance of the main screening tests,
as shown in Table 4. Therefore, the performance of
different screening tests was compared on the basis

of many samplings from the study population.
These comparisons showed that, at false positive
rates of 1 percent or 5 percent, the detection rates
were significantly different for the various testing
strategies, except for the serum integrated and
combined-screening tests, for which the detection
rates were not significantly different (Table 5).

Subgroup analyses were performed of data
from women 35 years of age or older and from
those younger than 35 years. For women 35 or old-
er, first-trimester combined screening had a detec-
tion rate of 95 percent at a false positive rate of 22
percent, as compared with a detection rate of 92
percent at a false positive rate of 13 percent for sec-
ond-trimester quadruple screening and a detection
rate of 91 percent at a false positive rate of 2.0 per-
cent for integrated screening (with first-trimester
markers measured at 11 weeks). For women under
35, first-trimester combined screening had a de-
tection rate of 75 percent at a 5.0 percent false pos-
itive rate, as compared with a detection rate of 77
percent at a 2.3 percent false positive rate for sec-
ond-trimester quadruple screening and a detection
rate of 77 percent at a 0.4 percent false positive rate
for integrated screening.

Another option is stepwise sequential screen-

 

* CI denotes confidence interval, PAPP-A pregnancy-associated plasma protein A, and f

 

b

 

hCG the free beta subunit of hu-
man chorionic gonadotropin. 

† The estimated MoM values were derived from regression of the value of each marker against gestational age.

 

‡ The detection rates were estimated without the use of maternal age.

 

Table 3. Multiple of the Median (MoM) Values for First-Trimester Levels of Markers in Pregnancies Affected by Down’s 
Syndrome and Estimated Detection Rates for a 5 Percent False Positive Rate.*

Marker No. of Completed Weeks of Gestation

 

11 12 13

 

median MoM value

 

Nuchal translucency

Estimated† 2.13 1.91 1.71 

Observed (95% CI) 2.14 (1.58–2.91) 2.26 (1.80–2.84) 1.43 (1.06–1.95)

PAPP-A

Estimated† 0.42 0.47 0.53 

Observed (95% CI) 0.31 (0.18–0.52) 0.46 (0.36–0.59) 0.74 (0.51–1.08)

 f

 

b

 

hCG

Estimated† 1.89 2.05 2.23 

Observed (95% CI) 2.08 (1.16–3.70) 1.79 (1.21–2.66) 2.42 (1.52–3.85)

 

estimated detection rate (percent)

 

‡

Nuchal translucency 63 60 55 

PAPP-A 51  44 37 

f

 

b

 

hCG 22 25 29 
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ing, in which patients undergo first-trimester com-
bined screening with the results provided imme-
diately and those with positive tests are offered
chorionic villus sampling. Patients with negative
tests return at 15 weeks so that the quadruple
markers can be measured, and a new risk estimate
is provided that combines the results of measure-
ment of the first-trimester and the second-trimes-
ter markers. Setting a 2.5 percent false positive rate
for each screening component in this model re-
sults in an estimated detection rate of Down’s syn-
drome of 95 percent (95 percent confidence inter-
val, 91 to 97 percent), at an overall false positive
rate of 4.9 percent. At the same 95 percent detec-
tion rate, the false positive rate for fully integrated
screening was 4.0 percent (the 95 percent confi-
dence interval for the difference between stepwise
sequential and fully integrated screening is 0.1 to
1.3 percent).

The FASTER Trial was designed to compare, in a
single population, first-trimester screening for
Down’s syndrome with second-trimester screen-
ing (the current standard of care) and with screen-
ing in both trimesters. Our results demonstrate
that first-trimester screening for Down’s syndrome
is highly effective, but combinations of measure-
ments of markers from both the first and the sec-
ond trimesters yield higher detection rates and
lower false positive rates.

We found that using both nuchal translucency
and serum markers in the first trimester is more ef-
fective in screening for Down’s syndrome than us-
ing either alone. At 11 weeks of gestation, adding
PAPP-A and f

 

b

 

hCG determinations to measure-
ment of nuchal translucency increases the detec-
tion rate of Down’s syndrome from 70 percent to

discussion

 

* A 95 percent confidence interval that does not include zero suggests a significant difference between the results of the two screening tests. 
Significant differences were found for all pairs of tests in the table, except for the serum integrated test versus the combined test. The first-
trimester markers for the combined and fully integrated tests were measured at 11 weeks of gestation, except where otherwise stated. CI 
denotes confidence interval.

† The combined test in the first trimester consists of measurement of nuchal translucency, pregnancy-associated plasma protein A (PAPP-A), 
and the free beta subunit of human chorionic gonadotropin (f

 

b

 

hCG).
‡ The serum-only test consists of measurement of PAPP-A and f

 

b

 

hCG.
§ The quadruple test consists of measurement of alpha-fetoprotein, hCG, unconjugated estriol, and inhibin A in the second trimester.
¶The serum integrated test consists of measurement of PAPP-A in the first trimester and alpha-fetoprotein, hCG, unconjugated estriol, and in-

hibin A in the second trimester. The fully integrated test consists of measurement of nuchal translucency and PAPP-A in the first trimester and 

 

alpha-fetoprotein, hCG, unconjugated estriol, and inhibin A in the second trimester.

 

Table 5. Differences in False Positive Rates for a Given Detection Rate, and Differences in Detection Rates for a Given False Positive Rate 
for Specified Pairs of Screening Tests.*

Screening Test Percent Detection Rate Percent False Positive Rate

 

75 85 95 1 5

 

percentage points of difference
between false positive rates (95% CI)

percentage points of difference 
between detection rates (95% CI)

 

Combined — 11 vs. 12 wk† ¡0.2 (¡0.6 to 0.0) ¡1.0 (¡1.9 to ¡0.3) ¡3.7 (¡5.4 to ¡2.3) 1.5 (0.1 to 2.6) 1.8 (1.1 to 2.5)

Combined — 11 vs. 13 wk† ¡1.1 (¡2.1 to ¡0.4) ¡3.1 (¡4.9 to ¡1.6) ¡8.1 (¡12 to ¡5.2) 6.1 (3.8 to 8.5) 4.9 (3.3 to 6.5)

Combined — 12 vs. 13 wk† ¡0.8 (¡1.5 to ¡0.4) ¡2.1 (¡3.1 to ¡1.3) ¡4.4 (¡6.2 to ¡2.7) 4.6 (3.6 to 6.0) 3.1 (2.2 to 4.0)

Nuchal translucency alone vs. combined† ¡6.9 (¡10 to ¡2.6) ¡16 (¡23 to ¡9.1) ¡38 (¡49 to ¡29) 19 (14 to 28) 17 (12 to 24)

Serum only vs. combined†‡ ¡5.9 (¡8.7 to ¡3.2) ¡12 (¡16 to ¡6.9) ¡24 (¡33 to ¡15) 23 (17 to 30) 17 (11 to 21)

Combined† vs. quadruple§ ¡1.9 (¡6.0 to ¡0.6) ¡3.5 (¡12 to ¡0.3) ¡4.4 (¡22 to 6.9) 13 (5.0 to 29) 6.5 (0.0 to 18)

Serum integrated vs. combined†¶ 0.0 (¡0.8 to 1.6) ¡0.2 (¡2.6 to 3.8) ¡2.7 (¡12 to 9.8) 0.2 (¡12 to 7.2) 0.5 (¡7.4 to 5.8)

Fully integrated vs. combined†¶ ¡1.0 (¡2.0 to ¡0.4) ¡3.1 (¡5.7 to ¡1.4) ¡14 (¡22 to ¡6.4) 15 (3.3 to 19) 8.6 (4.5 to 12)

Quadruple vs. triple ¡3.9 (¡7.0 to ¡2.3) ¡6.3 (¡12 to ¡3.3) ¡9.5 (¡19 to ¡3.1) 16 (7.7 to 22) 11 (5.8 to 17)

Serum integrated vs. quadruple ¡1.9 (¡4.8 to ¡1.3) ¡3.7 (¡8.7 to ¡2.3) ¡7.1 (¡14 to ¡3.6) 13 (10 to 19) 7.0 (4.6 to 12)

Fully integrated vs. quadruple ¡3.0 (¡6.8 to ¡1.9) ¡6.7 (¡14.2 to ¡4.1) ¡18 (¡34 to ¡11) 28 (23 to 38) 15 (11 to 24)

Fully integrated vs. serum integrated ¡1.0 (¡2.3 to ¡0.5) ¡2.9 (¡6.3 to ¡1.6) ¡11 (¡20 to ¡6.2) 15 (10 to 22) 8.1 (4.9 to 14)
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87 percent, at a 5 percent false positive rate (Table 4).
The differences observed between combined screen-
ing and measurement of either nuchal translucency
or serum markers alone are clinically significant
and support the use of first-trimester combined
screening for risk assessment. The only exception
may be in the case of multiple gestations (which
were excluded from the present study), in which
serum markers are difficult to interpret and nuchal-
translucency measurements may allow for fetus-
specific risk calculation.

Although the effectiveness of screening by mea-
surement of f

 

b

 

hCG appeared to improve between
11 and 13 weeks, the effectiveness of screening by
measurement of nuchal translucency or PAPP-A
declined over this interval, so that screening at 11
weeks resulted in better detection rates overall.
Other screening programs that use first-trimester
markers, such as integrated or sequential screen-
ing, will also be subject to degradation in perfor-
mance if the first-trimester component is delayed
until 13 weeks. Estimates of risk based on gesta-
tional age-specific measurements will be more
accurate than estimates based on measurements
taken during the period from 11 through 13 weeks
as a whole.

Ultrasonography for the measurement of nuchal
translucency can be a difficult technique to perform
consistently well, as evidenced by the 7 percent rate
of failed or suboptimal imaging in our study. A re-
cent U.S. study suggested a rate of failure to obtain
an image of only 0.5 percent, but no data were pro-
vided on image quality.

 

5

 

 However, the detection rate
of Down’s syndrome by measurement of nuchal
translucency appeared lower than in the present
study (79 percent, at a 5 percent false positive rate).

 

5

 

This suggests that quality assurance, as performed
by us, may contribute to improved screening per-
formance.

Second-trimester quadruple screening had a
higher false positive rate than first-trimester com-
bined screening performed at 11 or 12 weeks. The
estimated performance based on week-specific
measurements indicated an advantage of com-
bined screening over quadruple screening if the
first-trimester measurements are obtained at 11
weeks, but not if they are obtained later.

In our study, the first-trimester results were not
released until the completion of second-trimester
screening so as to allow an unbiased comparison
of the two approaches. Since fetuses with septated
cystic hygroma are at particularly high risk for fetal

aneuploidy, patients with this finding were imme-
diately informed and offered chorionic villus sam-
pling, and they were not included in our calcula-
tion of risks.

 

16

 

 Thus, our estimates of screening
performance apply only to pregnancies without
cystic hygromas.

Measurement of a combination of markers in
both the first and the second trimesters provides
the best screening performance. We studied the
performance of two types of integrated screening
(involving measurement of markers at different ges-
tational ages, but provision of a single result after
all testing is complete)

 

8

 

: the fully integrated model,
which incorporates first-trimester nuchal-translu-
cency measurements, and the serum integrated
model, which does not. A single prospective nested
case–control study from Europe found Down’s
syndrome detection rates of 94 percent for fully
integrated screening and 87 percent for serum in-
tegrated screening, at a 5 percent false positive
rate.

 

7,17

 

 In the current study, fully integrated screen-
ing performed significantly better than either first-
trimester combined screening or second-trimester
quadruple screening alone. Serum integrated
screening performed similarly to first-trimester
combined screening and may be a useful alternative
in situations in which staff appropriately trained in
assessing nuchal translucency are not available.
The differences between screening tests were less
apparent if the false positive rate was set at 5 percent
(as has been commonly adopted) rather than 1 per-
cent, because the detection rates of all the tests are
relatively high.

A major disadvantage of integrated screening is
that it precludes the performance of chorionic
villus sampling for early definitive diagnosis. With
independent sequential screening, first-trimester
combined-screening results are provided immedi-
ately, and women with positive results may choose
to undergo chorionic villus sampling. Women with
negative results return for quadruple screening,
the results of which are interpreted without refer-
ence to the first-trimester results. Our results indi-
cate a high false positive rate (11 percent, for a 94
percent detection rate) and reduced accuracy with
such a strategy and thus suggest that it should not
be used.

Stepwise sequential screening, in contrast, keeps
the false positive rate low and provides early results
to women with a positive test, but it combines the
results of both the first-trimester and the second-
trimester measurements into a final second-trimes-
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ter risk assessment. With first-trimester combined
screening at 11 weeks, and a false positive rate of
each component set at 2.5 percent, stepwise se-
quential screening resulted in a high detection rate
of Down’s syndrome, similar to that obtained by
fully integrated screening, although with a slightly
higher false positive rate. The sequential approach
described here is simply one example of sequential
testing. (Setting different false positive rates would
result in different yields.) Further research is needed
to determine the most effective method of sequen-
tial screening and to compare it with other screen-
ing programs.

In conclusion, when there is appropriate quality
control for measurement of nuchal translucency,
first-trimester combined screening is a powerful
tool for the detection of Down’s syndrome. Step-
wise sequential screening and fully integrated
screening are both associated with high detection
rates and acceptable false positive rates; the advan-
tage of earlier diagnosis associated with sequential
screening must be weighed against the lower false

positive rate obtained with integrated screening.
Consideration of the costs associated with differ-
ent strategies and of patient preferences will help
guide the choice between these approaches.

 

Supported by grants from the National Institutes of Health and
the National Institute of Child Health and Human Development
(RO1 HD 38652 and M01 RR 00054). 

Drs. Canick and Wald hold international and U.S. patents for un-
conjugated estriol as a marker in prenatal screening for Down’s syn-
drome (for example, U.S. patents 5506150 and 5605843, issued on
April 9, 1996, and February 25, 1997, respectively). Dr. Nyberg re-
ports having received lecture fees from GeneCare. Dr. Timor-Tritsch
reports having received lecture fees from General Electric Medical
Ultrasound and having received ultrasound equipment support
from Philips Ultrasound. Dr. Bianchi reports holding equity owner-
ship in, and receiving grant support from, Living Microsystems, and
also reports having received lecture fees from Ross Products. Dr.
Lambert-Messerlian reports having served as a consultant to Diag-
nostic Systems Laboratories. Dr. Wald holds patents for the inte-
grated screening test for Down’s syndrome using first- and second-
trimester markers together as a single test (integrated screening)
(for example, U.S. patent 6573103, issued on June 3, 2003). Dr.
Wald is also a director of Logical Medical Systems, which makes Al-
pha, the interpretative software used for the Down’s syndrome risk
calculation in FASTER, and he is a director of Intema, which licenses
the integrated screening test. Dr. Canick reports having served as a
consultant to, and having received grant support from, Diagnostic
Systems Laboratories.

 

appendix

 

The members of the FASTER Research Consortium were as follows: K. Welch and R. Denchy, Columbia University, New York; F. Porter, M.
Belfort, B. Oshiro, L. Cannon, K. Nelson, C. Loucks, and A. Yoshimura, University of Utah, Salt Lake City, and Intermountain Health Care
Perinatal Centers, Salt Lake City, Provo, and Ogden; D. Luthy and S. Coe, Swedish Medical Center, Seattle; D. Schmidt and J. Esler, William
Beaumont Hospital, Royal Oak, Mich.; G. Hankins, G. Saade, and J. Lee, University of Texas Medical Branch, Galveston; K. Eddleman and
Y. Kharbutli, Mount Sinai Medical Center, New York; I. Merkatz and S. Carter, Montefiore Medical Center, Bronx, N.Y.; J. Hobbins and L.
Schultz, University of Colorado Health Science Center, Denver; M. Paidas and J. Borsuk, New York University Medical Center, New York; B.
Isquith and B. Berlin, Tufts University, Boston; C. Duquette, Brown University, Providence, R.I.; R. Baughman, University of North Carolina,
Chapel Hill; J. Hanson and F. de la Cruz, National Institute of Child Health and Human Development, Bethesda, Md.; T. Tripp, D. Emig, and
L. Sullivan, DM-STAT, Medford, Mass.; J. Bestwick, Wolfson Institute of Preventive Medicine, London. 

 

Independent Ultrasound Quality Assur-
ance Committee:

 

 A. Abuhamad, Eastern Virginia Medical School, Norfolk; and J. Copel, Yale University School of Medicine, New Haven, Conn.

 

Independent Data-Monitoring Committee:

 

 J. Goldberg, California Pacific Medical Center, San Francisco; J. Haddow, Foundation for Blood
Research, Scarborough, Me.; A. Hogge, Magee-Women’s Hospital, Pittsburgh; and M. Mennuti, University of Pennsylvania, Philadelphia.

 

references

 

1.

 

Nicolaides KH, Azar G, Byrne D, Man-
sur C, Marks K. Fetal nuchal translucency:
ultrasound screening for chromosomal de-
fects in first trimester of pregnancy. BMJ
1992;304:867-9.

 

2.

 

Snijders RL, Noble P, Sebire N, Souka A,
Nicolaides KH. UK multicenter project on
assessment of risk of trisomy 21 by maternal
age and fetal nuchal-translucency thickness
at 10-14 weeks of gestation. Lancet 1998;
352:343-6.

 

3.

 

Wald NJ, Hackshaw AK. Combining ul-
trasound and biochemistry in first-trimester
screening for Down’s syndrome. Prenat Di-
agn 1997;17:821-9.

 

4.

 

Malone FD, D’Alton ME. First-trimester
sonographic screening for Down syndrome.
Obstet Gynecol 2003;102:1066-79.

 

5.

 

Wapner R, Thom E, Simpson JL, et al.
First-trimester screening for trisomies 21
and 18. N Engl J Med 2003;349:1405-13.

 

6.

 

Egan JF, Kaminsky LM, DeRoche ME,
Barsoom MJ, Borgida AF, Benn PA. Antena-
tal Down syndrome screening in the United
States in 2001: a survey of maternal-fetal
medicine specialists. Am J Obstet Gynecol
2002;187:1230-4.

 

7.

 

Wald NJ, Rodeck C, Hackshaw AK,
Walters J, Chitty L, Mackinson AM. First
and second trimester antenatal screening
for Down’s syndrome: the results of the Se-
rum, Urine and Ultrasound Screening Study
(SURUSS). Health Technol Assess 2003;7:
1-77.

 

8.

 

Wald NJ, Watt HC, Hackshaw AK. Inte-
grated screening for Down’s syndrome on
the basis of tests performed during the first
and second trimesters. N Engl J Med 1999;
341:461-7.

 

9.

 

Wright D, Bradbury I, Benn P, Cuckle H,
Ritchie K. Contingent screening for Down
syndrome is an efficient alternative to non-

disclosure sequential screening. Prenat Di-
agn 2004;24:762-6.

 

10.

 

Hadlock FP, Shah YP, Kanon DJ, Lindsey
JV. Fetal crown-rump length: reevaluation of
relation to menstrual age (5-18 weeks) with
high-resolution real-time US. Radiology
1992;182:501-5.

 

11.

 

Morris JK, Mutton DE, Alberman E. Re-
vised estimates of the maternal age specific
live birth prevalence of Down’s syndrome.
J Med Screen 2002;9:2-6.

 

12.

 

Wald N, Hackshaw A. Tests using multi-
ple markers. In: Wald N, Leck I, eds. Antena-
tal and neonatal screening. 2nd ed. Oxford,
England: Oxford University Press, 2000:23-
57.

 

13.

 

Wald NJ, Hackshaw AK, George LM. As-
say precision of serum alpha fetoprotein in
antenatal screening for neural tube defects
and Down’s syndrome. J Med Screen 2000;7:
74-7. [Erratum, J Med Screen 2000;7:168.]

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 26, 2008 . For personal use only. No other uses without permission. 



 

n engl j med 

 

353;19

 

www.nejm.org november 

 

10, 2005

 

screening for down’s syndrome

 

2011

 

14.

 

1999 Perinatal mortality data file. Vital
and health statistics. Series 20. No. 20. At-
lanta: Centers for Disease Control and Pre-
vention, 2002.

 

15.

 

Wald NJ, Kennard A, Hackshaw A,
McGuire A. Antenatal screening for Down’s

syndrome. J Med Screen 1997;4:181-246.
[Errata, J Med Screen 1998;5:110, 1998;5:
166.]

 

16.

 

Malone FD, Ball RH, Nyberg DA, et al.
First-trimester septated cystic hygroma:
prevalence, natural history, and pediatric

outcome. Obstet Gynecol 2005;106:288-
94.

 

17.

 

Wald NJ, Rodeck C, Rudnicka A, Hack-
shaw A. Nuchal translucency and gestation-
al age. Prenat Diagn 2004;24:150-1.

 

Copyright © 2005 Massachusetts Medical Society.

 

 

 

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 26, 2008 . For personal use only. No other uses without permission. 


