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PERFORMED DURING THE FIRST AND SECOND TRIMESTERS
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ABSTRACT

Background Both first-trimester screening and
second-trimester screening for Down’s syndrome
are effective means of selecting women for chorion-
ic-villus sampling or amniocentesis, but there is un-
certainty about which screening method should be
used in practice. We propose a new screening meth-
od in which measurements obtained during both tri-
mesters are integrated to provide a single estimate
of a woman’s risk of having a pregnancy affected by
Down’s syndrome.

Methods We used data from published studies of
various screening methods employed during the first
and second trimesters. The first-trimester screening
consisted of measurement of serum pregnancy-
associated plasma protein A in 77 pregnancies affect-
ed by Down’s syndrome and 383 unaffected preg-
nancies and measurements of nuchal translucency
obtained by ultrasonography in 326 affected and
95,476 unaffected pregnancies. The second-trimes-
ter tests were various combinations of measurements
of serum alpha-fetoprotein, unconjugated estriol, hu-
man chorionic gonadotropin, and inhibin A in 77 af-
fected and 385 unaffected pregnancies.

Results When we used a risk of 1in 120 or greater
as the cutoff to define a positive result on the inte-
grated screening test, the rate of detection of Down’s
syndrome was 85 percent, with a false positive rate
of 0.9 percent. To achieve the same rate of detection,
current screening tests would have higher false pos-
itive rates (5 to 22 percent). If the integrated test
were to replace the triple test (measurements of se-
rum alpha-fetoprotein, unconjugated estriol, and hu-
man chorionic gonadotropin), currently used with a
5 percent false positive rate, for screening during the
second trimester, the detection rate would be higher
(85 percent vs. 69 percent), with a reduction of four
fifths in the number of invasive diagnostic proce-
dures and consequent losses of normal fetuses.

Conclusions The integrated test detects more cas-
es of Down’s syndrome with a much lower false pos-
itive rate than the best currently available test. (N Engl
J Med 1999;341:461-7.)
©1999, Massachusetts Medical Society.

HE general approach to prenatal screening
for Down’s syndrome is to estimate a wom-
an’s risk of having an affected pregnancy
on the basis of factors such as maternal age,
serum concentrations of various analytes, and ultra-
sound measurements that have been found to be as-
sociated with Down’s syndrome and are frequently
referred to as screening markers for the disorder.
Women with a risk above a specified level (e.g., a risk
of =1 in 250) are classified as positive on screening.
These women are then offered a diagnostic test —
either amniocentesis or chorionic-villus sampling.
Screening for Down’s syndrome in the second tri-
mester of pregnancy, based on the concentrations of
various markers in serum and maternal age, has be-
come widely used in the past decade.:2 Down’s syn-
drome is associated with low maternal serum alpha-
fetoprotein and unconjugated estriol concentrations
and high maternal serum human chorionic gonado-
tropin and inhibin A concentrations. Measurements
of the first three markers, in addition to age, consti-
tute the widely used triple test; measurements of all
four (with age) make up the quadruple test.23 In the
first trimester, Down’s syndrome is associated with
high values for fetal nuchal translucency (measured
by ultrasonography), high maternal serum concen-
trations of the free beta subunit of human chorionic
gonadotropin, and low serum concentrations of preg-
nancy-associated plasma protein A. Nuchal translu-
cency has been used either alone* or in combination
with the two serum markers (the combined test) in
another screening protocol.> Although the reliability
of screening based on the serum markers is high,
there is uncertainty about the reliability of the meas-
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urement of nuchal translucency; this uncertainty has
led to debate about whether testing during the first
trimester or the second is preferable.s11

With the current tests, 5 percent or more of
screened women need to undergo amniocentesis in
order for 60 to 80 percent of fetuses with Down’s
syndrome to be detected. Most women with positive
screening tests have unaffected pregnancies. The false
positive results, however, cause considerable anxiety,
and about 0.9 in 100 women who undergo amnio-
centesis during the second trimester and 1.4 in 100
who undergo chorionic-villus sampling during the
first trimester have miscarriages.2 A screening test
that had a rate of detection similar to those of the
current tests but a markedly reduced rate of false
positive results — thereby reducing the need for in-
vasive diagnostic procedures — would be of great
benefit. We evaluated a new screening method, which
we call the “integrated test,” that is designed to
achieve this goal by integrating measurements of first-
and second-trimester markers into a single test.

METHODS

We estimated the performance of prenatal screening for Down’s
syndrome on the basis of maternal age combined with published
data on the distribution of several first- and second-trimester
markers in pregnancies affected by and those not affected by
Down’s syndrome, as confirmed subsequently by chorionic-villus
sampling, amniocentesis, or postnatal assessment. The estimates
of the performance of first-trimester screening (at 10 to 13
weeks) were based on measurements of nuchal translucency in
326 fetuses affected by Down’s syndrome*? and 95,476 unaftect-
ed fetuses®!2 and on measurements of serum pregnancy-associat-
ed plasma protein A and the free beta subunit of human chori-
onic gonadotropin in 77 affected pregnancies and 383 unaftected
pregnancies.!3 These estimates were corrected for the overestima-
tion of the rate of detection by the measurement of nuchal
translucency* that resulted from the termination of pregnancies
that would otherwise have ended in miscarriage.® We did not,
however, take into account the possibility that fetuses with Down’s
syndrome that is detected by screening are more likely to be abort-
ed spontaneously than unaffected fetuses.

The estimates of the performance of second-trimester screen-
ing (at 14 to 22 weeks) were based on measurements of serum
alpha-fetoprotein, unconjugated estriol, human chorionic gonad-
otropin, and inhibin A in a different study of 77 pregnancies af-
fected by Down’s syndrome and 385 unaftected pregnancies; these
measurements were made on serum samples stored before first-
trimester serum or ultrasound screening was introduced.!#16 The
estimates of screening performance were modified on the basis of
data on the improvement in determining the length of gestation
with ultrasonography.\?

The integrated test combines markers measured during both of
the first two trimesters. The serum free beta subunit of human
chorionic gonadotropin during the first trimester was excluded as
a marker of Down’s syndrome because of its expected high degree
of correlation with serum total human chorionic gonadotropin
during the second trimester. The results were similar when values
for serum free beta subunit of human chorionic gonadotropin
were included and those for serum total human chorionic gonad-
otropin were excluded.

All markers were expressed as multiples of the normal median for
women with unaffected pregnancies at a given gestational age. A
multivariate Gaussian model was fitted to the data on first-trimes-
ter and second-trimester markers in the affected and unaffected
pregnancies, and the likelihood ratio was calculated. This ratio
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TABLE 1. RATES OF DETECTION OF DOWN’S SYNDROME
AT SPECIFIED FALSE POSITIVE RATES AND FALSE POSITIVE RATES
AT SPECIFIED DETECTION RATES, ACCORDING TO THE
TYPE OF SCREENING TEST.*

FIRsT FIRST AND
SeconD TRIMESTER TRIMESTER SECOND
VARIABLE (14-22 wk) (10-13 wk) TRIMESTERS
DOUBLE TRIPLE QUADRUPLE ~ COMBINED  INTEGRATED
TESTT  TESTE TEST§ TESTY TEST||

detection rate (%)

False positive rate

1% 35 46 54 72 85
3% 50 62 69 81 92
5% 59 69 76 85 94
7% 65 74 81 38 96

false positive rate (%)

Detection rate

60% 54 2.7 1.6 0.2 0.03
70% 9.4 52 32 0.8 0.12
80% 165 10.2 6.6 2.6 0.45
90% 305 215 15.2 9.9 2.10

*All tests included maternal age and gestational age, estimated by ultra-
sonography.

1The double test includes measurements of serum alpha-fetoprotein and
human chorionic gonadotropin.

1The triple test includes measurements of serum alpha-fetoprotein, un-
conjugated estriol, and human chorionic gonadotropin.

§The quadruple test includes measurements of serum alpha-fetoprotein,
unconjugated estriol, human chorionic gonadotropin, and inhibin A.

{The combined test includes measurements of serum pregnancy-associ-
ated plasma protein A, the free beta subunit of human chorionic gonado-
tropin, and nuchal translucency (by ultrasonography).

[ The integrated test includes measurements of serum pregnancy-associ-
ated plasma protein A and nuchal translucency in the first trimester and
serum alpha-fetoprotein, unconjugated estriol, human chorionic gonado-
tropin, and inhibin A in the second trimester.

was used to adjust the risk of having a pregnancy at a particular
maternal age that, in the absence of screening, would result in a
live-born infant with Down’s syndrome. In Bayesian terms, the
likelihood ratio was multiplied by the prior odds to calculate the
posterior odds. The detailed methods of the calculation of mul-
tiples of the normal median and estimation of the statistical pa-
rameters used in the multivariate Gaussian distributions have
been described previously,'7 and the method of risk estimation
has been empirically validated.!s The statistical parameters required
to calculate the performance of the screening test have been re-
ported previously.!216 They include the coefficients for the correla-
tion between markers within the same trimester, which are esti-
mated separately in affected and normal pregnancies. Values for
nuchal translucency and serum pregnancy-associated plasma pro-
tein A were not correlated with the second-trimester markers,!9-20
a finding consistent with the absence of an association in the first
trimester between the values for nuchal translucency and serum
free beta subunit of human chorionic gonadotropin2!-2# and be-
tween the values for serum pregnancy-associated plasma protein
A and those for other serum markers.!3

We compared the performance of the integrated test in screen-
ing for Down’s syndrome with that of the first-trimester and sec-
ond-trimester screening tests by examining the detection rates
for specified false positive rates and the false positive rates for
specified detection rates of each test. The detection rate is the
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Figure 1. Rates of Detection of Down’s Syndrome and False Positive Rates for Various Screening Tests.

The triple test includes measurements of serum alpha-fetoprotein, unconjugated estriol, and human chori-
onic gonadotropin in the second trimester. The quadruple test includes measurements of serum alpha-
fetoprotein, unconjugated estriol, human chorionic gonadotropin, and inhibin A in the second trimester. The
combined test includes measurements of serum pregnancy-associated plasma protein A, free beta subunit
of human chorionic gonadotropin, and nuchal translucency in the first trimester. The integrated test in-
cludes measurements of serum pregnancy-associated plasma protein A and nuchal translucency in the first
trimester and measurements of serum alpha-fetoprotein, unconjugated estriol, human chorionic gonado-

tropin, and inhibin A in the second trimester.

proportion of affected pregnancies with a positive test result, also
called sensitivity; the false positive rate is the proportion of un-
affected pregnancies with a positive result, equivalent to 1 minus
the specificity. The methods used to estimate the risk of Down’s
syndrome and the performance of screening have been described
in detail elsewhere.2425 Estimates of the number of unaffected
fetuses that were lost as a result of amniocentesis or chorionic-
villus sampling were obtained from a review of randomized trials
(which produced values of 0.9 percent and 1.4 percent, respec-
tively).2

RESULTS

The performance of second-trimester screening
alone, first-trimester screening alone, and the inte-
grated test that incorporated measurements from
both trimesters is shown in Table 1. At a 5 percent
false positive rate, the estimated rate of detection
with the integrated test was 94 percent, greater
than that with the most effective second-trimester
test (quadruple test, 76 percent) or first-trimester
test (combined test, 85 percent). At a 1 percent
false positive rate, the estimated rate of detection
for the integrated test was 85 percent (54 percent
and 72 percent for the quadruple and combined
tests, respectively). The integrated test detected at
least as many affected pregnancies at a 1 percent
false positive rate as either first-trimester or second-
trimester screening alone at a 5 percent false posi-
tive rate. The extent to which the integrated test is

TABLE 2. RATES OF DETECTION OF DOWN’S SYNDROME
AT SPECIFIED FALSE POSITIVE RATES AND FALSE POSITIVE RATES
AT SPECIFIED DETECTION RATES FOR THE INTEGRATED TEST
AND THREE VARIATIONS.*

INTEGRATED
VARIABLE Testt VARIATIONS OF INTEGRATED TEST

WITHOUT

WITHOUT WITHOUT SERUM INHIBIN A
SERUM NUCHAL AND NUCHAL
INHIBIN A TRANSLUCENCY  TRANSLUCENCY
detection rate (%)
False positive rate
1% 85 82 66 60
3% 92 90 79 74
5% 94 92 85 80
7% 96 94 88 84
false positive rate (%)
Detection rate
60% 0.03 0.05 0.6 1.0
70% 0.12 0.20 1.4 2.2
80% 0.45 0.73 3.2 5.0
90% 2.10 3.3 8.8 12.6

*All tests included maternal age and gestational age, estimated by ultra-
sonography.

tThe integrated test includes measurements of serum pregnancy-associ-
ated plasma protein A and nuchal translucency in the first trimester and
serum alpha-fetoprotein, unconjugated estriol, human chorionic gonado-
tropin, and inhibin A in the second trimester.
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Figure 2. Percentage of Screened Women Who Would Need to Undergo Amniocentesis or Chorionic-
Villus Sampling in Order for 80 Percent of the Pregnancies Affected by Down'’s Syndrome to Be De-

tected, According to Type of Screening Test.

The double test includes measurements of serum alpha-fetoprotein and human chorionic gonadotro-
pin in the second trimester. The triple test includes measurements of serum alpha-fetoprotein, uncon-
jugated estriol, and human chorionic gonadotropin in the second trimester. The quadruple test in-
cludes measurements of serum alpha-fetoprotein, unconjugated estriol, human chorionic gonadotropin,
and inhibin A. The combined test includes measurements of serum pregnancy-associated plasma pro-
tein A, the free beta subunit of human chorionic gonadotropin, and nuchal translucency in the first
trimester. The integrated test includes measurements of serum pregnancy-associated plasma protein
A and nuchal translucency in the first trimester and serum alpha-fetoprotein, unconjugated estriol, hu-
man chorionic gonadotropin, and inhibin A in the second trimester.

better than the best first-trimester or second-tri-
mester test (the combined test and the quadruple
test, respectively) and the triple test is shown in Fig-
ure 1. At a 1 percent false positive rate, the rate of
detection was 85 percent, as compared with 46 per-
cent for the triple test. The steep early rise in the
rate of detection with the integrated test reflects
both high rates of detection and low rates of false
positive results.

Table 2 shows the performance of the integrated
test without the measurement of nuchal translucen-
cy (because some centers may not have experience
with this procedure) and serum inhibin A values (be-
cause some centers may not use this marker). De-
spite the loss of performance, a comparison of the
data in Tables 1 and 2 shows that if the measurement
of either nuchal translucency or serum inhibin A
were omitted it would still be of benefit to integrate
first- and second-trimester markers into a single
screening test. If it is not possible to measure nuchal
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translucency, ultrasonography should still be used to
date the pregnancy — by measuring, for example,
crown—rump length — in order to maximize the
performance of the integrated screening test (since
the serum concentration of pregnancy-associated plas-
ma protein A increases by about 35 percent per week
during the first trimester).

The percentages of screened women who would
require an invasive diagnostic procedure and karyo-
typic analysis in order for 80 percent of pregnancies
affected by Down’s syndrome to be detected are
shown in Figure 2, according to the screening test
used. The percentage is the positive rate, including
both true and false positives, in the numerator and
all pregnancies screened in the denominator. The
percentages decreased from 22.2 percent with the
double test to 1 percent with the integrated test. For
each test, Table 3 shows the risk cutoff needed to
achieve a detection rate of 85 percent, and the esti-
mated odds of an affected infant’s being born for
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TABLE 3. ODDS OF DELIVERING AN INFANT WITH DOWN’S SYNDROME AT TERM AMONG WOMEN
WITH POSITIVE TESTS AND NUMBERS OF PROCEDURE-RELATED LOSSES OF UNAFFECTED FETUSES
ACCORDING TO THE SCREENING TEST USED.*

Obps OF
DELIVERING
AN INFANT WITH

FALSE DowN’s SYNDROME
Risk PosiTive AT TErRM IF TEST No. oF PROCEDURE-RELATED
SCREENING TEST CuToFF RATE (%) Is PosITIVE Losses oF UNAFFECTED FETUSES
FOR EVERY 100
PREGNANCIES
FOUND BY THE
TEST TO BE FOR EVERY
AFFECTED BY 100,000
DowN’s WOMEN
SYNDROME SCREENED
First and second trimesters
Integrated test} 1in 120 0.9 1:9 8 8
Variations of integrated test
Without serum inhibin A 1 in 190 1.5 1:13 12 13
Without nuchal translucency 1 in 410 5.2 1:47 42 47
Without nuchal translucency and 1 in 560 7.7 1:70 63 69
serum inhibin A
First trimester
Combined testf 1 in 540 4.9 1:45 61 66
Second trimester
Quadruple test§ 1in 630 9.8 1:88 79 88
Triple testq 1 in 830 14.5 1:131 118 130
Double test|| 1 in 1040 221 1:200 180 199

*All tests included maternal age and gestational age, estimated by ultrasonography.

1The integrated test includes measurements of serum pregnancy-associated plasma protein A and nuchal translucency
in the first trimester and serum alpha-fetoprotein, unconjugated estriol, human chorionic gonadotropin, and inhibin A

in the second trimester.

fThe combined test includes measurements of serum pregnancy-associated plasma protein A, free beta subunit of hu-

man chorionic gonadotropin, and nuchal translucency.

§The quadruple test includes measurements of serum alpha-fetoprotein, unconjugated estriol, human chorionic gonad-

otropin, and inhibin A.

{The triple test includes measurements of serum alpha-fetoprotein, unconjugated estriol, and human chorionic gonad-

otropin.

| The double test includes measurements of serum alpha-fetoprotein and human chorionic gonadotropin.

women with a positive result. The odds (the ratio of
the number affected to the number unaffected) for
the integrated test is 1:9, much higher than that for
the first-trimester combined test (1:45) or for the
best second-trimester test (1:88). There was also a
substantial reduction in the number of unaffected
fetuses lost as a result of amniocentesis or chorionic-
villus sampling; 8 unaftected fetuses would have been
lost per 100 pregnancies found by the integrated test
to be affected, as compared with 61 per 100 and 79
per 100 with the best first-trimester and second-
trimester tests, respectively.

To achieve a detection rate of 85 percent with the
integrated test, the risk cutoff would be set at 1 in
120 (Table 3), a level at which the false positive rate
would be 0.9 percent. Using the best test in the sec-
ond trimester (the quadruple test) or in the first tri-
mester (the combined test), a much lower cutoff
(1in 630 or 1 in 540, respectively) would be needed

to achieve a similar detection rate, and the false pos-
itive rates would be much higher (9.8 percent and
4.9 percent). At a 5 percent false positive rate, the
detection rate of the integrated test would be 94
percent, but the risk cutoff required to achieve this
rate (1 in 940) may be regarded as too low to be
clinically acceptable.

The reduction in the false positive rate with the
integrated test is particularly evident for older wom-
en (Table 4). Among women 35 years of age or old-
er, the false positive rate of the integrated test was
only 3.3 percent (with a risk cutoff of 1 in 120), as
compared with 19 percent for the triple test (with
the usual risk cutoft of 1 in 250), with a gain in
detection (92 percent vs. 88 percent). For every
100,000 women 35 years of age or older who were
screened, only 30 unaffected fetuses would be lost
because of diagnostic procedures with the integrated
test, as compared with 171 with the triple test.
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