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Purpose: To identify trends in the utilization of second trimester maternal serum screening, follow-up amniocen-

teses, and the detection of Down syndrome–affected pregnancies between 1991 and 2003. Methods: We

reviewed all triple and quadruple maternal serum screening tests referred to the University of Connecticut

screening laboratory from women with singleton pregnancies. For each calendar year, the total number of tests,

proportion to women aged 35 or older, number of follow-up amniocenteses, and the number of prenatally and

postnatally diagnosed Down syndrome cases were recorded. Results: A total of 109,469 women received

screening. In 1991, the proportion of older women who received screening was 58% of that present in the

Connecticut population but by 2003 this had increased to 83% (P � 0.001). In Down syndrome screen-positive

pregnancies, there was no significant change in the rate of amniocentesis utilization (average 73%), but in

false-positives, there was a decline from 70% in 1991 to 27% in 2003 (P � 0.001). Conclusion: Increased use of

maternal serum screening by older women, use of second trimester ultrasound, and improvements in screening

methodology have resulted in sharply reduced numbers of amniocenteses in unaffected pregnancies. Genet Med

2005:7(5):328–331.
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The incidence of autosomal trisomy in livebirths is strongly
dependent on maternal age.1 Because of this well-recognized
association, special consideration is given to the provision of
prenatal cytogenetic testing to women aged 35 or more at de-
livery. Professional guidelines from the American College of
Medical Genetics (ACMG)2 and the American College of Ob-
stetrics and Gynecology (ACOG)3 state that invasive diagnos-
tic testing (prenatal chromosome analysis through amniocen-
tesis or chorionic villus sampling, CVS) should be offered to
women aged 35 or older (advanced maternal age, AMA). Sec-
ond trimester multiple marker screening is recommended for
women “unless amniocentesis is indicated based on their his-
tory and/or age or they have elected to have first trimester
screening and/or CVS.”2 These age-based guidelines have re-
mained largely unaltered despite the proven efficacy of second
trimester maternal serum screening,4–6 widespread use of ul-
trasound to identify fetal structural abnormalities or markers
associated with aneuploidy,7 demonstrated performance of
first trimester screening,8,9 and the potential shown for com-
binations of these approaches.10,11 A recent alternative set of

guidelines issued by the InternationalDown syndrome Screen-
ing Group (IDSSG) indicated that the use of maternal age as a
sole criterion for aneuploidy risk assessment was no longer
justified.12 The IDSSG guidelines called for the use of the best
possible estimate of risk for every patient and provided specific
recommendations for the screening protocols that should be
used.
In this study, we report on steady improvements in the over-

all effectiveness of second trimester serum screening and com-
ment on the appropriateness of the most recent version of the
ACMG guidelines.

MATERIALS AND METHODS

We reviewed all maternal serum screening tests performed
on singleton pregnancies thatwere referred to theUniversity of
Connecticut Health Center Human Genetics Laboratories
from September 1991 to December 2003. Initial studies were
based on maternal serum alpha-fetoprotein (MS-AFP), un-
conjugated estriol (uE3), and human chorionic gonadotropin
(hCG). In April 1999, this screening test was expanded to in-
clude inhibin-A (INH-A). A second trimester cut-off of 1:270
was used to define screen-positive pregnancies. A first trimes-
ter screening protocol was not in place during the time interval
covered by the study. Second trimester ultrasound to detect
fetal structural abnormalities and fetalmarkers associatedwith
aneuploidy was available throughout this interval with post-
serum screening risks modified from January 1996 onwards.
The methods used to gather pregnancy outcome informa-

tion have been previously described.13 Follow-up data in-
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cluded utilization of amniocentesis, cytogenetic results, and
the presence ofDown syndromeor other aneuploidy identified
at birth. Expected numbers of Down syndrome births were
based on the 8-series curve of Bray et al.14 and the number of
affected second trimester pregnancies derived by applying an
adjustment for in utero survival.15 The proportion of births to
women aged 35 or more in Connecticut were obtained from
birth certificate data.16

Chi-squared tests were carried out using SPSS for Windows
(SPSS Inc., Chicago, IL). A value of P � 0.05 was considered
statistically significant.

RESULTS

Between September 1991 and December 2003, maternal se-
rum screening was provided to a total of 109,469 women with
singleton pregnancies. Overall, 12.9% of the screened popula-
tion was aged 35 or older at delivery. Figure 1 shows the annual
proportion of screened women who were aged 35 or older at
delivery, compared to the proportion of AMA mothers for in
Connecticut births. The growth in the proportion of AMA
women who received screening approximately paralleled the
increase in oldermothers in the whole population. In 1991, the
proportion of AMA women who received screening was 58%
of that present in the whole population but by 2003 this had
increased to 83%. The proportion of AMA women receiving
serum screening, standardized for the increasing numbers of
these women in the Connecticut population, was statistically
significant (P � 0.001).

Of the 95,345 women under 35 years at delivery, 3,980
(4.2%)were screen-positive for fetalDown syndrome.Of these
screen-positive women, 1,973 accepted amniocentesis and
therefore the net rate of amniocentesis in younger women was
2.1%. For the 14,124 women age 35 or older, 3,287 (23.3%)
were screen-positive and 1,391 received amniocentesis result-
ing in an overall rate of amniocentesis of 9.8%.
Figure 2 shows the annual changes in the utilization of am-

niocentesis by these two groups of women. Between 1991 and
2003, there was a marked reduction in the utilization of am-

niocentesis by both groups. For all ages combined, the propor-
tion of screen-positive women who underwent amniocentesis
in 1991 was 70% but by 2003 this had declined to 27.7%. The
difference in the rate of utilization of amniocentesis by
younger versus older screen-positive women was statistically
significant in earlier years of the study (1991–1993,
1995–1996) (P � 0.05) but not significant in all other years.
Based on the maternal ages of the 109,469 women screened,

there should have been 217 second trimester Down syndrome
fetuses present in the screened population. This probably rep-
resents an overestimate of the actual number present because
up to 11% of Down syndrome second trimester pregnancies
are ascertained through abnormal ultrasound or increased risk
due to family history, without provision of maternal serum
screening.17 Based on our follow-up data, we could account for
203 cases (94% of the upper estimate of 217 cases). We there-
fore judged ascertainment of affected pregnancies to be sub-
stantially complete. Table 1 summarizes the detection rates,
false-positive rates, and overall impact of the screening based
on this follow-up data. Figure 3 shows the detection rates and
false-positive rates for each year of the study.
A further analysis of amniocentesis rates separating true

positive cases from false-positives showed that the overall re-
duction in amniocentesis utilizationwas confined to false-pos-
itive cases (Fig. 4). In affected pregnancies, there was no signif-
icant change in the rate of amniocentesis (average 73%) (P �
0.05), but in false-positives, the decline from 70% in 1991 to
27% in 2003 was significant (P� 0.001). For the first 3 years of
the study (1991–1994), there was an average of one Down syn-
drome diagnosis for every 69 amniocenteses and for the last 3
years (1999–2003), there was one affected pregnancy in every
20 amniocenteses.

DISCUSSION

In this report, we document improved efficacy of second
trimester Down syndrome screening when evaluated from the
perspective of the number of affected pregnancies diagnosed
relative to the number of amniocenteses performed. These ob-

Fig. 2. Decline in the use of amniocentesis among screen-positive women aged 35 or
older (�) and by younger women (}).

Fig. 1. Proportion of women in Connecticut who are of advanced maternal age (top
line) and the proportion of women who received screening and are of advancedmaternal
age (bottom line).
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servations confirm and extend trends seen in referrals to our
cytogenetics laboratory.17 The improvement is probably at-
tributable to three factors: provision and acceptance of mater-
nal serum screening by older women; the use of second trimes-
ter ultrasound as an adjunct to serum screening; and
improvements in serum screening such as the incorporation of
the INH-A in testing.
When maternal serum screening is provided to older

women, both the detection rate and the false-positive rate are
increased, but overall, the screening is more effective with a
higher positive predictive value (true positives divided by true
plus false-positives) compared to that achieved for younger
women.18 Consistent with theoretical expectations for this
screening,19 we observed an approximately 88% detection rate
and 22.9% false-positive rate for women aged 35 or more. For
our screened population, if amniocentesis had been provided
to all serum screen-negative women aged 35 or more, there
would have been 10,837 additional amniocenteses, 10 addi-
tional Down syndrome affected pregnancies identified, and an
estimated 65 additional fetal losses.20

Retaining maternal age alone as an appropriate indication
for offering amniocentesis has been justified on the basis that
not all cases of Down syndrome will be identified through
screening and that there are othermaternal age-associated fetal
aneuploidies that are not identified. The second trimester qua-
druple test is expected to identify 90% of Down syndrome and
87% of trisomy 18 pregnancies in women aged 35 or more.19

The second trimester group risk for fetal chromosome abnor-
mality in AMA screen-negative women is therefore approxi-
mately 1.0% of which 0.4% are balanced translocations,
47,XXX and 47,XYY karyotypes.21 Although prenatal diagno-
sis of these latter karyotypes may be helpful for some parents,
this has to be weighed against the approximately 0.6% risk of
an amniocentesis procedure–related risk of fetal loss.20 Balanc-

ing the risk of aneuploidy against risk of a procedure-related
fetal loss is particularly important for older women who show
declining fertility. We have advocated the use of serum screen-
ing in older women because of these considerations, the in-
creasing numbers of older mothers in the United States,22 and
because maternal serum screening is cost effective.23

Women who are screen-positive for Down syndrome will
generally receive an ultrasound exam to look for the presence
or absence of fetal structural abnormalities or markers associ-
ated with aneuploidy. It has become common practice to re-
duce the postserum screening risk if no anomalies or markers
are present, typically by 50%and to increase risks using specific
likelihood ratios if there is evidence suggestive of aneuploidy.24

These approaches can be expected to reduce the effective false-
positive rate by over 50%25 but concerns have been expressed
that the detection rate may also be diminished.26 Our observa-
tion that the amniocentesis rate declined in false-positive cases
but not in women with affected pregnancies implies that the
use of second trimester ultrasound to modify risk is in fact
highly beneficial. The impact of second trimester ultrasound to
help identify Down syndrome and other aneuploidies was not
addressed in the ACMG guidelines.

Fig. 3. Detection rate (top line) and false-positive rate (bottom line) for second trimes-
ter maternal serum screening.

Fig. 4. Amniocentesis utilization among screen-positive women with affected (Œ) and
unaffected (�) pregnancies.

Table 1
Efficacy of the second trimester serum screening for Down syndrome using

detection, false-positives, and amniocentesis utilization as measures

Maternal age

�35 �35 All

Down syndrome

Screen-positive (%) 72 (62.6) 77 (88.5) 149 (73.5)

Screen-negative (%) 43 (37.4) 10 (11.5) 54 (26.5)

Total 115 87 203

Amniocenteses (%) 47 (40.9) 57 (65.5) 104 (51.2)

Unaffected

Screen-positive (%) 3,912 (4.1) 3,213 (22.9) 7,125 (6.5)

Screen-negative (%) 91,318 (95.9) 10,824 (77.1) 102,141 (93.5)

Total 95,230 14,037 109,266

Amniocenteses (%) 1,926 (2.0) 1,334 (9.5) 3,260 (3.0)

Numbers and rates reflect adjustment for unrecognizedDown syndrome cases
that would be expected to spontaneously abort between the second trimester
and term.

Benn et al.
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The advantage of adding INH-A to second trimester serum
screening may also have been under appreciated. Adding
INH-A to the triple test for our population resulted in an im-
provement in the detection rate from 79.3% to 83.8% and a
reduction in the false-positive rates from 10.4% to 9.9%.5

These gains may be viewed as relatively modest, but this per-
spective does not take into consideration an additional advan-
tage associated with the inclusion of INH-A. In affected preg-
nancies, the median risk is increased from 1:57 to 1:30,27 and
because the reported risk figure is an important determinant in
amniocentesis utilization for screen-positive women,28 there
are likely to be additional cases of Down syndrome prenatally
diagnosed. Conversely, in unaffected pregnancies, use of
INH-A results in greater reassurance withmedian risk reduced
from 1:3400 to 1:6000. The ACMG guideline does not take a
position on the use of INH-A.
The purpose of prenatal screening is tomaximize reproduc-

tive options available,29 and this goal is best achieved by pro-
viding each woman with the best possible estimate of her per-
sonal risk for fetal aneuploidy.30 The current ACMGguideline2

may have the unfortunate effect of limiting older women’s ac-
cess to screening. Guidelines for the United States need to be
flexible to reflect individual patient preferences, differences in
the gestational age when women first seek prenatal care, re-
gional differences in the availability of screening tests, and the
need to protect against unjustified medical liability claims. We
urge the American College of Medical Genetics Practice Com-
mittee to consider adopting policies similar to those outlined
in the IDSSG statement.12
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