Screening for Down Syndrome in the United States

Results of Surveys in 2011 and 2012
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® Context.—Participants in a College of American Pathol-
ogists external proficiency testing program for first and
second trimester Down syndrome screening.

Objectives.—To determine the number of women
screened for Down syndrome in the United States, along
with the type of test received and to compare those results
to earlier surveys in 1988 and 1992.

Design.—Questionnaires regarding the type and number
of Down syndrome tests performed per month were
completed by participants in early 2011 and again in early
2012.

Results.—After accounting for some of the missing
responses, data from up to 131 laboratories indicated that
67% (2 764 020 of 4 130 000) to 72% (2012: 2 963 592
of 4 130 000) of US pregnancies received prenatal
screening for Down syndrome. Second trimester tests
were most common (2012: 60%; 1 770 024 of 2 963 592),

S creening programs for open neural tube defects began in
the late 1970s, following documentation that elevated
levels of maternal serum a-fetoprotein (AFP) in the second
trimester were associated with open spina bifida and
anencephaly.t In 1984, 2 reports identified a sufficiently
strong association between fetal Down syndrome and
reduced second-trimester AFP measurements to allow
application as a screening test in combination with maternal
age.”® Test performance was relatively inefficient but was
improved when additional second-trimester markers, in-
cluding unconjugated estriol,* human chorionic gonadotro-
pin (hCG),” free B-hCG,° and dimeric inhibin-A,” were
identified and introduced in the late 1980s. These were
incorporated into published algorithms providing patient-
specific risk estimates.®® Currently, the best second-trimes-

Accepted for publication August 22, 2012.

From the Department of Pathology, Division of Medical Screening
and Special Testing, Women & Infants Hospital and the Alpert
Medical School of Brown University, Providence, Rhode Island (Drs
Palomaki, Knight, and Haddow); the Department of Pathology,
University of Utah School of Medicine, Salt Lake City (Dr Ashwood);
and the Department of Pathology, University of South Carolina
School of Medicine, Columbia (Dr Best).

The authors have no relevant financial interest in the products or
companies described in this article.

Reprints: Glenn E. Palomaki, PhD, Department of Pathology,
Division of Medical Screening and Special Testing, Women & Infants
Hospital, 70 Elm St, 2nd Floor, Providence, Rl 02903 (e-mail:
gpalomaki@ipmms.org).

Arch Pathol Lab Med—Vol 137, July 2013

followed by integrated (2012: 21%; 627 876 of
2 963 592), and first trimester (2012: 19%; 565 692 of
2 963 592). The 6 largest laboratories tested 61% of
screened pregnancies and offered the widest array of tests,
while the smallest 32 tested 1% and almost always offered
only second trimester tests.

Conclusions.—The current population estimate of 72%
pregnancies screened annually is higher than estimates
from 1988 (25%) and 1992 (50%). Available testing
choices are also more varied, and all testing methods
perform better than those methods available 10 years ago.
Clinicians should ensure that women are offered tests that
follow recommended best-practice testing protocols, and
screening laboratories should assess whether patient needs
are being met.

(Arch Pathol Lab Med. 2013;137:921-926; doi: 10.5858/
arpa.2012-0319-CP)

ter test is the quadruple test (AFP, unconjugated estriol,
hCG [total or free B-hCG], and inhibin-A) with an 80%
detection rate at a 5% false-positive rate."

First-trimester maternal serum markers, including preg-
nancy-associated plasma protein A" and free p-hCG™ (or
hCG?'), were also identified in the mid 1980s. The most-
powerful first-trimester marker was the ultrasound mea-
surement of nuchal translucency.’* The combined test
(maternal age in combination with pregnancy-associated
plasma protein A, free B-hCG, and nuchal translucency
measurements), which is the highest-performing first-
trimester test, is roughly equivalent in performance to the
second-trimester quadruple test.’® The main advantage to
first-trimester testing lies in the potential for an earlier
diagnosis. The most recent innovation is to combine the
best first- and second-trimester markers into the integrated
test,”® with the final interpretation provided only after all
information is available in the second trimester. Using an
integrated test, the detection rate is about 90% for a 2%
false-positive rate.'® Variants of the integrated test include
the serum integrated test (nuchal translucency is not
included)'® and the sequential test (where some results are
released in the first trimester).!”

Maternal serum screening for Down syndrome is part of
routine prenatal care in the United States and elsewhere in
the world. Two surveys'®'” have documented the changing
pattern of screening in the United States over time. The first
was performed in 1988 and documented that 586 000
pregnancies were screened for open neural tube defects;
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Table 1.

Maternal Screening Proficiency Testing Survey Participation and Laboratory Screening Status
in 2011 Versus 2012

2011 FP Survey

10 dropped out in 2012
3 stopped screening?
24 Total
All 123 (73)

2012 FP Survey Completed, No. (%) Not Completed All
Completed 99 total 8 screening laboratories® 112
5 new screening laboratories in 2012
13 Total
Not Completed 11 screening laboratories” 15 manufacturers/other 56

16 screening laboratories
1 new screening laboratory
32 Total
45 (27) 168

 The data from each of these laboratories for 2012 were used for their 2011 response.
b The data from each of these laboratories for 2011 were used for their 2012 response.

534 000 of these (91%) also had the AFP levels interpreted
for risk of Down syndrome." Taking into account labora-
tories not responding to the survey or not enrolled in the
quality assessment program, the overall estimate for the
United States was 1 000 000 pregnancies tested annually.
That translates into about a 25% screening-uptake rate. A
second US survey, in 1992, aimed at documenting the
introduction of multiple second-trimester serum markers for
Down syndrome.’ That more-complete survey used data
from 2 external proficiency testing programs and docu-
mented that 242 of the 301 US participants (80%) provided
Down syndrome screening for 1924 000 pregnancies.
Among those laboratories, 56% (n = 169) offered AFP
alone; 30% (n = 90) offered AFP, unconjugated estriol, and
hCG (the triple test); and 14% (n = 42) offered AFP and
hCG (the double test). Overall, nearly one-quarter of the
screened pregnancies had multiple analytes tested, and
about one-half of all US pregnancies were screened.

The current survey documents the current extent of Down
syndrome screening in the United States and examines the
introduction of combined testing during the first trimester
and various forms of integrated testing during the past
decade. No information was collected regarding screening
for open neural tube defects.

MATERIALS AND METHODS

The College of American Pathologists (CAP) currently offers the
Maternal Screening Proficiency Testing Survey (FP) to participants
that either directly perform maternal serum screening for open
neural tube defects and Down syndrome (http://www.cap.org,
accessed August 22, 2012), or are commercial suppliers of relevant
reagents and/or platforms. Five manufactured specimens that
simulate early second-trimester, maternal serum samples are
distributed 3 times each year. Each specimen has targeted amounts
of AFP, unconjugated estriol, hCG, and inhibin-A, and participants
are asked to report the assay results in mass (or international) units;
interpretive units (multiples of the median); computed, patient-
specific Down-syndrome risk; and the laboratory’s suggested
follow-up, if any. A separate and independent Interlaboratory
Comparison Program provided similar assessment for laboratories
performing first-trimester combined and integrated testing be-
tween 2005 and 2010.2° In 2011, that program was incorporated
into the CAP Maternal Screening Survey, designated FP1. Nearly
all laboratories offering serum screening for Down syndrome will
participate in one or both of the FP survey offerings.

In the first distribution of the 2011 FP survey, all participants
were asked to respond to a 1-page questionnaire regarding the
type of Down syndrome tests offered and the number of women
tested in the previous month. The questionnaire was repeated in
the first distribution of the 2012 FP survey. No individual laboratory
information was available outside of the CAP. Participants were
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assigned a unique identification number (not their CAP identifi-
cation number) to allow their responses to the 2 surveys to be
linked. Each participant was identified as having a mailing address
inside the United States or outside of the United States. The
deidentified results were made available only to members of the
Molecular and Biochemical Genetics Resource Committee, which
oversees the FP surveys (G.E.P., G.J.K)). Raw summaries of the
survey results were reported to FP survey participants as part of
their summary report.

Before the analysis, key decisions were made regarding
adjustments that might need to be applied to the reported results.
We anticipated that some laboratories may report yearly rather
than monthly results. We emphasized this potential for error as
part of the second questionnaire and attempted to identify such
errors by comparing reported results from the 2 questionnaires for
each participant. It was also anticipated that some participants
would respond to one questionnaire but not the other or to neither.
In an attempt to determine whether a nonresponder did or did not
offer screening for Down syndrome, we examined the data
reported as part of the FP survey. Usually, manufacturers or
nonscreening laboratories report only the analyte values and not
the associated multiples of the median or Down syndrome risk
estimates. In this way, we attempted to distinguish between those
participants that did not report but do screen women in the United
States and those that did not need to report because they do not
offer a clinical service.

Two sets of analyses were performed. The first set documented
the total pregnancies screened by each test in 2011 and 2012. Thus,
any laboratory reporting results in 2011 or 2012 would be included.
The second set examined the difference in testing patterns in 2011
versus 2012, and it relied only on the subset of laboratories that
reported results for both 2011 and 2012.

RESULTS

The FP survey questionnaire was completed by 242
participants in 2011 and/or 2012. Of these, 74 participants
(31%) were located outside the United States and were not
included in the analyses. Among the remaining 168
participants, 99 (59%) completed the questionnaire regard-
ing tests offered and corresponding numbers of samples
tested for both years (Table 1). An additional 24 participants
(14%) completed the questionnaire in 2011 but not in 2012
(lower left corner of Table 1). Eleven of these 24 laboratories
(46%) still offered screening (as evidenced by their
responses to the 2012 challenges), 10 (42%) did not report
any results for the 2012 FP challenges, and 3 (13%)
apparently stopped offering Down syndrome interpreta-
tions. Another 13 participants (8%) reported in 2012, but not
in 2011 (upper right corner of Table 1), but 8 of these 13
(62%) did offer screening in 2011. The remaining 5 (38%)
did not report any results in 2011. Lastly, 32 participants

Down Syndrome Screening in the US—Palomaki et al



Table 2. Types and Annual Numbers of Down Syndrome Screening Tests Performed in US Laboratories
in 2011 and 2012
Survey 2011 Survey 2012
Laboratories, Screenings, Screening, Laboratories, Screenings, Screening,

Type of Test No. (%) Median No. (%) No. (%) Median No. (%)
First trimester® 32 (24) 1800 459 876 (17) 34 (28) 3000 565 692 (19)
Second trimester 130 (100) 2538 1741 932 (63) 122 (99) 2838 1770 024 (60)

AFP only 100 (76) 600 218 808 (8) 85 (69) 720 235992 (8)

Triple test 46 (35) 588 106 284 (4) 44 (36) 402 90 132 (3)

Quadruple test” 123 (94) 2280 1416 840 (51) 118 (96) 2400 1 443 900 (49)
Integrated 25 (19) 3270 562 212 (20) 30 (24) 4176 627 876 (21)

Full integrated 16 (12) 2106 72 396 (3) 22 (18) 2136 102 972 (3)

Serum integrated 21 (16) 936 130 956 (5) 21 (17) 888 119 760 (4)

Sequential 24 (18) 1476 358 860 (13) 24 (20) 2436 405 144 (14)
All 131 (100) 2970 2 764 020 (100) 123 (100) 3660 2 963 592 (100)

2 Includes all first-trimester tests, including those using serum measurements of total/intact human chorionic gonadotropin (hCG), free B-hCG, and

inhibin-A.
b Includes tests with 5 second-trimester serum markers.
Abbreviation: AFP, a-fetoprotein.

(19%) did not report results for either of the 2 question-
naires. Of these, 15 (47%) are likely manufacturers or
nonscreening laboratories (multiples of the median and
risks not provided for any challenges) and the remaining 17
(53%) are likely screening laboratories (1 of these was new
in 2012). Thus, the raw 2011 response rate (laboratories
reportinglall screening laboratories) was 84% (123/[123 + 8 +
16]), and for 2012 was 80% (112/[112 + 11 + 16]). For a
subset of the screening laboratories in the off-diagonal
(Table 1), a good estimate of their test offerings can be
gained by using their results from the year they did report.
For example, a screening laboratory might report in 2011,
but not in 2012. Rather than assume no tests were
performed in 2012, it would be more appropriate to use
their reported numbers from 2011. If that adjustment was
made, the adjusted response rates would increase to 89% for
both years. It is not possible to reliably estimate any
information for the remaining 16 screening laboratories that
did not report in either period.

Table 2 shows the number of laboratories offering each
type of test (first trimester, second trimester, and integrated)
along with the estimated numbers of samples tested
annually. If more than one specific test was included in
the questionnaire (eg, triple test, quadruple test under
second trimester), those subtotals are also presented. In
2011 and 2012, approximately 2.8 and 3.0 million pregnan-
cies were screened for Down syndrome in the United States,
an increase of 7.2%. In both years, most of the screened
pregnancies (63% [1 741932 of 2 764 020] and 60%
[1770 024 of 2963 592], respectively) received second-
trimester serum screening, with the quadruple test being
most common. All reporting laboratories offered some form
of second-trimester screening. Integrated testing was the
next-most-common mode of screening, representing 21%
(562 212 of 2 764 020 and 627 876 of 2 963 592) of the
population for each of the 2 years. Sequential screening was
the most common form of integrated testing. First-trimester
combined testing increased from 7% (459 876 of 2 764 020)
in 2011 to 19% (565 692 of 2 963 592) of all tests performed
in 2012.

The results shown in Table 2 have been adjusted for
screening laboratories reporting for only one of the
questionnaires (Table 1). During the process of creating
this table, 9 sets of results (5%) were identified as having a
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ratio of pregnancies screened in 2012 versus 2011 that were
quite different from the expected ratio result of about 1.
Several ratios were close to 12 (or the reciprocal 1/12), likely
indicating a report of annual rather than monthly number of
samples tested for one distribution. After review (G.E.P.,
GJK, J.JEH), 4 sets of responses (2%) had 2011 results
divided by 12 to be consistent with 2012 results, and 2 (1%)
had 2012 results divided by 12. Three (2%) with ratios much
closer to 1 were left unchanged. Another 8 sets of results
(5%) had large increases (or decreases) between the 2
surveys for only 1 or 2 types of testing. In one of these cases,
both responses were yearly, rather than monthly, and both
responses were divided by 12. In the other, a new test
offering was considered so large an increase that it was
assumed to have been a yearly response and was divided by
12. The remaining 6 results (4%) were left unchanged
because the changes were plausible.

Table 3 stratifies 2012 survey results of testing by the total
number of pregnancies screened by each laboratory.
Laboratories are grouped by size, with the first group
screening more than 100 000 pregnancies per year. For each
group, the proportion of all first-trimester, second-trimester,
and integrated testing is summarized, along with the total
proportion of women tested. The 6 largest laboratories are
responsible for 61% (1 798 956 of 2 963 592) of the Down
syndrome screening in the United States, whereas the 32
smallest laboratories (<1500 per year) screen only 1%
(29 760 of 2 963 592) of the total. The largest laboratories
are also responsible for 83% (518 364 of 627 876) of all
integrated screening being performed.

Table 4 focuses on the 99 laboratories that reported results
for both surveys. In this subset, the results are stratified into
fewer groups, with the largest laboratories now defined as
screening 50 000 pregnancies or more per year. The 2
largest groupings (>50 000 and 12 00049 900) both
showed large increases in first-trimester screening. Only 3
of the 99 (3%), all relatively small laboratories, reported the
same results for both surveys, indicating that laboratories
did not just copy earlier responses. Only the smallest
laboratories showed an overall decrease (—12%) in the
numbers of women tested. Overall, there was a 5.4%
increase in the number of women screened.

Table 5 displays the types of Down syndrome testing
offered at each laboratory (ie, first trimester, second
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Table 3. Numbers and Types of Down Syndrome Testing Performed, Stratified by the Annual Number
of Pregnancies Screened in 2012
Down Syndrome Test Performed, No. (%)
Laboratories, No. (%) Pregnancies, No. First Trimester® Second Trimester® Integrated® Any
6 (5) >100 000 431 760 (76) 848 832 (48) 518 364 (83) 1798 956 (61)
6 (5) 50 000-99 900 78 324 (14) 298 920 (17) 45 528 (7) 422 772 (14)
6 (5) 25 000-49 900 13 848 (2) 209 364 (12) 8424 (1) 231 636 (8)
10 (8) 12 000-24 900 23 412 (4) 113 676 (6) 32 520 (5) 169 608 (6)
21 (17) 6000-11 900 12 480 (2) 164 952 (9) 11 076 (2) 188 508 (6)
19 (15) 3000-5900 3240 (1) 60 888 (3) 11 052 (2) 75 180 (3)
23 (19) 1500-2900 2628 (4) 43 776 (2) 768 (<1) 47 172 (2)
32 (20) <1500 0 (0) 29 616 (2) 144 (<1) 29 760 (1)
123 (100) All 565 692 (100) 1770 024 (100) 627 876 (100) 2 963 592 (100)

2 First trimester testing includes maternal age and, most commonly, pregnancy-associated plasma protein A and total human chorionic gonadotropin
(hCQG) or the free b subunit of hCG.

b Second trimester testing is most commonly the quadruple test (maternal age in combination with a-fetoprotein, unconjugated estriol, human
chorionic gonadotropin, and inhibin-A) but also includes 1, 2, 3, or 5 serum markers.

¢ Integrated testing includes both first- and second-trimester markers.

Table 4. Change in Numbers and Types of Down Syndrome Tests Performed Among Laboratories Reporting
in Both 2011 and 2012, Stratified by the Annual Number of Pregnancies Screened in 2012

Average of Down Syndrome Tests Performed, No. (% Increase)

First Trimester® Second Trimester” Integrated® Any
Laboratories,  Pregnancies, 2011, 2012, No. 2011, 2012, No. 2011, 2012, No. 2011, 2012, No.

No. (%) No. No. (% Increase) No. (% Increase) No. (% Increase) No. (% Increase)

99 >50 000 42 860 54 220 (27) 121776 116 053 (—4.7) 51 822 54 873 (5. 202 954 212 252 (4.6)
13 (13) 12 000-49 900 1248 2408 (9 ) 17 886 20032 (12) 2604 2799 (7. 5) 22 139 25239 (14)
32 (32) 3000-11 900 515 491 (—4.6) 4846 5137 (6.0) 713 691 (=3.1) 6076 6319 (4.0)
45 (45) <3000 77 8 (—25) 1616 1406 (—13) 7 0 (192) 1686 1484 (—12)
99 (100) All 4264 5430 (27) 14 630 14 454 (-1.2) 5285 5589 (5.7) 24 040 25327 (5.4)

2 First trimester testing includes maternal age and, most commonly, pregnancy-associated plasma protein A and total human chorionic gonadotropin
(hCG) or the free B subunit of hCG.

b Second trimester testing is most commonly the quadruple test (maternal age in combination with o-fetoprotein, unconjugated estriol, human
chorionic gonadotropin, and inhibin-A) but also includes 1, 2, 3, or 5 serum markers.

¢ Integrated testing includes both first- and second-trimester markers.

Table 5. Types of Down Syndrome Testing Offered by Each Laboratory,
Stratified by Their Total Annual Number of Pregnancies Screened in 2012

Types of Down Syndrome Testing Offered, No. (Row %)

First Trimester,?

Pregnancies, Second Trimester” Second Trimester,” First Trimester® and Second Trimester”
No. Only and Integrated* Second Trimester” and Integrated* Total Laboratories
>50K 0 (0) 8 (67) 2(17) 2(17) 12 (100)
12-49.9K 7 (44) 7 (44) 2(12) 0 (0) 16 (100)
3-11.9K 25 (63) 8 (20) 5(12) 2 (5) 40 (100)
<3K 52 (95) 2 (4) 0 (0) 1(2) 55 (100)
All 84 (68) 25 (20) 9 (7) 5 (4) 123 (100)

2 First trimester testing includes maternal age and, most commonly, pregnancy-associated plasma protein A and total human chorionic gonadotropin
(hCG) or the free B subunit of hCG.

b Second trimester testing is most commonly the quadruple test (maternal age in combination with a-fetoprotein, unconjugated estriol, human
chorionic gonadotropin, and inhibin-A) but also includes 1, 2, 3, or 5 serum markers.

¢ Integrated testing includes both first- and second-trimester markers.

trimester, or integrated), stratified by numbers of pregnan- on second-trimester testing (95%), whereas larger labora-
cies screened in 2012. Only 4 combinations of testing types tories more often offered all 3 types (67%).
were reported by participants, the most common being the

offer of only second-trimester testing. The remaining COMMENT

combinations were: all 3 types, first trimester and second It has been 20 years since the last comprehensive survey
trimester testing, and second trimester and integrated  of Down syndrome screening in the United States.'® At that
testing, in decreasing order of laboratory usage. Laborato- ~ time, many screening laboratories had not yet begun

ries with fewer pregnancies screened per year relied heavily ~ offering a Down syndrome interpretive risk, and first

924 Arch Pathol Lab Med—Vol 137, July 2013 Down Syndrome Screening in the US—Palomaki et al



trimester or integrated screening were almost unknown.
The current survey provides documentation that approxi-
mately 72% of the 4.13 million pregnancies in the United
States received Down syndrome screening in 2011 and
2012. For comparison, during a recent 2-year period, the
state-run program in California tested more than 752 000
pregnancies®! out of approximately 1 104 000 births, yield-
ing a screening uptake rate of 68% (2009 births: http://
www.cde.gov/nchs/data_access/vitalstats/VitalStats_Births.
htm, accessed August 10, 2012). Most of the testing in the
United States (61%; 1 798 956 of 2 963 592) was performed
by a limited number of high-throughput laboratories
offering a wide array of testing options. About 6 in 10
pregnancies (60%) that receive screening, however, are still
screened in the second trimester, most often with the
quadruple markers. Growing numbers of pregnancies are
being screened by both first trimester and various forms of
integrated testing.

Several factors might have led to overestimation or
underestimation of the numbers of screened pregnancies.
First, 37 participants (22%) in the FP survey who appear to
offer Down syndrome screening completed the question-
naire only once. The effect of this underestimation factor
was partially mitigated by taking advantage of a subset of 19
of the 37 laboratories (51%) that participated in both surveys
but only completed the questionnaire in one. For those
laboratories, the number of screened pregnancies reported
in 1 year was repeated for the missing year’s results. Among
all participants not responding to either questionnaire, we
assumed that 30 could have, but did not, report their results.
If these laboratories screened the median number of
pregnancies per year (3660; Table 2, 2012 results), their
inclusion would raise the 2012 screening rate only modestly
(from 63% to 66%). The median rather than the mean was
used because we believe that most large-volume laborato-
ries have reported and that nonresponding laboratories
would screen fewer pregnancies than responding laborato-
ries. Another factor that could lead to underestimation is for
screening laboratories to only participate in the New York
State proficiency testing program (http://www.wadsworth.
org, accessed August 10, 2012). However, in the 1992
survey,' only 6 of 307 laboratories (2%) responding to the
survey were not enrolled in the CAP survey but were
enrolled in the New York State program. Even if they were
relatively large, their inclusion would lead to only a slight
increase in the overall screening rate.

There are also factors that would tend to cause
overestimating of the screening rate. The questionnaire
asked for laboratories to report the number of pregnancies
screened per month. It is clear from the 2 years” matched
results that some reported yearly estimates. We attempted
to identify and correct for that, but such errors may not be
easily identified (eg, a laboratory reported yearly totals for
both questionnaires). Hypothetically, were 5 laboratories to
report an annual rate of 5000 pregnancies screened that was
incorrectly interpreted as 5000 per month, correcting that
mistake would have the overall effect of reducing the
screening rate from 63% to 62%. Some laboratories may
have reported a single pregnancy’s testing twice. That might
occur when a first-trimester combined test is followed by a
second-trimester AFP test designed only for the detection of
open neural tube defects. In some instances, the woman'’s
first and second trimester sample may be incorrectly
counted as 2 tests, when the correct interpretation is a
single integrated test. These latter types of errors are likely

Arch Pathol Lab Med—Vol 137, July 2013

to be less common and sporadic with, at most, a minimal
effect on the reported results.

Guidelines from the American College of Obstetricians
and Gynecologists®® recommend that women having
prenatal visits in the first trimester be offered some form
of integrated screening or, if early diagnosis is highly valued,
first-trimester screening. Quadruple screening should be
offered if the woman has her first visit after 13 completed
weeks’ gestation. An estimated 68% of women in the
United States have their first prenatal visit in the first
trimester, 20% in the second trimester, and 5% in the third
trimester. An additional 2% have no prenatal care, and 5%
did not report the information (using data from the 26 states
reporting the month prenatal care began) (http://205.207.
175.93/Vitalstats/TableViewer/tableView.aspx?Reportld=
42524, accessed August 10, 2012). Based on these data,
most of the screening laboratories are not directly offering
Down syndrome screening tests that meet the needs of the
prenatal care community. Some may be sending out such
testing to other laboratories and our survey would not
capture such activity. However, it may also represent a
more-limited choice of test offerings for some women, even
though all tests are available throughout the United States.
Limited test offering may be one contributor to the current
domination of prenatal screening by larger laboratories. For
example, the 11 largest laboratories (>25 600/y) offering
Down syndrome screening in 1992 tested about 9% of all
screened pregnancies, as opposed to 61% of all screened
pregnancies currently being accounted for by the 6 largest
laboratories (>100 000/y) in 2012.

These data suggest that national Down syndrome
screening participation rates of 67% to 72% may be the
upper limit, indicating that patient-centered decision-
making is present in current programs. They also provide
guidance to screening laboratories about the types of testing
that are both acceptable and desirable from a patient’s
viewpoint. Taken together, these findings provide a solid
baseline to examine future trends in prenatal screening for
Down syndrome that might include tests using circulating
cell-free DNA.

We thank CAP/American College of Medical Genetics and
Genomics Biochemical and Molecular Genetics Resource Com-
mittee members Iris Shrijver, MD, chair; Bruce A. Barshop MD,
PhD; Joel Charrow, MD; Michael Bradley Datto, MD; PhD, Gerald
I. Feldman MD, PhD; Felicitas L. Lacbawan, MD; Elaine Lyon,
PhD; Devin Oglesbee, PhD; Laura Justine Tafe, MD; John Albert
Thorson MD, PhD; and Thomas McKee Williams, MD, as well as
junior member Angshumoy Roy, MD, PhD, and liaison Andrea
Ferreira-Gonzalez, PhD. We also thank Pam Provax, BS, and
Brigitte Milner (College of American Pathologists), for their
assistance in formatting and linking results of the 2 questionnaires
as well as all of the FP survey participants.

References

1. Wald NJ, Cuckle H, Brock JH, Peto R, Polani PE, Woodford FP. Maternal
serum-alpha-fetoprotein measurement in antenatal screening for anencephaly
and spina bifida in early pregnancy: report of U.K. collaborative study on alpha-
fetoprotein in relation to neural-tube defects. Lancet. 1977;1(8026):1323-1332.

2. Cuckle HS, Wald NJ, Lindenbaum RH. Maternal serum alpha-fetoprotein
measurement: a screening test for Down syndrome. Lancet. 1984;1(8383):926—
929.

3. Merkatz IR, Nitowsky HM, Macri JN, Johnson WE. An association between
low maternal serum alpha-fetoprotein and fetal chromosomal abnormalities. Am
] Obstet Gynecol. 1984;148(7):886-894.

4. Canick JA, Knight GJ, Palomaki GE, Haddow JE, Cuckle HS, Wald NJ. Low
second trimester maternal serum unconjugated oestriol in pregnancies with
Down’s syndrome. Br / Obstet Gynaecol. 1988;95(4):330-333.

Down Syndrome Screening in the US—Palomaki et al 925



5. Bogart MH, Pandian MR, Jones OW. Abnormal maternal serum chorionic
gonadotropin levels in pregnancies with fetal chromosome abnormalities. Prenat
Diagn. 1987;7(9):623-630.

6. Ozturk M, Milunsky A, Brambati B, Sachs ES, Miller SL, Wands JR.
Abnormal maternal serum levels of human chorionic gonadotropin free subunits
in trisomy 18. Am / Med Genet. 1990;36(4):480-483.

7. Cuckle HS, Holding S, Jones R, Wallace EM, Groome NP. Maternal serum
dimeric inhibin A in second-trimester Down’s syndrome pregnancies. Prenat
Diagn. 1995;15(4):385-386.

8. Knight GJ, Palomaki GE, Neveux LM, Fodor KK, Haddow JE. hCG and the
free B-subunit as screening tests for Down syndrome. Prenat Diagn. 1998;18(3):
235-245.

9. Wald NJ, Cuckle HS, Densem JW, et al. Maternal serum screening for
Down’s syndrome in early pregnancy. BMJ. 1988;297(6653):883-887.

10. 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 Serum, Urine and Ultrasound Screening Study (SURUSS). / Med Screen.
2003;10(2):56-104.

11. Wald N, Stone R, Cuckle HS, et al. First trimester concentrations of
pregnancy associated plasma protein A and placental protein 14 in Down’s
syndrome. BMJ. 1992;305(6844):28.

12. Spencer K, Macri JN, Aitken DA, Connor JM. Free beta-hCG as first-
trimester marker for fetal trisomy. Lancet. 1992;339(8807):1480.

13. Palomaki GE, Lambert-Messerlian GM, Canick JA. A summary analysis of
Down syndrome markers in the late first trimester. Adv Clin Chem. 2007;43:177—
210.

926 Arch Pathol Lab Med—Vol 137, July 2013

14. Szabo J, Gellen ). Nuchal fluid accumulation in trisomy-21 detected by
vaginosonography in first trimester. Lancet. 1990;336(8723):1133.

15. Wald NJ, Watt HC, Hackshaw AK. Integrated screening for Down’s
syndrome on the basis of tests performed during the first and second trimesters. N
Engl ] Med. 1999;341(7):461-467.

16. Knight GJ, Palomaki GE, Neveux LM, et al. Integrated serum screening for
Down syndrome in primary obstetric practice. Prenat Diagn. 2005;25(12):1162—
1167.

17. Palomaki GE, Steinort K, Knight GJ, Haddow JE. Comparing three
screening strategies for combining first- and second-trimester Down syndrome
markers. Obstet Gynecol. 2006;107(2, pt 1):367-375.

18. Palomaki GE, Knight GJ, Holman MS, Haddow JE. Maternal serum alpha-
fetoprotein screening for fetal Down syndrome in the United States: results of a
survey. Am | Obstet Gynecol. 1990;162(2):317-321.

19. Palomaki GE, Knight GJ, McCarthy J, Haddow JE, Eckfeldt JH. Maternal
serum screening for fetal Down syndrome in the United States: a 1992 survey.
Am ] Obstet Gynecol. 1993;169(6):1558-1562.

20. Palomaki GE, Knight GJ, Lambert-Messerlian G, Canick JA, Haddow JE.
Four years’ experience with an interlaboratory comparison program involving
first-trimester markers of Down syndrome. Arch Pathol Lab Med. 2010;134(11):
1685-1691.

21. Kazerouni NN, Currier B, Malm L, et al. Triple-marker prenatal screening
program for chromosomal defects. Obstet Gynecol. 2009;114(1):50-58.

22. ACOG Practice Bulletin No. 77: screening for fetal chromosomal
abnormalities. Obstet Cynecol. 2007;109(1):217-227.

Down Syndrome Screening in the US—Palomaki et al




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


