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Impact of prenatal screening on the
birth status of fetuses with _
Down syndrome at an urban hospital,

1972-1994

Tamsen M. Caruso, BA, Marie-Noel Westgate, MEd, and Lewis B. Holmes, MD

Purpose: This hospitalbased study has determined the change over time (1972-1974 and 1979-1994) in
the methods of prenatal detection of fetuses with Down syndrome and the impact of elective termination on
the portion that were liveborn. Methods: Using a malformations surveillance program, all 265 affected
fetuses and infants were identified among 161,560 births and elective terminations during the

aforementioned period at Brigham and Women's Hospital in Boston, MA. Results: From 1972 to 1974,

Down syndrome was not diagnosed in any affected infants prenatally. In the early 1980s, amniocentesis was

the primary method of diagnosis; |ater, maternal serum screening and ultrasonography were as likely to be

the first method of detection. Most couples (86%) elected to terminate pregnancies with affected fetuses.
Concluslons: The effect of prenatal detection and the choice of elective termination produced a significant

decrease, between 1972 and 1994, in the portion of fetuses with Down syndrome who were liveborn.
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INTRODUCTION

It has long been recognized that the risk of hav-
ing an infant with Down syndrome increases with
the age of the mother during pregnancy. When the
diagnostic technique of amniocentesis became avail-
able widely in the late 1970s and early 1980s, it was
recommended that the test be offered to older preg-
nant women. Age 35 years and older was established,
by analyses of cost and benefit, as the maternal age
at which amniocentesis should be offered routinely
as an option.?

During the past 15 years, two additional prenatal
screening tests have been offered to pregnant women
younger than 35 years: 1) the routine use of mater-
nal serum screening for high and low levels of alpha-
fetoprotein (AFP), and later other analytes including
human chorionic gonadotropin (hCG) and estriol,
at 16 weeks of gestation,’ and 2) ultrasonography at
16 to 18 weeks,* leading to the identification of struc-
tural abnormalities of the fetus. The discovery of a
low level of maternal AFP or structural anomalies
such as a thickened nuchal skin fold, by sonography,
would prompt the offer of amniocentesis. When all
of these types of prenatal screening, i.e. amniocen-
tesis, maternal serum screening, and ultrasonogra-
phy, identified a fetus with an abnormality such as
Down syndrome before 24 menstrual weeks of preg-
nancy, the parents had the option of elective termi-
nation of the pregnancy.

In assessing the impact of prenatal diagnosis on
pregnancies of fetuses with Down syndrome, it
should be noted that all affected fetuses would not
be expected to survive long enough to become a full-
term pregnancy.>6 For example, Hook et al. reported
that spontaneous fetal death occurred in 25.6% of
fetuses with Down syndrome that had been detected
by amniocentesis in the second trimester.

We describe a decrease in the portion of infants
with Down syndrome who were liveborn at a large
university hospital (Brigham and Women’s Hospi-
tal [BWH] in Boston, MA) beginning before pre-
natal diagnosis was routine (1972-1974) and
continuing from 1979 through 1994. Although this
is not an unselected population of pregnant women
with uniform management, this report has the
advantage of including liveborn and stillborn births,
as well as pregnancies with affected fetuses that were
terminated electively.

METHODS AND MATERIALS

All infants and fetuses with Down syndrome were
identified by an active malformations surveillance
program described previously,” which was conducted
Monday to Friday until the late 1980s when cover-
age on Saturday or Sunday was added. This survey
begins with a review of the findings in the pediatri-
cians’initial and discharge examinations of each infant
born at this hospital. In addition, the medical records
of all infants transferred to the adjacent Boston Chil-
dren’s Hospital, autopsy reports, prenatal ultrasound
reports filed in the Newborn Intensive Care Unit, and
reports from the hospital’s Cytogenetics Laboratory
were reviewed to identify all infants with any type of
chromosome abnormality. For this study, the results
of chromosome analysis were sought for each infant;
if none was available, the diagnosis was based on the
findings recorded in the physical examination records.

Demographic information, including the age of
each parent, racial/ethnic group, insurance status,
family history of birth defects, and the results of all
prenatal testing, was obtained whenever possible in
a postpartum interview. During the interview, the
mother was asked to sign an Informed Consent
Document. The process of obtaining consent was in
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accordance with the ethical standards for human
experimentation established by the Declaration of
Helsinki in 1975, revised in 1983. If the mother was
not interviewed by the research assistant, her med-
ical record was reviewed.

The periods surveyed were February 16, 1972 to
February 14, 1975 (referred to hereafter as
1972-1974) and January 1, 1979 through December
31,1994. (The hiatus of 4 years occurred because of
alack of space and funds to support the surveillance
program.) During the study there were 159,928 live-
births, 1,303 stillbirths (>20 weeks gestation), and
2,600 elective terminations (during the second
trimester of pregnancy). From this total of 163,831
we subtracted all infants with other types of major
malformations (n = 1805), such as renal agenesis
and diaphragm defects, whose mothers had been
transferred to BWH, because of the identification of
a fetal abnormality at another hospital, to define the
total population of 162,026 livebirths, still births,
and elective terminations in the second trimester.

We assigned the mothers of affected infants to two
groups, maternal nontransfers and maternal trans-
fers. The nontransfer group included women who had
always planned to deliver at this hospital. The analy-
sis we report was carried out only on the infants of
nontransfers. The transfer group included women
who had planned to deliver at another hospital, but
transferred their care to this hospital after a diagno-
sis of a fetal abnormality. From 1972 through 1974
our interviews showed that none of the mothers of
infants with Down syndrome had been transferred to
the hospital for delivery after the mother had prena-
tal screening by either sonography or amniocentesis.
(Amniocentesis was used to diagnose chromosome
abnormalities in three fetuses from 1972 to 1974: tri-
somy 18 [2 infants] and 47,XXY [1 infant]). However,
this classification by transfer status was necessary in
1979 when the surveillance program resumed. The
transfer status of each woman from 1979 to 1990 was
assigned initially by the research assistant who had
ascertained information about each infant and had
either interviewed the mother or reviewed her med-
ical record for that admission but not previous admis-
sions. The questions asked about the mother’s transfer
status became more explicit when the questionnaire
was revised in 1990.

Because of the importance of transfer status for
this study, we reevaluated the transfer status of all
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affected infants identified in the years 1979 through
1990. This evaluation was done in two ways: 1) a
questionnaire was sent to 218 women who had had
affected infants through 1990; and 2) a review was
conducted of the medical records of all mothers of
affected infants who did not return the question-
naire. The short questionnaire asked about the
woman'’s transfer status and the method of prenatal
screening used. The entire medical record was
reviewed for comments about where the mother had
planned to deliver, whether she had had appoint-
ments at BWH during this pregnancy before any
prenatal screening, and whether her last child had
been born at BWH.

The infants identified prenatally were also sub-
divided into those identified before or after 24 weeks
of gestation, because elective termination is not legal
in the state of Massachusetts after the 24th men-
strual week.

Demographics

Information was obtained about the portion of
all postpartum women at BWH who were 35 years
of age and older from other research studies®® and
hospital reports.!

RESULTS
Transfer status

Of the 218 short questionnaires mailed, 46 were
returned undelivered, 78 (45%) women responded,
and 94 did not. Eleven (14%) of the respondents
changed their transfer status: three (4%) from trans-
ferred to nontransferred, and eight (10%) from non-
transferred to transferred.

Based on the research assistant’s review of the 140
other medical records, the transfer status of 19 (14%)
women was changed: eight (5%) moved to non-
transfer, and 11 (9%) moved to maternal transfer.

Cytogenetics

Based on the results of the assessment of trans-
fer status there were 265 nontransfer, nonmosaic
affected infants and fetuses in terminated pregnan-
cies. The results of chromosome analysis were avail-
able for 262 infants: 257 (98%) had nondisjunction
trisomy 21, and five (2%) had translocation trisomy
21. The other three affected nontransfer infants were
either diagnosed clinically or had cytogenetic stud-
ies performed elsewhere; the printed reports from
these cases could not be obtained. Excluded from

Table 1
Prevalence rate of Down syndrome among nontransferred patients
1972-74  1979-81 1982-84 1985-87 1988-90 1991-92 1993-94
Total No. 204 326 36 33 71¢ 38 35
No. of deliveries? 18,155 21,405 25,169 . 29,970 31,007 18,410 17,444
Prevalence all affected infants® 1.05 1.5 1.4 1.1 23 2.06 2.0
Prevalence among liveborn infants’  1.05 1.5 0.9 0.6 1.06 0.6 0.8

4 Includes 1 translocation; prevalence without translocation is 1.05.

¥ Includes 2 translocations; prevalence without translocations is 1.45.

¢ Includes 2 translocations; prevalence without translocations is 2.19.
4 Includes an estimated 200 elective terminations for each year after 1981; excludes all pregnancies terminated electively

because of the prenatal detection of other major malformations.

¢ Average yearly prevalence rate of Down syndrome per 1000 births for each 2-year and 3-year grouping.
f Average yearly prevalence rate of liveborn infants with Down syndrome for each 2-year and 3-year period after subtract-

ing affected stillborn infants and elective terminations.
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this report were 365 transfers, four infants whose
transfer status could not be determined, and 18 with
trisomy 21 mosaicism.

Prevalence rate

The prevalence rate of Down syndrome among
the liveborn and stillborn infants and elective ter-
minations among women who were nontransfers
was 1.05 per 1000 for 1972 to 1974 and was higher
in all subsequent years, and at or above 2.0 per 1000
between 1988 and 1994 (Table 1). The increase over
time was significant (P = 0.001), using a Poisson test
for trend analysis. When restricted to the prevalence
rate of liveborn infants with Down syndrome, exclud-
ing stillbirths and elective terminations, the decrease
over time was not significant (P = 0.069).

Included in the evaluation of this change in preva-
lence rate over time was a determination of the por-
tion of all mothers of affected infants (Table 2) who
were 35 years of age and older in each period. They
were: 1972 to 1974: 25%; 1979 to 1981: 31%; 1982
to 1984: 42%; 1985 to 1987: 58%; 1988 to 1990: 56%;
1991 to 1992: 68%; and 1993 to 1994: 66%. By com-
parison, the portion of all postpartum women 35
years and older at BWH was 4% in 1972 to 1974
(Holmes LB, unpublished study); 9% in 1977 to
19808; 14% in 1983 to 1984% 16% in 1985 to 19875
18% in 1988 to 1990°% 20% in 1991 to 1992% and
23% in 1993 to 1994.°

Birth status

Among affected infants of nontransferred moth-
ers 35 years and older, all five born in the 3—year
period before the advent of prenatal diagnosis
(1972-1974) were liveborn (Table 2 and Fig. 1). The
first impact of elective terminations on the birth sta-

tus of affected infants was in the second monitored
period (1979-1981), by which time half of the
affected infants born to women under 35 years of
age had been identified by prenatal testing. The par-
ents chose to terminate all of those pregnancies. From
1982 through 1994, more than 80% of the affected
fetuses were identified by prenatal screening (Table
3), and most of these pregnancies were terminated
electively. Only five (3.7%) stillborn infants with
Down syndrome were identified among the 136
affected infants ascertained from 1972 to 1974 and
from 1979 to 1994 among women 35 years of age
and older (Table 2).

Among the 127 nontransferred mothers younger
than 35 years, the percentage of liveborn infants
remained 100% until the 1982 to 1984 time when it
was 86% (Fig. 2). The portion of those diagnosed
prenatally rose from 10% in 1982 to 1984 to 67% in
1991 to 1992 and was 58% in 1993 to 1994 (Table
3). When the prenatal diagnosis of Down syndrome
was determined before 24 weeks of gestation, the
parents of 27 (87%) of the 31 affected fetuses chose
to terminate the pregnancy. Like the women 35 years
and older, very few (2.4%; 3 of 127) affected infants
were stillborn in the population of women younger
than 35 years.

Method of prenatal detection

Among women 35 years and older, the first abnor-
mal prenatal test result was almost always obtained
through amniocentesis in the period from 1979
through 1987 (Table 3). Thereafter, the portion
detected initially by ultrasound increased, primarily
because physical abnormalities were identified dur-
ing the sonography examination before a scheduled

Table 2
Birth status of infants and fetuses with Down syndrome
n Liveborn Stillborn Elective termination
% % %
Maternal Age <35°
1972-74 15 100 0 0
1979-81 22 100 0 0
1982-84 21 86 5 9
1985-87 14 93 0 7
1988-90 31 58 7 35
1991-92 12 33 0 67
1993-94 12 58 0 42
Total 127
Maternal Age =35

1972-74 5 100 0 0
1979-81 10 50 0 50
1982-84 15 13 7 80
1985-87 19 26 0 74
1988-90 40 23 0 70
1991-92 26 23 0 77
1993-94 24 17 13 70
Total 136

# These were 27 (87%) of the 31 prenatal diagnoses made before 24 weeks gestation.
b These were 95 (86%) of the 110 prenatal diagnoses made before 24 weeks gestation.
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Fig. 1 Shows the increase in elective terminations to 80% by 1982 to 1984 among nontransferred mothers 35 years and older.

Table 3
Method of First Prenatal Detection
Not detected Detected Insufficient
n MSAFP Us Amnio before24 wks  (method unknown) information
(%) (%) (%) (%) (%) (%)
Maternal Age <35
1972-74 15 0 0 0 100 0 0
1979-81 22 0 0 0 100 0 0
1982-84 21 0 5 5 90 0 0
1985-87 14 7 0 0 79 0 14
1988-90 31 16% 10 10 58 6 0
1991-92 12 178 42 8 33 0 0
1993-94 12 33¢ 25 0 42 0 0
Total 127
Maternal Age =35
1972-74 5 0 0 0 100 0 0
1979-81 10 0 0 60 40 0 0
1982-84 15 0 13 73 7 0 7
1985-87 19 0 5 58 26 11 0
1988-90 40 8 25 45 20 2 0
1991-92 26 4 35 46 11 4 0
1993-94 23 9 26 48¢ 13 4 0
Total 136

4 Includes 3% (1/31) detected by combined AFP/hCG screening.
b Includes 8% (1/12) detected by combined AFP/hCG screening.
¢ Includes 8% (1/12) detected by combined AFP/hCG/estriol screening.

4 Includes 4% detected by chorionic villus sampling.

MSAFP, maternal serum alphafetoprotein screening; AFP/hCG, maternal serum screening with two analytes; AFP and

human chorionic gonadotropin; Amnio,
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FIg. 2 Shows the increase in elective terminations to 50% to 65% by 1991 to 1992 among nontransferred mothers younger than 35 years.

amniocentesis. The most common abnormalities
detected by sonography among women in both age
groups were thickened nuchal folds and/or short
femur (9 of 40; 23%); heart defects (5 of 40; 13%);
and cystic hygroma (5 of 40; 13%). Thirty of the 40
cases detected initially by ultrasound were noted on
a preamniocentesis ultrasound to have structural
anomalies and then confirmed to have trisomy 21
through the amniocentesis results. The other 10 cases
first detected by ultrasound were confirmed to have
Down syndrome through chromosome analysis post-
mortem or after being liveborn; these pregnant
women did not have amniocentesis. During this study,
maternal serum AFP screening was not generally rec-
ommended as a method of prenatal screening in
women 35 years and older. Therefore, maternal serum
AFP screening provided only a small portion (4-9%)
of the first abnormal prenatal results of women 35
years and older from 1988 to 1994.

Among women younger than 35 years, the first
abnormal test results between 1982 and 1990 were
more varied, including ultrasonography and amnio-
centesis with about equal frequency than those of
maternal serum AFP (Table 3). The nine women who
had amniocentesis in 1988 to 1994 had no special
risk factors, e.g. family history of Down syndrome.
Six of the nine women had amniocentesis because
they were 33 to 34 years old and considered their age
a sufficient age-related risk. The reasons for the other
three women could not be determined from their
medical records.

Demographics

The characteristics of the BWH maternity popu-
lation in the years 1972 to 1974, 1977 to 1980, and
1988 to 1989, respectively, included 1)race: white
60% to 74%, black 13% to 16%, Hispanic 6% to 11%,
and Asian 2% to 4%; and 2)insurance status: private
insurance or HMO 73% to 81% and government
programs or no insurance 19% to 27%.

DISCUSSION

The technology that makes the prenatal diagno-
sis of fetal abnormalities possible has evolved steadily
during the time covered in this analysis (1972-1994).
For example, amniocentesis was expanded to include
“early” amniocentesis at 12 to 15 weeks of gesta-
tion.' In some centers, although not this one, chori-
onic villus sampling at 9 to 11 weeks of gestation
became a popular alternative to amniocentesis. With
regard to maternal serum AFP screening, it was
reported in 1984 that low levels of AFP could be a
marker of Down syndrome and trisomy 18.!! Estriol
and hCG'? were added as additional markers that
increased the detection of fetuses with Down syn-
drome from 20% by AFP testing alone!? to 65% by
testing which measured AFP, hCG, and estriol.'* The
technical sophistication of ultrasonography and the
skill of the sonographer improved during these years.
Other medical centers may also have had their own
areas of clinical research and participation in new
innovations. For example, this hospital carried out
very few chorionic villus sampling procedures, but
was actively involved in the development of “early”
amniocentesis as an option.!? This hospital’s obstet-
rics clinic, which provides medical care to about
2500 pregnant women each year, instituted mater-
nal serum AFP screening as a routine option in mid-
1985 and began the maternal serum triple marker
screening (AFP, hCG, and estriol) in 1990. The med-
ical care of many other pregnant women was pro-
vided by private obstetricians who instituted these
screening programs at different times and used lab-
oratories outside of the hospital. Prenatal ultra-
sonography has been an area of clinical research
both in the hospital'* and at a large nearby private
sonography office,!° an interest that has led to an
increase both in skill level and awareness of sono-
graphers. Therefore, this hospital was a setting
in which the prenatal screening offered to each
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pregnant woman changed during the study years
1972 to 1994.

A similar high frequency of elective termination of
affected fetuses with a prenatal diagnosis (92%) was
observed in the southeastern United States through
1986'¢ and in England between 1989 and 1993.

The same steady increase in the frequency of both
prenatal detection and elective termination of the
pregnancies with affected fetuses has been observed
for other fetal abnormalities, such as anencephaly,!®
spina bifida,'® and heart defects,?® at this and other
medical centers. These similar patterns reflect the
impact of the same technologies on the prenatal
detection of abnormalities in the fetus before 24
weeks of gestation.

This study showed that the prevalence of Down
syndrome was significantly higher in 1991 to 1994
than it was in 1972 to 1974. We suggest several pos-
sible explanations for this increase. First, the increase
in the prevalence rate may reflect an increase in the
proportion of pregnant women 35 years and older,
the high-risk group among all new mothers. The
percentage of the mothers of infants with Down
syndrome who were 35 years and older increased
steadily from 25% in 1972 to 1974 to 66% in 1993
to 1994 (Tables 2 and 3). This increase occurred
when the portion of all postpartum women 35 years
and older at BWH also doubled between 9% in 1977
to 1980 and 18% in 1988 to 1989. Similar changes
have been observed in other regions. For example,
Olsen et al.2! observed an increase in the propor-
tion of infants with Down syndrome born to women
aged 35 years and older, from 27.1% to 34.1%, in
New York state between 1983 and 1992. Olsen was
reporting the findings for infants with Down Syn-
drome identified in a state-wide malformations reg-
istry which obtained information from birth and
death certificates, a chromosome registry, and hos-
pital reports on infants up to 2 years of age. An
increase in the mean age of all mothers of infants
with Down syndrome also was observed between
1980 and 1992 in north-eastern France?? and
between 1989 and 1993 in England and Wales.?* Sec-
ond, the increase in the prevalence rate could reflect
the identification of a larger number of affected
infants who would not have survived to birth and
would have been stillborn. Both Hook et al.> and
Snijders et al.® reported the rate of fetal death among
affected fetuses in whom Down syndrome was diag-
nosed by amniocentesis. The rate was 25.6% in the
first study’; in the second study,® it was estimated
for women 35 years and older that the frequency of
trisomy 21 at birth was 54% lower than at 9 to 14
weeks of gestation and 33% lower than at 15 to 20
weeks of gestation. This is also suggested by the fact
that only 1.3% (3 of 263) of the affected infants of
nontransferred mothers were stillborn, which is
lower than the proportion (5-10%) estimated for
chromosome abnormalities.? Third, there may have
been errors in the designation of the transfer status
of the mothers of affected infants. However, we were
reassured that the rate of potential misclassification
is very low based on the findings in the question-
naires returned by 78 women, the findings in the
detailed review of the medical records, and the high
degree of correlation between the interpretation
from the review and the women’s responses to the
study questionnaire about transfer status.
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The potential biases inherent in a university hos-
pital should be noted. Theoretically, women could
have begun obstetrical care at this hospital, had pre-
natal diagnosis studies at another facility, terminated
the pregnancy elsewhere, and never have been iden-
tified in a study like this one. Although this could
have occurred, there is no evidence that such a group
of women would alter the changes over time in the
overall methods of detecting fetuses with Down syn-
drome or their status at birth, i.e. elective termina-
tion, liveborn, or stillborn.

This analysis showed that, between 1972 to 1974
and 1993 to 1994, the portion of the infants with
Down syndrome who were liveborn decreased dra-
matically from 100% to 58% in mothers younger
than 35 years and to 17% in mothers 35 years and
older. If this trend were true for a significant part
of the pregnancies in the United States, there would
be a marked decrease in the birth of liveborn infants
with Down syndrome. A progressive decrease in the
portion of liveborn infants with Down syndrome
has also been observed in British Columbia,?
Wales,?® Denmark,?” Georgia,?® Maine,”” and Eng-
land and Wales?? for the years 1974 to 1983, 1978
to 1984, 1980 to 1985, 1978 to 1986, 1980 to 1993,
and 1989 to 1993, respectively. These data were more
population-based and included information from
a birth defects registry for a province?® and reviews
of prenatal diagnosis services in a country,?” a large
region,? a state,?’ and a metropolitan area.?® The
greatest decrease was among women 35 years and
older and varied from 23.9% in British Columbia®®
for 1979 to 1983 to a projected 84.1% in Denmark
for 1983 to 1985.28

This decrease will have a significant impact on
the medical services used by infants with Down syn-
drome. However, this change in the management of
pregnancies of fetuses with Down syndrome will
not be detected by those public health programs,
e.g. through birth certificates, which do not iden-
tify those pregnancies terminated electively because
of fetal abnormalities.

CONCLUSIONS

Between 1972 and 1994 the percentage of infants
with Down syndrome who were liveborn decreased
dramatically. There was no prenatal detection
between 1972 and 1974. In the early 1980s, this
decrease reflected the impact of amniocentesis among
women 35 years and older. By the late 1980s prena-
tal detection was common among women younger
than 35 years and detection was by several modali-
ties including AFP screening, sonography, and amnio-
centesis. When the diagnosis was established before
24 weeks of gestation, 86% to 87% of the parents
chose elective termination of the pregnancy.
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