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Abstract
Aim—To predict the eVect of maternal
serum screening and fetal echocardiogra-
phy on the birth prevalence of Down’s
syndrome.
Methods—The outcome of all Down’s syn-
drome pregnancies in the Northern
Health Region between 1985 and 1991 was
retrospectively ascertained. The number
and outcome of all Down’s syndrome
pregnancies were used to define a theo-
retical population which would exist in the
absence of screening. Published reports
were used to predict the eVects of screen-
ing strategies.
Results—Down’s syndrome was identified
in 412 pregnancies of which 315 (76%)
resulted in live birth. A theoretical popu-
lation with no antenatal screening would
be expected to produce 31 stillbirths and
381 (92%) live births aVected by Down’s
syndrome. In the same population a
programme of maternal serum screening
and fetal echocardiography would lead to
155 and 14 terminations, respectively, and
when combined, would reduce aVected
live births to 229 (56%).
Conclusions—Even if maternal serum
screening and fetal echocardiography
achieve their predicted potential, around
half of all pregnancies aVected by Down’s
syndrome will result in live born babies.
(Arch Dis Child 1997;76:F26–F30)

Keywords: Down’s syndrome; screening; maternal
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Down’s syndrome is the commonest chromo-
somal abnormality in live born babies. It affects
about 1 in 700 pregnancies at 20 weeks of ges-
tation. Antenatal screening and termination of
aVected pregnancies have been available for
several years. Until recently screening relied on
the increase in incidence of Down’s syndrome
with maternal age, so that amniocentesis was
oVered only to mothers over 351 or 362 3 or 374 5

years of age. However, only 20-30% of mothers
are aged 35 years or older,6 so a screening pro-
gramme based on age related amniocentesis
has a limited impact.
More recently maternal serum concentra-

tions of á-fetoprotein, human chorionic gona-
dotrophin, and oestriol have been used in
addition to maternal age to identify pregnan-
cies at “increased risk.” To restrict amnio-
centesis to about 5% of all pregnancies, diVer-
ent units have chosen thresholds of increased
risk varying from 1 in 190 to 1 in 270.1 6

Mothers judged to be at “increased risk” are
oVered amniocentesis to confirm or exclude
the presence of Down’s syndrome, but those
thought to be “not at increased risk” are not.
Such a screening programme is often misun-
derstood despite extensive attempts at counsel-
ling and explanation.7 8 Serum screening works
better in older mothers, although they are no
more likely to enrol for it than younger mothers
and they may be less likely to proceed to
amniocentesis faced with a result predicting an
increased risk.1 9

Down’s syndrome may also be suspected
from abnormalities shown by ultrasound
examination. Identification of a complete
atrio-ventricular septal defect on fetal echocar-
diography strongly suggests the diagnosis, but
the prospective diagnosis rate in population
studies is not high.10 Other abnormalities (duo-
denal atresia, nuchal skin thickening, femoral
shortening, etc) are associated with Down’s
syndrome but are not useful in screening at
present.11

This study set out to investigate the likely
cumulative eVect of screening for Down’s syn-
drome using maternal serum screening and
fetal echocardiography. All cases of Down’s
syndrome beyond the 20th week of pregnancy
were identified in a defined population. Af-
fected pregnancies which were terminated as a
result of the various screening programmes in
use in the observed population were “reallo-
cated” to have been live born or stillborn in the
same proportions as in the observed popula-
tion, to produce a theoretical population which
would exist in the absence of any screening.
This theoretical population was used to predict
the likely eVect of screening.

Methods
OBSERVED POPULATION

The former Northern Health Region had a
population of 3 million 100 000 and close to
40 000 live births every year. With the
exception of the health district of South Cum-
bria, there was no cross border referral of
infants with Down’s syndrome or congenital
heart disease. This study was therefore based
on the remaining 15 health districts within the
region. The region contains the Northern
Regional Survey of Perinatal, Neonatal, and
Infant Mortality and the Northern Regional
Fetal Abnormality Survey, both of which are
population based and whose methodologies
have been validated and published.12 13 All
cases of Down’s syndrome in and beyond the
20th week of pregnancy in 1985-91 were iden-
tified from the two regional surveys; from the
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regional cytogenetics laboratories at Newcastle
upon Tyne, Middlesbrough, and Seascale; and
from the regional paediatric cardiology depart-
ment at Freeman Hospital. These years were
chosen because they predated more wide-
spread introduction of fetal echocardiography
and maternal serum screening. Cytogenetic
confirmation of all cases was available. All cases
were validated using maternal, infant, and
pregnancy details and cross checked with the
OYce of Population Censuses and Surveys
(National Statistics OYce) to avoid duplication
and exclude misclassification. The maternal
age at diagnosis, method of diagnosis, and out-
come were noted.
Information on antenatal diagnosis of

Down’s syndrome and subsequent termination
of pregnancy was obtained from the regional
cytogenetics laboratories and from the Fetal
Abnormality Survey. The total number of
pregnancies and total number of live births for
the population were identified from the OYce
of Population Censuses and Surveys. All
terminated pregnancies, stillbirths (28 weeks to
term) and late miscarriages (20-27 weeks) were
identified from the Northern Regional Survey

of Perinatal, Neonatal, and Infant Mortality.
These were added to the number of live births
to give the total number of pregnancies at 20
weeks of gestation.
The prevalence and spectrum of congenital

heart disease in live born babies with Down’s
syndrome were identified from the regional
paediatric cardiology database. Unfortunately,
as previous reports have suggested,14 too few
terminated and stillborn fetuses underwent a
suYciently detailed necropsy for data about the
prevalence of congenital heart disease in
stillbirths to be useful. Congenital heart disease
in live born babies was classified by its potential
detectability on antenatal four chamber screen-
ing at 18 weeks of gestation.14

THEORETICAL POPULATION AND PROJECTED

EFFICACY OF SCREENING

The observed population includes live born
babies with Down’s syndrome, stillborn babies
with Down’s syndrome, and pregnancies that
were terminated as a result of age related
amniocentesis, maternal serum screening lead-
ing to amniocentesis, or fetal echocardiography
leading to amniocentesis. To derive the theo-
retical underlying population in the absence of
screening, those pregnancies that were termi-
nated were reallocated to be live born or
stillborn in the same proportions as in the
observed population. The theoretical popula-
tion was used to predict the eVectiveness of the
following screening tests.

Amniocentesis
The eVect of age related amniocentesis was
predicted by assuming it would be oVered only
to mothers of 35 years and older (table 1) and
that the uptake of the amniocentesis would be
50%,9 15 although this is higher than in some
other reports.4

Maternal serum screening
To predict the eVect of maternal serum screen-
ing it is important to realise that the overall
eVectiveness will be the product of the propor-
tions of mothers: enrolling for the test; being
detected by the test; proceeding to amniocen-
tesis to confirm the diagnosis; undergoing ter-
mination of pregnancy. The present perform-
ance of maternal serum screening was obtained
by using the highest published figures and
assuming that 81% of mothers would undergo
testing,16 a 61% detection in mothers under 35,
and 91% in mothers 35 or over (70% overall),16

that 83% of mothers under 35 and 59% of
those 35 or over (79% overall) would proceed
to amniocentesis,1 and that 90% of confirmed
aVected pregnancies would be terminated.9

The cumulative eVect of these figures means
that the overall detection rates are 37% and
39% for mothers under 35, and 35 and over,
respectively.

Fetal echocardiography
Most babies with Down’s syndrome do not
have congenital heart disease, but more than
half of those who do have some form of atrio-
ventricular septal defect that is potentially
detectable on a routine antenatal four chamber

Figure 1 Total cases and outcomes of pregnancies related
to maternal age. CHD: congenital heart disease.
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Table 1 Assumptions made from published data in predicting the eVects of screening
strategies

Age related
amniocentesis

Maternal serum
screening

Fetal
echocardiography

Assumed uptake of test 50* 81 91
Assumed detection rate 100 61/91† 15
Assumed amniocentesis rate 83/59† 75
Assumed termination rate 100 90 100
EVective reduction 50 37/39† 10
Proportion of population screened‡ 33 100 34
Total eVective reduction†† 17 37/39† 3

* Mothers 35 and over.
† Under 35/35 and over.
‡ ie % of mothers 35 and over or % of fetuses with CHD.
†† Allowing for prevalence of maternal age ≥ 35 or prevalence of congenital heart disease in the
fetus.
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scan.4 17 Identification of such an abnormality
may be an indication for amniocentesis. To
predict the eVect of a screening programme
using cardiac ultrasonography, it was assumed
that 91% of pregnancies are screened at an
appropriate gestation,18 that in 15% of cases of
Down’s syndrome with a cardiac malformation
the defect would be recognised,10 and that in
75% this would lead to amniocentesis and ter-
mination of pregnancy.17

Combined maternal serum screening and fetal
echocardiography
The eVects of maternal serum screening and
fetal echocardiography are not simply additive
as there is an overlap of two or more screening
strategies. We have assumed that maternal
serum screening is unaVected by the presence
or absence of a cardiac malformation and that
the prevalence of congenital heart disease is not
aVected by maternal age. The likely prevalence
of congenital heart disease was computed for
cases undetected by maternal serum screening
and the eVect of echocardiographic diagnosis
on cardiac malformation predicted as outlined
(table 1).
Statistical analysis was limited to compari-

son of the prevalence of stillbirths in mothers
younger than 35 years and in those 35 years
and older using a ÷2 test.

Results
OBSERVED POPULATION

There were 285 681 pregnancies of at least 20
weeks of gestation between 1985-91, of which
283 521 resulted in live birth. In the same
period there were 412 pregnancies with
Down’s syndrome present at 20 weeks of
gestation (1.44 per 1000 pregnancies) of which
74 (18%) were terminated, 23 (7% of non-
terminated pregnancies) ended with stillbirth,
and 315 (76%) resulted in live birth (1.11 per
1000 live births). The pregnancies which were
terminated were diagnosed by age related

amniocentesis in 40 pregnancies, as a result of
fetal echocardiography or ultrasonography in
10 pregnancies, and after maternal serum
screening or amniocentesis for other reasons in
24 cases.
The maternal age was known in 409

pregnancies (99%), and the maternal age
distribution at diagnosis is summarised in fig 1.
Mothers were younger than 35 years in 278
(68%) pregnancies and in 242 (77%) live
births. Stillbirths were more common in older
mothers— 14% in mothers aged 35 or over
compared with 5% in mothers younger than 35
years (0.05<P<0.1). The three cases in which
maternal age was unknown (all live born) were
assumed to be under 35 in two and 35 or over
in one (table 2). There was no significant
diVerence in the birth prevalence of congenital
heart disease and Down’s syndrome with
increasing maternal age.
Congenital heart disease was present in 106

of 315 live born babies (34%). The malforma-
tion was a complete atrio-ventricular septal
defect in 45 cases, a partial atrio-ventricular
septal defect in 10, a ventricular septal defect in
26, a patent ductus arteriosus in 10, an atrial
septal defect in seven, tetralogy of Fallot in
four, coarctation of the aorta in two and com-
plex in two cases. Of these, only atrio-
ventricular septal defects are easily detectable
by routine four chamber antenatal ultrasound
screening.14 A further 13 cases of cardiac mal-
formation were found in terminated fetuses
and four in stillborn babies. However, too few
terminated and stillborn fetuses underwent a
suYciently detailed necropsy to include these
cases in the analysis.

THEORETICAL POPULATION

To derive a theoretical population which would
exist if no screening was available, the 74 preg-
nancies terminated in the observed population
were allocated to live birth (66) or stillbirth (8)
in the same proportions seen in each maternal
age group (table 2). The criteria set out in
table 1 were applied to this theoretical popula-
tion to predict the eVects of various screening
strategies.

Age related amniocentesis
Age related amniocentesis with a 50% uptake
and termination of all aVected pregnancies in
mothers aged 35 or over would result in 16% of
pregnancies being terminated and 78% pro-
ducing live born babies (table 3).

Maternal serum screening and fetal
echocardiography
Maternal serum screening alone would result
in 38% of pregnancies being terminated and
58% live births (table 3). Fetal echocardiogra-

Table 2 Derivation of the theoretical population from the observed population

Maternal
age†

Observed
population

Theoretical population
(no fetal diagnosis)

Total cases < 35 280 280
≥ 35 132 132
Total 412 412

Terminations < 35 24 0
≥ 35 50 0
Total 74 0

Stillbirths < 35 12 13
≥ 35 11 18
Total 23 31

Live births < 35 244 266
≥ 35 71 115
Total 315 (76%) 383 (93%)

Liveborn cardiac abnormality total 106 129
Liveborn cardiac abnormality detectable* 55 67

* On routine four chamber antenatal usltrasound scan; † Maternal age was known for 409 cases
(see text). The missing three ages were assumed to be < 35 in 2 and ≥ 35 in 1.

Table 3 Predicted eVect of screening strategies on outcome of pregnancy

Observed
population

Theoretical
population Amniocentesis

Maternal serum
screening

Fetal
echocardiography Combined

Total cases 412 412 412 412 412 412
Terminations 74 0 67 155 14 164
Stillbirths 23 31 22 19 30 19
Live births 315 (76%) 389 (92%) 323 (78%) 238 (58%) 368 (89%) 229 (56%)
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phy alone would result in 3% of pregnancies
being terminated while 89% would result in
live births (table 3). The combined eVect of
maternal serum screening and fetal echocardi-
ography would produce a termination rate of
40%, while 56% of aVected pregnancies would
result in live born babies (table 3).
Table 4 translates these predictions into rates

per 100 000 pregnancies and also extrapolates
them to the equivalent of the UK population
for one year.

Discussion
This study shows that even if optimistic
forecasts of the combined eVect of maternal
serum screening and fetal echocardiography
prove to be accurate, over half of all pregnan-
cies aVected by Down’s syndrome will result in
live born babies. This prediction has major
implications for the provision of resources for
people with Down’s syndrome, whose life
expectancy is increasing.19 Despite widespread
introduction of screening in pregnancy, it is
wrong to assume that the population of people
with Down’s syndrome will be significantly
reduced.
Screening for Down’s syndrome during

pregnancy could originally be achieved only by
amniocentesis. The increasing risk of Down’s
syndrome with increasing maternal age meant
that screening was oVered only to mothers of
35, 36, or 375 years of age and older. However,
only a third to half of mothers oVered screening
elect to undergo amniocentesis4 15 so such
screening is relatively ineVective in population
terms. Using the maternal age distribution in
our population, we estimated that a 50%
uptake of amniocentesis by mothers 35 years or
older would detect only 16% of all Down’s
pregnancies. Recent studies15 20 have high-
lighted the upward trend in maternal age and
this phenomenon will aVect age related amnio-
centesis and all other screening programmes
where maternal age is a factor. It has recently
been suggested21 that maternal serum screen-
ing should replace age related amniocentesis.
Such a proposal would reduce the detection
rate in older mothers who would otherwise
have undergone amniocentesis but would
probably increase the overall detection rate
(and reduce the amniocentesis rate) in this age
group.21

The fact that maternal serum screening is a
test for the risk ofDown’s syndrome rather than
a diagnostic test means it is widely
misunderstood.7 8 Because serum screening is
based on maternal age, there is a diVerential
performance, with a higher detection rate in
older mothers.Older mothers may be less likely

to volunteer for screening, however, and are
less likely to proceed to amniocentesis if the
screening test result predicts an increased
risk.1 9

We have used only published figures to pre-
dict the eVect of various screening programmes
on a population. Predictions were mainly based
on reports by Haddow et al1 , Wald et al,9 and
Crossley et al.16 Haddow et al compared
detected cases with predicted cases but did not
ascertain real false negative results so the
eYcacy of screening could only be estimated.1

They did not investigate the eVect of maternal
age on the eYcacy of screening.Wald et al used
37 years rather than 35 years as their definition
of older mothers.9 Their favouring of predicted
over observed results has caused controversy.
Neither group gives details of the denominator
population or of the relative uptake of screen-
ing in younger and older mothers. Crossley et
al, in a later report, found a higher uptake and
a higher detection rate.16 They gave no details
of uptake of testing or of the decision to
proceed to amniocentesis in relation to mater-
nal age, nor did they detail the termination rate
once the diagnosis had been confirmed.
When considering the eVect of maternal

serum screening, it is important to take into
account the multiplying eVects of the propor-
tions undergoing testing, the detection rate, the
amniocentesis rate, and the termination rate.
Although detection rates are widely quoted,
their eVect is reduced by incomplete uptake of
testing and by the fact that not all women at
increased risk proceed to amniocentesis and
then to termination of pregnancy. Thus in the
figures we have used an overall detection rate of
70% would translate to an eVective reduction
in live born Down’s syndrome of only 40%
(because of 81% uptake of the test, 79%
proceeding to amniocentesis, and 90% of con-
firmed cases going on to termination of
pregnancy). In the report by Crossley et
al—with a detection rate of 70%—only 21 of
50 cases of Down’s syndrome in the whole
population studied (42%) were diagnosed as a
result of maternal serum screening.16

Fetal echocardiography can lead to suspicion
of Down’s syndrome by detecting complete
atrio-ventricular septal defect. However, only
34% of cases have congenital heart disease, of
which 52% are potentially detectable on
routine four chamber screening.14 In this study
we have assumed that 15% of detectable cases
would be recognised—as reported in the only
population based study of the detection of
heart disease in fetuses with Down’s syndrome
of which we are aware, in which the detection
rate was 12.5% for atrio-ventricular septal
defects and 15% overall.10 Even a 50%
detection rate would translate to a reduction in
aVected live births of only 12% because of the
eVect of the proportion of Down’s syndrome
babies with congenital heart disease, the
proportion of detectable cardiac malforma-
tions, the amniocentesis and termination rates,
and overlap with maternal serum screening.
Other abnormalities detected by ultrasound
screening, such as excess nuchal fold thickness
or reduced femur length, may lead to diagnosis

Table 4 Projected numbers of live born babies with Down’s syndrome for various screening
strategies

Per 100000 pregnancies UK per year

Total Down’s pregnancies 144 1080
Live births/observed population 111 833
Live births/amniocentesis > 35 years 115 863
Live births/maternal serum screening 85 638
Live births/maternal serum screening + fetal
echocardiography

81 608

Strategies for antenatal detection of Down’s syndrome F29
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of Down’s syndrome in individual cases but
have not yet been shown to be eVective in
screening.11

To predict the cumulative eVect of screening
with fetal echocardiography and maternal
serum screening, we have taken into account
the overlap of the diVerent screening strategies
as the same case cannot be detected twice.
Thus the combined eVect of the two screening
strategies is less than the sum of the individual
methods.The eVect of any additional screening
strategy would be reduced by the performance
of screening programmes already in use.
Another limit on the potential eVect of

screening programmes is the willingness of
purchasing authorities to pay for them. A
recent study by Oxfordshire Health Authority
concluded that the most cost eVective pro-
gramme would be obtained by oVering serum
screening only to mothers older than 29 years.22

To produce a theoretical population which
would exist in the absence of screening we took
into account the fact that 7% of aVected preg-
nancies beyond 20 weeks of gestation would
result in stillbirth rather than live birth. This
may be an underestimate. Although the
necropsy rate in stillbirths is high, it is not
always possible to recognise the phenotype of
Down’s syndrome so some cases may be
missed. Hook et al reported an extremely high
fetal death rate after diagnosis of Down’s
syndrome,24 but because of significant
methodological problems in their report and
the very small numbers, we believe our
estimate is closer to reality.
Down’s syndrome is the commonest con-

genital cause of severe mental retardation.24

There will continue to be considerable interest
in, and pressure for, screening in early fetal life.
The widespread introduction of maternal
serum screening will produce a measurable if
not dramatic increase in the number of cases
detected. At present it seems likely that more
than half the cases will go undetected and will
be live born. Further developments may
include the possibility of karyotyping fetal cells
recovered from maternal blood sampling, but
the introduction of such a screening pro-
gramme is not imminent. Our predictions of
the likely numbers of Down’s syndrome babies
born in the population in the near future have
major implications for parents, paediatricians,
paediatric cardiologists, and those responsible
for health care provision for Down’s syndrome
patients in the population.
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