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Introduction

Several studies have shown that mater-
nal age is clearly a risk factor for having a
child with Down syndrome. A prenatal
screening policy for Down syndrome based
exclusively on a priori risk according to
matemal age has in itself a low detection
rate.2 Thus, in recent years, new noninva-
sive tests for prenatal screening with bio-
chemical markers>7 and ultrasonog-
raphy'-" have been developed. In any
screening test for Down syndrome, a confir-
matory diagnostic test for positive results
has to be performed by means of a chromo-
somic study of amniotic liquid cells
obtained by amniocentesis or chorial cells
obtained by chorionic villus sampling.

However, even with the best expertise
and equipment, these invasive tests are not
without procedure-related risks. There is
evidence that amniocentesis and chorionic
villus sampling have estimated attributed
risks of fetal loss of 1% and 3%, respec-
tively.""2

The aim of this study was to carry out
a comparative analysis of different screen-
ing policies for prenatal detection of Down
syndrome. Decision analysis has been used
as a methodological tool and as a means to
present and assess how the different options
compare with regard to a selected set of

rti3iEV- outcomes. The criteria for choosing among
the plausible screening policies for prenatal
detection of Down syndrome should
include not only effectiveness, equity, and
efficiency measures but also the need to
minimize both false-positive rates and the
adverse effects of performing invasive tests.
The objective of this analysis was to com-
prehensively present the results of different
options for prenatal screening and diagnosis
of Down syndrome. These results would
allow decision makers, at both the provider

and the consumer level, to make infonned
choices on the basis of effectiveness, safety,
and efficiency criteria.

Methods

Decision analysis is a structured,
explicit, and quantitative methodological
tool that makes possible the quantification
of selected outcomes associated with differ-
ent courses of action in conditions of
uncertainty.'3,'4

We built a decision analysis model that
includes 8 screening policies or options (see
Figure 1):

Option 1: Do nothing.
Option 2: Offer amniocentesis to all

pregnant women but offer no previous
screening (neither biochemical nor ultra-
sonographic).

Option 3: Offer amniocentesis to all
pregnant women older than 35 and offer
ultrasonographic screening (nuchal fold > 6
mm, second trimester) to all pregnant
women younger than 35. If ultrasono-
graphic screening is positive, then amnio-
centesis is offered.

Option 4: Offer biochemical screening
to all pregnant women (triple test with alpha-
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FIGURE 1-Decision analysis tree for various screening policies for Down
syndrome (DS; see text for definitions of options).

fetoprotein, unconjugated estriol, and intact
human chorionic gonadotrophin with cutoff
point set at 1/250). Women with risk above
1/250 are considered to have high-risk preg-

nancies and are offered amniocentesis.
Option 5: Exactly the same as option 4

but with a biochemical screening test cutoff
point set at 1/100.

Option 6. Offer amniocentesis to all
pregnant women older than 38 and offer
biochemical screening to those younger

(triple test with the same serum markers as

in options 4 and 5). Women with risk above
1/270 are offered amniocentesis. If risk is
below 1/270, ultrasonographic screening is
offered (nuchal fold > 6 mm, second
trimester). If ultrasonographic screening
results are positive, then amniocentesis or

chordocentesis is offered.
Option 7: Offer biochemical screening

(triple test with the same serum markers as

in options 4 and 5) to all pregnant women

older than 30. If risk is above 1/250, then
amniocentesis is offered. Ultrasonographic
screening is offered to all women younger
than 30, and if positive (nuchal fold > 6 mm,
second trimester), then amniocentesis is
offered.

Option 8. Exactly the same as option 7
but with a biochemical screening test cutoff
point set at 1/100.

Options 1 and 2 are extreme screening
policies and are included as reference points
against which to compare the remaining
policies and better estimate their impact.
Option 3 is included because it had been the
most widely used option in Catalonia,
although ultrasonographic tests did not use
nuchal fold measures, which would proba-
bly have reduced the diagnostic accuracy of
the tests. Options 4 and 5, well-known
screening policies in the United Kingdom,'5
add to the other options the performance of
biochemical screening tests before diagnos-
tic tests. Option 5, with a cutoff point set at
1/100, is included so as to improve the
specificity of the screening test, reducing the
cost and the number of procedure-related
miscarriages. Option 6 was designed with
the purpose of detecting not only the maxi-
mum number of Down syndrome cases but
also other congenital malformations.
Options 7 and 8 aim at reducing the cost of
screening, and therefore improving the ratio
of cost to number of Down syndrome cases
detected, without performing a higher num-
ber of amniocentesis procedures than under
options 4 or 5.

The decision analysis model represents,
graphically and chronologically, the differ-
ent events and consequences of each screen-
ing policy. The probabilities assigned to
each node in the decision tree were obtained
from data published in the medical literature
and from official administrative data reports
in both Spain and Catalonia. When no data
were available, some assumptions were
made that were later examined in terms of
validity and robustness by means of sensi-
tivity analyses. Whenever available, data
from Catalonia were used. Table 1 lists the
values used in the baseline analysis and in
the sensitivity analyses for each of the
parameters considered. Data sources are
also shown in Table 1.

To check the robustness of the baseline
analysis results to changes in sensitivity and
specificity rates of screening tests, and in
uptake rates of the different tests, we per-
formed 3 different sensitivity analyses. The
first considered only changes in uptake
rates, that is, patients' acceptance of tests
when offered, maintaining the rest of the
parameters unchanged. A second sensitivity
analysis considered only variations in sensi-
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tivity and specificity rates of screening
tests. Finally, a multiple-way sensitivity
analysis was performed in which the worst
scenario was defined as the one with the
lowest uptake rate, the lowest sensitivity
and specificity rates for screening tests, and
the highest fetal loss rate attributed to inva-
sive procedures, and the best scenario was
defined as the one with the highest uptake,
sensitivity, and specificity rates and the
lowest fetal loss rate.

We have included an analysis of
resources consumed by the different screen-
ing policies from the public financing per-
spective. The type of resources considered
includes the number of biochemical screen-
ing tests and the number of invasive proce-
dures carried out. To translate resources
consumed into monetary units, we applied
reimbursement rates provided by the Cata-
lan Health Service in 1994 and still in use
(Table 1).

The analyses were performed with
Decision Analysis by TreeAge (DATA for
Windows) (TreeAge Software Inc, Williams-
town, Mass).

Results

The results of the baseline analysis are
shown in Table 2 and Figure 2. Option 6
resulted in the highest detection rate and the
lowest number of false-negative cases. At
the same time, with the exception of option
2, option 6 had the highest number of pro-
cedure-related miscarriages, the highest
total program cost, and the highest ratio of
cost to number of Down syndrome cases
detected. Option 7 resulted in detection of
slightly more than 40% of the Down syn-
drome cases as well as a higher number of
false-negative cases. On the other hand, it
had the lowest ratio of cost to number of
Down syndrome cases detected and con-
sumed the fewest resources among the
options considered.

The results of the multiple-way sensi-
tivity analysis are also shown in Table 2
and Figure 2. The robustness of the results
of the different options to changes in uptake
rates, of both screening and diagnostic tests,
are displayed in Table 3. The relative posi-
tions of the different options for each of the
outcome measures considered in the analy-
sis remained practically unchanged when
variations in uptake rates took place. The
results from the sensitivity analysis for
changes in specificity and sensitivity rates
of screening tests are also shown in Table 3.
Apart from option 2, in which biochemical
screening tests were not performed, the
options presented different degrees of sensi-

TABLE 1-Values Used in the Baseline and Sensitivity Analyses of Various
Screening Policies for Down Syndrome

Most Probable
Variable Value Range Reference

Amniocentesis
Sensitivity
Specificity

Biochemical test
Sensitivity, 1/270
Specificity, 1/270
Sensitivity, 1/250
Specificity, 1/250
Sensitivity, 1/100
Specificity, 1/100

Ultrasonography screening test
Sensitivity
Specificity

Probability of miscarriage
After amniocentesis
After chordocentesis

Proportion of pregnancies
Women < 30 y
Women < 35 y
Women < 38 y

Down syndrome risk
Women < 30 y
Women 30+ y
Women < 35 y
Women 35+ y
Women < 38 y
Women 38+ y

Second trimester (age-standardized)
Uptake

Screening test
Amniocentesis

All women
Women 35+ y
Women 38+ y

Diagnostic test
after positive screening test

Catalan Health Service rate
Biochemical screening test,

1996 pesetas

Amniocentesis, 1996 pesetas

Chordocentesis, 1996 pesetas

No. pregnancies, Catalonia, 1992

tivity to changes in the diagnostic accuracy
ofbiochemical tests.

Table 4 shows the results of options 4
through 8 when the diagnostic accuracy of
biochemical screening tests is kept
unchanged and when it is variable across
maternal age groups. Table 5 shows the
ratio of cost to Down syndrome cases
detected from the baseline, best-scenario,
and worst-scenario analyses and with the
use of a range of costs for both screening
and diagnostic tests. According to these

100%
100%

60%
93%
58%
95%
44%
98.3%

47%-90%
86%-95%
45%-89%
89%-96%
31 %-75%
92%-99%

2-7,16-20
2-7,16-20
2-7,16-20
2-7,16-20
2-7,16-20
2-7,16-20

45% 25%-65% 8, 21-28
95% 90%-99% 8, 21-28

1% 0.5%-2% 1 1
2% 1%-3% Assumed to be

average of other
invasive procedures

57.15% ... 29
88.59% ... 29
97.33% ... 29

0.0007986
0.0025117
0.001029
0.0054231
0.0011961
0.0096389
0.00154

1
1
1

1, 29

80% 60%-98% 3, 7, 30, 31

50% 35%-65% 31-33
80% 70%-90% 31-33
85% 70%-95% 31-33

95%

1 450

30 000

35 000

68 474

80%-99% 3, 7, 30-33

. . . Catalan Health
Service, 1994

. Catalan Health
Service, 1994

. Catalan Health
Service, 1994

. 1, 29

results, option 3 would shift from having
the highest ratio of cost to Down syndrome
cases detected under the Catalan Health
Service rates to having the lowest ratio as
costs increase, especially costs for bio-
chemical screening. It should also be men-
tioned that an increase in costs would keep
options 7 and 8 as the ones with the lowest
ratio of cost to Down syndrome cases
detected, except when compared with
option 3, while options 4, 5, and 6 would
maintain their internediate positions.
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Discussion

The selection of these outcome mea-

sures responded to the initial objective of
this research, which was to comprehen-
sively present the results of each screening
policy. Baseline analysis showed a close
positive relationship between detection
rates, procedure-related miscarriages, and
resource consumption. This relationship
was also observed in the subsequent sensi-
tivity analyses, proving that improvement
in one outcome measure might result in the
worsening of another.

If the goal of any prenatal detection
program for Down syndrome is to achieve
the best possible detection rate at the mini-
mum cost and with the minimum number of
procedure-related miscarriages, we should
carry out amniocentesis tests selectively,
that is, only in those pregnancies with the
highest probability of having an affected
fetus. To accomplish this goal it becomes
necessary to use a screening test with maxi-
mum diagnostic accuracy, that is to say,
with the maximum capacity to discriminate
whether or not a pregnancy is affected.

In our analysis, option 6 was the one

that detected the most cases, since it was
the only option in which ultrasonography
was offered as a second screening test to
women with negative results from a previ-
ous biochemical screening test (1/270).
This second screening test aimed at reclas-
sifying those false-negative cases resulting
from biochemical screening. Option 6,
moreover, had a lower cutoff point than
other options (1/270), which increased the
probability of classifying a pregnancy as

positive for Down syndrome. In short, this
option rewarded sensitivity over specificity,
which translated into a higher detection rate
but, at the same time, into a higher number
of false-positive cases that would lead to
amniocentesis, resulting in a higher number
of related miscarriages and higher resource

consumption. In contrast, options 5 and 8
were those that detected fewer cases,

rewarding specificity over sensitivity. These
two options set the cutoff point for high risk
at 1/100 and did not reclassify pregnancies
with a previous negative test result. Further-
more, options 5 and 8 had lower positive
and false-positive rates, which produced

fewer amniocentesis tests, resulting in a

lower cost and fewer related miscarriages.
Options 7 and 8 seemed to have the lowest
ratio of cost to Down syndrome cases

detected, benefiting from the diagnostic
accuracy of ultrasonographic tests, which
did not represent an important additional
cost.

The ultrasonographic screening test
considered required trained ultrasonog-
raphers and high-resolution equipment, and
it probably added some extra time to
patients' visits. It has been assumed that this
test is used on a routine basis in prenatal
visits during the second trimester. In our

analysis, we considered that the additional
cost of ultrasonographic screening was zero

or minimal, although this assumption may
not be entirely true. Ifwe take the cost of this
procedure to be 1000 pesetas more than rou-

tine ultrasonographic monitoring tests in the
second trimester, which require the measure-

ment of the nuchal fold, only the options that
include ultrasonographic screening (3, 6, 7,
and 8) will undergo an increase in the ratio
of cost to Down syndrome cases detected.
Nevertheless, options 7 and 8 still had the

April 1998, Vol. 88, No. 4
554 American Journal of Public Health

10 10 2030405 6 7 0 0 i

10 Baseline analy0s results
OMu s ew

O8o
~ ~ ~ -

60 2 sta s sao lc pn

40 ~7

0 10 20 30 40 50 60 70 80 90 30

Must-ipe-waysnsiaiy nlssresukss Number of Down Syndrome Cases Detected
Op = policy option

FIGURE 2-Down syndrome detection rates and fetal loss rates across policy options.

00



Public Health Policy Forum

lowest ratio of cost to Down syndrome cases

detected when these changes took place.
The reimbursement rates used in these

analyses might have underestimated the real
costs derived from screening and diagnostic
tests. Studies in other countries have esti-
mated these costs to be higher than the one

considered in our baseline analysis.3'15'34 The
consequences of using alternative cost data
are described in Table 5. The observed
improvement in the ratio of cost to Down
syndrome cases detected of option 3 is
explained by the fact that this option did not
include biochemical screening. Option 7
presented the lowest ratio of cost to Down
syndrome cases detected under baseline,
best, and worst conditions when changes in
costs took place.

The outcome measures considered
were more robust to changes in uptake rates
than to variations in specificity and sensitiv-
ity rates of screening tests. It was expected
that both the ratio of cost to Down syn-
drome cases detected and the ratio of proce-

dure-related miscarriages to cases detected
would be very sensitive to changes in diag-
nostic accuracy, since an improvement in
sensitivity and specificity of screening tests
not only decreased the numerator but simul-
taneously increased the denominator.
Although all options involving biochemical
or ultrasonographic screening tests moved
in the same direction in response to changes
in the accuracy of these tests, not all of
them did so to the same degree. The expla-
nation lies in the different maternal age

and/or cutoff point selection criteria and in
the different indication each screening pol-
icy makes ofultrasonographic screening.

Since age is positively correlated with
the probability of a positive result on

screening tests,'620 increases in sensitivity
and decreases in specificity of biochemical
screening tests according to maternal age
raise the detection rate and, at the same

time, the total number of amniocentesis
procedures performed. Therefore, the ratio
of procedure-related miscarriages to

detected Down syndrome cases increased
slightly as a result of the number of miscar-
riages7 being higher than the increase in the
number of Down syndrome cases detected.
The ratio of cost to detected Down syn-

drome cases experienced no important
changes, because the increase in cost owing
to the performance of more invasive proce-
dures was compensated by a similar
increase in the number of Down syndrome
cases detected.

The distribution pattern of pregnancies
along maternal age used in this study was

based on data for births in Catalonia in
1992 published by the Spanish Institute of
Statistics in 1995.29 The use of these data
implies 2 important limitations. First, we
assumed that the pattern of pregnancies fol-
lowed the pattern of births along maternal
ages, which is not necessarily true, since
voluntary interruptions of pregnancies may
not be distributed homogeneously through-
out maternal age groups.35 Second, the data
used refer to 1992, and the distribution of
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TABLE 2-Results of Baseline and Multiple-Way Sensitivity Analyses of Various Screening Policies for Down Syndrome

Outcome Measure and Scenario
Ratio of Procedure-Related

Miscarriages to Ratio of Costa to

Screening Detection Rate, % Cases Detected Cases Detected Total Costa of Program
Policy Baseline Best Worst Baseline Best Worst Baseline Best Worst Baseline Best Worst

Option 2 49.4 64.8 34.3 6.56 3.27 13.30 19.75 19.64 19.97 1 027.1 1 335.2 719.0
Option 3 52.1 73.3 34.3 1.57 0.50 4.67 4.62 2.98 6.99 257.2 229.8 251.5
Option 4 43.8 86.7 20.9 0.57 0.15 3.30 3.45 1.97 7.66 158.8 179.6 168.6
Option 5 33.3 72.4 14.3 0.26 0.05 3.52 3.06 1.57 9.25 107.0 119.5 138.8
Option 6 62.9 93.3 36.2 1.45 0.36 4.64 4.80 2.96 8.01 316.9 289.7 304.4
Option 7 40.7 79.0 18.1 0.62 0.10 3.62 2.63 1.08 6.78 113.3 89.6 128.8
Option 8 33.3 69.5 13.5 0.54 0.05 4.30 2.68 0.87 8.28 94.0 64.7 116.0

Note. See text for definitions of screening policies and scenarios.
a'n millions of pesetas, using Catalan Health Service rates (see Table 1).

TABLE 3-Results of Sensitivity Analyses of Various Screening Policies for Down Syndrome, by Differences in Uptake
Ratesa and Accuracy of Screening Tests

Outcome Measures, Uptake, and Accuracy
Ratio of Procedure-Related

Detection Rate, % Miscarriages to Cases Detected Ratio of Costc to Cases Detected

Screening Best Worst Best Worst Best Worst Best Worst Best Worst Best Worst
Policyb Uptake Uptake Accuracy Accuracy Uptake Uptake Accuracy Accuracy Uptake Uptake Accuracy Accuracy

Option 2 64.6 35.2 49.5 49.5 6.56 6.48 6.56 6.56 19.63 19.43 19.75 19.75
Option 3 59.7 40.9 61.9 43.8 1.59 1.61 1.03 2.36 4.69 4.84 3.11 7.09
Option 4 55.9 27.6 67.6 34.3 0.57 0.58 0.30 1.60 3.37 3.78 2.03 7.00
Option 5 42.4 20.9 57.1 23.8 0.26 0.26 0.10 1.67 2.94 3.50 1.61 8.19
Option 6 79.0 42.9 75.2 53.3 1.56 1.31 0.71 2.89 4.87 4.84 2.98 8.51
Option 7 51.9 25.7 61.9 29.5 0.62 0.62 0.20 1.76 2.60 2.80 1.10 6.37
Option 8 42.5 21.9 54.3 21.9 0.54 0.52 0.10 2.07 2.54 2.65 0.90' 7.71

aPatients' acceptance of tests when offered.
bSee text for definitions.
cln millions of pesetas, using Catalan Health Service rates (see Table 1).
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cases along maternal age groups may have
changed slightly since then. An aging in the
distribution of pregnancies would bring
options 7 and 8 closer to options 4 and 5.

An expected increase in the proportion of
pregnancies among women aged 30
through 35 at the expense of younger age
groups would barely influence the final
results in option 6, since this option screens

by age, setting the cutoff point at 38 years.
An increase in the number of pregnancies
among women aged 38 years or older
would increase detection rates at the
expense of a higher total cost and a worsen-

ing of the ratio of cost to Down syndrome
cases detected.

In conclusion, sensitivity and speci-
ficity rates of screening tests have emerged

as the variables that most influence the final
results. Bearing in mind the trade-off
between the two, the only way to simulta-
neously improve all outcome measures is
through the amelioration of both sensitivity
and specificity rates. This may be possible
by looking into combinations of existing
serum and ultrasonography markers, or by
searching for new ones. Future research
should explore along these lines.

Finally, the analyses we performed dis-
closed significant trade-offs among the out-
come measures. This fact emphasizes the
need to comprehensively inform decision
makers about both positive and negative
consequences of adopting one screening
policy or another. This information should
include effectiveness, equity, quality, safety,

and efficiency considerations that might be
useful in overcoming the ethical implica-
tions associated with the important trade-
offs between the effectiveness and the risk
of prenatal screening policies. Therefore,
societal and individual values should be
taken into account in the design and imple-
mentation of screening policies for Down
syndrome. In view of the results of this
study, there is no single strategy that simul-
taneously optimizes all outcome measures.

Policymakers may thus be willing to pro-
vide two different strategies, one that would
maximize detection rates and a second one

that would minimize the number of proce-
dure-related miscarriages, letting pregnant
women choose according to their values
and preferences. El
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TABLE 4-Outcome Measures of Various Screening Policies for Down Syndrome, with Accuracy of Biochemical Screening
Tests across Maternal Age Groups Unchanged and Variable (Baseline Conditions)

Screening No. Cases No. Procedure-Related Ratio of Miscarriages Ratio of Costb
Policya Detected Miscarriages to Cases Detected to Cases Detected

Specificity and sensitivity unchanged across maternal age groupsc
Option 4 46 26 0.57 3.45
Option 5 35 9 0.26 3.06
Option 6 66 96 1.45 4.80
Option 7 43 26 0.62 2.63
Option 8 35 19 0.54 2.68

Specificity and sensitivity variable across maternal age groupsc
Option 4 57 39 0.68 3.47
Option 5 47 21 0.45 3.05
Option 6 70 104 1.49 4.87
Option 7 54 39 0.72 2.82
Option 8 47 31 0 .66 2.77

aSee text for definitions.
bin millions of pesetas, using Catalan Health Service rates (see Table 1).
cBaseline specificity and sensitivity rates of screening tests (see Table 1).
dThe following specificity and sensitivity rates have been assumed:

Cutoff point 1/250; women < 35 y, sensitivity 58% and specificity 95%; women 2 35 y, sensitivity 95% and specificity 70%.
Cutoff point 1/100; women < 35 y, sensitivity 44% and specificity 98.3%; women 2 35 y, sensitivity 85% and specificity 75%.
Cutoff point 1/270; women < 35 y, sensitivity 60% and specificity 93%; women 2 35 y, sensitivity 97% and specificity 68%.

TABLE 5-Ratio of Cost to Down Syndrome Cases Detected by Various Screening Policies, by Scenario and with Varying
Costs of Testing

Testing Costsa and Scenario
1 450 PTAb 2000 PTA 4000 PTA 7000 PTA 12 000 PTA

30000 PTAb 18 000 PTA 34 000 PTA 34000 PTA 50000 PTA
Screening 35ooOb PTAb 18 000 PTA 34000 PTA 34000 PTA 50 000 PTA

Policy Baseline Best Worst Baseline Best Worst Baseline Best Worst Baseline Best Worst Baseline Best Worst

Option 2 19.75 19.64 19.97 11 85 13.10 11.98 22.38 22.25 22.65 22.38 22.25 22.65 32.92 32.72 33.38
Option 3 4.68 2.98 6.99 2.80 1.79 4.19 5.30 3.38 7.92 5.30 3.38 7.92 7.79 4.97 11.64
Option 4 3.45 1.97 7.66 3.41 2.01 6.70 6.71 3.97 13.08 10.23 7.31 18.68 17.16 10.35 30.66
Option 5 3.06 1.57 9.25 3.60 1.94 8.64 7.15 3.86 16.94 11.84 6.51 25.16 20.09 11.08 58.11
Option 6 4.80 2.96 8 01 3.69 2 49 5.85 7.29 4.86 11.28 9.55 6.83 14.39 15.40 11.17 22.94
Option 7 2.63 1.08 6.78 2.19 1.03 5.11 4.27 2.04 9.86 5.91 302 12.64 9.62 5.11 20.17
Option 8 2.68 0.87 8.28 2.31 0.97 6.39 4.52 1.92 12.35 6.54 3.10 16.12 10.76 5.23 25.85

Note. See text for definitions of screening policies and scenarios.
amn millions of pesetas (PTA); costs given are for (top to bottom) biochemical tests, amniocentesis, and chordocentesis.
bCatalan Health Service rates.
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