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ABSTRACT

Objective: To assess the cost-effectiveness of modifying current antenatal screening by adding first trimester structural anom-
aly screening to standard of care second trimester anomaly screening.

Design: Health economic decision model.

Setting: National Health Service (NHS) in England and Wales.

Population: Pregnant women attending for first trimester antenatal screening.

Methods: The decision model estimated pregnancy outcomes (maternal and foetal) and 20-year costs for current screening
practice and for a policy adding a protocol screening for eight major structural anomalies to the current first trimester ultrasound
scan. Event probabilities, costs, and outcomes for the model were informed by meta-analyses, published literature, and expert
opinion.

Main Outcomes Measures: Expected numbers of pregnancy outcomes, healthcare costs, and maternal quality-adjusted life
years (QALYs). Estimation of the incremental cost-effectiveness ratio (ICER), likelihood of cost-effectiveness, and a value of in-
formation (VoI) analysis assessing if further research is needed before making a decision about screening.

Results: First trimester anomaly screening increased mean per woman costs by £11 (95% CI £1-£29) and maternal QALYs by
0.002065 (95% CI 0.00056-0.00358). The ICER was £5270 per QALY and the probability of cost-effectiveness at a willingness to
pay value for a QALY of £20000, exceeded 95%. Vol analysis showed further research would be unlikely to represent value for
money. The protocol would likely lead to a reduction in infant healthcare costs and QALYs.

Conclusions: A protocol to screen for eight major structural anomalies during the first trimester appears to represent value
for money for the NHS. The opposing implications for mothers and infants, however, raise complex, challenging, and sensitive
issues.

Collaborators on the ACCEPTS study are listed in section 15 of the Data S1.
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1 | Introduction

In most high-income settings, standard antenatal care includes
two ultrasound screens, one offered at 11-14 weeks of gestation
to confirm foetal viability, establish gestational age, and iden-
tify multiple pregnancies, and one at 18-20weeks to identify
major congenital anomalies [1-3]. England and Wales have fol-
lowed this mode of antenatal screening, as recommended by the
National Screening Committee.

This approach to screening has been challenged, with calls to
screen for several major congenital anomalies during the first
trimester. It has been argued that most foetal organ develop-
ment is complete by 10weeks, that earlier detection of these
structural anomalies would complement first trimester screen-
ing for Trisomies 21, 18, and 13, and that improvements in ul-
trasound image quality, mean a number of major structural
anomalies are now identifiable during the 11-14week screen
[2-10]. Despite an absence of formal guidance by the National
Screening Committee, some three quarters of National Health
Service (NHS) centres now perform such screening, resulting in
inequalities in the provision of antenatal care across England
and Wales [11].

Proponents of first trimester anomaly screening point to the re-
assurance that an early negative scan will provide to the major-
ity of pregnant women [12]. For the minority receiving a positive
result, an earlier diagnosis allows parents additional time for
genetic testing, to receive input from multidisciplinary special-
ists, and ultimately to make the best decision for their family
[13]. If this is to continue with the pregnancy, there will be more
time to plan for the birth of the child. If the decision is to termi-
nate the pregnancy, women will likely face lower likelihoods of
procedure-related complications, of needing to consent to foeto-
cide, and of grief and post-traumatic psychological distress, than
if the termination had taken place during the second trimester
[13-18].

In contrast, those cautious about first trimester anomaly screen-
ing have voiced concerns that it could increase pregnancy ter-
minations. Uncertainty also surrounds false positive screening
findings and their implications [10]. Questions exist around
early screening for anomalies that may resolve spontaneously
with advancing gestational age. The small size of certain an-
atomical structures (e.g., the heart and the lungs), also means
some parents will face anxiety if suspected anomalies cannot be
confirmed until later gestations.

Consideration must also be given to whether first trimester
anomaly screening represents value for money for the NHS.
Population screening is costly, healthcare resources are scarce,
and so it is pertinent to explore the impact on healthcare costs
and outcomes; adoption will undoubtedly mean fewer resources
to invest elsewhere in the NHS.

A health economic assessment was one objective of a research
programme commissioned by the National Institute for Health
and Care Research (NIHR) in England in response to the
changing antenatal screening landscape. Recommendations
from this work were for anomaly screening to be performed

at 12-14weeks gestation, primarily using trans-abdominal
ultrasound and at a minimum, targeting eight major anom-
alies: anencephaly, body stalk anomaly, major cardiac
anomalies, encephalocele, exomphalos/omphalocele, holo-
prosencephaly, gastroschisis, and lower urinary tract obstruc-
tion (LUTO) [19].

To assess the health economic implications of implementing this
anomaly screening protocol as part of the current first trimes-
ter (‘dating’) ultrasound screen, a decision analytic model was
developed to predict the potential impact upon healthcare costs
and outcomes. This article reports the results of this modelling
exercise.

2 | Methods
2.1 | Model Scope

The cohort modelled was the general population of pregnant
women attending for first trimester antenatal screening in
England and Wales with a mean age of 30years. We modelled
only singleton pregnancies and screening with 2D ultrasound.
The time horizon for the analysis was 20years and the per-
spective was that of the NHS in England and Wales with costs
expressed in 2019/2020 UK £. Outcomes were maternal quality-
adjusted life years (QALYs) with utility (quality of life) levels
associated with women's health outcomes used to weight the
durations for which the impact of those health outcomes per-
sisted [20]. Utility is measured on a scale where 0 is equivalent
to death and 1 to perfect health [21]. Costs and QALYs arising
beyond the first 12 months were discounted at a rate of 3.5% [22].
Additional analyses considered the potential impact upon infant
costs and QALYs.

Given the size and complexity of the model, detailed descrip-
tions of its development and assumptions, and its input data, are
provided in the Supporting Information, with abridged detail
and appropriate signposting provided here.

2.2 | Model Structure

The model was conceived and built using TreeAge software
(see Section 1 of the Data S1) [23]. A decision tree mapped out
screening points and findings, and pregnancy outcomes along
the current antenatal pathway (from 12 to 40 weeks' gestation).
Figure 1, panel (2) shows the starting structure of the tree, be-
ginning with first trimester prevalence branches for each of the
eight anomalies and a single branch for women without an af-
fected foetus (Section 1 of the Data S1 gives further detail on
the anomalies modelled). Without formal first trimester anom-
aly screening, a level of case finding during the first trimester
scan still exists, and so the prevalence branches are followed by
screening outcome branches: true positive, false negative, false
positive, and true negative findings. For each anomaly, individ-
ual sub-trees (shown in Section 2 of the Data S1) model events
following each of these four screening outcomes. Additionally,
as five of the anomalies have a strong genetic association (ho-
loprosencephaly, encephalocele, exomphalos/omphalocele,
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(a)

T1 prevalence of structural anomaly 1

Anomaly identified at T1 screen (true positive) ®

T1 prevalence of structural anomaly 2

Current antenatal
screening pathway

T1 prevalence of structural anomaly 3

T1 prevalence of structural anomaly n*

1-T1 prevalence of structural anomalies 1 to n

(b)

First trimester
screening point

O
O<Anoma|y not identified at T1 screen (false negative)®

O
O As above
O As above
O As above

Erroneous identification of anomaly at T1 screen (false positive)b

O

O<No finding of anomaly at T1 screen (true negative) °

9

Routine T1 US

No finding of
structural anomaly?

Finding of structural _i Termination of pregnancy |
b
gnomay —| Foetal loss with gen testing® |

|

| Spontaneous miscarriage J

Second trimester
screening point

Screen negative for
structural anomaly?

Screen positive for —1 Termination of pregnancy |
Sl aonay —I Foetal loss with gen testing® |

\_}_I |

| stillbirth |

Live birthf

FIGURE1 | Overview of the structure of the decision tree model. Panel (a) Starting structure of decision tree. T1, first trimester; US, ultrasound.
aFor brevity, branches for each individual anomaly are not shown. "For ease, screening outcome terms (true positive, false positive etc.) are used
despite no formal T1 anomaly screening currently taking place. Panel (b) Modelled screening and pregnancy outcomes along the antenatal pathway.

aCan be true negative or false negative (see panel [a] above). "Can be true positive or false positive (see panel [a] above). “Women screening positive for

a structural anomaly with a strong genetic association enter a genetic testing sub-tree (see Section 2 of supplementary file) and if consenting to test-

ing face a risk of post-procedural foetal loss. 4Can also be true negative or false negative finding. °Can also be true positive or false positive finding.

fLive birth can be with or without an anomaly.

LUTO, and major cardiac anomaly), a further sub-tree was
developed to model the offer of invasive genetic testing and
its associated risk for foetal loss, following a positive screen
(Section 2 of the Data S1).

Figure 1, panel (b) illustrates the pregnancy outcomes included
in the decision tree. They comprised: live birth with an anomaly,
live birth without an anomaly, spontaneous miscarriage, spon-
taneous stillbirth, first trimester pregnancy termination, second
trimester pregnancy termination, and first and second trimester
foetal loss following genetic testing. Individual Markov models
(shown in Section 3 of the Data S1) simulated the expected 20-
year healthcare costs and QALYs for women of each pregnancy
outcome. Separate Markov models were required for women
delivering live babies with each type of structural anomaly be-
cause a mother's level of well-being is linked to that of her infant
and the anomalies are heterogeneous with regard to infant mor-
tality and morbidity.

2.3 | Model Input Parameters

Where possible, model input parameters were entered as
distributions rather than as single point estimates, to reflect
the uncertainty inherent in sample data informing their val-
ues [24].

2.3.1 | Event Probabilities

Section 4 of the Data S1 presents the event probabilities used
within the decision tree. Anomaly prevalences were informed by
systematic reviews and meta-analyses of first trimester anomaly
screening studies [25, 26]. Current practice first trimester true pos-
itive screening probabilities were informed by UK registry data,
supplemented by data from the systematic reviews in the ‘no pro-
tocol/current practice’ arm of studies [25-27]. First trimester false
positive probabilities with current practice were estimated using
literature identified during the systematic reviews (prioritising
studies confirming false positive diagnoses via post-mortem or
postnatal examination) and by expert opinion [25, 26].

The systematic literature reviews also predominantly provided
data for the screening outcome sub-trees on the first trimester
event probabilities for women carrying babies affected by each
type of anomaly [25, 26, 28]. Second trimester event probabilities
for women with affected babies were informed predominantly by
UK foetal anomaly registry data [28]. General population data were
used in the model for women carrying unaffected babies [29, 30].

Age and gender matched lifetable data informed annual mater-
nal mortality risks across all Markov models [31]. For women
giving birth to a baby with an anomaly, mortality risks were
augmented (Section 5 of the Data S1) [32].
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2.3.2 | Utilities

A full description of the modelling of utility within the decision
tree is provided in Sections 6 and 7 of the Data S1. Women's
underlying levels of utility were adjusted for the impact of the
sequences of events they experience while moving through
the model, for example, the immediate detrimental impacts of
anomaly diagnoses and foetal loss, and the lasting impact of a
false positive diagnosis.

Utility adjustments implemented in each of the Markov models
are described in Section 8 of the Data S1. Underlying maternal
utility was decremented over an appropriate duration, for the
ongoing negative psychological impact of the pregnancy out-
come experienced. These adjusted utilities weighted expected
survival each year to facilitate the estimation of QALYs over
20years.

2.3.3 | Costs

Sections 9 and 10 of the Data S1 describe the approach to cost-
ing within the model. Unit costs associated with events in the
decision tree (e.g., ultrasound scans, diagnostic tests, sponta-
neous foetal losses, pregnancy terminations, and deliveries)
were sourced predominantly from the National Schedule of
NHS Costs [33]. Within the Markov models, costs included were
for the annual treatment of ongoing negative psychological
symptoms.

2.3.4 | Adding Protocolised First Trimester
Anomaly Screening

The current practice arm of the model was replicated and
branches permitting women to accept or decline a first tri-
mester anomaly screening invitation were added prior to the
prevalence branches. The acceptance rate (91%) was informed
by responses from 1167 low-risk pregnant women surveyed
for the project [34]. Women declining the invitation followed
the current practice pathway. Section 11 of the Data S1 details
how the event probabilities, utilities, and costs were amended
within the screening arm of the model. Briefly, and informed
by the systematic reviews, women accepting a screening invi-
tation, benefited from improved true positive detection rates for
all eight anomalies, but also faced an increase in sonographer
false positive rates for certain anomalies [25, 26]. All subsequent
event probabilities remained as per the current practice arm of
the model.

Two separate cost components associated with the protocol
were included in the model; additional sonographer training
to ensure proficiency in assessing parts of the foetal anatomy
affected by the anomalies (£1.34 per scan), and 10 min of addi-
tional screening time required for the assessment (£10.80 per
scan). Utilities in the anomaly screening arm were as per the
current practice arm of the model with the exception of the ad-
dition of a transient (8-week) first trimester utility increment of
0.01, included to reflect the likely beneficial albeit temporary

effect of reassurance women receive following a negative anom-
aly screen [35-37].

2.4 | Running the Model

The model was analysed probabilistically by running 10000
simulations [24]. For each run, a new set of values from the
model's input parameter distributions was sampled and cost-
effectiveness re-calculated. For women in the general popula-
tion carrying babies affected by the anomalies in the protocol,
we predicted: expected numbers of live births, first trimester
terminations, spontaneous miscarriages, second trimester ter-
minations, stillbirths, and pregnancy losses following genetic
testing. For the screening cohort as a whole, the expected mean
per woman costs and maternal QALYs from the decision tree
were added to those from the Markov model. When comparing
between model arms, cost and QALY differences and 95% confi-
dence intervals were calculated.

Cost-effectiveness was expressed using the incremental cost-
effectiveness ratio (ICER) whereby the additional costs with
first trimester anomaly screening were divided by the addi-
tional QALYs the policy generates. The ICER is interpreted as
the additional cost of generating an additional QALY if imple-
menting the protocol and was compared to a threshold value
of £20000 per QALY, which is considered to represent society's
maximum willingness to pay for a QALY [38]. Uncertainty
around the cost-effectiveness results was explored using cost-
effectiveness acceptability curves (CEACs) [39]. Model results
were also scaled up to a general population level assuming a co-
hort of 616 307 women per year (the total number of live births
and stillbirths in England and Wales in 2020) attend for first
trimester screening [40].

A deterministic sensitivity analysis on key study parameters was
performed (see Section 12 of the Data S1). Analyses included in-
creasing the additional screening time required to 20min, and
removing the temporary reassurance utility increment received
by women following a negative screen.

Value of information (VoI) analysis explored the implications
of the uncertainty surrounding the model's 175 input param-
eters by quantifying the expected consequences (the opportu-
nity loss) of making the wrong decision (i.e., of implementing
anomaly screening when it is in fact not cost-effective) [41, 42].
This loss is equivalent to the expected gain if uncertainty
across all model parameters could be removed and so is re-
ferred to as the Expected Value of Perfect Information (EVPI).
Also estimated was the Expected Value of Partial Perfect
Information (EVPPI) were the gains from eliminating uncer-
tainty for groups of model parameters (e.g., screening perfor-
mance probabilities, maternal utilities, screening costs, etc.)
were explored. Such gains were compared to the expected
costs of performing the additional research to reduce the un-
certainty. If research costs exceeded the potential gains, the
investment in additional research was not considered cost-
effective. Section 13 of the Data S1 provides details of the VoI
analysis.
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2.5 | Infant Costs and QALYs

A further set of Markov models was developed to simulate ex-
pected 20-year healthcare costs and QALYs of live born infants
in each arm of the decision tree (see Section 14 of the Data S1).
Separate models were constructed for infants born with each
type of anomaly, with a genetic anomaly alone, and without an
anomaly.

Anomaly specific mortality risks were used in the Markov mod-
els to estimate expected infant survival. General population
norm infant utility levels were decremented for the expected
quality of life impact of the anomaly affecting the child and the
resulting utility levels were used to weight survival and generate
infant QALYs. Treatment costs in the first days/years after birth
were included in the models, along with longer-term costs associ-
ated with the monitoring and further management of surviving
children. The expected 20-year costs and QALYs generated by
these models were attached as secondary pay-offs (using gamma
distributions) to their corresponding live birth endpoints in the
decision tree model. Zero infant healthcare costs and QALYs
were assigned to those pregnancies ending prematurely without
the live birth of a baby.

3 | Results

Women with babies affected by the eight structural anoma-
lies made up around 0.7% of all pregnant women attending for
screening. Table 1 shows the pregnancy outcomes predicted
for these women in each arm of the model at a general popula-
tion level.

The model estimates the protocol could lead to a 50% reduc-
tion in the number of second trimester terminations (from
779 to 392). By providing these women with information
about their baby's condition at an earlier stage, the decision
to terminate remains unchanged, but is now made during the
first trimester. Almost three fifths of the predicted increase
in first trimester terminations (from 1003 to 1686) with the
protocol can be attributed to these earlier terminations. The
remainder occur in women who may have previously contin-
ued with their pregnancy and had a live birth. Table 1 shows

an estimated 263 fewer births of babies with an anomaly in the
screening arm.

Among women with babies unaffected by an anomaly, there was
no difference between the model arms in the numbers predicted
to receive a foetal medicine false positive diagnosis following
first trimester screening.

Table 2 shows estimated 20-year mean total costs and maternal
QALYs per pregnant woman, with these figures also scaled to a
general population level. The protocol was associated with a mean
costincrease of £11 (95% CI £1-£29) per woman and a mean QALY
gain of 0.002065 (95% CI 0.00056-0.00358), resulting in an ICER
of £5270 per QALY gained. Figure 2 plots the CEACs, showing
the probability that the protocol is cost effective for different max-
imum willingness to pay values for a QALY, for both the base case
and key sensitivity analyses. Base-case results (solid grey line)
suggested the probability of cost-effectiveness at a willingness to
pay value of £20000 per QALY to be just over 95%.

Doubling the additional scanning time from 10 to 20min in-
creased the mean cost difference per woman to £22 (95% CI
£10-£387), and the ICER from £5270 to £10 514. The probability
of cost-effectiveness at £20000 per QALY was 83.7% (solid black
line in Figure 2). Removing the 8-week reassurance utility incre-
ment (0.01) assigned to screened women with a negative scan,
reduced the mean QALY gain by two-thirds to 0.000674 (95% CI
0.00020-0.00134). The ICER increased to £16 147 and the prob-
ability of the protocol being cost-effective at £20000 per QALY
was 62.9% (dashed black line in Figure 2).

The EVPI for the number of women undergoing first trimes-
ter screening in England and Wales each year over a period of
20years was estimated at £3461151 (£0.28 per woman). Although
the expected cost of research to eliminate uncertainty across all
175 model parameters is unlikely to be <£3461151, EVPPI for the
groups of parameters shown in Section 13 of the Data S1 was still
conducted. Two groups contributed most to the per woman EVPPI:
the screening performance probabilities (58 parameters) and the
parameter for the additional cost associated with the anomaly
screening. The former contributed 43% and for the screening pop-
ulation over 20years the EVPPI was £87836. The latter contrib-
uted 48% and the associated population EVPPI was £98 787.

TABLE 1 | Predicted numbers of pregnancy outcomes for women who have babies affected by any of the eight structural anomalies within the

protocol, in England and Wales®.

Pregnancy outcome Protocol n (SE)

Current practice n (SE) Mean difference (95% CI)

Live birth 1878.60 (124.20)

T1 termination 1686.82 (168.51)
245.32 (42.96)
392.42 (41.13)

90.79 (9.26)

Spontaneous miscarriage of foetus
T2 termination
Spontaneous late foetal loss/stillbirth

Foetal loss following genetic testing 5.12(2.47)

2142.07 (89.54) —263.47 (=503.77 to —48.06)

1003.28 (112.55) 683.54 (374.65-1017.91)
263.40 (49.25) —18.08 (=50.48 to 15.45)
778.85 (58.24) —386.43 (=501.53 to —279.98)
106.48 (9.98)

5.00 (1.68)

~15.69 (—25.09 to —7.91)
0.12 (=1.71 to 3.28)

Abbreviations: CI, confidence interval; SE, standard error; T1, first trimester; T2, second trimester.
2Numbers are based on a general population of 616 307 pregnant women attending for first trimester screening in England and Wales during a year.
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TABLE 2 | Estimated 20-year mean costs and maternal QALYs per pregnant woman attending for antenatal screening, and total costs and
maternal QALYs for all pregnant women attending for screening in England and Wales (n=616307).

Protocol

Current practice Mean difference (95% CI)

Per woman results

Mean (SE) cost per woman £4210 (£27)
Mean (SE) QALYs per woman 13.656 (0.083)
Incremental cost-effectiveness ratio

Population level results

Total (SE) Costs £2594 541358
(£16632351)
Total (SE) QALYs 8416545 (50935)

£4199 (£26) £11 (£1-£29)

13.654 (0.083) 0.002065 (0.00056-0.00358)

£5270 (£513-£24 736)

£2587832615 £6708742 (£688 280-£17 598 285)
(£16059304)
8415272 (50937) 1273 (348-2208)

Abbreviations: CI, confidence interval; SE, standard error.

0.9
0.8
0.7
0.6
0.5
0.4

0.3

screening protocol is cost-effective

0.2

Probability that the T1 basic structural anomaly

0.1

£0 £5,000 £10,000 £15,000

Base-case an:

alysis - additional 10 minutes of scan time
——— Sensitivity analysis - additional 20 minutes of scan time

= = = Sensitivity analysis - no reassurance utility increment

£20,000 £25,000 £30,000 £35,000

Maximum willingness to pay for an additional QALY

FIGURE 2 | Cost-effectiveness acceptability curves showing for the base-case and key sensitivity analyses, the probability that the protocol is
cost-effective for different values of maximum willingness to pay for a QALY.

Table 3 shows the expected 20-year costs and QALYs for in-
fants in the general population affected by the anomalies in
the protocol. Significant changes to infant healthcare costs and
QALYs were predicted with first trimester structural anomaly
screening.

4 | Discussion
4.1 | Main Findings

In this study, we report on the development of a model simulat-
ing the short- and long-term costs and consequences of modify-
ing current antenatal screening pathways to include a protocol
to screen for eight structural foetal anomalies during the first
trimester ‘dating’ ultrasound screen.

The model predicts that with first trimester anomaly screening,
around half of all parents currently choosing a pregnancy ter-
mination after a foetal anomaly diagnosis at the 20-week anom-
aly scan, would make the same decision but now at an earlier

gestational age. For a smaller proportion, it is predicted that
first trimester anomaly screening would change their decision
to continue with the pregnancy. With current practice, these
women would not have had their baby's anomaly detected until
the second trimester. They may not have wanted or may have
felt unable to choose a termination at a more advanced gesta-
tional age when they would have been visibly pregnant, would
have felt their baby move, and may have developed a greater
sense of attachment.

The cost of implementing the protocol in practice is likely
to be low because the necessary infrastructure is already in
place via the NHS antenatal screening programme. The model
assumes an additional 10min of screening time is needed;
however, this may be an overestimate; a survey of current
practice we undertook across NHS sites found 75% were al-
ready routinely assessing parts of the foetal anomaly within
the context and time constraints of the first trimester ‘dating’
scan [11]. Additional training costs to ensure sonographer
competency with the protocol were also estimated; while for
the purposes of the model, they were apportioned across all
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TABLE 3 | Estimated 20-year total costs and QALYs for infants affected by the eight structural anomalies in a population of 616307 pregnant

women attending for first trimester screening®.

Current practice

Mean difference (95% CI)

Protocol
Total (SE) costs £143077691 (£12180642)
Total (SE) QALYs 18442 (1259)

£162307600 (£11164783)
20671 (960)

—£19229909 (—£38376249 to —£2440806)
—2229 (—4522 to —198)

Abbreviations: CI, confidence interval; SE, standard error.

2Figures calculated based on the assumption that all women have singleton pregnancies.

women screened over a period of 10 years (see Section 11 of the
Data S1); in practice, the investment in staff training would be
a larger upfront cost.

Two-thirds of the QALY gain with first trimester anomaly
screening arose from the ‘reassurance’ utility increment women
receive following a negative first trimester anomaly scan. While
the magnitude of this increment is small and transitory, it is
received by around 90% of women in the protocol arm. While
we could identify no studies reporting a ‘reassurance’ utility
increment for use in the model, evidence from several pub-
lished sources suggested a normal prenatal ultrasound screen-
ing result does provide reassuring qualities for women [35-37].
Furthermore, in a survey of low-risk pregnant women con-
ducted for this project, 86% in favour of a first trimester anomaly
scan cited early reassurance as one of the main reasons that they
would accept a screening invitation [34]. Guided by expert opin-
ion we adopted a conservative approach by including a small
utility increment (0.01) over a period of 8 weeks (up to the second
trimester screening point).

Model results suggested a 95% probability that first trimester
anomaly screening would be cost-effective and that decision un-
certainty was low. Through VoI analysis, population EVPPI es-
timates for groups of parameters associated with the additional
costs of screening, and screening performance were shown to
be greatest at £98787 and £87836, respectively. However, we
considered it unlikely that additional research for either could
be conducted for less than these figures. We concluded it would
therefore not be a cost-effective use of resources to conduct re-
search to reduce this uncertainty further.

From the outset, we were acutely aware of the complexities and
sensitivities involved in evaluating an antenatal screening pro-
gramme that could increase maternal QALYSs, yet potentially
decrease infant QALYs. Previously, researchers working in the
field have been criticised for either ignoring the implications for
the infant, or for quantifying only the future cost savings aris-
ing as a result of the termination of a foetus with a disability
[43, 44]. In taking the latter approach, Petrou noted that analysts
ascribe the foetus or unborn child a future human status, and so
should, by convention, also include some valuation of the health
forgone [43].

To be both comprehensive and transparent, we estimated the
potential impact of first trimester anomaly screening upon in-
fant costs and QALYs. However, we could not, address the un-
resolved methodological issues around how to reconcile such
opposing effects of antenatal screening [45-47]. We chose not to
aggregate maternal and infant costs and QALYs to generate an

overall estimate of cost-effectiveness because such an approach
would imply that the termination of a foetus with an anom-
aly, and the resulting loss of QALYs, is universally considered
a devastating harm. For some in society this will be the case,
however for others, including some ‘screen positive’ women, the
feeling may be that a termination is ultimately in the best in-
terests of the child and is not a negative outcome. Indeed, in a
recent systematic review of health economic studies of antenatal
and newborn screening programmes, Png et al. [47] noted that
what constitutes a benefit or a harm will vary by stakeholder.
We felt strongly that it was not our place to make such a value
judgement and so reported the impact of screening for mothers
and infants separately. Conclusions around cost-effectiveness
were based upon maternal costs and QALYs which are not sub-
ject to the same degree of uncertainty with regard to societal
preferences.

4.2 | Strengths and Limitations

This modelled analysis has a number of strengths. The struc-
ture of the model, by containing separate pathways for each
of the anomalies in the protocol, recognises their heterogene-
ity and also permits a level of flexibility which can be used to
explore the potential of alternative protocols including subsets
of the anomalies modelled here. A further strength is that the
first trimester anomaly screening parameters (true and false
positive rates) that drive the changes to pregnancy outcomes,
were estimated from two large meta-analyses representing 63
studies (n=328262 foetuses [25]); and 52 studies (n=526322
foetuses [26]), respectively. Finally, the model captures the im-
plications of screening, subsequent decisions, and pregnancy
outcomes at both screening time points and into the future. It
recognises the intrinsic link between mother and child and fol-
lowing a live birth, links the health outcomes of the mother to
the prognosis of her child. We are unaware of any other antena-
tal screening model encompassing a similar level of complexity
and detail.

As with any modelling study, limitations exist. Firstly, a number
of simplifying assumptions relating to the structure of the model
and estimation of some parameters were necessary, and we have
documented and justified these (see Sections 1 and 2 of the
Data S1). Assumptions made were often conservative towards
screening. For example, costing the need for an extra 10 min for
anomaly screening is possibly an overestimate; three quarters of
NHS sites already routinely assess parts of the foetal anomaly
during the current first trimester ‘dating’ scan. Similarly, when
incorporating the reassuring effects of a negative anomaly scan,
we opted to use only a small utility increment maintained for just
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8weeks. The implications of these assumptions, which affect pa-
rameters assigned to all screened women in the model, are that
the cost-effectiveness results reported may be conservative in
nature. An absence of utility data meant it was also necessary
to make assumptions about the impact of some screening and
pregnancy outcomes upon maternal wellbeing. We attempted
to be considered in our approach to this, for example, utilising
existing literature on the proportions of women experiencing
psychological symptoms (e.g., anxiety/depression) following
each pregnancy outcome and then by applying published util-
ity decrements for these conditions to the relevant proportions
of women. Overall and despite the assumptions required by the
model, Vol analysis demonstrated that decision uncertainty
around the model's results was low and that further research to
reduce uncertainty would probably not be a cost-effective use of
scarce resources.

Second, the NHS perspective adopted for the analysis may be
considered narrow. The implications of first trimester screen-
ing for structural anomalies will be far reaching, touching
partners, wider family members, and employers. Third, in
some instances, we were forced to utilise data from countries
comparable to the United Kingdom in terms of their GDP and
healthcare provision. On occasions when no data were avail-
able, we sought expert advice from obstetricians working
within the NHS. Fourth, the time horizon for the analysis was
restricted to 20years on account of the limited availability of
data pertaining to the long-term implications (for mothers and
infants) of some of the rarer anomalies included in the model.
Had it been possible to model over a longer duration, it is un-
likely that the overall cost-effectiveness results would have
been altered substantially. Findings were driven mainly by the
cost of additional screening time and by the reassurance pro-
vided by a negative scan; both of these parameters are assigned
only once, to around 90% of women in the screening arm of the
model, in the first weeks of the analysis. Further, and with the
combined anomaly prevalence at 0.7%, the implications of first
trimester anomaly screening will continue beyond 20years
for only a small proportion of all screened pregnant women.
Fifth, and given the rarity of conditions being modelled, it was
challenging to estimate infant costs and QALYs as few stud-
ies report data of the management, surveillance and outcomes
for sizeable cohorts of children born with these anomalies. As
a result, infant healthcare costs (and their associated uncer-
tainty) in particular are likely to be underestimated. Finally,
the generalisability of our cost-effectiveness results must be
considered. The model's focus is upon singleton pregnancies
only, yet between 1% and 2% of women present with multiple
pregnancies each year. It is likely that cost-effectiveness results
for this group of women could differ from those reported here;
anomaly prevalence rates are known to be higher in multiple
pregnancies and it is possible that the psychological impact of
the various pregnancy outcomes modelled may be different for
women carrying more than one foetus [48, 49]. It is hypoth-
esised that the results presented here will be generalisable to
settings where the anomaly screening programme is delivered
using similar procedures as the one currently followed by the
NHS. If this is not the case, however, a model adaptation will
be required to confirm the likely cost-effectiveness of imple-
menting the protocol in those settings.

5 | Conclusions

Through the development of a substantial health economic
model, this study has shown that the addition of a protocol to
screen for eight major structural foetal anomalies during the
current first trimester ultrasound scan is likely to represent
a cost-effective use of NHS resources. Decision uncertainty
appears low and Vol analyses suggested further research to
reduce uncertainty around model parameters would not offer
value for money. The work has also recognised the sensitiv-
ities and complexities involved in evaluating an antenatal
screening programme for foetal anomalies and in acknowl-
edging the opposing effects for mother and infant sought to
be comprehensive and transparent in reporting the potential
impact for both.
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