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ABSTRACT

Importance: The first-trimester anomaly scan (FTAS) has the potential to detect major congenital
anomalies in an early stage of pregnancy. Due to this potential early detection, there is a trend
to introduce FTAS in regular care. Data regarding the impact of FTAS on the patient’s perspective
are limited.

Objective: To provide an overview of the literature assessing the impact of the FTAS on
health-related quality of life (HRQoL) and healthcare costs.

Evidence acquisition: Literature search was performed in Embase, PubMed, Medline Ovid, Cochrane
Library database, Web-of-Science, and Google Scholar were searched. All studies that reported the
performance of a nuchal translucency measurement with a basic fetal assessment HRQoL or
healthcare costs of FTAS were included. Studies solely describing screening of chromosomal
anomalies were excluded. Three authors independently screened the studies and extracted the data.
Results were combined using descriptive analysis. PROSPERO registration number: CRD42016045190.
Results: The search yielded 3242 articles and 16 were included. Thirteen articles (7045 pregnancies)
examined the relationship between FTAS and HRQoL. Anxiety scores were raised temporarily
before FTAS and returned to early pregnancy baseline following the absence of anomalies.
Depression scores did not change significantly as a result of FTAS. Three articles studied healthcare
costs. These studies, published before 2005, found a combination of FTAS and second-trimester
anomaly scan (STAS) resulted in an increased amount of detected anomalies when compared to
a STAS-only regimen. However, the combination would also be more costly.

Conclusions: Women experience anxiety in anticipation of the FTAS result and following a
reassuring FTAS result, anxiety returns to the baseline level. FTAS seems to be a reassuring
experience. The included studies on costs showed the addition of FTAS is likely to increase the
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number of detected anomalies against an increase in healthcare costs per pregnancy.

Review registration: PROSPERO CRD42016045190

Introduction

The field of fetal medicine will change following the
implementation of the first-trimester anomaly scan
(FTAS) due to the timely diagnosis of congenital anom-
alies or early reassurance of expectant parents. The
detection rate varies per anomaly. Some congenital
anomalies should always be detected on FTAS, while
others cannot be detected. The FTAS is a systematic
ultrasound examination of fetal structures between
11+0 and 13+6weeks, which can reliably detect

severe congenital anomalies (i.e. those that require
major surgery or are considered fatal) early in preg-
nancy, but a second-trimester anomaly scan (STAS) will
be required to maximize prenatal detection of anoma-
lies [1]. With a high sensitivity for major congenital
anomalies, the focus of the implementation of the
FTAS should shift toward the patient’s perspective of
this new screening modality. The health-related quality
of life (HRQoL) can be used to study the impact of
such a screening modality on patient’s lives.
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Several indicators of HRQoL can be influenced by
the pregnant state or diagnosis of a congenital anom-
aly [2]. These indicators are psychological, emotional,
physical and social functioning, and health perception
[3]. Screening of congenital anomalies by FTAS can
offer reassurance and relief, whereas the suspicion of a
congenital anomaly may cause anxiety and stress.

The HRQoL indicators, such as anxiety and depres-
sion scores, are important measures of the patient’s per-
spective on the implementation of the FTAS. Conversely,
from a policymaker’s perspective, healthcare costs are
important to make informed decisions concerning
healthcare budgets. The knowledge on HRQoL indica-
tors can be combined with healthcare costs estimates
to perform a cost-benefit analysis (CBA), see also Figure
1. In preparation for a CBA, an overview of these two
important outcome measures, HRQoL and healthcare
costs, is essential. However, an overview of both the
HRQoL and costs associated with the implementation of
the FTAS is missing. Therefore, the aim of this study is
to provide a review on HRQoL and healthcare costs
associated with the implementation of FTAS for the
screening of congenital (non-chromosomal) anomalies.

Methods

The objective was to perform a systematic review of the
literature studying HRQoL and healthcare costs associated
with the implementation of FTAS for the screening of
congenital (non-chromosomal) anomalies in pregnancy.
The FTAS as an ultrasound examination is performed to

identify structural fetal anomalies (including nuchal trans-
lucency measurement) during the first trimester of preg-
nancy (up to 13+6weeks gestational age).

Prior to undertaking the systematic literature search,
the study protocol for the review, describing the strat-
egy of the selection of articles and data extraction,
was registered within the PROSPERO Database (ID
CRD42016045190). The review was performed using
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines for Scoping Reviews [4].
Patients were not involved in the development of this
review as no primary research was conducted. We per-
formed a systematic electronic search with the help of
a specialist librarian in the following databases:
Embase, PubMed, Medline Ovid, the Cochrane Central
Register of Controlled Trials (includes ClinicalTrials.gov),
Web-of-Science, and Google Scholar, for articles pub-
lished until January 29, 2024. The search syntax can be
found in Supplemental Table 1.

Inclusion criteria for the articles in the review were:

a. Performance of a fetal ultrasound scan for a struc-
tural assessment or a nuchal translucency mea-
surement with a basic fetal assessment during the
first trimester of pregnancy (11%°-13*6 weeks of
gestation).

And

b. The article had to report on indicators of HRQoL
(anxiety, depression, stress, social dysfunction,
health perception, and coping strategies), or
healthcare costs (costs, cost-effectiveness).

Figure 1. Overview of parameters involved in cost-effectiveness. Figure shows the impact 1 (increase)/\, (decrease)/<> (no
change) of FTAS on the different components of a cost-effectiveness analysis, health-related quality of life (HRQoL) and healthcare
costs. The number of studies on the cost-effectiveness analyses, indicators for HRQoL, or healthcare costs are shown in brackets (n).
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HRQolL

During pregnancy, the following health aspects are
likely to be impacted by FTAS and were thus consid-
ered to reflect maternal HRQoL: anxiety, depression,
stress, social functioning, health perception and cop-
ing strategies. This review focused on the HRQolL in
relation to FTAS and the results of the included articles
were interpreted in terms of impact of FTAS on HRQoL.

Healthcare costs

The costs in this study were examined from a health-
care perspective. The healthcare perspective includes all
direct costs of healthcare, related but also unrelated to
the condition under consideration whereas the societal
perspective even includes costs associated with loss of
production and patient travel expenses [5]. The costs
were converted to euros with the year 2018 as a refer-
ence to ensure available healthcare costs of this year.

Exclusion criteria were the following study charac-
teristics: animal studies, conference abstracts, letters,
editorials, reviews and non-English articles. Moreover,
studies focusing on screening of chromosomal anoma-
lies, small for gestational age fetuses (SGA), miscar-
riages, hypertensive disorders of pregnancy and
genetic tests were also excluded. Finally, studies that
performed solely NT measurement for the calculation
of risk of aneuploidy but did not perform any form of
structural examination in the first trimester were
excluded from this review.

The articles identified by the systematic search were
screened based on title and abstract by three indepen-
dent researchers (CP, LM, and KM). After screening of
title and abstract, the remaining articles were read in full
text, and additionally, references were checked for rele-
vant articles. Key information was collected in a stan-
dardized data extraction form and included the following
parameters: year of publication, study design, study pop-
ulation, study size, timing of fetal ultrasound examina-
tion, measurements and results of cost-effectiveness,
maternal HRQoL and costs. Discrepancies between
researchers (CP, LM and AM) regarding title/abstract
screening, full text reading and data extraction were
resolved by discussion, reaching consensus when at
least two out of three researchers agreed.

Results

The flowchart (Figure 2) shows the number of identi-
fied, unique articles by the search (N=3767). A total of
96 articles remained after screening of title and abstract.
After full text screening, 16 articles were included in
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the review. Study populations of the included studies
consisted of both low-risk and high-risk women for
congenital anomalies. Furthermore, these definitions
were not well described. Hence, heterogeneity of the
study populations precluded pooling of data. Of these
16 articles, 13 reported on HRQoL indicators in a total
of 7045 pregnancies.

HRQoL in these articles was expressed as psycho-
logical distress (including anxiety and depression),
stress, social dysfunction, health perception, and cop-
ing strategies. Table 1 summarizes the findings of the
articles reporting on HRQoL. In addition, three articles
investigated the costs of predefined healthcare strate-
gies, summarized in Table 2. One article included a
cohort study with 6634 pregnancies and two articles
used hypothetical cohorts. None of the articles in the
review discussed cost effectiveness of FTAS in terms
of QALYs.

HRQolL

Following the qualitative synthesis of the articles inves-
tigating HRQoL, we found the following results.
Anxiety, as an indicator, was assessed in 10 studies
[6-15]. Seven of these studies used the State-Trait
Anxiety Inventory (STAI) questionnaire to investigate
anxiety in pregnant women in the first trimester [6,7,
9-13]. Of these seven studies, four reported on the
level of anxiety directly before and after the FTAS [6,
11-13]. The remaining three studies used the Hospital
Anxiety and Depression Scale (HADS) [8], the General
Health Questionnaire (GHQ-22) [15], and a self-designed
questionnaire to measure anxiety levels [14].

In five studies, it was found that anxiety levels
increased prior to the FTAS. However, following a reas-
suring scan result (i.e. no anomalies suspected or a
normal NT measurement), anxiety was reduced to the
early pregnancy baseline level [6,7,9,11,13]. In only one
study (Weinans et al), anxiety was higher after NT
measurement compared to control group [14]. A ran-
domized clinical trial by Georgsson Ohman et al. involv-
ing 2026 women found no significant difference in
anxiety level between those allocated to FTAS and
those allocated to a regular second-trimester ultra-
sound [10]. In the case of the detection of a congenital
anomaly during the FTAS, anxiety rose significantly [6].
In case of a suspected anomaly during the FTAS, anxi-
ety would return to the early pregnancy baseline level
once the congenital anomaly was disproven at a repeat
scan. Only one study (Leithner et al.) found that anxi-
ety was raised after prenatal testing compared to base-
line [12]. Brondino et al. and Kaasen et al. found that,
in case of suspicion of a congenital anomaly, the levels
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Figure 2. Flowchart review. Flowchart of the included and excluded records of the review.

of anxiety were highest during the decision-making
period [8,15].

Depression was examined in six studies [7,8,11,12,
15,16]. The two studies by Brondino et al. and Kaasen
et al. included women who were referred to a ter-
tiary hospital because of a suspected congenital
anomaly at gestational ages ranging from 12 to
38weeks [8,15]. In both studies, depression scores
were higher in the presence of a fetal anomaly. In
four other studies, also with a tertiary referral popu-
lation, no significant difference in depressive symp-
toms was observed after prenatal testing, including
NT measurement, compared to before testing
[7,11,12,16]. These studies compared depression
scores of women booked for NT measurement to
women booked for invasive (genetic) testing. The
two studies by Kowalcek et al. also measured stress
before and after the NT measurement and found
that stress was lower after the NT measurement
[11,16]. Leithner et al. found that all women experi-
ence acute distress in anticipation of any potential
outcome of the FTAS [12].

The study by Kaasen et al. showed that social dys-
function in women with a confirmed congenital
anomaly was significantly increased compared to
women with no suspicion of anomalies [15]. A survey
study by McCoyd examined preparedness for prenatal
testing in 659 low-risk women visiting the hospital
for NT measurement [17]. 57% of study participants
had considered their options in the event of a fetal
anomaly and 56% of participants did not expect to
find a fetal anomaly. In another study including 991
women opting for NT measurement, 83% of pregnant
women found the FTAS to be a reassuring experi-
ence [18].

Healthcare costs

Table 2 summarizes the three studies that examined
the costs associated with implementation of FTAS. The
studies of Whitlow et al. and Roberts et al. offered a
FTAS followed by STAS, and the study by Ritchie et al.
offered a first-trimester NT measurement followed by
STAS [19-21]. In the study by Whitlow et al. 6634
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Table 1. Continued.

Author (year)
country

Results relevant for study objective

Measurement maternal quality of life

Timing ultrasound

Study population

Study design

After prenatal testing: anxiety T, well-being .

<C
(U]
wv
L2
7}
o
2
N
o
o

Pregnant women scheduled 77

Prospective

Leithner et al. (2004)

Austrigh?

Anomaly present: anxiety T, depression T.

for NT measurement or
invasive prenatal

diagnosis

cohort study

Positive coping strategies (such as problem-solving and

Mood Scale

confidence in medical doctors): anxiety |, depression !.
Negative coping strategies (such as depressive coping and

pessimism): anxiety T, depression T.
57% had thought about possible anomaly at NT

strategies:
Freiburger Coping Behavior Scale

Psychological interview
Psychological distress:

11-14 weeks GA

Pregnant women scheduled 659

Prospective

McCoyd (2013)

measurement.
56% said: “never thought anything could be wrong".

If anomaly would be present: 28% would continue
pregnancy, 26% would stop pregnancy

After ultrasound: anxiety {.

PTS

for NT measurement

cohort study

United States of

Screening result +: interview

Americal'”!

Psychological distress:

NA

m

Pregnant women (first/

Prospective

Simo et al. (2019)

Spaint’3

FTAS: positive adaptation to pregnancy, motherhood and

STAI
Psychological adaptation:

second and third

trimester)

cohort study

relationship with partner.

PSEQ
Self-designed questionnaire:

MNT measurement: TAnxiety.

11-14weeks GA

Cases (™ NT

Pregnant women with

Weinans et al. (2004) Case-control

The Netherlands!

Psychological distress

measurement)

screen-positive NT

measurement

not available, FTAS
Hospital Anxiety and Depression Scale, BSSS

study
Edinburgh Postnatal Depression Scale, ADS-L

20, controls = 20
First Trimester Anomaly Scan, NT

The Positive and

General Health Questionnaire, IES-22=Impact of Events Scale,

Second Trimester Anomaly Scan, STAI=State-Trait Anxiety Inventory, PANAS

nuchal translucency, STAS

=gestational age, NA=

Abbreviations: GA

Decisional Conflict Scale, GHQ-28=

Berlin Social Support Scale, DCS

Allgemeine Depression Skala, PTS

Negative Affect Schedule, HADS

EPDS

Cambridge Worry Scale.

Dyadic Adjustment Scale, CWS

Beck Depression Inventory Il, DAS

Prenatal Testing Survey, BDI=

women, attending a university hospital for obstetric
care, were offered the FTAS and STAS [19]. In 1999,
the cost of a FTAS was £33 per examination and the
costs associated with the detection of anomalies by
FTAS were £6.258 per anomaly. In the year 2018, this
corresponds with approximately €63 per FTAS exam-
ination and €12.001 per anomaly after correction for
inflation and conversion to euros (€). The studies by
Roberts et al. and Ritchie et al. described a decision
analytic model and CBA in a low-risk population for
the screening of congenital anomalies by FTAS and/or
STAS. In the CBA by Roberts et al. a combined strat-
egy of FTAS and STAS would detect the highest num-
ber of congenital anomalies against higher costs when
compared to STAS-only, i.e. an increase of £20-149
(1996) or €42-310 (2018) [20]. The costs of FTAS in the
study by Roberts et al. were estimated at £20 (1996)
or €42 (2018) per pregnancy [20]. The second decision
analytic model by Ritchie et al. found that the com-
bined strategy of FTAS and STAS would detect an
additional eight anomalies per 10,000 pregnancies (59
vs 67 detected congenital anomalies per 10,000 preg-
nancies) compared to STAS only. This represents an
increment in the detection rate of 13.6%. The com-
bined strategy would increase the costs by £20 (2005)
or €33 (2018) per pregnancy [21]. These studies did
not include the healthcare costs of children diagnosed
with congenital anomalies.

Discussion
Main findings

This review shows that women experience a tempo-
rary increase in anxiety levels in anticipation of the
FTAS result and these anxiety levels return to their ini-
tial state following a reassuring result of the FTAS.
Depression tends not to change following FTAS. In
case of a normal result of the FTAS, the additional
ultrasound examination provided reassurance and
relief to women. Adding FTAS to the routine screening
program for congenital anomalies would increase both
the number of detected congenital anomalies as well
as the costs per pregnancy.

Strengths and limitations

The strength of this review is that most of the included
articles had large sample sizes between 180 and
50,000 pregnant women. Second, of the included
articles investigating the maternal quality of life in
11 (out of 13) validated questionnaires for HRQoL
indicators were used, such as the State-Trait Anxiety



Inventory (STAI), General Health Questionnaire (GHQ)
and the Impact of Events Scale (IES). Unfortunately,
most of these questionnaires are not specific for or
validated for use in pregnancy. Only the Edinburgh
Postnatal Depression Scale (EPDS) and STAI have been
validated [22,23].

There are several limitations of this study. First,
only articles describing cost-effectiveness based on
costs and detected anomalies, rather than QALYs, of
the FTAS could be included, and these were published
before 2005. Lack of recent studies can be considered
a limitation, questioning the applicability of the find-
ings for current clinical practice, as both costs and
sensitivity of the equipment have changed over time.
For example, in their model, Roberts et al. consider a
sensitivity of FTAS of 0% for the detection of cardiac
defects [20,24]. Karim et al. who published a
meta-analysis in 2022, have found a sensitivity of
55.8% for the detection of major cardiac anomalies in
the first trimester. Additionally, only 16 articles are
included in this review. It was possible to broaden the
search by including articles investigating the second
trimester or chromosomal anomalies, but this would
have changed the scope of the review. Finally, the
studies included in our review describe a heteroge-
neous population of low- and high-risk pregnancies
for congenital anomalies, which hampers easy com-
parison and interpretation of our results. It is likely
that women with a previous history of a child with a
congenital anomaly experience more anxiety when
compared to women without such history or aware-
ness of these anomalies. A normal FTAS result in the
high-risk group could therefore cause a greater reduc-
tion of (anticipated) anxiety.

Interpretation

Our results suggest that anxiety and stress levels
return to baseline, initial levels after a transient
increase associated with the FTAS, particularly in cases
where a reassuring result is obtained. Like the STAS, in
case of the detection of a congenital anomaly follow-
ing FTAS, levels of anxiety, depression, and stress rise
to a level comparable to the level of a major depres-
sive period [12,25]. Our findings with anxiety are in
line with a study that investigated anxiety in associa-
tion with noninvasive prenatal testing (NIPT) for aneu-
ploidy in the first trimester. At intake, before the test
results were known, women felt more anxious com-
pared to the moment they had received their test
result [26]. However, women with an abnormal NIPT
result had higher anxiety levels after they had received
the result. A detected anomaly will inevitably cause
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anxiety and stress, whereas a reassuring result of the
FTAS will return anxiety to baseline levels. Finally,
unlike a STAS-only regimen, women with a normal
result of both FTAS and STAS will experience a longer
period of relative reassurance.

The psychological stress of a pregnancy termina-
tion increases as pregnancy progresses, most likely
due to feeling of fetal movements [15,27-30].
Decisions made following a diagnosis in the first tri-
mester may, therefore, be less emotionally damaging
than those made later in pregnancy. At the end of the
first trimester, the risk of spontaneous miscarriage is
low, the probability of a false positive result from
FTAS is low, and the congenital anomalies detected
by FTAS are likely to be serious [1,31]. Furthermore, if
a miscarriage does occur, parents may be informed of
a possible cause of the pregnancy loss, providing
some measure of relief and information regarding
their future reproductive perspectives. Therefore, early
diagnosis of congenital anomalies may have multiple
potential advantages.

The article by Ritchie et al. found that the com-
bined screening strategy of FTAS followed by STAS
will detect more congenital anomalies [21]. An
increased nuchal translucency or hygroma colli is
associated with structural heart defects as well as
chromosomal abnormalities. Awareness of such a risk
factor of anomalies should prompt second-trimester
echocardiography and increased vigilance in detecting
anomalies. Furthermore, a transvaginal ultrasound in
the increasingly obese pregnant population can
improve visualization of the fetus and detection of
congenital anomalies [32]. Finally, by screening twice,
it is more likely that a congenital anomaly will be
identified.

The indicators for maternal HRQoL can be com-
bined with healthcare costs to perform a CBA. Typically,
the results of the CBA are expressed as quality-adjusted
life years (QALY) [33]. QALYs provide a uniform quan-
tity of effect and duration of effect and are essential to
compare different screening strategies. In a CBA, the
(additional) costs due to the implementation of FTAS
could be compared to the potential benefits, such as
reduction in levels of anxiety. The included studies on
the costs of FTAS and STAS estimated that the health-
care costs would increase with €33-310 per pregnancy.
Further, decision-making using CBA requires choosing
a cutoff value for the maximum acceptable cost per
QALY, also described as the willingness to pay (WTP)
[34]. In particular, the WTP can be used to compare
the value of FTAS to other health interventions. In a
1985 study, the WTP for diagnostic obstetric ultra-
sound was estimated at $1217, which would translate
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Table 2. Summary of costing studies included in the review.

Author (year) Timing Cost effectiveness model
country Study design  Study population N ultrasound or costing study Results relevant for study objective
Ritchie et al. Simulation Pregnant women 50.000 <24weeks  Model: combination of Most cost effective: NT measurement and
(2005) model in the first GA screening performance STAS.
United trimester data and costing data  FTAS+STAS: T cost per pregnancy: £20 (= €33
Kingdom®2" to determine costs (2018)).
and benefits of six FTAS +STAS: T detection of anomalies than
predefined screening STAS-only.
strategies
Roberts et al. Simulation Pregnant women NA 10-40weeks Model: ultrasound Costs:
(1998) model in the first GA screening STAS-only: range £31-218 (1996) (= €64-453
United trimester Predefined anomalies: (2018)).
Kingdom®) cardiac abnormality, FTAS + STAS: range £51-367 (1996) (=
spina bifida, Down €106-762 (2018)).
syndrome and other Detection:
lethal abnormalities STAS-only: 20-59 anomalies per 10.000
pregnancies.
FTAS +STAS: 27-69 anomalies per 10.000
pregnancies.
Incremental costs per pregnancy for
FTAS +STAS: £20-149 (= €42-310 (2018)).
Whitlow et al. Prospective Pregnant women 6634 11-15weeks First trimester ultrasound  Costs FTAS (1996):
(1999) cohort in the first GA at 11-14+6weeks of ~ Per anomaly £4.453 (= €6541 (2018)).
United study trimester gestation For structural anomalies only: £6.258 (=
Kingdom!™® €12.001 (2018)) per structural anomaly.

For chromosomal anomalies: £7.470 (=
€12.361 (2018)).

Abbreviations: GA=gestational age, NT=nuchal translucency, NA=not available, FTAS=First-Trimester Anomaly Scan, STAS=Second-Trimester Anomaly

Scan.

to €2400 in 2018 [35]. This is starkly different from the
WTP for the NIPT, which is calculated at €169 [36].
With costs of FTAS lower than those of the NIPT and
the potential to screen for multiple structural anoma-
lies, early detection of anomalies by FTAS may easily
outweigh the extra costs associated with the ultra-
sound examinations.

We show that knowledge on maternal HRQolL
and healthcare costs of FTAS is limited. The imple-
mentation of FTAS into obstetrical clinical care
should be preceded by extensive research on the
impact of maternal quality of life. Subsequently, a
cost-effectiveness analysis of this new screening
modality should be attempted with maternal QALY
as outcome. Future studies should focus on the
impact of FTAS on anxiety and depression through-
out pregnancy in a screening strategy including
FTAS. Specifically, anxiety and depression are emo-
tions affected by prenatal diagnosis of congenital
anomalies and are important indicators of HRQoL.
Understanding the impact of FTAS on levels of anxi-
ety and depression throughout pregnancy is of value
for optimization of the clinical decision-making pro-
cess and psychological support especially for those
women with abnormal FTAS results. Furthermore, it
will enable healthcare providers and policymakers to
better assess the cost-effectiveness of FTAS and to
compare this new diagnostic modality to other health
interventions.

Conclusion

In conclusion, women experience anxiety before a
first-trimester ultrasound examination, with a relief in
anxiety following a normal result. Furthermore, depres-
sion scores will return to early pregnancy levels follow-
ing a normal result. Maternal HRQoL seems to be
temporarily lowered in case an anomaly is detected.
Implementation of FTAS may increase the number of
detected anomalies with a concomitant increase in
healthcare costs. Overall, while there is limited litera-
ture concerning the implementation of the first-trimester
anomaly scan, further research may elucidate the
impact on health-related quality of life.
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