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Keywords:
 Objective: Decision aids have been developed to help prospective parents make informed, shared decisions about med-
ical tests, but these options are rapidly changing. This study aimed to identify and evaluate publicly available decision
aids written in English for prospective parents seeking prenatal test information.
Methods: A systematic review process was followed using 3 sources: known decision aid repositories, fetal medicine
organisations and Google. The search, screening process, quality assessment, and data extraction was performed by
two independent researchers. The quality assessment of the decision aids was based on the International Patient Deci-
sion Aids Standards (IPDAS v.4.0).
Results: We identified 13 decision aids, which varied in the screening and diagnostic tests that they discussed. No
decision aidmet all the IPDAS v.4.0. criteria andnodecision aid reported updated risk ofmiscarriage for amniocentesis
and chorionic villus sampling (CVS). There was a lack of decision aids for some common decisions in the prenatal
context.
Conclusion: We identified outdated content in current prenatal decision aids. The findings will inform healthcare
professionals of the quality of current prenatal decision aids, which may facilitate their patients’ informed decision-
making about prenatal tests.
Innovation: Considerations for improving future decision aids are outlined.
Decision aid
Genetic counseling
Informed decision-making
Prenatal screening
Prenatal diagnosis
1. Introduction

1.1. Testing in the prenatal context

Since prenatal screening and testing options have become widely
routinised for prospective parents in developed countries, it has enabled
prospective parents to assess whether their pregnancy has an increased
chance of a fetal abnormality [1-3]. Prenatal screening programs involve
a combined first trimester screen (cFTS) (a combination of maternal
blood test and ultrasound including nuchal transclucency scan), and second
trimester maternal serum screen (MSS). Screening programs have generally
targeted aneuploidies including trisomy 21 (Down syndrome), trisomy 18
(Edwards syndrome) and trisomy 13 (Patau syndrome), because their inci-
dence increases withmaternal age and they contribute to perinatal morbid-
ity and spontaneous pregnancy loss [4,5]. MSS detects the three
aneuploidies at a lower sensitivity but is also able to identify neural tube de-
fects i.e., spina bifida, in the pregnancy [6]. These tests may also be com-
bined in various ways according to the screening programs offered in
different countries, e.g. serum integrated prenatal screen (SIPS) involves
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the first trimester blood test combined with the second trimester MSS,
with a screening result determined after the second blood test. Integrated
prenatal screening (IPS) adds a nuchal transclucency scan to the SIPS proto-
col [7]. The more recent introduction of non-invasive prenatal screening
(NIPS, also referred to as NIPT) has provided the chance to screen earlier
in pregnancy, broaden the scope of the screen including the optional testing
for sex chromosome aneuploidies, microdeletion andmicroduplication syn-
dromes, and increases the sensitivity when testing for Down syndrome
(99.3%), Patau syndrome (97.4%), and Edwards syndrome (97.4%) [8]
compared to cFTS (85-90%) [9] and MSS.

If prospective parents receive an increased chance result from prenatal
screening, it is standard practice that they are offered a discussion about
the result, its implications, and further options (i.e., diagnostic testing)
with a health professional such as a genetic counsellor or obstetrician
[10]. Currently, invasive testing by chorionic villus sampling (CVS) or am-
niocentesis is the only method to diagnose genetic conditions in fetuses.
These tests are associated with a small risk of miscarriage. Current profes-
sional guidelines for prenatal screening and diagnosis estimate the
procedure-related risk of miscarriage attributed to invasive diagnostic
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il 2022
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.pecinn.2022.100038&domain=pdf
http://dx.doi.org/10.1016/j.pecinn.2022.100038
carissa.bonner@sydney.edu.au
http://dx.doi.org/10.1016/j.pecinn.2022.100038
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/pecinn


Box 1
IPDAS v4.0 eligibility criteria used in this study [30].

1. The decision aid describes the condition (health or other) related to the decision
2. The decision aid describes the decision that needs to be considered
3. The decision aid identifies the target audience
4. The decision aid lists the options (health care or other)
5. The decision aid has information about the positive features of the options

(e.g. benefits, advantages)
6. The decision aid has information about the negative features of the options

(e.g. harms, side effects, disadvantages)
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tests as likely to be <0.5% [11], with procedure-specific rates of 0.1% (1 in
1000) for amniocentesis and 0.2% (1 in 500) for CVS [12,13] based on a
2015 meta-analysis [14]. The same study also reports that the risk of mis-
carriage is not significantly different for womenwho choose not to undergo
invasive testing at the same gestation [14]. An updated meta-analysis in
2019 found that the weighted procedure-related risk of miscarriage follow-
ing amniocentesis or CVS was 0.3% and 0.2% respectively. However, when
risks were compared between invasive-procedure and control groups with
similar background risks for chromosomal abnormalities, there was no sig-
nificant increase in risk above the background risk level for women under-
going invasive procedures and there was no evidence that CVS is less safe
than amniocentesis [15].

With the increase in tests available and the differences in information
they provide, prospective parents often experience the challenge of making
decisions about the appropriate test for them, what information they would
like to gain from testing, and next steps if they receive an increased chance
result or diagnosis [16-18]. These challenges coupled with the unexpected
event of an increased chance result from screening, diagnosis of a condi-
tion, and the time pressure to make decisions, can be distressing and
place a decisional burden on prospective parents [19].

1.2. Utility of decision aids in the prenatal context

Decision aids (DAs) have been acknowledged as effective tools that fa-
cilitate the communication of benefits and risks involved in decisions re-
lated to health [20,21]. DAs integrate unbiased and evidence-based
information about procedures so that patients canmake informed decisions
based on having an accurate perception of the risks involved in the proce-
dures and the expectations of the outcome [20]. Many studies have been
published supporting the use of DAs in the prenatal context as they facilitate
informed decision-making, value-consistency, and deliberation [22-25]. In
the prenatal context, DAs have a role in improving knowledge about each
screening and diagnostic test option [26,27] which can potentially reduce
the anxiety or pressure that patients may feel when faced with decision-
making [28]. The International Patient Decision Aid Standards (IPDAS)
Collaboration is a group of professionals that have developed frameworks
to help produce quality patient DAs based on a set of criteria to assess the
quality and effectiveness of patient DAs, which at the time of this study
was version 4.0. (IPDAS v.4.0.) [29,30].

1.3. Role of the internet as a resource for prenatal information

The Internet has a growing role as a resource for health information and
health awareness [31]. A recent review identified that the Internet was the
most used resource for primary care patients, followed by physicians, tele-
vision, then family and friends [32]. The study also reported that help-
seekers often used Internet resources to supplement advice received from
health professionals rather than to seek a second opinion [32]. One
Australian study found that 89% of women identified the Internet as their
first source of pregnancy-related information [33]. Thus, it is important to
ensure that the available resources for prospective parents are proficient
in informing them of the prenatal screening and testing options and the
benefits and risks that are involved with each test.

It is important to consider the quality and accessibility of patient DAs
that are publicly available online. It is unclear what DAs are currently avail-
able online for prospective parents seeking aids to help with decision-
making in the prenatal context. A previous environmental scan published
in 2015 found 20 decision aids [34], none of which were found to
meet all 16 IPDAS minimum standards, with a median score of 10/16,
and only one of which discussed NIPS. NIPS became commercially avail-
able in 2012, and has become increasingly popular over the past decade;
in most Australian and American states, NIPS is conducted in 25-50% of
pregnancies [35]. This study aimed to update the 2015 review to include
decision aids about newer tests such as NIPS, and evaluate content against
the latest estimates for diagnostic test outcomes.
2

2. Methods

2.1. Study design

Following the method of an earlier review [34], an environmental scan
was conducted to identify publicly available prenatal DAs on the Internet
[36]. The search strategy was guided by the principles of the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) [37].
2.2. Search strategy

The research team identified threemain sources of DAs related to prena-
tal screening and/or prenatal diagnostic tests to conduct our searches.
These were: (i) known DA repositories (Appendix A; Table A.1), (ii)
known fetal medicine and/or prenatal genetics organisations or support
groups (Appendix A; Table A.2), and (iii) Google Australia. The list of
known DA repositories was compiled in consultation with an expert in
decision-making and risk communication (C.B.). The list of known organi-
sations and support groups for fetal medicine or prenatal genetics was con-
sidered a valuable source of information for patients seeking information
and was compiled in consultation with a genetic counsellor (L.F.). As we
were sourcing materials that reflected the consumer perspective, we did
not search for patient DAs in the scientific literature.

A systematic search was performed on Google Australia to identify pub-
licly available patient DAs. The search terms (Appendix A; Table A.3) were
developed in consultation with a genetic counsellor (L.F.), an expert in
decision-making (C.B.) and a librarian. A previous environmental scan
[38] advised that search termswhich performedwell were specific prenatal
procedure terms and “decision aid”. We piloted additional terms before the
16 search terms were finalised.

Before performing all searches, the browsing data, cookies, and caches
were cleared on the Google Chrome web browser to minimise search en-
gine optimisation affecting the results. The plugin SEOQuake was used to
export the search results to Microsoft Excel. The SEOQuake plugin was
set to export the first 70 search results as the remainder were unlikely to
meet the inclusion criteria. The URL results, search terms used, date and
time were recorded.
2.3. Patient decision aid inclusion and exclusion criteria

Items were included if they: (i) met six eligibility criteria from IPDAS
v.4.0. [30] (Box 1), (ii) contained educational material or a tool designed
to helpwith decision-making for the prenatal screening and testing context.
One DA that had been superseded by an updated version was included on
the basis that it was still freely accessible to consumers via internet search.

Items were excluded if they: (i) did not meet six eligibility criteria in
IPDAS v.4.0 [30] (Box 1); (ii) were not related to prenatal screening and/
or diagnostic testing; (iii) were aimed to be used by health professionals
i.e., academic literature; (iv) were not available in English; and
(v) needed to be purchased.

The search strategy and inclusion criteria were designed to create a ho-
mogenous sample for this study, which specifically aimed to assess the qual-
ity of patient DAs. It is important to note that the search and inclusion
strategies used may not reflect search strategies used by members of the
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public to find and appraise information about prenatal screening and
diagnosis.

2.4. Data extraction and evaluation

All three sources were independently searched, compiled, and screened
by two reviewers (J.L. and S.M.). Therewere no discrepancies with thefinal
list of search results.

The following characteristics were extracted for the included DAs: title,
name of developer, date of publication, and source. Two independent re-
viewers (J.L. and S.M.) assessed the included DAs against the remaining
sections of the IPDAS v.4.0. checklist, certification criteria and quality
criteria (Appendix C). Certification criteria (n=10) are those deemed es-
sential to avoid bias, and include criteria related to the balanced presenta-
tion of options, the evidence synthesis process, presence of citations, and
disclosure of funding sources. Quality criteria (n=28) are those considered
desirable but not essential to avoid bias, including criteria related to the
presence and presentation of outcome probabilities, values clarification,
the DA development process, and the presence of information related to
test sensitivity and specificity [30]. The IPDAS v.4.0. checklist used a
4-point Likert scale to score if a criterion was met or not, the options
were strongly disagree (1), disagree (2), agree (3), and strongly agree (4).
A total score was recorded for each DA out of 152. Scoring discrepancies
were resolved by consensus. All criteria were marked based only on the in-
formation provided in the DA itself. Materials describing DA development
were not considered.

A data extraction tool (Table 2) was created based on literature that
identified issues and knowledge that is needed to informpatientswhen con-
sidering prenatal genetic testing [39]. The data extraction tool was also in-
formed by experts in the research team (L.F) and reviewed by a clinical
midwife consultant, a clinical epidemiologist, a bioethicist, and an expert
in health technology decision-making.

2.5. Data synthesis

The data was presented in tabular format capturing characteristics and
written information from the data extraction tool and the numerical data
from the IPDAS v.4.0. checklist. The analysis compared the two sets of
Fig. 1. Search strate

3

extracted data against the research questions to determine key findings
and themes which were summarised through narrative synthesis.

3. Results

The search was conducted across four known DA repositories, 29
known organisations and support groups, and Google Australia and yielded
446 records (see Fig. 1). A total of 13 records met the inclusion criteria for
quality assessment and data extraction (Table 1).

3.1. Ease of access to decision aids

All DAs were from high income countries including the United States of
America (USA) (n=6); Canada (n=3); Australia (n=3) and the United
Kingdom (UK) (n=1). Most DAs (n=12) were published or updated after
2012, when NIPS was publicly available. The remaining DA was published
in 2004, and while the publisher has since released an updated DA, the
2004 version is still freely available via Google search. All DAs were avail-
able through Google Australia, except for four DAs fromHealthwise (USA).
However, they were accessible through the Decision Aid Library Inventory
(see Table 1).

3.2. Decision aid evaluation

The DAs (n=13) presented the benefits and harms of testing options
equally (i.e., same fonts, no portrayal of one option over another), included
information about what the tests were designed to identify, and all men-
tioned options for next steps if a condition was diagnosed or detected at
an increased risk when assessed against the certification criteria from
IPDAS v.4.0. (see Appendix C). One DAmet all of the relevant certification
criteria. Nine DAs mentioned considerations for next steps if a condition
was not detected; four DAs did not include this information.

The quality criteria in IPDAS v.4.0. were split into three further criteria
for consideration: information on outcome probabilities, developmental
process of DA, and information on the test’s sensitivity and specificity. All
DAs (n=13) included a comparison of the benefits and harms of each test
option, and they all encouraged patients to choose the option that was in
concordance with their values and beliefs with consideration of the benefi-
cial and harmful outcomes. Almost all DAs provided sections that support
gy and results.



Table 1
Eligible decision aids (n=13).

ID Title Developer Year
Published/Last
Updated

Source

a. What are my options regarding prenatal screening tests? Université Laval, Canada 2017 Known DA Repositories, Google
Australia

b. A Decision Aid - Testing in pregnancy for fetal abnormalities⁎ Murdoch Children’s Research Institute (MCRI),
Australia

2004 Google Australia

c. Making decisions about screening for Down syndrome in
pregnancy

Psychosocial Research Group, Prince of Wales Clinical
School, Australia

2017 Known Organisations, Google
Australia

d. Should I take the SIPS /IPS test to screen for Trisomy 21 (Down
syndrome)?

Perinatal Services BC, Canada 2019 Known Organisations, Google
Australia

e. Pregnancy: Should I Have Screening Tests for Birth Defects? Healthwise, USA 2013/2020 Known DA Repositories
f. An Aid to Decision-Making for Prenatal Screening Congenital Anomalies Support Yukon, Canada 2019 Google Australia
g. Your Choice – Prenatal Screening Tests in Pregnancy & Screening

Choices tool
MCRI, Australia 2018 Known Organisations, Google

Australia
h. Down syndrome screening test: yes or no? Option Grid Collaborative, Dartmouth, USA 2015 Known DA Repositories, Google

Australia
i. Pregnancy: Should I Have Amniocentesis? Healthwise, USA 2012/2020 Known DA Repositories
j. Pregnancy: Should I Have CVS (Chorionic Villus Sampling)? Healthwise, USA 2012/2020 Known DA Repositories
k. Shared Decision Making – Down’s, Edwards’, and Patau’s

Syndromes
National Health Service (NHS), England 2017 Google Australia

l. Pregnancy: Should I have an early fetal ultrasound? Healthwise, USA 2012/2020 Known Decision Aid
Repositories

m. Amniocentesis test: yes or no? Option Grid Collaborative, Dartmouth, USA 2015 Known DA Repositories, Google
Australia

⁎ This DA (ID-b) has been superseded by ID-g, but is still accessible online to consumers via Google search results
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patient involvement in their decision-making, such as worksheets or lists of
questions for healthcare providers (n=12) (Table 2); and provided a com-
prehensive step-by-step process to aid in decision-making (n=11). Less
than half of the DAs (n=5) provided more than one way of viewing out-
come probabilities (i.e., numerical, bar graphs, icon arrays).

Seven DAs included details about the chances of true positives, false
positives, and false negatives for the specific prenatal test. Five DAs detailed
statistics of true negative results for the prenatal tests that they discussed,
and eight DAs did not include information about true negatives. One DA
specified the chance of detecting Down syndrome with and without the
use of prenatal screening tests (i.e. explicitly specified that without prenatal
screening, a person’s individual chance of having a baby with Down Syn-
drome is unknown).

The highest scoring DA scored 106, and the lowest scoring DA scored
62, out of the highest possible total of 152. The median score was 97 out
of 152. Table 3 summarises the mean and standard deviation of the certifi-
cation and quality criteria scores for each DA.

3.3. Decision aid content

Table 2 summarises the content andmain focus of the DAs, including in-
formation about which screening and/or diagnostic test options were pre-
sented, and which conditions being screened/tested for were mentioned
in the DA. While all prenatal DAs mentioned the option of ultrasound
scans as a screening test and amniocentesis as a diagnostic option after re-
ceiving an increased chance screening result, all the DAs except one focused
on either only screening or only diagnostic tests. While 12/13 DAs were
published after NIPS became available, 4 of those 12 do not mention
NIPS. None of the DAs presented NIPS as a non-invasive alternative to diag-
nostic testing after a high-chance cFTS. The DAs produced in Canada (n =
3) are the only ones that mention SIPS and IPS as screening options. Down
syndromewas themost commonlymentioned condition (n=13), followed
byEdwards syndrome (n=9), Patau syndrome (n=8) and neural tube de-
fects (n=8). Less than half of the DAs (n= 6) described a spectrum of phe-
notypes for one or more of the conditions mentioned in the DA.

3.4. Risks and implications of screening and diagnostic tests

All 13 DAs provided at least one description of a physical implication in-
cluding: discomfort from diagnostic tests, possibility of miscarriage, or a
4

description of the procedure. Ten DAs mentioned at least one psychosocial
implication, including: feelings of anxiety when waiting for results, social
or familial pressure, stress around making difficult decisions, and feeling
reassured by negative results.

The potential risks associated with prenatal screening tests were the
emotional distress around true positive, false positive, and false negative re-
sults. The potential risk that was commonly noted in association with pre-
natal diagnostic tests was the risk of miscarriage due to the procedure.
The statistical risk of miscarriage due to amniocentesis provided by the
DAs ranged from “1 in 100” to “1 in 1000” to “small” (Table 2). The statis-
tical risk of miscarriage due to CVS was reported from “1-2 in 100” to “1 in
1000” to “higher than amniocentesis” and “small”. Seven DAs reported
risks of miscarriage for both amniocentesis and CVS; three reported the
same statistical risk of miscarriage for both procedures and four reported
that CVS had a slightly higher statistical risk of miscarriage compared to
amniocentesis.

4. Discussion and conclusion

4.1. Discussion

4.1.1. Main findings
This environmental scan retrieved 13 prenatal testing DAs that were

publicly available, accessible through the Internet and met IPDAS v.4.0. el-
igibility criteria [30]. Key issues raised from the analysis include: (1) lack of
high-quality prenatal DAs (i.e. DAs that meet IPDAS certification and qual-
ity criteria), (2) inconsistencies between current evidence and information
given in DAs particularly in regards to procedural risks that may lead to
confusion and decrease trust, (3) lack of DAs for some common decisions
in the prenatal context, (e.g. DAs presenting the choice between CVS and
amniocentesis after a high-chance screening result, or presenting NIPS as
a non-invasive option after a high-chance cFTS result).

4.1.2. Risk communication for prenatal diagnostic testing
The DAs identified that the main risk associated with diagnostic tests

was procedure-related risks of miscarriage. Out of the DAs that produced
a numerical statistic for the procedure-related risks of miscarriage (n=
10), no DAs had an up-to-date statistic for the procedure-related risk of mis-
carriage. While several of the DAs reflected the estimated rates of
procedure-related risks of miscarriage from the 2015 meta-analysis



Table 2
Data extraction tool noting specific characteristics of eligible decision aids (n=13).

Characteristics Decision aids (n=13)

a. b. c. d. e. f. g. h. i. j. k. l. m.

Tests mentioned:
Ultrasound/Anomaly

scan
✓ ✓ ✓ ✓ ✓ ⁎✓ ✓ ✓ ✓ ✓ ⁎✓ ✓

cFTS ⁎✓ ⁎✓ ⁎✓ ⁎✓ ⁎✓
MSS ✓ ⁎✓ ⁎✓ ⁎✓ ⁎✓
NIPS ⁎✓ ⁎✓ ✓ ⁎✓ ⁎✓ ⁎✓ ⁎✓ ✓

IPS ⁎✓ ⁎✓
SIPS ⁎✓ ⁎✓ ⁎✓

Amniocentesis ✓ ⁎✓ ✓ ✓ ✓ ✓ ✓ ✓ ⁎✓ ✓ ⁎✓ ✓ ⁎✓
CVS ⁎✓ ✓ ✓ ✓ ✓ ✓ ⁎✓ ⁎✓ ✓

Conditions named:
Down syndrome ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Edwards syndrome ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Patau syndrome ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Sex chromosome
conditions

✓ ✓ ✓

Neural tube defects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Others – specify Physical
abnormalities

Birth
defect

Microdeletion
syndromes

Cystic fibrosis, sickle cell
disease, Huntington’s

disease

Tay-Sachs
disease,

haemophilia

Congenital
anomalies

Implications
presented:

Physical ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Psychosocial ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Financial ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Next steps ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Decision-making
tools:

Evaluation of
understanding

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Value-based
questions

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Description of
spectrum of
phenotype/s

✓ ✓ ✓ ✓ ✓ ✓

Personal worksheets ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Patient stories ✓ ✓ ✓ ✓ ✓

Reported risk of
miscarriage:

Amniocentesis 1 in
909

0.5% (1 in
200)

1 in
100 – 1
in 1000†

Small
risk

1 in
200

1 in 200 – 1 in
1000

Small
risk

1 out of 900 1 in 100 <1 in 100

CVS 1% (1 in100) 1 in
100 – 1
in 1000†

Small
risk

1 in 100 – 1 in
500

Small
risk

1 out of 455 1–2 in 100 Slightly higher
than

amniocentesis

⁎ Indicates the main screening/diagnostic test(s) discussed in the DA
† Lower risk specified if procedure is performed by experienced doctor
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mentioned previously [14], none reflected themost recent (2019) evidence
for procedure-related risk associated with amniocentesis (0.3% or 3 in
1000), nor recent findings that there is no significant procedure-related
risk associated with CVS [15,40]. Although the procedural risk depends
on who performs the procedure [41], the chance of miscarriage is signifi-
cantly lower than what was reported in most of these DAs. Four DAs that
presented CVS and amniocentesis as options gave the impression that
CVS is a riskier procedure than amniocentesis in terms of procedure-
related pregnancy loss.

There are several issues that can be caused by DAs which report out-
dated procedure-related risks of miscarriage due to prenatal diagnostic
tests. Firstly,many prospective parents base their decisions on the statistical
procedure-related risk of miscarriage [17]. An outdated estimate would
misinform prospective parents. Secondly, the average procedure-related
risk of miscarriage contributes to how pregnant women and couples per-
ceive their risk of miscarriage. However, individual risk is influenced by
many other elements including maternal age, ethnic background, inclina-
tion to have an invasive diagnostic procedure, previous experience with
miscarriage, income, and education [42-45]. The perception of inflated
probability estimates (e.g. 1% versus 0.3%)may lead some prospective par-
ents to choose not to undergo diagnostic testing because that risk of
5

miscarriage is too high [45,46]. Thirdly, the DAs inconsistently reported
procedure-related risks of miscarriage, whichmay contradict more updated
fig.s provided by healthcare professionals. This may cause patients to lose
confidence in the different estimates provided by healthcare professionals
and may contribute to a general sense of uncertainty in terms of decision-
making [47,48]. Prospective parents may be basing their decisions on inac-
curate and outdated statistical risks under the illusion of informed decision-
making; their reproductive choices may change if they had known the up-
dated statistical procedure-related risk of miscarriage.
4.1.3. Strengths and limitations
The strengths of this study were that a systematic search, screening pro-

cess, and data extraction was performed with two independent researchers
(J.L. and S.M.) searching within the same time period which resulted in
good replication of results. An additional strength was that the study ap-
plied stringent IPDAS criteria [30] during screening and data extraction.
It is important to note that due to the application of this stringent criteria,
this study only represents a small proportion of the information that indi-
viduals seeking information on the Internet about prenatal screening and
diagnostic tests may find.



Table 3
Certification and quality criteria scores

Decision Aid ID and Title Certification
Criteria

Certification
Total

(n/40)†#

Quality
Criteria

Quality Total
(n/112)‡

TOTAL
(n/152)

Mean⁎ SD Mean⁎ SD

a. What are my options regarding prenatal screening tests? 3.1 1.0 32 2.6 1.5 74 106
b. A Decision Aid - Testing in pregnancy for fetal abnormalities 3.1 1.2 31 2.5 1.4 71 102
c. Making decisions about screening for Down syndrome in pregnancy 3.3 1.3 33 2.5 1.4 69 102
d. Should I take the SIPS /IPS test to screen for Trisomy 21 (Down syndrome)? 3.0 1.4 30 2.5 1.4 70 100
e. Pregnancy: Should I Have Screening Tests for Birth Defects? 2.9 1.2 29 2.5 1.5 70 99
f. An Aid to Decision-Making for Prenatal Screening 2.8 1.3 28 2.5 1.4 70 98
g. Your Choice – Prenatal Screening Tests in Pregnancy & Screening Choices tool 2.7 1.5 27 2.5 1.5 70 97
h. Down syndrome screening test: yes or no? 2.3 1.5 23 2.1 1.4 60 83
i. Pregnancy: Should I Have Amniocentesis? 2.5 1.2 25 2.0 1.3 55 80
j. Pregnancy: Should I Have CVS (Chorionic Villus Sampling)? 2.5 1.2 25 2.0 1.3 55 80
k. Shared Decision Making – Down’s, Edwards’, and Patau’s Syndromes 2.5 1.4 25 1.8 1.2 51 76
l. Pregnancy: Should I have an early fetal ultrasound? 2.6 1.1 26 1.8 1.2 49 75
m. Amniocentesis test: yes or no? 1.9 1.2 19 1.5 1.0 43 62

⁎ All IPDAS certification and quality criteria are scored 1-4 (1 = strongly disagree that criterion is met to 4 = strongly agree that criterion is met).
# All criteria were marked based only on the information provided in the DA itself. Materials describing DA development were not considered.
† Therewere ten certification criteria. One certification criterion acknowledged lead time biaswhichwas irrelevant to the prenatal context and all DAs (n=13)were scored

1 (strongly disagree).
‡ There were 28 quality criteria. One quality criterion considered whether the DA allowed a user to compare the outcome probabilities across options using the same time

period, all DAs (n=13) scored 4 (strongly agree) with consideration that the time period would be throughout pregnancy

J.Y.T. Lu et al. PEC Innovation 1 (2022) 100038
The principal limitation with this study was conducting a systematic
search on Google, a dynamic search engine. The search results obtained
in this study are unlikely to be replicable and they would be different de-
pending on the searcher, their geographical location, and the time at
which they searched. However, we likely captured the most popular
Australian search results at the time, and we did not rely on Google as
our only source to locate the DAs. The other limitation is the omitted vari-
able bias, in which we did not consider that different countries have differ-
ent nomenclature for prenatal screening options. For example, in Canada,
SIPS and IPS are provided instead of cFTS and MSS, although the proce-
dures involved are the same. Since these differences were not considered
when developing the search terms and during the search, there may be in-
ternational DAs that were not included.

4.2. Innovation

This study used a novel and dynamic method to identify publicly avail-
able DAs that expectant parents may find on the Internet while searching
for information on prenatal screening and diagnostic tests.While our search
found publicly available DAs covering a wide range of prenatal screening
and diagnostic tests, there was a lack of DAs for some common decisions
in the prenatal context, raising some important considerations for future
DA development in this space. For example, while several DAs were con-
cernedwith the decision to have/not have CVS or to have/not have amnio-
centesis, therewere few that presented the decision between having CVS or
amniocentesis with equal weight. This is a common decision for expectant
parentswho have received high chance screening results andwish to have a
diagnostic test but must weigh up factors including the timing of the test,
the likelihood of an accurate result (amniocentesis is usually recommended
over CVS after a high chance NIPS result due to the possibility of confined
placental mosaicism) [49], and the options available for termination of
pregnancy.

There are two clinical pathways for using NIPS: one as a primary
screening test, and the other as a contingent model to support increased
risk cFTS results [50]. While the inclusion of NIPS as a primary screen-
ing option in DAs has certainly increased (n=8) since the previously
conducted review [34], where only one DA mentioned NIPS, none of
the DAs in this present review included NIPS as a non-invasive alterna-
tive option to diagnostic testing to increase reproductive confidence
after an increased risk cFTS for trisomy 13, 18, and 21 [50]. While
NIPS should not be used as a diagnostic test, this option can be useful
6

for expectant parents who decide that the risk of procedure-related mis-
carriage associated with invasive diagnostic testing is too great. As NIPS
is an increasingly relevant screening test, its clinical utility should be
comprehensively highlighted in prenatal testing DAs so that pregnant
people are able to access the current evidence-based information to sup-
port their informed decision-making [51].

4.3. Conclusion

While none of the DAs were found to have met all IPDAS v4.0 certi-
fication and quality criteria, this study has identified some DAs to facil-
itate personal reflection and to guide shared decision-making with
prospective parents who are considering their prenatal testing options.
While these DAs were all publicly available, how widely they are used
and by whom is unknown. Future research could investigate the imple-
mentation of prenatal screening and diagnosis DAs in clinical practice,
and their sustainability given the rapidly evolving genetic testing land-
scape. There are benefits for genetic counsellors and other relevant
health care professionals to recommend quality prenatal DAs before or
after clinical sessions so that expectant parents are left with a trustwor-
thy resource to make an informed decision rather than a consumer-
found website that lacks quality and risks misinforming the patient.
Given the variations in tests available across countries it would be im-
portant to identify the country in which a DA was produced and the
year in which it was written as this could influence whether it provides
all relevant and updated information for the practicing genetic counsel-
lor or consumer making a choice on prenatal screening.

In the rapidly growing setting of the Internet, resources and information
on prenatal screening and testing options have become increasingly avail-
able and accessible. The abundance of health information may hinder
one’s decision-making particularly in a stressful and time-limited situation.
This environmental scan identified DAs of varying quality that can be rec-
ommended for patients in need of a tool to facilitate decision-making
around prenatal screening tests and diagnostic tests. We recommend
using a suitable DA for the patient’s needs and location; however,
healthcare professionals providing one of these DAs needs to be aware of
presenting an up-to-date statistical risk of miscarriage due to prenatal diag-
nostic procedures. Our study highlights the urgent need to update currently
available DAs with more accurate risks of miscarriage based on the litera-
ture to support informed decision-making and ensure consistency with in-
formation provided by health professionals.



J.Y.T. Lu et al. PEC Innovation 1 (2022) 100038
Funding

The studywas not specifically funded but Carissa Bonnerwas supported
by an Australian National Health and Medical Research Council fellowship
and ShannonMcKinn was supported byNHMRCCentre for Research Excel-
lence grant #1104136

Declaration of Competing Interest

The authors declare that they have no known competing financial inter-
ests or personal relationships that could have appeared to influence the
work reported in this paper.

Acknowledgements

We wish to thank Katy Bell, Nasrin Javid, and Ainsley Newson for their
assistance in developing the data extraction tool, and Rebecca Dale (Univer-
sity Library, University of Technology Sydney) for her assistance with our
search strategy.

Appendix. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.pecinn.2022.100038.

References

[1] Cuckle H, Maymon R. Development of prenatal screening - a historical overview. Semin
Perinatol. 2016;40:12–22. https://doi.org/10.1053/j.semperi.2015.11.003.

[2] Boyd PA, Rounding C, Chamberlain P, Wellesley D, Kurinczuk JJ. The evolution of pre-
natal screening and diagnosis and its impact on an unselected population over an 18-
year period. BJOG An Int J Obstet Gynaecol. 2012;119:1131–40. https://doi.org/10.
1111/j.1471-0528.2012.03373.x.

[3] de Jong A, Maya I, van Lith JMM. Prenatal screening: current practice, new develop-
ments, ethical challenges. Bioethics. 2015;29:1–8. https://doi.org/10.1111/bioe.
12123.

[4] Goel N, Morris JK, Tucker D, de Walle HEK, Bakker MK, Kancherla V, et al. Trisomy 13
and 18 – prevalence and mortality – a multi-registry population based analysis. Am J
Med Genet. 2019;179:2382–92. https://doi.org/10.1002/ajmg.a.61365.

[5] Brock JAK, Walsh JD, Allen VM. The effect of fetal trisomy 21 on adverse perinatal ob-
stetrical outcomes in Nova Scotia, 2000–2019. J Obstet Gynaecol Can. 2021;43:583–8.
https://doi.org/10.1016/j.jogc.2020.09.019.

[6] Royal Australian College of General Practitioners. Genomics in general practice. East
Melbourne, Vic: RACGP; 2020..

[7] Perinatal Services BC. Perinatal Services BC obstetric guideline: prenatal screening for
Down sydnrome, trisomy 18, and open neural tube defects. Perinatal Services BC.
2020. http://www.perinatalservicesbc.ca/Documents/Guidelines-Standards/Maternal/
PrenatalScreeningGuideline.pdf.

[8] Skrzypek H, Hui L. Noninvasive prenatal testing for fetal aneuploidy and single gene dis-
orders. Best Pract Res Clin Obstet Gynaecol. 2017;42:26–38. https://doi.org/10.1016/j.
bpobgyn.2017.02.007.

[9] Santorum M, Wright D, Syngelaki A, Karagioti N, Nicolaides KH. Accuracy of first-
trimester combined test in screening for trisomies 21, 18 and 13. Ultrasound Obstet
Gynecol. 2017;49:714–20. https://doi.org/10.1002/uog.17283.

[10] Department of Health. Clinical Practice Guidelines: Pregnancy Care. Canberra:
Australian Government Department of Health; 2020..

[11] Navaratnam K, Alfirevic Z. Amniocentesis and chorionic villus sampling: Green-top
Guideline No. 8. BJOG An Int J Obstet Gynaecol. 2021. https://doi.org/10.1111/
1471-0528.16821.

[12] Ghi T, Sotiriadis A, Calda P, Da Silva Costa F, Raine-Fenning N, Alfirevic Z, et al. ISUOG
practice guidelines: invasive procedures for prenatal diagnosis. Ultrasound Obstet
Gynecol. 2016;48:256–68. https://doi.org/10.1002/uog.15945.

[13] Jackson M. Practice bulletin no. 162: prenatal diagnostic testing for genetic disor-
ders. Obstet Gynecol. 2016;127:e108–22. https://doi.org/10.1097/AOG.0000000
000001405.

[14] Akolekar R, Beta J, Picciarelli G, Ogilvie C, D’Antonio F. Procedure-related risk of mis-
carriage following amniocentesis and chorionic villus sampling: a systematic review
and meta-analysis. Ultrasound Obstet Gynecol. 2015;45:16–26. https://doi.org/10.
1002/uog.14636.

[15] Salomon LJ, Sotiriadis A, Wulff CB, Odibo A, Akolekar R. Risk of miscarriage following
amniocentesis or chorionic villus sampling: systematic review of literature and updated
meta-analysis. Ultrasound Obstet Gynecol. 2019;54:442–51. https://doi.org/10.1002/
uog.20353.

[16] Hodgson J, Pitt P, Metcalfe S, Halliday J, Menezes M, Fisher J, et al. Experiences of pre-
natal diagnosis and decision-making about termination of pregnancy: a qualitative
7

study. Aust New Zeal J Obstet Gynaecol. 2016;56:605–13. https://doi.org/10.1111/
ajo.12501.

[17] Hunt LM, Castañeda H, De Voogd KB. Do notions of risk inform patient choice? Lessons
from a study of prenatal genetic counseling. Med Anthropol Cross Cult Stud Heal Illn.
2006;25:193–219. https://doi.org/10.1080/01459740600829720.

[18] Choi H, van Riper M, Thoyre S. Decision making following a prenatal diagnosis of Down
syndrome: an integrative review. J Midwifery Women’s Heal. 2012;57:156–64. https://
doi.org/10.1111/j.1542-2011.2011.00109.x.

[19] Salema D, Townsend A, Austin J. Patient decision-making and the role of the prenatal
genetic counselor: an exploratory study. J Genet Couns. 2019;28:155–63. https://doi.
org/10.1002/jgc4.1049.

[20] Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, et al. Decision aids for peo-
ple facing health treatment or screening decisions. Cochrane Database Syst Rev. 2017
(4):CD001431. https://doi.org/10.1002/14651858.CD001431.pub5.

[21] Whelan T, Levine M, Willan A, Gafni A, Sanders K, Mirsky D, et al. Effect of a decision
aid on knowledge and treatment decision making for breast cancer surgery: a random-
ized trial. J Amer Med Assoc. 2004;292:435–41. https://doi.org/10.1001/jama.292.4.
435.

[22] van den Berg M, Timmermans DRM, ten Kate LP, van Vugt JMG, van der Wal G. In-
formed decision making in the context of prenatal screening. Patient Educ Couns.
2006;63:110–7. https://doi.org/10.1016/j.pec.2005.09.007.

[23] Severijns Y, van der Linden H, de Die-Smulders CEM, Hoving C, Jansen J, van Osch
LADM. To what extent do decision aids for prenatal screening and diagnosis address in-
volvement of partners in decision-making? An environmental scan. Patient Educ Couns.
2021;104:2952–62. https://doi.org/10.1016/j.pec.2021.04.009.

[24] Yu L, Yang S, Zhang C, Guo P, Zhang X, Xu M, et al. Decision aids for prenatal testing: a
systematic review and meta-analysis. J Adv Nurs. 2021;77:3964–79. https://doi.org/10.
1111/jan.14875.

[25] Bekker HL, Hewison J, Thornton JG. Applying decision analysis to facilitate informed
decision making about prenatal diagnosis for Down syndrome: a randomised controlled
trial. Prenat Diagn. 2004:24265–75. https://doi.org/10.1002/pd.851.

[26] Smith SK, Cai A, Wong M, Sousa MS, Peate M, Welsh A, et al. Improving women’s
knowledge about prenatal screening in the era of non-invasive prenatal testing for
Down syndrome - development and acceptability of a low literacy decision aid. BMC
Pregnancy Childbirth. 2018;18:499. https://doi.org/10.1186/s12884-018-2135-0.

[27] Jaques AM, Sheffield LJ, Halliday JL. Informed choice in women attending private
clinics to undergo first-trimester screening for Down syndrome. Prenat Diagn. 2005;
25:656–64. https://doi.org/10.1002/pd.1218.

[28] Edmonds BT. Shared decision-making and decision support: their role in obstetrics and
gynecology. Curr Opin Obstet Gynecol. 2014;26:523–30. https://doi.org/10.1097/
GCO.0000000000000120.

[29] Elwyn G, O’Connor A, Stacey D, Volk R, Edwards A, Coulter A, et al. Developing a qual-
ity criteria framework for patient decision aids: online international Delphi consensus
process. Brit Med J. 2006;333:417–9. https://doi.org/10.1136/bmj.38926.629329.AE.

[30] Joseph-Williams N, Newcombe R, Politi M, Durand MA, Sivell S, Stacey D, et al. Toward
minimum standards for certifying patient decision aids: a modified Delphi consensus pro-
cess. Med Decis Mak. 2014;34:699–710. https://doi.org/10.1177/0272989X13501721.

[31] Mercer MB, Agatisa PK, Farrell RM. What patients are reading about noninvasive prena-
tal testing: an evaluation of Internet content and implications for patient-centered care.
Prenat Diagn. 2014;34:986–93. https://doi.org/10.1002/pd.4410.

[32] Clarke MA, Moore JL, Steege LM, Koopman RJ, Belden JL, Canfield SM, et al. Health in-
formation needs, sources, and barriers of primary care patients to achieve patient-
centered care: a literature review. Health Informatics J. 2016;22:992–1016. https://
doi.org/10.1177/1460458215602939.

[33] Rodger D, Skuse A, Wilmore M, Humphreys S, Dalton J, Flabouris M, et al. Pregnant
women’s use of information and communications technologies to access pregnancy-
related health information in South Australia. Aust J Prim Health. 2013;19:308–12.
https://doi.org/10.1071/PY13029.

[34] Leiva Portocarrero ME, Garvelink MM, Becerra Perez MM, Giguère A, Robitaille H,
Wilson BJ, et al. Decision aids that support decisions about prenatal testing for Down
syndrome: an environmental scan. BMC Med Inform Decis Mak. 2015;15:76. https://
doi.org/10.1186/s12911-015-0199-6.

[35] Gadsbøll K, Petersen OB, Gatinois V, Strange H, Jacobsson B, Wapner R, et al. Current use
of noninvasive prenatal testing in Europe, Australia and the USA: a graphical presenta-
tion. Acta Obstet Gynecol Scand. 2020;99:722–30. https://doi.org/10.1111/aogs.13841.

[36] Graham P, Evitts T, Thomas-MacLean R. Environmental scans: how useful are they for
primary care research? Can Fam Physician. 2008;54:1022–3.

[37] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Brit
Med J. 2021;372:n71. https://doi.org/10.1136/bmj.n71.

[38] Bonner C, Patel P, Fajardo MA, Zhuang R, Trevena L. Online decision aids for primary
cardiovascular disease prevention: systematic search, evaluation of quality and suitabil-
ity for low health literacy patients. BMJ Open. 2019;9:e025173. https://doi.org/10.
1136/bmjopen-2018-025173.

[39] Knutzen D, Stoll K. Beyond the brochure: innovations in clinical counseling practices for
prenatal genetic testing options. J Perinat Neonatal Nurs. 2019;33:12–25. https://doi.
org/10.1097/JPN.0000000000000374.

[40] Beta J, ZhangW, Geris S, Kostiv V, Akolekar R. Procedure-related risk of miscarriage fol-
lowing chorionic villus sampling and amniocentesis. Ultrasound Obstet Gynecol. 2019;
54:452–7. https://doi.org/10.1002/uog.20293.

[41] Tabor A, Alfirevic Z. Update on procedure-related risks for prenatal diagnosis tech-
niques. Fetal Diagn Ther. 2010;27:1–7. https://doi.org/10.1159/000271995.

[42] Aalfs CM, Mollema ED, Oort FJ, de Haes JCJM, Leschot NJ, Smets EMA. Genetic
counseling for familial conditions during pregnancy: an analysis of patient characteris-
tics. Clin Genet. 2004;2004(66):112–21. https://doi.org/10.1111/j.0009-9163.2004.
00279.x.

https://doi.org/10.1016/j.pecinn.2022.100038
https://doi.org/10.1016/j.pecinn.2022.100038
https://doi.org/10.1053/j.semperi.2015.11.003
https://doi.org/10.1111/j.1471-0528.2012.03373.x
https://doi.org/10.1111/j.1471-0528.2012.03373.x
https://doi.org/10.1111/bioe.12123
https://doi.org/10.1111/bioe.12123
https://doi.org/10.1002/ajmg.a.61365
https://doi.org/10.1016/j.jogc.2020.09.019
http://refhub.elsevier.com/S2772-6282(22)00023-1/rf0030
http://refhub.elsevier.com/S2772-6282(22)00023-1/rf0030
http://www.perinatalservicesbc.ca/Documents/Guidelines-Standards/Maternal/PrenatalScreeningGuideline.pdf
http://www.perinatalservicesbc.ca/Documents/Guidelines-Standards/Maternal/PrenatalScreeningGuideline.pdf
https://doi.org/10.1016/j.bpobgyn.2017.02.007
https://doi.org/10.1016/j.bpobgyn.2017.02.007
https://doi.org/10.1002/uog.17283
http://refhub.elsevier.com/S2772-6282(22)00023-1/rf0050
http://refhub.elsevier.com/S2772-6282(22)00023-1/rf0050
https://doi.org/10.1111/1471-0528.16821
https://doi.org/10.1111/1471-0528.16821
https://doi.org/10.1002/uog.15945
https://doi.org/10.1097/AOG.0000000000001405
https://doi.org/10.1097/AOG.0000000000001405
https://doi.org/10.1002/uog.14636
https://doi.org/10.1002/uog.14636
https://doi.org/10.1002/uog.20353
https://doi.org/10.1002/uog.20353
https://doi.org/10.1111/ajo.12501
https://doi.org/10.1111/ajo.12501
https://doi.org/10.1080/01459740600829720
https://doi.org/10.1111/j.1542-2011.2011.00109.x
https://doi.org/10.1111/j.1542-2011.2011.00109.x
https://doi.org/10.1002/jgc4.1049
https://doi.org/10.1002/jgc4.1049
https://doi.org/10.1002/14651858.CD001431.pub5
https://doi.org/10.1001/jama.292.4.435
https://doi.org/10.1001/jama.292.4.435
https://doi.org/10.1016/j.pec.2005.09.007
https://doi.org/10.1016/j.pec.2021.04.009
https://doi.org/10.1111/jan.14875
https://doi.org/10.1111/jan.14875
https://doi.org/10.1002/pd.851
https://doi.org/10.1186/s12884-018-2135-0
https://doi.org/10.1002/pd.1218
https://doi.org/10.1097/GCO.0000000000000120
https://doi.org/10.1097/GCO.0000000000000120
https://doi.org/10.1136/bmj.38926.629329.AE
https://doi.org/10.1177/0272989X13501721
https://doi.org/10.1002/pd.4410
https://doi.org/10.1177/1460458215602939
https://doi.org/10.1177/1460458215602939
https://doi.org/10.1071/PY13029
https://doi.org/10.1186/s12911-015-0199-6
https://doi.org/10.1186/s12911-015-0199-6
https://doi.org/10.1111/aogs.13841
http://refhub.elsevier.com/S2772-6282(22)00023-1/rf0180
http://refhub.elsevier.com/S2772-6282(22)00023-1/rf0180
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmjopen-2018-025173
https://doi.org/10.1136/bmjopen-2018-025173
https://doi.org/10.1097/JPN.0000000000000374
https://doi.org/10.1097/JPN.0000000000000374
https://doi.org/10.1002/uog.20293
https://doi.org/10.1159/000271995
https://doi.org/10.1111/j.0009-9163.2004.00279.x
https://doi.org/10.1111/j.0009-9163.2004.00279.x


J.Y.T. Lu et al. PEC Innovation 1 (2022) 100038
[43] Heaman M, Gupton A, Gregory D. Factors influencing pregnant women’s perceptions of
risk. MCN Am J Matern Nurs. 2004;29:111–6. https://doi.org/10.1097/00005721-
200403000-00010.

[44] Marteau TM, Kidd J, Cook R, Michie S, Johnston M, Slack J, et al. Perceived risk not ac-
tual risk predicts uptake of amniocentesis. BJOG An Int J Obstet Gynaecol. 1991;98:
282–6. https://doi.org/10.1111/j.1471-0528.1991.tb13394.x.

[45] Caughey AB, Washington AE, Kuppermann M. Perceived risk of prenatal diagnostic
procedure-related miscarriage and Down syndrome among pregnant women. Am J
Obstet Gynecol. 2008;198:333.e1–8. https://doi.org/10.1016/j.ajog.2007.09.045.

[46] Kuppermann M, Nease RF, Gates E, Learman LA, Blumberg B, Gildengorin V, et al. How
do women of diverse backgrounds value prenatal testing outcomes? Prenat Diagn. 2004;
24:424–9. https://doi.org/10.1002/pd.892.

[47] Maneze D, Weaver R, Kovai V, Salamonson Y, Astorga C, Yogendran D, et al. “Some say
no, some say yes”: receiving inconsistent or insufficient information from healthcare
professionals and consequences for diabetes self-management: A qualitative study in
8

patients with Type 2 Diabetes. Diabetes Res Clin Pract. 2019;156:107830. https://doi.
org/10.1016/j.diabres.2019.107830.

[48] Cline R, Haynes K. Consumer health information seeking on the Internet: the state of the
art. Health Educ Res. 2001;16:671–92. https://doi.org/10.1093/her/16.6.671.

[49] Cherry AM, Akkari YM, Barr KM, Kearney HM, Rose NC, South ST, et al. Diagnostic
cytogenetic testing following positive noninvasive prenatal screening results: a clinical
laboratory practice resource of the American College of Medical Genetics and Genomics
(ACMG). Genet Med. 2017;19:845–50. https://doi.org/10.1038/gim.2017.91.

[50] Harraway J. Non-invasive prenatal testing. Aust Fam Physician. 2017;46:735–9. http://
www.racgp.org.au/afp/2017/october/non-invasive-prenatal-testing/.

[51] Liang D, Cram DS, Tan H, Linpeng S, Liu Y, Sun H, et al. Clinical utility of noninvasive
prenatal screening for expanded chromosome disease syndromes. Genet Med. 2019;21:
1998–2006. https://doi.org/10.1038/s41436-019-0467-4.

https://doi.org/10.1097/00005721-200403000-00010
https://doi.org/10.1097/00005721-200403000-00010
https://doi.org/10.1111/j.1471-0528.1991.tb13394.x
https://doi.org/10.1016/j.ajog.2007.09.045
https://doi.org/10.1002/pd.892
https://doi.org/10.1016/j.diabres.2019.107830
https://doi.org/10.1016/j.diabres.2019.107830
https://doi.org/10.1093/her/16.6.671
https://doi.org/10.1038/gim.2017.91
http://www.racgp.org.au/afp/2017/october/non-invasive-prenatal-testing/
http://www.racgp.org.au/afp/2017/october/non-invasive-prenatal-testing/
https://doi.org/10.1038/s41436-019-0467-4

	Do online decision aids reflect new prenatal screening and testing options? An environmental scan and content analysis
	1. Introduction
	1.1. Testing in the prenatal context
	1.2. Utility of decision aids in the prenatal context
	1.3. Role of the internet as a resource for prenatal information

	2. Methods
	2.1. Study design
	2.2. Search strategy
	2.3. Patient decision aid inclusion and exclusion criteria
	2.4. Data extraction and evaluation
	2.5. Data synthesis

	3. Results
	3.1. Ease of access to decision aids
	3.2. Decision aid evaluation
	3.3. Decision aid content
	3.4. Risks and implications of screening and diagnostic tests

	4. Discussion and conclusion
	4.1. Discussion
	4.1.1. Main findings
	4.1.2. Risk communication for prenatal diagnostic testing
	4.1.3. Strengths and limitations

	4.2. Innovation
	4.3. Conclusion

	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix. Supplementary data
	References




