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Abstract

Background: Tests in pregnancy such as chromosomal microarray analysis and exome

sequencing are increasing diagnostic yield for fetal structural anomalies, but have

greater potential to result in uncertain findings. This systematic review investigated the

experiences of prospective parents about receiving uncertain results from these tests.

Methods: A systematic search of three electronic databases was conducted. Data

extraction was performed for studies that met the eligibility and quality criteria.

Results were synthesised following the principles of thematic analysis.

Results: Fourteen studies (10 qualitative, 4 quantitative) were included. Findings

were grouped into three overarching themes. Sources of uncertainty included the test-

ing procedure, the diagnosis and prognosis, and health professionals' own uncer-

tainty. The clinical impact of the uncertainty included parents struggling to make

clinical decisions with the information available, the emotional impact included

decisional-regret, shock, worry and feeling overwhelmed. To manage the uncertainty,

parents sought support from healthcare professionals, friends, family, the internet

and other parents as well as remaining hopeful.

Conclusions: Prospective parents experience a myriad of uncertainties in the prenatal

setting, which must be handled sensitively. Future research should explore optimal

ways of managing uncertainty to minimise harm. Recommendations are made for dis-

cussing uncertainty during pre- and post-test counseling.

1 | BACKGROUND

Fetal anomalies occur in 2% to 5% of pregnancies and cause around

21% of perinatal deaths.1,2,3 Initially, prenatal testing for fetal anoma-

lies was limited to karyotyping and targeted genetic testing.4 Chromo-

somal microarray analysis (CMA), which is able to evaluate the

sub-microscopic structure of chromosomes is now being offered rou-

tinely in many countries, and prenatal exome sequencing (ES), which

provides resolution down to the single base-pair, is beginning to be

used clinically to increase diagnostic rates.5 There are a number of

benefits in getting a result from prenatal testing. This includes the

potential to provide a definitive diagnosis during pregnancy which can

then inform genetic counselling, pregnancy and delivery management,

and pre- and post-natal care.6,7Eleanor Harding and Jennifer Hammond contributed equally to this work.
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Whilst genomic technologies such as CMA and ES increase the

number of genetic diagnoses made in pregnancy, there remain practi-

cal and ethical challenges in interpreting results in a way that is mean-

ingful for parents.8 Furthermore, tests such as CMA and ES have a

greater potential to result in uncertainty.9-11 This is particularly chal-

lenging in the prenatal setting as many parents enter into prenatal

testing hoping for and expecting reassurance and may use prognostic

information to make a decision about pregnancy termination.12

Uncertainty may arise for a number of reasons. There may be uncer-

tainty due to a variant of uncertain significance (VUS) being identified

where the relevance of that variant to the health of the baby is

unknown. 10 Some conditions have variable expressivity, incomplete

penetrance or fetal phenotype information may be limited meaning

that even where a variant is known to be significant, it is not possible

to predict the prognosis.13,14 If no significant variant is found follow-

ing an abnormal ultrasound, parents may feel they are still in a state of

uncertainty around the health of the baby.15

The last decade has seen a number of studies looking at prospec-

tive parents' experience of uncertainty in the prenatal setting. Parents

frequently state that they are interested in receiving uncertain results

but are surprised when they receive them,16,17 sometimes experienc-

ing shock, confusion and anxiety.18,19 Here, we describe a systematic

review to synthesise the literature around parents' experience of

receiving uncertain results in pregnancy following CMA or ES.

2 | METHODS

2.1 | Ethical approval

Ethical approval was not required for this study.

2.2 | Design

We have undertaken a systematic review to bring a formal structure

to the identification, evaluation and synthesis of research findings. As

qualitative, quantitative and mixed-methods studies have been

sought, an integrative approach to data synthesis has been used.20

2.3 | Search strategy

A systematic search was conducted across three electronic databases

(PubMed, Embase, PsycINFO), using the search terms in Figure 1. The

reference lists of eligible studies were searched, as well as other stud-

ies by the first named author. The initial search was conducted in

October 2018. A further search was conducted in July 2019 and no

additional papers were identified.

2.4 | Study selection

The study selection process followed the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines

(Figure 2).21 Following the removal of duplicates, titles and abstracts

[pregnant women OR women OR prenatal OR parent* OR fetal OR foetal] 

AND 

[chromosom* microarray OR CMA OR arraycgh OR array* OR genome sequenc* OR 

exome sequenc* OR genome-wide OR microdeletion* OR microduplication* OR 

submicroscopic OR subchromosom*] 

AND 

[experience* OR view* OR attitude* OR preference* OR perception* OR choice* OR 

choos*] where * indicates wildcard. F IGURE 1 Search terms used to identify
studies

What is already known about this topic?

• Couples often choose chromosomal microarray and

exome sequencing during pregnancy in anticipation of

reassurance about the health of the fetus, but sometimes

receive uncertain results.

What does this study add?

• Here we synthesise the current research on parents' expe-

riences of receiving uncertain results in pregnancy includ-

ing the sources of uncertainty, clinical and emotional

impact of uncertainty and how uncertainty is managed.
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were independently reviewed against the inclusion/exclusion criteria by

two researchers. The full text of any potentially relevant studies were

retrieved for further review and considered against the inclusion and

exclusion criteria independently by three researchers. Any discrepancies

regarding study inclusion were discussed until consensus was reached.

Studies were included if they were:

1. Investigating pregnant women and partners' experiences of uncer-

tainty through the process of having CMA or ES;

2. Using qualitative, quantitative, cross-sectional or mixed-methods

research approaches;

3. Published in English in a peer-reviewed journal.

Studies were excluded if they were:

1. Investigating experiences of uncertainty not identified following

CMA or ES, such as risk scores following Down syndrome screen-

ing, non-invasive prenatal testing or karyotyping;

2. Investigating parents' experiences following newborn or paediatric

CMA and ES;

3. Examining views of uncertainty based on purely hypothetical

scenarios;

4. A review, case report, abstract, editorial or commentary.

2.5 | Quality assessment

The eligible studies were critically appraised for biases using the stan-

dard quality assessment criteria developed by Kmet et al, which allows

the assessment of both qualitative and quantitative research.22

Eligible studies were appraised by two researchers (E.H. and

M.H.). Checklists for qualitative (10 criterion) and quantitative (14 cri-

terion) studies are scored as ‘met’ (2 points), ‘partially met’ (1 point),

‘not met’ (0 points) or ‘not applicable’. The total score is converted to

a percentage. We used a low cut-off point of 55%, described as liberal

by Kmet et al and following the approach of other mixed methods sys-

tematic reviews.22,23

2.6 | Data extraction and synthesis

Study details, including the aim, study design, demographics and find-

ings, were extracted into a summary table (Table 1). NVivo12 soft-

ware was used to facilitate coding and analysis.24 The quantitative

and qualitative data were analysed using the principles of thematic

analysis.25,20 The results section of each of the studies which related

to the experience of receiving an uncertain result was coded. For

qualitative studies direct quotes from participants, themes and
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descriptions were coded. For quantitative studies tabulated data and

descriptions of findings were coded. For our thematic analysis, a code-

book was initially developed by three researchers (E.H., M.H. and C.L.)

who independently coded two randomly selected included studies.

The codes were compared and discussed until a consensus was

reached. At this stage, codes that were similar were grouped into

broad categories, which were then refined and grouped into overarch-

ing themes.

Once all the studies were coded, the researchers reviewed each

of the codes, categories and themes and some minor changes were

made (eg, splitting or combining codes, renaming themes).

3 | RESULTS

Titles and abstracts for 1969 studies were identified, following

removal of duplicates, and independently reviewed against the inclu-

sion/exclusion criteria by two researchers. The full text of 28 studies

were retrieved for further review by E.H., M.H. and C.L. indepen-

dently and any discrepancies regarding study inclusion were dis-

cussed. Of these 28 studies, 14 were excluded. Quality appraisal

scores of the included studies ranged from 80% to 91% (Table 1). All

14 eligible studies exceeded the 55% cut-off point and were included

in the review.

3.1 | Study characteristics

Fourteen studies representing the views of 914 participants

(678 women, 236 partners) were included in the review (Table 1).

Eight studies were from the USA,6,15,17,18,26-29 three were from the

UK,19,30,31 two were from the Netherlands,32,33 and one was from

Australia.34 Twelve studies investigated the experiences of women

and partners who underwent CMA,15,17,18,26-34 and two studies inves-

tigated the experiences of those who underwent ES.6,35 Six studies

exclusively explored experiences after the test results were

returned,18,26-29,33 while the remaining eight studies also investigated

experiences whilst waiting for the results.6,15,17,19,30-32,34 Methodo-

logical approaches included 10 qualitative studies,6,15,18,19,26-28,30,31,33

and four quantitative studies.17,29,32,34 The types of uncertain results

participants received included uncertainty related to VUS,17,26,27,29-31,34

deletion/duplication syndromes,15,18,26 susceptibility loci,32,33 copy

number variants,28 and negative ES results.6

The criteria for offering CMA/ES and parents reasons for having

these tests differed across the 14 studies, including: an abnormal

ultrasound in the first or second trimester,6,15,17-19,26,28-31 advanced

maternal age,15,17,18,26,28,29,32,34 family history of genetic

abnormality,17,18,26,28,29,34 positive serum screen,15,17,18,26,28,29,34

maternal request,34 a previous child with a genetic or chromosomal

abnormality,17,18,26,28 parent(s) a carrier of a chromosome deletion or

duplication,17 all indications of increased risk of aneuploidy in cases

without ultrasound abnormalities33 and a desire for more informa-

tion.18 The reasons in one paper were not stated.27

Three overarching themes relating to uncertainty following

CMA/ES results emerged during analysis and are described below.

3.1.1 | Sources of uncertainty

Sources of uncertainty included women and partners' uncertainty

around the testing procedure itself, uncertainty about what the results

meant including the diagnosis and prognosis, uncertainty about

whether online information was accurate, and healthcare profes-

sionals' (HCPs) uncertainty. More detail is provided in Table 2.

Testing procedure

Seven studies described uncertainty stemming from the testing proce-

dure and the possible results. 6,15,18,19,26,30,31 Some women were

uncertain about what a microarray test was.15,30 In one study, a par-

ticipant described not being aware of the possibility of receiving

inconclusive results,18 and there was uncertainty about how the test

results would be delivered and by whom.6,19

Results: Including the diagnosis and prognosis

In two studies,15,30 participants described not receiving enough infor-

mation following their results due to the unavailability of accurate

information, or HCPs limiting the amount of information they fed back

due to concerns around upsetting the participants. In one study, some

participants had difficulty recalling the result they were given.18 In

seven studies, participants received a VUS following CMA, which led

to uncertainty.18,26-30,34 VUS often prompted additional stress as par-

ticipants thought genetic testing would give them more answers,

instead of creating more uncertainty. Participants struggled with the

lack of information surrounding what their child would look and be

like, as well as the severity of the condition.18 In one study, many

women and their partners expressed distress at not knowing if their

unborn child would live or die.30

Four studies described uncertainty around whether the variant

was inherited or de novo following receipt of an uncertain result, and

participants felt a sense of reassurance and relief on discovering a

hereditary variant in a parent with no clinical presentation.15,18,26,27

Rubel et al described one participant who acknowledged that inheri-

tance does not completely remove the risk of phenotypic expression,

even with a ‘normal’ parent, and described parental testing as provid-

ing a ‘false sense of security’.27

Online health information

Two studies15,27 highlighted that parents often searched for further

information online, but were not clear as to whether the information

they found was accurate, hence it did not resolve their uncertainties.

Healthcare professionals' own uncertainty

Three studies indicated that uncertainty for parents could arise from

HCPs lack of knowledge or uncertainty around the diagnosis or condi-

tion identified.15,27,30 Participants also described receiving conflicting

information from different HCPs.15 In some cases, participants were
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unable to obtain any further information about their result from HCPs,

as they assumed their HCP did not know anything further. One partic-

ipant expressed shock that their clinician was unable to provide any

certainty about the meaning of their result.30

3.1.2 | Impact of uncertainty

Findings relating to the impact of the uncertainty were either about

the (a) clinical impact or (b) emotional impact.

Clinical impact

Uncertainty could affect clinical decision-making and future practical

plans. Five studies showed that participants found making clinical

decisions based on uncertain test results challenging, in particular

whether to continue or terminate the pregnancy.6,15,18,27,30 This

included studies where patients had received a negative ES results,6 a

finding of a deletion or duplication syndrome,15,18 and a VUS.27,30

Having uncertainty surrounding the prognosis for the baby, as well as

the general lack of information about the future, made it difficult for

participants to make decisions. For example, Bernhardt et al found

that many women felt they needed more support when working out

the next steps for their pregnancy.15 In addition, participants struggled

to deal with having to make decisions in such a short amount of time.

Werner-Lin et al found that participants felt burdened with the pres-

sure of managing this complex information, while dealing with their

anxiety, within the limited time period.18

Participants felt that they were unable to plan for the future with

a lack of information or resources to alleviate their concerns or

answer their questions.27,28 Furthermore, there were practical impli-

cations of uncertainty, particularly around preparing for the upcoming

birth when the prognosis was uncertain, with one parent explaining

that it took ‘two or three more months after the tests to even buy

the crib’.15

TABLE 2 Themes relating to sources of uncertainty

Themes Example quote/findings

Testing procedure

Not knowing the test could reveal

uncertain results 18

Uncertainty about the test

itself15,18,31

Uncertainty around who delivers the

results and how they are delivered6,19

‘I was not aware that we could get inconclusive results, or they would find something, but it not mean

anything to them’. [Patient quote] -18

Because it seemed risk-free, many women said they had not understood much about microarray testing

before having it done [Findings]. -15

Some parents were uncertain regarding the process by which results would be returned and would have

appreciated having this better explained to them. Some parents preferred to return to the hospital and

have the results explained by familiar clinicians face to face. [Findings] -19

Results, including diagnosis and
prognosis

Difficulty recalling diagnosis26

No information available about diagnosis

(following CMA or ES)15,30

Prognosis around learning

disability15,26,27

Prognosis around spectrum

disorder15,18,26

Prognosis around what child will look like/

be like15,27,28,33

Whether baby will survive30

Uncertainty around whether condition

was inherited15,18,26,27

Variants of uncertain significance found

(VUS)18,26-30,34

‘I can't remember which letter or number it was— it was 22 or something’. [Patient quote] -26

In two cases women said that they had not received enough information. One of these cases involved

an uncertain chromosome result where no accurate information was available. [Findings] -30

‘Since I had this uncertain microarray result … if anything happens to him in the future … that will always

pop up in my mind…. You just have to have a “wait and see” attitude…. I'm a lot more vigilant’.
(Participant 8) -[14]

One woman who terminated a pregnancy diagnosed with a de novo DiGeorge deletion said: ‘We still

grapple with this because it is very much a spectrum of severity, very, very hard to predict what the

outcome would be…. So that was very, very difficult for us because it made assessing our choices

really hard’. [Patient quote] -15

‘I was upset, because they could not tell me exactly how high the risk of developing the clinical features

was. I just sat there stared at the geneticist and asked what it was, and if it was dangerous’. [Patient
quote] -33

Many women and their partners expressed uncertainty and lack of control over the situation. Two

women expressed distress at not knowing if their unborn child would live or die. [Findings] -30

Genetic testing of biological parents confirmed whether the variant was inherited or de novo. If the

variant was inherited from a parent who had no clinical presentation, participants reported being

reassured by their providers that the baby likely develops typically as well. [Findings] -18

Two people described getting the result of unknown significance (VUS). The second couple found the

uncertainty difficult to deal with: ‘You never think a doctor's going to go, phew, don't know what it is’.
[Patient quote] -30

Accuracy of online information15,27 ‘We did a little bit of research online, but when you look online, you - it's just nonsense. I mean some are

true, some are false’. - [patient quote]27

Health professionals’ uncertainty15,27,30 ‘You know, they're telling me there's something wrong, but they can't tell me what…. We wanted to

know what that would mean for our son in the future. And they really couldn't tell us’. - [patient
quote]15

‘I assume nobody really knows and because they don't know they can't tell me’. - [patient quote]30
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Emotional impact

The emotional impact of uncertainty could create feelings of worry,

affect relationships and could continue to affect parents after the

child was born. Participants from six studies reported feeling shocked

and worried on receiving uncertain results.15,18,19,27,30,33 Participants

across three studies15,18,27 described wishing that they did not have

the information about uncertain results, which Bernhardt et al and

Rubel et al referred to as ‘toxic knowledge’.15 27 This emotional over-

load was often replaced with ongoing anxiety, which was reported in

nine studies,6,15,18,19,26-28,33,34 along with lingering worries and uncer-

tainties. In addition, Halliday et al found state anxiety scores to be

slightly higher in women who had received an extended analysis

report, which included VUS, compared to a targeted analysis, although

this difference was not statistically significant.34

Halliday et al found that decisional regret scores regarding the

decision to undergo genetic testing, were higher for participants who

chose to receive VUS compared to those who did not choose to

receive VUS results.34 This was also reflected by Desai et al, who

reported that participants who received VUS felt less satisfied with

their decision 36 months after birth, compared to those who received

normal and clearly abnormal results.29

Five studies reported participants feeling overwhelmed by the

future as well as a lack of control over the uncertain situation follow-

ing uncertain results.18,27,30,32,33 Many participants questioned what

would happen next as they struggled to comprehend the information

and look to the future. Furthermore, Hillman et al found that partici-

pants were concerned that the issue of uncertainty could be repeated

in a future pregnancy.30 However, in one case, a couple expressed

that uncertain results still provided extra information that could be

beneficial for their future, stating that ‘at least we know more, we are

going to be prepared’.30

One study described the impact of uncertain results on the rela-

tionship between the pregnant women and their partners.6,15,18 There

could be conflicting opinions between partners, with one wanting to

discuss the pregnancy with friends and family, and the other prefer-

ring to keep the pregnancy private. However, couples also found that

these difficult experiences could strengthen their relationship as the

long, emotional conversations resulted in an ‘aligning of their

priorities’.18

The emotional impact of uncertainty could continue after the

child was born. One study described how mothers would be in a state

of ‘watchful waiting’ as they would monitor the health and develop-

ment of their child, scrutinise their child's appearance, and make

comparisons against their unaffected children.28 One participant com-

mented ‘when things weren't as advanced as my first daughter, we

would question, “do you think it's that?”’.28

3.1.3 | Managing uncertainty

Parents had differing levels of tolerance when it came to receiving

uncertain information. Some parents reported wanting to know as

much information as possible despite the potential for receiving

uncertain results, whilst other parents did not want to receive such

information.31-34 Three studies reported the experience of partici-

pants who were not additionally concerned by receiving an uncertain

result.17,26,28 For example, one participant, described by Werner-Lin

et al, explained how she did not give the VUS a second thought after

birth.28 The majority of participants, however, reported not receiving

as much information as they wanted, which they felt prevented them

from gaining definitive answers and ‘grasping the significance’ of their

results.26

In dealing with uncertainty, parents were found to seek support

and further information, whether this was through speaking with a

HCP such as a genetic counsellor, their friends and family, other par-

ents or searching for information online.6,15,17-19,26-28,30 The major-

ity of participants appreciated support from their HCP, including a

referral to a genetic counsellor for emotional support, particularly as

uncertain results could need longer, more specialised or more fre-

quent counselling.6,15 Participants also relied on friends and family,

especially during the period of time straight after receiving results

when they were most distressed and scared. However, Werner-Lin

et al reported that participants sometimes did not want to share the

uncertain information with family members, for fear of stigma

towards their child after birth and a lack of understanding from

others with one patient commenting ‘My dad would treat [child] dif-

ferently even though the results don't say anything definitive’.28

Participants also reported the utility of speaking to other parents in

similar situations and this was mainly achieved on the internet,

through online communities and advocacy groups. Furthermore,

Wou et al found that many participants would have liked to be con-

nected with another family with a similar experience, for mutual sup-

port and understanding.6

One study illustrated how uncertainty could also be managed as a

couple, with both the pregnant woman and her partner playing an

important role in the process. For example, Werner-Lin et al found

that, within a couple, the pregnant woman often acted more as a

seeker of information, while her partner provided emotional support,

to help with decision making.18

Three studies reported how participants' spoke of remaining

hopeful.15,28,30 They remained hopeful that they would eventually

find enough information to make informed decisions and hoped that

their test results could be used by researchers to provide answers for

women in the future.15,30 In addition, Werner-Lin et al found couples

remained hopeful and stayed positive after the birth at the same time

as closely watching the progress and development of their child.28

4 | DISCUSSION

With the growing availability of new prenatal genomic tests such as

ES in clinical practice,36 prospective parents are more likely to face

uncertain test results. This review provides a synthesis of 14 studies

on pregnant women and their partners' experiences of uncertainty in

the prenatal setting. Our findings highlight how uncertain prenatal

results can affect parents in different ways. Some parents were
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surprised to receive uncertain findings and struggled to make clinical

decisions based on an uncertain prognosis in a limited timeframe. For

others, even uncertain information is better than no information. Our

findings complement a recent narrative review which found that

patients respond to uncertainty in different ways, based largely on

their own general sense of optimism and tolerance for personal ambi-

guity as well as their past experiences with uncertainty, reproduction

and family planning.12

Pre-test 
• Be aware that there are multiple sources of uncertainty linked to prenatal testing 

and parents differ in their willingness to be told uncertain results. 

• Parents should be told of the potential for uncertain outcomes. This includes: 

o Uncertainties related to the results e.g. VUS, no genetic result, uncertain 

prognosis following clear genetic diagnosis;  testing process e.g. diagnostic yield, 

o Uncertainties related to the limitations of

potential for false negatives; 

o Uncertainties related to our current knowledge and understanding e.g. 

genotype-phenotype correlation.  

• To manage the uncertainties related to test procedure, parents should be told all 

steps of the testing process, including how long they will have to wait for results 

and how they will be contacted. 

• Parents will vary in their tolerance for uncertain information and this may change 

over the course of the pregnancy. Ideally, healthcare professionals should discuss 

patients’ preferences for being told uncertain information prior to testing.  

Post-test following an uncertain result 

• Uncertain findings can be challenging to explain and as such flexibility may be 

needed for how long the post-test counselling session takes to allow time for 

explanations, discussing implications and addressing questions from parents. 

• Some non-genetics clinicians may need input from genetics specialists to explain 

uncertain findings and their implications.  

• If VUS are reported, it is important to discuss the possibility that the classification 

of the variant may change as new knowledge is gained. 39,49 In addition, policies for 

reanalysis when there are VUS or no significant findings should be made clear to 

parents. 

•  Parents may value being told what is known and certain as a way of relieving 

anxiety and establishing normality in pregnancy. This could include explaining that 

many syndromes and severe disorders have been ruled out through testing, 

and/or through taking extra care to point out what is structurally normal at any 

follow-up ultrasounds50.

• Parents who have been told uncertain findings may value psychological support 

e.g. through a genetic counsellor or other psychological support service.  

• Understand that parents may want to ask further questions after the initial post-

test counselling session as they digest the information. Ensure that they have 

appropriate contact details to access follow-up care. 

• Where appropriate, signpost parents to support groups including those for parents 

without a diagnosis.  

• Give parents suggestions for how to talk to family members about the uncertain 

findings, including suggestions as to how to explain what is uncertain about their 

result.  

F IGURE 3 Recommendations for pre-
and post-test counselling about
uncertainty
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Detecting uncertain CMA/ES results raises significant ethical con-

siderations, in particular how to balance the potential harm to a woman

or her foetus with the rights associated with patient autonomy and

whether it is ethically justifiable to withhold any test result information

from a patient.37 How these competing rights are viewed is likely to dif-

fer across countries. For example, in the United Kingdom the policy is

that incidental findings and VUS and low penetrance neuro-

susceptibility loci are generally not reported.38 In the United States, the

type and amount of information reported varies depending on the pol-

icy of the laboratory performing the analysis. Recent ACMG guidelines

on the use of prenatal ES advocate that laboratories should have clear

policies for what types of variants, including VUS, will be reported and

recommends that pre-test counselling includes discussion of the poten-

tial to identify VUS as well as adult-onset diseases in the fetus.39

Health professionals have an important role in uncertainty man-

agement in a prenatal setting. Previous studies suggest that clinicians

can feel uncomfortable providing uncertain CMA results.40,41 This can

be particularly challenging for clinicians without specialist training in

genetics.42 The lack of educational resources to support patients is

also an issue.43 Uncertain findings can have a negative impact on the

doctor-patient relationship, as parents sometimes react angrily when

they are struggling to make decisions about the pregnancy.35 Whilst

patients might be informed during pre-test counselling of the possibil-

ity of receiving uncertain findings, it may be that the reality of such

findings is not being properly considered prior to testing.15 It has been

suggested that clinicians could perhaps discuss with parents their tol-

erance for ambiguity as part of pre-test genetic counselling, to ascer-

tain whether information that is uncertain will be useful or

problematic for them personally.15,44 Biesecker et al suggests that

examining patients' tolerance of uncertainty, resilience and optimism

alongside their expectations about genomic testing, may help to iden-

tify those more likely to appraise uncertainty as a threat, and to allevi-

ate negative responses.45 In some settings, parents have been offered

the choice between ‘targeted’ and ‘extended testing’ whereby CNVs

with incomplete penetrance and VUS are reported.32,34 Furthermore,

research in this area would be valuable.

Finally, another area for future research relating to uncertainty is

parent experiences and views of the reanalysis when there is a VUS

or no findings. Previous research with clinicians, scientists, genetic

counsellors and patient groups/charities, has found that patient repre-

sentatives supported reinterpretation of results over time, more so

than other participant groups.35

4.1 | Strengths and limitations

Strengths include the systematic and rigorous approach taken to iden-

tify and appraise the studies, that all were high quality studies, and

the inclusion and integration of results from qualitative and quantita-

tive research which provides rich data on parents' experiences.

Limitations include that the sample is predominantly comprised of

white, educated participants. Therefore, the findings lack the perspec-

tives of minority ethnic groups and those from lower educational

backgrounds, both who experience inequity in access to healthcare-

systems and disparities in understanding prenatal testing options.46,47

The experiences of partners are underrepresented in this study,

accounting for only 26% of the total sample. Finally, only two studies

investigated the experiences of those undergoing ES, which makes it

difficult to make comparisons between the experiences of parents'

undergoing ES and CMA.

5 | CONCLUSION

The findings of this review highlight the different types of uncer-

tainties that prospective parents experience in the prenatal testing

setting, and the implications of these uncertainties. Whilst many of

the uncertainties relate to our current knowledge and understand-

ing of genotype-phenotype correlation, there are some uncer-

tainties that can be managed during pre or post-test counselling for

example, parents not aware that the test could reveal uncertain

results. Moreover, we identified evidence of good-practice when

managing uncertain results for example, additional support. In light

of these findings, we have developed a set of recommendations for

HCPs as a guide for best practice when offering prenatal testing

(Figure 3).39,48,49 Whilst there are some guidelines on mitigating for

these issues, further research should look to explore optimal ways

of managing uncertainty in the prenatal setting to minimise the

potential for patient harm.50
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