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Abstract: The yield of genetic prenatal diagnosis has been notably improved by introducing whole genome chromosomal microarray 
(CMA) and prenatal exome sequencing (pES). However, together with increased numbers of diagnoses made, the need to manage 
challenging findings such as variants of unknown significance (VUS) and incidental findings (IF) also increased. We have summarized 
the current guidelines and recommendations and we have shown current solutions used in our tertiary center in the Netherlands. We 
discuss four of the most common clinical situations: fetus with normal pES results, fetus with a pathogenic finding explaining the fetal 
phenotype, fetus with a variant of uncertain clinical significance fitting the phenotype and fetus with a variant leading to an incidental 
diagnosis. Additionally, we reflect on solutions in order to facilitate genetic counseling in an NGS-era. 
Keywords: exome sequencing, genetic counseling, prenatal diagnosis, incidental findings, variants of unknown significance, VUS, IF

Introduction
The yield of genetic prenatal diagnosis has been notably improved by introducing whole genome chromosomal 
microarray (CMA) analysis, which is now recommended in all cases with structural anomalies,1 allowing an additional 
diagnostic yield as compared to karyotyping of up to 10%.2,3 Moreover, recent data suggest that the expected 
diagnostic yield of prenatal exome sequencing (pES; for the detection of single nucleotide variants [SNVs]) would 
be 8.5% in an unselected cohort and up to ~15% in fetuses with multisystem anomalies.4 Therefore, one may anticipate 
that soon pES may also be recommended as a standard diagnostic tool in all cases of fetal structural anomalies. The 
diagnostic yield is highest in fetal cases with multiple congenital anomalies (MCA), and therefore MCA is already an 
unquestionable indication for pES recognized by many professionals.5 It is well known that many syndromes have 
postnatal features that cannot be detected prenatally on routine or expert ultrasound scans, e.g., intellectual disability or 
hypotonia.6,7 In cases of a treatable anomaly, the association with or absence of intellectual disability is the most 
important information for the parents in their decision to terminate or continue the pregnancy.8 In these cases, the 
detection of a genetic cause of fetal anomalies may be of special value as a molecular diagnosis may have more impact 
on decision-making during pregnancy than the anomalies seen on the fetal scan.6,9 Several studies show a large clinical 
impact of pES in ongoing pregnancies on either decision-making potentially resulting in a termination of pregnancy or 
on pre- or perinatal management.10,11

Offering pES to an increasing number of prospective parents asks for a critical reflection on prenatal counseling 
practices. The aim of this study was to reflect on challenges in counseling prenatal genetic testing using pES. We 
formulate pragmatic solutions for prenatal genetic counseling when an ultrasound anomaly is found.

The Application of Clinical Genetics 2023:16 89–97                                                            89
© 2023 Diderich et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

The Application of Clinical Genetics                                                     Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 5 March 2023
Accepted: 19 April 2023
Published: 15 May 2023

T
he

 A
pp

lic
at

io
n 

of
 C

lin
ic

al
 G

en
et

ic
s 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-2637-9998
http://orcid.org/0000-0002-6775-6561
http://orcid.org/0000-0003-3429-6156
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


Major Challenges in pES Results
While aiming at uncovering (likely) pathogenic findings (class 4 and 5) that fit the phenotype, there is a probability of 
uncovering variants of unknown significance (VUS) and variants not explaining the phenotype when performing whole 
genome diagnostics.

VUS present a major challenge when using genome wide techniques in fetuses with incomplete phenotypes.12 When 
comparing pES to CMA, pES presents more variants, which cannot be evaluated manually. Automatic filters in 
diagnostic pipelines and analyses of restricted gene panels limit VUS detection.13 Nevertheless, it is not possible to 
avoid all VUS. When encountered, some will raise the question to report or not to report. Guidelines that specifically 
describe the prenatal settings recommend reporting (likely) pathogenic variants and only some VUS that may have 
contributed to the abnormal fetal phenotype.5,14 How to decide on VUS disclosure is often not evident and depends on 
local practice.15–17 Discussing selected VUS in a multidisciplinary team setting to ensure a supported and well-grounded 
disclosure of uncertain results has been recommended.18

Another important difficulty in pES diagnostics is the probability to encounter (likely) pathogenic variants not 
explaining the phenotype. Throughout the years various terms (i.e., incidental findings [IF], unexpected findings) have 
been used to describe these variants.

For the classification of array findings, we have proposed the term unexpected diagnoses (UDs) for pathogenic 
findings not explaining the phenotype or not matching the indication for genetic testing.19 Examples are Angelman 
syndrome in a fetus with a heart abnormality or a deletion in the DMD gene in a male fetus in a pregnancy that was tested 
because of abnormal first trimester screening.8 Van El et al propose the term unsolicited findings and recommend 
reporting those that are indicative of serious health problems and (clinically) actionable.20 Some authors use it not only to 
describe a relation with indication for testing, but also to describe the inactionability of such a finding. Berg et al 
differentiate IF that may have no direct clinical actionability from IF that may be unwelcome to many individuals.21

Klapwijk et al defined IF as pathogenic variant(s) not related to indication of testing and identified inadvertently 
(unexpected result).22 Secondary findings are defined as pathogenic variant(s) not related to indication of testing, but 
intentionally searched for as an additional analysis (next to the standard test). There are several guidelines and 
recommendation papers which advise on the management of such findings.13–15,17,20,23–25 In the Netherlands there is, 
unlike in the United States, no policy to screen for secondary findings.26,27

For the purpose of this article, we will use the term IF for actionable CNVs/SNVs unrelated to the fetal phenotype.

Recommendations for the Pre -Test Counseling According to Currently Available 
Guidelines
Guidelines on both prenatal microarray testing28–34 and prenatal whole exome sequencing5,14 underline the value of (pre- 
test) genetic counseling for genomic testing in pregnancy. Although there are some publications on pre-test counseling 
for CMA,35–41 there is limited literature on pre-test counseling for pES.42,43 In pre-test counseling, it is not only 
important to share the knowledge on the possible outcomes and limitations of the genomic test to enable deliberative 
decision-making, but it is advised5,14,15,17,23,25,28–30,32,33,44,45 to obtain informed consent including patients’ preferences 
on the possible outcomes that are going to be reported. With regard to IF, it has been recommended to offer an “opt-in” to 
have non-actionable diseases disclosed and/or an “opt-out” to abstain from disclosure of late onset actionable conditions 
that do not match the indication.13,23,46,47 Offering these options holds the premise of increasing patients’ autonomy.48,49 

The autonomy of the future child and the option of termination of pregnancy based on IF disclosure ask for specific 
recommendations on IF disclosure in the prenatal setting. So far, there is no consensus about disclosure of IF in the 
prenatal situation. Also, it is challenging to provide enough information to allow informed choices, but at the same time 
to avoid information overload as the complexity of this issue potentially restricts patients’ autonomy.49,50

Pre-test counselling for pES needs to be comprehensive for patients from all educational, religious and cultural 
backgrounds. This is best performed by trained genetic professionals who have expertise with prenatal testing.51–53 

Creating realistic expectations about the likelihood of a diagnosis and the time-frame in which a result can be obtained 
should be part of the pre-test counseling.14 It should be communicated which outcomes are to be expected, which type of 
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results can be expected, how likely they are, and which of these results will be reported.17 Specifically, limitations of the 
test should be addressed.25 pES (and CMA) do not completely cover all genes, especially if gene panels are used, and 
both can uncover variants that may not be interpretable yet. It should be explained that a normal result of pES in case of 
a mild prenatal phenotype might be reassuring for prospective parents, but does not fully exclude an underlying 
syndrome.5,7 Additionally, prospective parents should be informed about the probability of detecting an IF in order to 
“make unexpected results expected.”8 Expectations that are set in the pre-test counseling are not only crucial for the 
pregnant couples, but also helpful for the clinicians who are to convey an IF.50

Regarding uncertainty in the prenatal setting Hammond et al recommended to take time, explain everything in an 
understandable manner (in a language the couple speaks and to a level they can understand), show empathy and be 
available for additional questions during this diagnostic process as well as after diagnosis.54

These aspects have been previously identified as being important to counseling prenatal CMA.28–34 This makes it 
possible to provide one pre-test counseling for both CMA and pES. The classification with illustrative examples of 
results can be adapted from CMA counseling.19 In Table 1 we have summarized the types of CMA/ES findings and 
recommendations to report or not to report.

Pre-Test Counseling for Genomic Test in Our Practice
The most important issues that are covered by pre-test counseling are summarized in Table 2. After ultrasound imaging 
(and before or after chorion villus biopsy/ amniocentesis) in a tertiary care hospital, prospective parents with fetal 
ultrasound abnormalities are referred to a clinical geneticist specialized in prenatal genetics. Generally, the fetal medicine 
specialist/gynecologist performed simplified pre-test counseling for CMA. From 2019 onwards, based on the guidelines 
of the ISPD 2018,14 the department of Clinical Genetics in Rotterdam offers pES in the majority of prenatal ultrasound 
anomalies in addition to CMA analysis.55 A standard gene panel containing about 3400 genes associated with congenital 
abnormalities and/or intellectual disability is offered in all cases.7 pES pre-test counseling performed by a clinical 
geneticist, consists of discussing the differential diagnosis, explaining the basics of genetics and discussing the 
possibilities of genetic testing. During pre-test counseling, possible outcomes are discussed: no genetic abnormalities, 
a (likely) disease-causing variant in a gene that fits the phenotype, VUS and IF, which does not match the phenotype seen 
on ultrasound. VUS are not reported prenatally unless the multidisciplinary team deems the variant of potential relevance 
for pregnancy management or when a functional test is available (Diderich et al, manuscript under review). VUS might 
be reclassified to (likely) pathogenic findings based on additional information or increased insights over time, allowing 
a genetic diagnosis after birth.56 Re-classification of VUS to (likely) pathogenic variants after birth may cause distress in 
healthcare professionals and/or patients. This urges to address this issue sufficiently during pre or post-test counseling.

In practice, national recommendations regarding the disclosure of IF in the postnatal setting are being followed. These 
guide towards disclosure of variants associated with early onset and/or treatable disorders, while variants associated with 
an untreatable late-onset disorders are not disclosed (https://www.vkgn.org/vakinformatie/richtlijnen-en-protocollen/uit 
gebreid-dna-onderzoek-en-nevenbevindingen/). Carrier status of a recessive disease allele is revealed almost only when 
a couple has at least 25% risk of affected offspring. Patients’ preferences other than this default are discussed during pre- 
test counselling and noted on the consent form.

When discussing possible outcomes we use examples that couples can easily understand. Examples of IF that are 
disclosed by default could be a predisposition to (breast) cancer or a cardiomyopathy. Adult-onset dementia (e.g., adult- 
onset monogenic neurodegenerative disorder as CADASIL) is frequently used as an example of a non-actionable late 
onset disease which is not disclosed by default (see Table 1). Oral (and written) information is provided, before the 
prospective parent(s) give their consent.

Recently due to the COVID-19 pandemic, we have learnt that pre-test counseling by web consultation or telephone is 
feasible, brings logistic benefits and is less time consuming for both professionals and couples. Pictures of chromosomes 
and DNA were sent by mail to facilitate counseling by telephone. Therefore, consultations that do not require physical 
examination might be planned digitally.
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Table 1 Types of pES Findings, Recommendations for Reporting and Simple Examples Used in Pre-Test Counseling

Finding 
Category 

Subcategory Definition and/or Subclasses Recommendations on Reporting pES Findings 
(Prenatal Panel, Trio Analysis) 

Examples that can be used During 
Counseling 

(likely) pathogenic 

(Class 4/5) 

Causative 

findings 

Pathogenic finding explaining the phenotype or 

matching the indication 

YES CMA: 22q11 microdeletion in a proband 

with a tetralogy of Fallot 
pES: CdL in a fetus with a diaphragmatic 

hernia

UDs/IFs Pathogenic findings NOT explaining the phenotype or 

NOT matching the indication.

(a) early-onset treatable diseases
(b) early-onset untreatable diseases

(c) late-onset treatable diseases

(d) late-onset untreatable diseases 

Reporting after multidisciplinary discussion:

(a) YES

(b) YES
(c) YES

(d) NO 

CMA: b) DMD deletion in a male fetuspES: 

a fetus with a heart defect and a 

(a) variant in PAH causing phenylketonuria 
(b) variant in DMD (male fetus) 

(c) BRCA1 variant (female fetus) 

(d) NOTCH3 variant causing CADASIL

VUS (Class 3) VUS are not clinically actionable and generally should 

not be reported in a prenatal setting 

An exceptional cases might be reported after 

multidisciplinary discussion, e.g., VUS in a known gene 
matching the fetal phenotype. 

E.g., a severe metabolic disorder which 

can be investigated and treated directly 
after birth

Status for recessive 
diseases (class 5 or 

4 variant) 

(a) Autosomal 

recessive 
disorders

(b) X-linked 

disorders 

(Likely) pathogenic variants in genes associated with 
a well characterized recessive disorder 

If possible deletion/pathogenic variant on the second 

allele should be excluded

Comprehensive reporting of heterozygous recessive 
mutations is not recommended. 

YES, when matching the reason for referral 

YES, if risk for future pregnancy is ≥25% (e.g., both parents 
are carriers) 

X-linked: YES

CMA: DMD deletion in a female fetus 
pES: 

(a) pathogenic variant in CFTR gene in 

a fetus with an echogenic bowel 
(b) female fetus with a pathogenic variant 

in DMD

Incidental findings 

in parental DNA 

(class 5 or 4 
variant) 

Abnormalities found by chance, unintentionally, in 

parents of probands (not in fetus). Very seldom as 

these will be avoided by using filtering strategies. 

Reporting only after multidisciplinary discussion when 

actionable (e.g., cancer susceptibility, cardiomyopathy) and 

in concordance to the given informed consent

CMA: Mosaic Turner syndrome 

discovered during quality control of the 

array profile

Abbreviations: CADASIL, Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy; CMA, chromosomal microarray; CdL, Cornelia de Lange syndrome; pES, prenatal exome sequencing; VUS, 
variants of unknown significance.
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Post-Test Counseling in Our Practice
The results of pES are always communicated to the patient by a clinical geneticist (after discussion in a multidisciplinary 
team if relevant). When an incidental finding or VUS has been found, a multidisciplinary team reflects on the finding, 
considering patients’ preferences. The genetic variant and the related phenotype are discussed with the pregnant couple. 
When available, data on prenatal cohorts of the specific condition is discussed as the phenotypic diversity of chromo-
somal abnormalities and monogenic syndromes is larger than previously thought.

If relevant, the possibilities to continue or terminate the pregnancy are discussed again. Depending on the situation, the 
procedure of termination of pregnancy and the perceived emotional burden of terminating are explained. In addition, the 
recurrence risk and reproductive options for a next pregnancy are mentioned (briefly in anticipation of a follow up appoint-
ment). Unexpected bad news is not communicated to patients on Friday afternoon, unless further action is needed over the 
weekend (e.g., due to the legal limit of pregnancy termination) to avoid a stressful weekend prior to appropriate counseling.

In case of a normal result, it is explained to prospective parents that a genetic cause or syndrome is not completely 
excluded. Depending on the situation, it can be explained that after the child is born, new phenotypic information may 
become available urging for re-evaluation of the pES data, which may, together with new literature data, reveal 
a pathogenic finding.

Examples of Most Common Clinical Situations
1. No (likely) pathogenic pES/CMA finding explaining the fetal phenotype is found:

(a) there is no additional phenotypic information after birth, and re-classification does not lead to new informa-
tion – end of the diagnostic procedure or revision in several years

(b) there are additional phenotypic findings after birth that bring possibilities for additional diagnostic testing (e. 
g., methylation study) and/or re-analysis which could reveal a genetic cause of abnormal phenotype of the 
child

2. (Likely) pathogenic pES/CMA finding explaining the phenotype, prenatal genetic diagnosis in a future pregnancy 
is possible

Table 2 Comprehensive List of Items That are Discussed During Pre-Test Counseling for pES

Issues Discussed During Pre-Test Counseling Special Attention 

1 Discussion on the differential diagnosis for the specific ultrasound 
anomaly(ies) 

Comparison to prenatal cohorts is necessary and counseling 
solely based on postnatal biased reports is not recommended. 

2 Explain the basics of genetics (chromosomes, DNA and when 
relevant inheritance patterns (e.g., dominant, recessive, X-linked) 

If necessary recall the RAD and CMA testing that is already done 
or in progress. 

3 Discuss the potential diagnostic yield of previous tests (RAD, CMA) 
and further genetic testing

4 Offer pES testing – in our settings currently a broad panel of genes 

associated with MCA/ID (ca. 3400 genes) and discuss the possible 

outcomes:

No abnormalities: even open exome sequencing and whole 

genome CNV analysis may not find a causative variant for the 

primary indication. This does not mean there is no genetic cause 
for this primary indication due to technical limitations or 

incomplete phenotype. 

Pathogenic variant: causative or unexpected (incidental findings). 
Discuss the general policy of not reporting VUS.

5 (Written) information is provided. Consent is given by the 
prospective parent(s).

Remind patients that they may change their consent and in this 
case they need to contact the counselor.

Abbreviations: CNV, copy number variant; CMA, chromosomal microarray; MCA/ID, multiple congenital anomalies/ intellectual disability; RAD, rapid aneuploidy detection; 
VUS, variants of unknown significance.
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[e.g., in a fetus with growth restriction we found a pathogenic variant in PLAG1 associated with Silver-Russell syndrome 
4 (OMIM 618907). After careful consideration, the couple decided to continue the pregnancy.]

3. VUS: careful multidisciplinary discussion is advised

(a) no disclosure
(b) disclosure: follow up studies and future consultations should be recommended (Diderich et al, manuscript under 

review)
4. Incidental finding not matching the fetal phenotype

[e.g., In a fetus with a growth restriction we found a maternal, pathogenic variant in ATP2C1 associated with a mild 
variant of Hailey-Hailey disease (OMIM 169600).57 After disclosure of this result, the pregnant woman told us that she 
and other family members had a skin condition of which they did not know the cause. She was glad to find the cause and 
to be able to inform her family members about this and the possible treatment.]

Future Perspectives
We anticipate that, similar to CMA, pES will soon be offered in all cases (with ultrasound anomalies) in which invasive 
sampling is performed. Due to the complexity of the techniques used in prenatal genetic testing, awareness of test 
limitations and possible outcomes has become more important than before. Extensive pre-test counseling aiming at 
informed consent and understanding of the diagnostic complexity and potential (unexpected) results is highly appreciated 
by couples,54 but very time consuming. Currently, pre-test counseling for pES in the Netherlands is performed by 
a clinical geneticist. When pES is offered to all prospective parents with anomalies on fetal ultrasound, this might not be 
feasible. We reflect on several solutions, which all include specialist education on pre-test counseling and providing 
educational materials for patients:

● One pre-test counseling could be given for both CMA and pES.
● When the far majority of VUS is not reported, pre-test counseling is mainly important because of the possibility of 

IF. We have experienced that IFs are not common. The probability of uncovering an incidental finding is about 0.5% 
after CMA58 and about 1% after WES offered in postnatal settings when analyzing broad gene panels.59 The low 
probability of uncovering such finding might direct towards simplification of the pre-test counseling.

● Pre-test counseling by web consult or telephone as done in times of COVID-19 might be a first step in making pre- 
test counseling more efficient (for counselor and patient).

● The moment of providing information could be shifted. One could provide all patients who consider having an 
invasive procedure (because of ultrasound abnormalities) with a video to explain the procedure, the tests and 
possible outcomes to prepare for the pre-test counseling and informed consent.

● If all the necessary information is given through video or fetal medicine specialist, clinical geneticists could focus 
on post-test counseling. To be able to serve more patients, extensive post-test counseling by a clinical geneticist 
could be reserved for the cases in which genetic abnormalities are found as in the mentioned examples 2, 3b and 4. 
In the remaining cases (1, 3a and 4) genetic re-evaluation can be done after birth or after autopsy if the pregnancy 
was terminated (when additional information [about the development, for example] is available).

In addition, as the costs of sequencing decrease, bioinformatics and analytic capabilities improve and rapid sequencing 
becomes available, it could be considered to switch from pES/CMA approaches towards whole genome sequencing 
(WGS).51 Because of the improved ability to detect a wider range of genomic abnormalities, e.g., non-coding variants, 
this will further improve the diagnostic capabilities.51 WGS is more suitable for CNV analysis than ES, so it is likely that 
in the near future the request for CMA and pES test will be replaced by a request for prenatal genome sequencing, which 
will include both CNV and SNV analysis. Employing one test (WGS) will facilitate reducing pre- and post-test 
counseling time to one session when both CNV and SNV results are given in one final report.

https://doi.org/10.2147/TACG.S411185                                                                                                                                                                                                                                

DovePress                                                                                                                                            

The Application of Clinical Genetics 2023:16 94

Diderich et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Limitations
The presented practice of pre- and post-test counseling is the practice in our tertiary center in the Netherlands and thus 
not necessarily applicable to all healthcare systems and cultural contexts.

Conclusions
While pES increases the diagnostic yield in cases of fetal ultrasound abnormalities, it also increases the chance of 
uncovering VUS and variants not explaining the phenotype. Addressing these issues in pre-test counseling is highly 
recommended. Available guidelines and our practice are presented to enable pre- and post-test counseling. We recom-
mend performing post-test counseling in all cases and discussing the residual genetic risk and the possibility of future 
reclassifications, when new literature and phenotypic data become available.
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