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ARTICLE

Prenatal Variants of Uncertain Significance (VUS): to report or
not to report?
Maayke A. de Koning 1, Malgorzata I. Srebniak 2, Esther J. Oldekamp3, Denise Hahn1, Karin E. M. Diderich 2,
Hennie T. Bruggenwirth 2, Gijs W. E. Santen 1, Mariëtte J. V. Hoffer 1 and Manon Suerink 1✉

© The Author(s), under exclusive licence to European Society of Human Genetics 2025

Prenatal Exome Sequencing (pES) has a significant diagnostic yield but time pressure and limited phenotypic information make
interpretation of Variants of Uncertain Significance (VUS) more challenging than in a postnatal setting. We share our experiences of
prenatal reporting of highly suspicious VUS. We retrospectively analyzed pregnancies in which VUS identified by pES were reported
to parents during pregnancy in two Dutch academic medical hospitals. During the study period, 31 VUS in 28 genes were reported
in 27 pregnancies. Cases were assigned to one of five groups based on consistency of prenatal phenotypes with gene-associated
diagnoses. The implications of VUS included clinical evaluation of parental carriers (N= 4), additional screening of proband (N= 2),
influencing parental decision-making (N= 11) and/or prompting confirmatory testing (N= 10). Reanalysis with currently available
data resulted in reclassification of seven variants, five of which were upgraded to (likely) pathogenic. Although we do not
recommend routine disclosure, our data suggest that prenatal reporting of VUS can be valuable in exceptional cases. Stringent
selection was applied and only a minority of reported VUS was reclassified as (likely) pathogenic. Therefore, a careful individual
assessment of each VUS case remains imperative and multidisciplinary meetings should be an integral part of prenatal VUS
management.

European Journal of Human Genetics (2025) 33:1300–1308; https://doi.org/10.1038/s41431-025-01924-8

INTRODUCTION
An extensive genetic diagnostic workup should be offered when a
fetal anomaly is detected, since a genetic diagnosis can significantly
impact prognosis. Several years ago, prenatal genetic testing mainly
consisted of techniques to detect chromosomal aberrations. Today,
the application of Next Generation Sequencing-based (NGS)
detection of single nucleotide variants (SNV) in routine prenatal
care offers a high diagnostic yield (8–14%) when chromosome and/
or Copy Number Variant (CNV) analysis are normal [1–3]. In a
previous study [4] involving a majority of cases in which early
diagnosis was vital for pre- or perinatal interventions and parental
decision making, we demonstrated the significant clinical impact of
prenatal Exome Sequencing (pES). However, the higher resolution
of NGS inevitably leads to detection of Variants of Uncertain
Significance (VUS), which laboratory specialists, clinicians and
patients find particularly challenging to interpret, especially in view
of short turnaround times (TAT) and incomplete information
regarding fetal phenotype. Detecting VUS is now a commonly
encountered challenge, with a systematic review estimating rates as
high as 8% of identifying VUS with pES [5]. Current international
guidelines [6–9] offer little assistance when dealing with prenatal
VUS, only stating that some laboratories may choose to report VUS
and that this possibility should be discussed with patients during
pre- and post-test counseling.
The common goal of diagnostic tools is to provide parents with

a clear prognosis or to potentially offer some reassurance when

genetic testing is negative. The detection of a variant with an
uncertain pathogenicity may inadvertently increase parents’
anxiety. Although studies suggest that parents prefer to receive
as much information as possible concerning their unborn child
[10], reporting uncertain results in a prenatal setting still divides
healthcare professionals regarding whether the beneficence of
increased autonomy outweighs the maleficence of increased
uncertainty [11]. In this report, we describe our experiences of
reporting highly suspicious (‘hot’) VUS in a prenatal setting and
validate a previously published flowchart [12] as a useful tool for
navigating challenging variants.

MATERIALS AND METHODS
In the Netherlands, offering pES is now part of the routine diagnostic
workup in pregnancies with congenital anomalies suspected of an
underlying Mendelian disorder. If no Non-Invasive Prenatal Test (NIPT)
was performed, aneuploidies were first excluded before initiation of pES.
CNV analysis was done in parallel with pES. Details on laboratory
procedures can be found in the Supplementary materials. During pretest
counseling, the possibility of an uncertain result was discussed with
patients. Class 3 variants, classified according to the American College of
Medical Genetics and Genomics [13] (ACMG) criteria, are generally not
reported in the prenatal setting by the two participating genomic
laboratories. However, some VUS seem highly suspicious due to matching
phenotype, strong in silico predictions of pathogenic effect in combination
with de novo appearance and/or very low frequency in population

Received: 20 February 2025 Revised: 20 June 2025 Accepted: 28 July 2025
Published online: 21 August 2025

1Department of Clinical Genetics, Leiden University Medical Center, Leiden, the Netherlands. 2Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, the
Netherlands. 3Department of Medical Ethics and Health Law, Leiden University Medical Center, Leiden, the Netherlands. ✉email: m.suerink@lumc.nl

www.nature.com/ejhg

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-025-01924-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-025-01924-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-025-01924-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-025-01924-8&domain=pdf
http://orcid.org/0000-0003-0557-7530
http://orcid.org/0000-0003-0557-7530
http://orcid.org/0000-0003-0557-7530
http://orcid.org/0000-0003-0557-7530
http://orcid.org/0000-0003-0557-7530
http://orcid.org/0000-0003-3429-6156
http://orcid.org/0000-0003-3429-6156
http://orcid.org/0000-0003-3429-6156
http://orcid.org/0000-0003-3429-6156
http://orcid.org/0000-0003-3429-6156
http://orcid.org/0000-0003-2637-9998
http://orcid.org/0000-0003-2637-9998
http://orcid.org/0000-0003-2637-9998
http://orcid.org/0000-0003-2637-9998
http://orcid.org/0000-0003-2637-9998
http://orcid.org/0000-0003-4303-8896
http://orcid.org/0000-0003-4303-8896
http://orcid.org/0000-0003-4303-8896
http://orcid.org/0000-0003-4303-8896
http://orcid.org/0000-0003-4303-8896
http://orcid.org/0000-0003-1959-3267
http://orcid.org/0000-0003-1959-3267
http://orcid.org/0000-0003-1959-3267
http://orcid.org/0000-0003-1959-3267
http://orcid.org/0000-0003-1959-3267
http://orcid.org/0000-0002-1812-7670
http://orcid.org/0000-0002-1812-7670
http://orcid.org/0000-0002-1812-7670
http://orcid.org/0000-0002-1812-7670
http://orcid.org/0000-0002-1812-7670
http://orcid.org/0000-0001-7058-6973
http://orcid.org/0000-0001-7058-6973
http://orcid.org/0000-0001-7058-6973
http://orcid.org/0000-0001-7058-6973
http://orcid.org/0000-0001-7058-6973
https://doi.org/10.1038/s41431-025-01924-8
mailto:m.suerink@lumc.nl
www.nature.com/ejhg


databases, but with insufficient arguments to reach class 4 (likely
pathogenic). In case of a highly suspicious class 3 variant, reporting is
discussed in a multidisciplinary meeting that includes at least clinical
geneticists and laboratory specialists. Other clinical specialists or ethicists
may be involved if deemed necessary. When consensus is reached, a ‘hot’
VUS is reported in exceptional cases.
We retrospectively analyzed all consecutive pregnancies in which a ‘hot’

VUS identified by pES was reported to parents during pregnancy in two
hospitals:

1. Leiden University Medical Centre (LUMC): all prenatally-reported
VUS from first implementation of pES in 2017 to 2023 were included
(N= 24 cases, out of N= 552 pES cases in total).

2. Erasmus Medical Centre (EMC): to avoid overlap with previous
publications [12] only prenatally-reported VUS from 2022 and 2023
were included (N= 3 cases, i.e. cases 11, 18 and 27, out of N= 495
pES cases in total).

Cases in which structural variants were detected in addition to VUS were
excluded from this report. A waiver of approval was obtained from the
Medical Ethics Committee of both centers (LUMC nWMO‐D4‐2023‐004,
EMC 2024-0435).

RESULTS
In total, 31 variants in 28 genes were reported in 27 cases during
the study period. All case details are provided in Supplementary
table 1, while phenotype and genotype data are summarized in
Table 1, with inheritance categories visualized in Fig. 1 and a color-
coded overview of all cases in Fig. 2 (based on Shi et al. [14]). For
discussion of the variants, cases were grouped based on a
(potential) link between the gene-associated diagnosis and the
ultrasound anomalies.

Well-established consistency of gene-associated diagnoses
with fetal phenotypes
In 10 cases, VUS were detected in genes that matched the fetal
phenotypes. Cases 1 and 2 involved compound heterozygous
variants in the genes DNAH11 (OMIM 603339) and GDF1 (OMIM
602880), respectively. Both genes are associated with ciliopathies
and both pregnancies were characterized by congenital heart
defects (CHD). In case 1, the parents continued the pregnancy
because they felt reassured by a result that was not associated
with neurodevelopmental delay (NDD). The parents in case 2
chose termination of pregnancy (TOP) mainly based on the
severity of ultrasound anomalies. In cases 3 and 4, pES detected
biparental homozygous variants. In case 3, the NUP155 (OMIM
606694) VUS possibly explained fetal cardiac arrhythmia, and an
association of NUP155 with cardiomyopathy is an indication for
continued postnatal cardiac screening. At follow-up at age 7
months, the proband required medication for arrhythmia, thus
increasing the likelihood of this variant being pathogenic. In case
4, the identification of a VUS in SLC12A6 (OMIM 604878) would
only partly explain the phenotype if pathogenic. In addition, a
single individual in GnomAD was present with this homozygous
variant and aged over 50 years, making pathogenicity of this
variant less likely. In this case the parents chose TOP based mainly
on ultrasound anomalies, with the VUS playing no role in the
decision. A hemizygous FAM50A variant (OMIM 300453) was
detected in case 5. Pathogenic variants in FAM50A lead to an
X-linked recessive intellectual development disorder with possible
cleft lip. In cases 6-9, heterozygous variants in genes associated
with autosomal dominant inheritance were identified, all inherited
from asymptomatic parental carriers. Cases 6 and 7 involved the
genes IFIH1 (OMIM 606951) and LZTR1 (OMIM 600574), which are
primarily associated with NDD in addition to congenital anomalies.
Since functional validation of variants in cases 5 and 6 performed
during pregnancy showed no effect on protein, and extended
segregation analysis identified the hemizygous FAM50A variant in
the asymptomatic maternal grandfather, the chances of

pathogenicity decreased significantly. Parents felt reassured
because of this information and both pregnancies were con-
tinued. The pregnancy with the LZTR1 variant was continued
without additional options to further classify the variant. At age
16 months this proband displayed normal development and no
characteristics of Noonan syndrome (OMIM 616564). Cases 8 and 9
were affected by CHD for which VUS in TAB2 (OMIM 605101) and
CRELD1 (OMIM 607170), respectively, may be explanatory. Cardiac
imaging of parental carriers was advised, which was normal in
both cases. Pregnancies were continued and both probands show
normal cognitive and motoric development, although in case 9
the proband has a mild language development delay which is
attributed to frequent ear infections. A de novo variant in EP300
(OMIM 602700) was identified in case 10, a fetus showing CHD.
This gene has been linked to several conditions including
Rubinstein-Taybi syndrome (MIM#613684) and this additional
uncertainty led the parents to opt for TOP. Postnatal dysmorpho-
logical examination did not give sufficient confirmation to
reclassify the variant.

Possible phenotypic consistency of gene-associated diagnoses
with fetal phenotypes
In five cases, variants were detected in genes with associated
diagnoses that bore similarities to the ultrasound anomalies but
were not identical. In two cases (11, 12), variants in MYH6 (OMIM
160710) were detected in pregnancies affected by hypoplastic left
heart syndrome (HLHS). As MYH6 is associated with cardiomyo-
pathy and possible atrial septal defects, HLHS could be a yet
undescribed phenotypical expansion or might have contributed to
the phenotype. In either case, this was an indication for cardiac
ultrasound screening of parental carriers. In case 11, the father
suffered from coarctation aortae and bicuspid aortic valve, with
several other family members harboring the variant and showing
a variety of cardiac abnormalities. The proband passed away
7 weeks after birth due to complicated surgical correction. In case
12 the parents did not undergo cardiac ultrasound but they
nevertheless felt reassured that this result supported the notion of
an isolated anomaly, and at age 2.5 years the proband shows
normal development with mild microcephaly (–2.5 SD). In case 13
a paternally inherited variant in ROBO2 (OMIM 602431) was
identified, which is associated with vesicoureteral reflux. The fetus
showed multicystic kidney dysplasia and the father had unilateral
kidney agenesis. The paternal grandparents underwent a kidney
ultrasound that showed no abnormalities but they were not tested
for the ROBO2 variant. The parents were reassured by the paternal
phenotype and thus continued the pregnancy.
In two more cases a de novo variant was detected. In case 14,

ultrasound showed a ventricular septal defect and pES identified a
variant in CUL3 (OMIM 603136), a gene predominantly associated
with NDD and possibly with congenital heart disease. This
additional uncertainty led the parents to opt for TOP. A de novo
VUS in PTCH1 (OMIM 601309), which is associated with Gorlin
syndrome (OMIM 109400), was detected in case 15. This fetus had
megalencephaly, while macrocephaly is part of the known
phenotypic spectrum of Gorlin. Other congenital anomalies
associated with Gorlin syndrome were ruled out during an
ultrasound. At age 4 years this proband shows gross motoric
developmental delay with autistic features and macrocephaly,
with follow-up management based on a suspicion of Gorlin
syndrome.

Case reports describing possible consistency of gene-
associated diagnoses with fetal phenotypes
In four cases, VUS were reported in genes for which a matching
OMIM phenotype was not yet well established, but literature at
the time of reporting suggested (either by single case reports or
by preclinical models) that the gene might be responsible for the
fetal phenotype. Case 16 concerned compound heterozygous
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likely truncating VUS in LDB3 (OMIM 605906). Heterozygous
missense variants in this gene are associated with (cardio-)
myopathy, but homozygous knock-out mice show a severe form
of congenital myopathy [15]. Because of the likely severity of this
diagnosis, the parents chose TOP. Postpartum functional valida-
tion tests [16] and collection of additional cases supported
pathogenicity. Case 17 concerned a monochorionic twin preg-
nancy in which both fetuses were affected by similar brain
anomalies and both carried compound heterozygous variants in
DMRTA2 (OMIM 614804). Bi-allelic variants in this gene have
previously been described in a single family with severe prenatal
brain abnormalities [17]. At 2.5 years of age both probands suffer

from severe microcephaly (-5SD) accompanied by NDD among
other issues. In case 18, a de novo variant in FOXH1 (OMIM
603621) was identified. The ultrasound anomaly was an atrioven-
tricular septal defect with suspected isomerism, consistent with
several case reports describing CHD in relation to FOXH1 [18]. The
parents chose TOP mainly based on the ultrasound anomalies. In
case 19, a de novo heterozygous VUS in MYH10 (OMIM 160776)
was detected in a fetus presenting with ventriculomegaly. Since
this gene has been implicated in brain anomalies including septo-
optic dysplasia [2, 19], the proband was tested postpartum but
showed no further anomalies. She has a drain and shows normal
development at the age of 1 year.

Fig. 1 Inheritance of VUS (N= 31 variants). AD autosomal dominant, AR autosomal recessive, (L)P (likely) pathogenic, VUS Variants of
Uncertain Significance, XLR x-linked recessive.

Fig. 2 Pregnancy outcome, follow-up and reclassification of VUS (N= 27 cases and 31 variants). A Cases with heterozygous inherited VUS
from parental carriers (N= 7 cases), B Cases with de novo, hemizygous or bi-parental VUS (N= 20 cases). Refer to legend for color-coding of
consistency of the gene-associated diagnosis with the fetal phenotype, for pregnancy outcome, for follow-up and for reclassification of VUS
using 2015 American College of Medical Genetics and Genomics criteria. Asterisk indicates twin pregnancy (both twins affected). (L)B (likely)
benign, (L)P likely pathogenic, TOP termination of pregnancy, VUS Variants of Uncertain Significance.
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Increased nuchal translucency as main phenotypic feature
In four cases with increased nuchal translucency (NT), VUS were
reported in genes related to NDD characterized by intellectual
disability with or without congenital anomalies. Since increased
NT is a non-specific finding confined to prenatal detection, and
many postnatal syndromes do not yet have a well-described
prenatal presentation, at the time of reporting it was unknown
whether these findings could match the fetal phenotype but all
seemed to possibly be relevant information for parents. In case 20,
a maternally inherited hemizygous variant was found in PHF8
(OMIM 300560), which turned out to segregate in the unaffected
maternal grandfather after reporting. No additional structural
anomalies associated with this possible diagnosis were detected
during additional prenatal ultrasound. At age 3 years, the proband
has unilateral microtia with hearing loss and mild hypotonia.
Functional validation of this variant was inconclusive. In cases 21-
23, de novo variants were reported in the genes HECW2 (OMIM
617245), U2AF2 (OMIM 191318) and BPTF (OMIM 601819),
respectively. Parents of all three cases stated they chose TOP
based on the uncertain prognosis of the VUS. In case 23, postnatal
dysmorphic features fitting the BPTF variant were seen, thus
solidifying this diagnosis.

Inconsistency of gene-associated diagnoses with fetal
phenotypes
VUS in genes thus far unrelated to the fetal phenotype were
identified in six cases. These included treatable metabolic
disorders in cases 3 and 24, in which biparental variants were
identified in IVD (OMIM 607036) and UQCRC2 (OMIM 191329),
respectively. The pathogenicity of the IVD variant (case 3, in
addition to the previously described homozygous VUS in NUP155)
is yet to be validated since levels of isovaleric acid need to be
measured during fever. Case 24 was tested for metabolic acidosis
immediately postpartum, which proved negative, thus decreasing
the likelihood that the variant is pathogenic. At age 6 the proband
shows facial dysmorphic features with mild NDD.
A de novo variant was reported in two cases. In case 25 this

involved a variant in EPHB4 (OMIM 600011), which is associated
with arteriovenous malformations, that was absent from popula-
tion databases and had strong pathogenic prediction scores.
Parents of case 25 opted for termination due to the added
uncertainty of the EPHB4 VUS and because possible cerebral
arteriovenous malformations could not be reliably assessed
prenatally during an extra ultrasound. This variant was reported
in addition to a concurrent diagnosis of Greig Cephalopolysyn-
dactyly syndrome (OMIM 175700), which explained the ultrasound
anomalies. In case 26, a variant in TNRC6A (OMIM 610739) was
reported, a gene associated with epilepsy and possible develop-
mental delay (patients ascertained through GeneMatcher [20]). No
prenatal validation was possible for either variant. Parents of case
26 were relieved that the detected variant was not associated with
lethal or very severe conditions, and thus decided to continue the
pregnancy. Delivery was complicated with perinatal asphyxia
without any detectable cerebral damage, and the proband shows
mild NDD at age 1 year.
In two other cases the reported variants may influence the risk

of recurrence. In case 18, a maternally inherited hemizygous
variant in ABCD1 (OMIM 300371) associated with adrenoleukody-
strophy (OMIM 300100), was reported in addition to a VUS in
FOXH1. The ABCD1 variant showed abnormal enzymatic activity,
confirming pathogenicity. In case 27, a maternally inherited
variant in LTBP4 (OMIM 604710) was reported, together with a
paternally inherited likely pathogenic LTBP4 variant that causes
cutis laxa. Additionally, bi-parental pathogenic variants associated
with Zellweger syndrome (OMIM 614862) were identified in PEX6
(OMIM 601498), concordant with ultrasound anomalies of fetal
hydrops. Together these findings led the parents to opt for TOP.

Variant reclassification and flowchart validation
All variants were reevaluated based on ACMG [13] criteria with
additional recommendations and practice guidelines [21–23],
current literature, new database entries and postnatal phenotype.
Seven variants could be reclassified of which five variants were
upgraded to (likely) pathogenic and two downgraded to likely
benign. For case 4, updated genome databases (GnomAD version
4.1.0 for GRCh38) now showed an allele frequency greater than
expected for the disorder, allowing conclusive reclassification to
likely benign. For case 5, in vivo testing using zebrafish models
showed no abnormalities [manuscript in preparation]. By contrast,
five variants (cases 9, 16, 18 and 19) were upgraded to likely
pathogenic based on information from international databases,
recent publications or confirmatory functional validation tests.
A flowchart previously published by Diderich et al. [12] offers

guidance on when to report highly suspicious prenatal VUS. The
most important factor in this chart is whether a variant is found in
a gene with an associated phenotype that matches the fetal
phenotype. Flowchart use was suitable for the first three
categories, (i) a well-established phenotypic consistency (N= 10
cases), (ii) a possible phenotypic consistency (N= 5 cases) or (iii)
single case reports (N= 4 cases). Of the six reported variants that
had no gene-associated consistency with the detected fetal
phenotypes, treatment (cases 3, 24, 25 and 27) and/or rapid
functional validation (cases 3, 18 and 24) was possible in five
cases, which justifies reporting of these variants to parents
according to the flowchart. The flowchart does not advise
reporting VUS in cases where increased nuchal translucency was
the main phenotypic feature (N= 4). When strictly applying
flowchart criteria retrospectively, only one of those four cases
qualified for reporting (case 20; due to validation by extended
segregation analysis). Based on flowchart criteria, four variants
overall would not have been reported (cases 21–23 and 26).

DISCUSSION
With the increasingly routine application of ES during pregnancy,
the issue of whether to report VUS or not is becoming
progressively relevant. Our study shows that guidelines for
reporting VUS prenatally are not easy to establish due to
incompleteness of fetal phenotypes and limited time to conduct
confirmatory (functional) testing. Although we do not recommend
routine VUS disclosure, both academic hospitals encountered
about three cases per year, in which suspicious VUS were reported
prenatally after careful multidisciplinary consideration. Family
segregation, functional validation tests and/or postnatal screening
were done when possible, to minimize the burden of uncertainty.
Although stringent selection criteria were applied and many
follow-up tests were performed, only a minority of reported VUS
could be re-classified to (likely) pathogenic which is in line with
previous literature on CNV-analysis [14]. Based on currently
available resources, five variants in four cases could be upgraded
to (likely) pathogenic (16%). Postnatal functional testing allowed
upgraded reclassification of the hemizygous variant in case 16 and
both compound heterozygous variants in case 18. In case 9 and
19, updated international databases (e.g. ClinVar [24] and ClinGen
[25]) and recently published literature allowed upgraded classifi-
cation. Parents opted for TOP in two of these cases, once because
of the added uncertainty of the VUS (case 16) and once mainly
because of the severity of the ultrasound anomalies (case 18).
Contrarily, two variants were downgraded to (likely) benign (6%)
because of updated population databases showing an allele
frequency greater than was expected for the disorder (case 4) or
because in vivo functional testing showed no abnormalities (case
5). Parents of case 4 opted for termination due to the severity of
the ultrasound anomalies. The results of the negative functional
validation testing in case 5 were available before the Dutch legal
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limit of TOP (24 weeks of gestational age) and thus parents felt
reassured to continue the pregnancy.
We also re-evaluated a previously published flowchart aimed at

aiding decision making on reporting of prenatal VUS [12].
Reporting the aforementioned VUS was supported by this
flowchart in most cases. In four cases, we felt we had valid
arguments at the time of detection to deviate from the flowchart.
All four variants were de novo and the concerning genes were
associated with developmental delay and intellectual disability
syndromes. Ultrasound anomalies of these cases were nonspecific
(increased nuchal translucency in cases 21–23 and craniosynos-
tosis in case 26) and validation of variants was not possible. Many
known genetic syndromes do not (yet) have well-defined prenatal
phenotypes, some phenotypic features, such as NDD, are
impossible to establish prenatally, and many phenotypes may
not have fully developed complicating the assessment of potential
neonatal dysmorphic features [26]. Because of this, it can be
difficult to confidently discard a potential link between a variant
and the detected ultrasound anomalies. This means the ACMG
[13] ‘Pathogenic Strong 2’ (de novo) criterion, which is only valid
when the patient’s phenotype matches a gene-disease association
with reasonable specificity [27], is difficult to apply in a prenatal
setting and might sometimes be applied more leniently than
postnatally by some laboratories. We suggest to specifically
explicate the application and the potential consequences of
different interpretations of this criterion for the prenatal setting, so
variant classification can be considered with all available evidence
when application of this criterion would lead to upgrading.
Although we do not condone reporting VUS in genes

associated with adult-onset conditions as incidental findings, the
term ‘incidental finding’ did not encompass the uncertainty of
inconsistent gene-associated diagnoses with fetal phenotypes.
Since de novo variants are more difficult to interpret by default,
we recommend discussing de novo variants in genes associated
with pediatric-onset of disease in multidisciplinary team meetings
between at least laboratory specialists and clinical geneticists to
assess potential pathogenicity, causality and whether it would be
desirable to report the variant based on case-specific character-
istics such as parental preferences and perspectives and severity
of the ultrasound anomalies. Whether or not to actually report the
variant should thus be assessed on a case-by-case basis. Even
though the ACMG criteria improve the process of variant
classification, it remains sensitive to subjective interpretations,
because it relies on criteria that are not always quantifiable. The
probability of pathogenicity of suspicious VUS might in some
cases not even be much lower compared to variants that barely
meet the criteria to be classified as likely pathogenic.

Ethical considerations
Prospective parents generally want as much information as
possible about their unborn child [10, 28–30] but feel ill-
prepared when receiving uncertain results, leading to uncertainty
and anxiety. It is a difficult balance between adopting a
paternalistic approach that seeks to avoid harm by withholding
information that parents may not be equipped to deal with versus
an approach that emphasizes reproductive autonomy through full
disclosure. However, the question remains whether reproductive
autonomy actually increases when uncertainty is increased. A
request model – in which VUS are disclosed only upon active
request by parents after detailed pretest counseling [31] – is
proposed by healthcare professionals working in prenatal genetics
[11, 32]. Adequate pretest counseling of parents is therefore
imperative, and should discuss not only possible DNA outcomes
but also parental preferences regarding the extent of shared
information as well as their ability to cope with uncertainty.
Another important factor is whether a variant is ‘actionable’ [33],

meaning that potential consequences ‘can be acted upon’ by
adjusting pre- or postnatal clinical management. A list of

‘actionable fetal findings’ was recently proposed [34], in which
the authors defined ‘actionable’ as disorders with available or
emerging fetal therapies, and those with improved outcomes
following clinical detection in the first week of life (such as case 3
in our cohort). Although controversial, in the prenatal setting one
could argue that a choice for termination may be considered
‘actionable’. We indeed observed that information concerning a
VUS can be of added value to parents who desire comprehensive
information on their unborn child’s prognosis. However, anxiety
levels resulting from uncertain results were not objectively
assessed in this study. The considerations of reporting prenatal
VUS should be carefully weighed in each case, especially because
of the potential harm for a couple that took a decision based on
an uncertain pES result, if this variant is subsequently reclassified
to (likely) benign. Generally however, decisions regarding TOP
were highly personal and dependent on each parents’ specific
situation. The added value of information on a ‘hot’ VUS for those
considering TOP varies and is influenced by the type of variant,
the associated phenotype and the degree of specificity of the
match with the fetal phenotype.
Furthermore, the implications of reporting VUS on subsequent

pregnancies should be taken into account. If pathogenicity is later
proven, VUS may enable reproductive options such as prenatal
invasive genetic testing or preimplantation genetic testing (such
as in cases 16 and 18). However, there is no consensus on the
implications of variants that could not be reclassified. Practice
even differs between the two participating centers where one
center does facilitate prenatal testing in future pregnancies for the
VUS after careful counseling. After all, when a VUS is suspicious
enough to report during pregnancy and for parents to opt for
termination in some cases, it seems consistent to allow prenatal
testing in subsequent pregnancies after careful counseling
unless the variant is reclassified to likely benign or became
less suspicious in light of new information acquired through
follow-up. In the other center, prenatal invasive testing of VUS is
not an option, which is in line with common practice for
postnatally identified VUS. This dilemma underlines the impor-
tance of postmortem physical examination after TOP to gain
additional information that might aid reclassification of the
variant.

CONCLUSION
To conclude, our experiences of reporting highly suspicious VUS in
a prenatal setting highlighted challenges regarding variant
classification, and raised ethical issues concerning prospective
parents’ choices and the role of healthcare professionals in
deciding on what to report. Although we do not recommend
routine disclosure, our data suggest that prenatal reporting of VUS
can be valuable in exceptional instances, but individual assess-
ment of each VUS case is imperative and multidisciplinary
meetings should be an integral part of prenatal VUS management.
Stringent selection was applied and only a minority of VUS was
reclassified as (likely) pathogenic (16%). The burden of uncertainty
should be balanced with the likelihood of reclassification of
variants in the near future, also taking into account parental
specific preferences as discussed during pretest counseling. We
therefore advocate that both parents’ and clinicians’ perspectives
regarding VUS should be included in future research and that the
clinical follow-up of live born children with prenatally-detected
VUS as well as postmortem examination following TOP should be
intensified to improve current guidelines.
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