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Same performance of exome sequencing before and after fetal
autopsy for congenital abnormalities: toward a paradigm shift
in prenatal diagnosis?
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Prenatal exome sequencing could be complex because of limited phenotypical data compared to postnatal/portmortem
phenotype in fetuses affected by multiple congenital abnormalities (MCA). Here, we investigated limits of prenatal phenotype
for ES interpretation thanks to a blindly reanalysis of postmortem ES data using prenatal data only in fetuses affected by MCA
and harboring a (likely)pathogenic variant or a variant of unknown significance (VUS). Prenatal ES identified all causative variant
previously reported by postmortem ES (22/24 (92%) and 2/24 (8%) using solo-ES and trio-ES respectively). Prenatal ES identified
5 VUS (in four fetuses). Two of them have been previously reported by postmortem ES. Prenatal ES were negative for four
fetuses for which a VUS were diagnosed after autopsy. Our study suggests that prenatal phenotype is not a limitation for
implementing pES in the prenatal assessment of unsolved MCA to personalize fetal medicine and could influence indication of
postmortem examination.
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INTRODUCTION
Congenital abnormalities (CA) occur in 2–5% of pregnancies and
are the main cause of perinatal death (20–25%) [1]. Detecting
CA, especially to identify genetic disorders that affect fetal
prognosis, is one of the biggest challenges in prenatal care [2].
Current prenatal genetic assessment of fetal malformations
based on standard karyotype and chromosomal micro-array
analysis (CMA) identifies chromosomal abnormalities and
pathogenic copy number variants (CNV) in approximately 20%
and 6% of cases, respectively [3]. Identification of the causal
genetic abnormalities is required for diagnosis; to adapt
prenatal/perinatal management according to the prognosis;
and to provide genetic counseling for the current pregnancy,
and any subsequent pregnancies [4]. In negative cases (about

70%), the management is limited due to remaining challenges
relative to genetic counseling [5].
In the last decade, several studies have highlighted the

contribution of next-generation sequencing, particularly exome
sequencing (ES), in the investigation of postnatally suspected
monogenic diseases, with a mean diagnostic yield of approxi-
mately 40% [6]. The use of ES to investigate CA was progressively
extended from postmortem to prenatal diagnosis. It has been
illustrated that the diagnostic yield seems to be lower than for
other postnatal indications (i.e intellectual disability), with an
overall diagnostic yield of approximately 20%. However, the
diagnostic value of pES in CA should no longer be controversial,
with a diagnostic yield greater than the additive value of CMA
relative to karyotype [3]. However, a high variation has been
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reported (from 2 to 71%) depending on the series’ inclusion
criteria and the methodology used [4, 7, 8].
Although the diagnostic yield of prenatal ES (pES) appears to be

lower, running prenatal genetic tests allows parents to obtain
additional information about the disease and prognosis, and may
influence pregnancy outcome and future family planning [9].
Implementation of pES in clinical practice could be limited by cost,
turnaround time, interpretation based on a “partial” fetal
phenotype [4], incidental findings, and management of variants
of unknown significance (VUS).
In case of lethal CA, postmortem phenotype, mostly report in

clinical databases, with potential additional information provided
by prenatal imaging, is considered as the reference for genetic
investigations. It could be reconsidered by improvement of
prenatal imaging, parental reluctance for postmortem examina-
tion and development of genomic medicine.
To investigate limits of prenatal phenotype for ES interpretation,

we compared results of ES analyzed using prenatal data only
versus postmortem clinical data.

MATERIAL AND METHODS
Affected cases
We performed an ancillary study from the collaborative French cohort
including 95 fetuses with lethal and unsolved multisystemic CA
investigated by postmortem solo-ES (NCT02512354-FOETEX) [10]. Briefly,
fetuses included after termination of pregnancy (TOP), intrauterine or
neonatal death, had at least two congenital malformations and no
etiological clinical diagnosis after fetal examinations and current investiga-
tions (CMA, targeted sequencing). For the present study, we included all
fetuses with a likely pathogenic or a pathogenic (LP/P) variant or a VUS
identified by postmortem solo-ES. In the FOETEX study, clinical data
available for the ES analysis were almost exclusively from the postmortem
examination, the family history and the risk factors (consanguinity,
previous TOP, intrauterine fetal death…); prenatal data were not detailed.
Parents provided written informed consent and the study was approved
by the local ethics committee.

Prenatal clinical data and ES analysis
We retrospectively collected all prenatal data in a standardized phenotyp-
ing report, especially fetal imaging reports (ultrasound, CT-scan, MRI),
biological investigations (Down syndrome screening, tests performed on
chorionic villus sampling or amniotic fluid), risk factors (toxic or work-
related exposure…) and obstetrical diseases. Prenatal data were compiled
in a standardized report by a specialist in fetal imaging without knowledge
of the pregnancy outcome.
ES data were blindly reanalyzed by biologists that did not have

previously participated in the initial ES analysis based on fetal autopsy. pES
analysis was performed using a sequential approach: first, a solo-pES
analysis to limit costs, using the multistep methodology previously
described by Lefebvre et al., and second a trio-ES (trio-pES) for negative
cases. To compare pES and postmortem ES, the analysis of pES data was
made thanks to the pipeline previously used for the original study
(Lefebvre et al.,) without updating of annotation and databases. Candidate
variants were multidisciplinary discussed and classified following the
American College of Medical Genetics and Genomics recommendations
[11]. Secondary and incidental findings were not allowed.

RESULTS
A total of 32 fetuses (17 males, 15 females) were included, involving
24 cases with a causal diagnosis and eight cases harboring a VUS
after postmortem solo-ES. Clinical data are summarized in Table 1.
Solo-pES identified a LP/P variant in 22 fetuses, all of them

previously identified by postmortem ES (Table 1).
Subsequent trio-pES identified the causal diagnoses for the two

last cases solved by postmortem ES (F.10 and F.17), increasing the
diagnostic yield from 92% (22/24) to 100%, and 5 VUS in 4 fetuses.
For F.25 with a phenotype suggestive of a congenital bone
disorder, a VUS in INPPL1 and COL1A1 was respectively identified
by prenatal and postmortem ES. For two cases with a syndromic

congenital diaphragmatic hernia, pES identified a VUS in LRP2, not
reported by postmortem ES, and associated for one case with a
RLIM variant (previously diagnosed). Discrepancies between
prenatal and postmortem VUS are summarized in Table 2.
Following our stepwise strategy, pES was negative for four fetuses
with VUS identified by postmortem ES (Fig. 1).

DISCUSSION
We report the first pilot study comparing the performance of ES
for multisystemic CA before and after fetal autopsy.
In our series, trio-pES was completely concordant with

postmortem ES for LP/P variant, either typical or atypical
phenotype. Considering variability of fetal phenotype, trio-pES
should be systematically favored. However, when parental DNA is
not available, solo-pES could be an alternative with a highly
concordance with postmortem ES (92%). Our data suggest that
the prenatal phenotype, although limited, is not a limitation for
interpretation of pES in case of multisystemic CA.
The implementation of pES in standard care would change the

practice of prenatal diagnosis and require a highly specialized
multidisciplinary team for prenatal imaging, interpretation of
genetic variants and validation by phenotype-genotype correla-
tion. During pregnancy, reverse-phenotyping using additional
imaging or biological tests could be necessary to corroborate
diagnosis in case of a LP/P variant or confirm, or not, causality of
VUS, one major challenge of pES (4 to 32%) [12, 13]. Discrepancy
between VUS considered by prenatal and postmortem analysis
could be explained by poor phenotype-genotype correlations,
limited in-silico prediction scores for selected variants, and clinical
features included in nonspecific phenotype. Contrary to persona-
lized postnatal medicine, there are no guidelines for reporting VUS
from pES [11]. The uncertainty and limitations in prenatal
counseling, and the large spectrum of adverse consequences
must be considered carefully [9]. Therefore, we suggest to only
considered VUS in OMIM genes with a high potential for clinical
significance and if complementary tests are available to reclassify
variant. Finally, for negative pES, reanalysis of ES using additional
data provided by longitudinal pregnancy follow-up could lead to a
diagnosis that was initially not considered. Currently, postnatal
and postmortem clinical data of genetic disorders are mainly
reported in clinical databases. The lack of specific database
reporting prenatal data limits the development of the genomic
prenatal medicine. It is now essential to develop them.
Implementation of pES and increase of prenatal data may

influence indications of postmortem examinations. While fetal
autopsy provides additional features in around 70% of cases, but it
influences in only 25% of cases. In a large majority of cases, added
value of fetal autopsy is limited with a total agreement with
prenatal imaging or minor additional features in 45% and 30% of
procedures respectively [14]. The implementation of whole-
genome analyses should encourage us to reconsider the additive
value of fetal autopsy. This is consistent with our results that show
similar efficiency of trio-pES and postmortem ES. When pES
identify LP/P variant in typical phenotypes, autopsy could be
reconsidered because of no added value for genetic counseling.
Conversely, postmortem examination remains essential in nega-
tive pES, VUS or atypical ultrasound phenotype secondary to a LP/
P variant to look for additional phenotypic arguments and/or
perform complementary etiological investigations on fetal tissues
different from amniotic or fetal blood. New approach of fetal
autopsy, based on virtual autopsy with or not or minimal invasive
sampling, could be considered according to the prenatal
phenotype [15]. These options should reduce parent’s reluctance
and improve genetic counseling.
Previously offered after the pregnancy, implementation of pES

may have a major clinical utility for patients and medical
teams. Without diagnostic failure, our data suggest that offering
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pES does not limit the genetic counseling. However, the limits of
ES (identification of structural, noncoding/epigenetics variations or
repeat expansions) must be considered according to the fetal
phenotype and common related disorders [16]. According to fetal
phenotype, the timing of genetics tests offered should consider
parental wishes following the pre-test counseling. pES also
improves the prenatal prognostic assessment and help parents
in decision-making about pregnancy outcome (termination or
continuation of the pregnancy). It is also a key factor for medical
teams about acceptance of late TOP in some countries or
customization of perinatal care: adjustment of monitoring,
planning delivery, and neonatal care (resuscitation, specific
medications, palliative care…) [17]. pES appears as a powerful
tool for personalized fetal medicine [18].
In conclusion, pES could now be extensively implemented in

clinical practice to investigate MCA with a similar effectiveness
than postmortem ES. A trio strategy should be favored. This study
also leads to reconsider the practices of fetal autopsy when pES
identify a causal etiological diagnosis.
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