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ABSTRACT

Objective: Ultrasound findings of fetal edema may provide early evidence of a genetic disorder. Our objective was to evaluate
the frequency and diagnostic yield of sequencing in a selected population after a non-diagnostic microarray result for fetal
edema.

Method: Fetal edema (nuchal translucency > 3.5 mm, cystic hygroma, hydrops, other types) cases referred for genetic testing
(2014-2022) were identified in our laboratory information system. Chart review confirmed associated ultrasound findings,
findings from other imaging or pathology, multidisciplinary review, and genetic test utilization. Descriptive analyses determined
diagnostic yields.

Results: There were 114 fetal edema cases with a non-diagnostic microarray result. Multidisciplinary review occurred in 79
(83%) cases, with targeted genes, gene panels, and/or exomes performed in 51 (54%) cases based on clinical assessment. Di-
agnoses were made in 17 (34%, with 59% providing a recurrence risk of > 25%). RASopathy testing and exomes (with selective
criteria) resulted in diagnostic yields of 18.5% and 41.2%, respectively. The highest diagnostic yields were in cases with fetal
hydrops and other types of fetal edema (restricted to one body cavity).

Conclusion: Review of additional testing beyond CMA in this cohort did not attempt to assess the overall yield of sequencing;
instead, the study used a selected approach in which cases of fetal edema underwent further testing beyond CMA. In cases with
cystic hygroma or increased nuchal translucency, RASopathy panel sequencing provides a good diagnostic yield, and should be
offered as standard of care with CMA. Correlation of new and developing prenatal and postnatal findings, along with multi-
disciplinary team review, may inform additional testing, counseling and pregnancy management options, and is particularly
important to consider in cases presenting with non-immune fetal hydrops.

| Introduction growth restriction, fetal demise and developmental delay. Ge-

Fetal edema comprises conditions such as increased nuchal
translucency (NT), cystic hygroma (CH), fetal hydrops, or iso-
lated fetal edema, such as ascites, pleural or pericardial effusions,
or skin edema. It is associated with a broad differential diagnosis
and a range of outcomes, including normal variation, genetic
disorders, congenital infections, structural abnormalities, fetal

netic etiologies for prenatal ultrasound findings of fetal edema
have been described using a variety of methodologies [1-9]. The
diagnostic yield for rapid aneuploidy detection (RAD), karyo-
type, and chromosomal microarray analysis (CMA) following
ultrasound findings of increased NT, CH, fetal hydrops, or iso-
lated fetal edema is 30%-40% [5]. Sequence-based testing can
provide an incremental diagnostic yield of 30% [4, 10, 11].
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Summary

o What is already known about this topic?

o Fetal edema is associated with a broad range of eti-
ologies, including underlying genetic disorders.

o Following non-diagnostic rapid aneuploidy detection
(RAD) and chromosomal microarray analysis (CMA)
results, next-generation sequencing (NGS) may
identify additional causative variants.

o The incremental diagnostic yields with sequence-
based testing have an important contribution to
clinical counseling and management.

o What does this study add?

o Population-based comprehensive genome diagnostics
and perinatal data.

o Diagnostic yields of sequence-based testing using
selective clinical criteria for cases with hydrops were
improved in a clinical practice setting compared with
reported studies.

o Timely access to prenatal ultrasound and the clinical
value of multidisciplinary teams have the potential to
effectively provide patients with earlier diagnoses and
appropriate NGS testing.

The current study is a population-based retrospective cohort
evaluation of all fetuses that had genetic testing done for a
prenatal ultrasound finding of non-specific fetal edema, and was
designed to evaluate the use and yield of sequence-based testing
following non-diagnostic testing results for RAD and CMA. This
study involved a review of clinical data already available in a
population-based genomics laboratory information system and
health records, including consultant, laboratory, and imaging
reports. Specifically, the objectives were to assess the use of
targeted gene panels and exome analysis in cases of fetal edema,
to determine the diagnostic yield of this testing based on
selected clinical criteria, to examine the clinical value of review
by multidisciplinary teams, and to clarify the specific fetal
edema indications (increased NT, CH, non-immune hydrops, or
other types of edema restricted to one body cavity) that would
benefit best from sequence-based methods in a low resource
clinical practice setting, to optimize counseling and manage-
ment for patients.

2 | Methods

Data from the IWK Health Clinical Genomics Laboratory In-
formation System (CGLIS) in Halifax, Nova Scotia, was com-
bined with health records review from January 1, 2014 to
December 31, 2022 to conduct a retrospective, population-based
cohort study. The CGLIS performs or coordinates all publicly
funded genetic testing in the Canadian Maritime Provinces
(including Nova Scotia, New Brunswick and Prince Edward
Island) for anomalies detected by fetal ultrasound, and securely
stores cytogenetic and molecular genetic information related to
testing indications, types of samples, and testing results.

For the duration of the study, RAD (QF-PCR for common
aneuploidy), karyotype (during earlier years of the study), and
CMA (for causative copy number variants, CNV) comprised

first-tier genetic testing at IWK Health, with sequence-based
testing (genes, gene panels, or exomes) offered for selected
cases meeting the specific testing criteria developed collabora-
tively by IWK Health Maritime Medical Genetics and Clinical
Genomics services. Testing criteria during the study period at
IWK Health included a standard 17-gene RASopathy panel for
NT greater than 5 mm, single gene or gene panels based on
assessed clinical phenotype, and exomes based on one or more
of the following findings: two or more affected organ systems,
progressive clinical course, and recurrence of phenotype in a
subsequent pregnancy. Following review of ultrasound findings
of fetal edema and structural anomalies, patients have the op-
portunity for consultation with the Medical Genetics service,
who offer additional sequence-based testing within the clinical
presentation and the IWK laboratory criteria; for ongoing
pregnancies during the study period, referral to the Medical
Genetics service was required to access the opportunity for ge-
netic testing beyond assessment for aneuploidy.

All fetal samples with abnormal ultrasound findings of fetal
edema (chorionic villus sampling (CVS), amniocentesis, fetal
blood, and products of conception (POC)) were identified by
CGLIS, as well as cord blood or newborn samples within
4 weeks of delivery, based on prenatal fetal ultrasound detection
of fetal edema with or without structural anomalies. Genetic
testing using RAD, karyotype and CMA was done in-house. For
gene sequencing, testing was done at either locally or through
accredited commercial referral laboratories. A panel was
restricted to one or more genes, while exome analysis involved
phenotype-driven testing. Single genes and small gene panels,
such as RASopathy, were performed in-house, whereas larger
gene panels (> 200 genes) and exomes were performed by
referral laboratories. Classification of variants for testing done
locally followed the America College of Medical Genetics
(ACMG) criteria [12], and for other testing, classification was
done according to the referral laboratory procedure. The clini-
cians involved in the care of the patient provided interpretation
of the variants as clinically relevant pathogenic variants or
variants of uncertain significance.

Findings of fetal edema included cases with NT > 3.5 mm, CH,
hydrops, and other types of fetal edema restricted to one body
cavity (such as ascites, effusions, or skin edema). Eligible sam-
ples were those identified by the CGLIS as having undergone
RAD and CMA and had non-diagnostic results; health records
review was performed for information on patient demographics,
such as maternal age and gestational age at initiation of fetal
testing, multidisciplinary review (including consultation and
counseling with Medical Genetics service, Maternal Fetal
Medicine, and other relevant subspecialists as needed, such as
cardiology, neurosurgery, orthopedics), associated ultrasound
findings and findings from other imaging modalities, autopsy,
newborn examination, and the results of genetic testing.

A descriptive analysis of the study population was performed and
evaluated the number of genetic tests and the diagnostic yield of
causative microarray and single gene variants in a cohort of fe-
tuses with edema, as well as the clinical collaboration with a
multidisciplinary team. Chi-square (or similar test for small
numbers) and t-test statistical analyses were performed (for cat-
egorical and continuous variables, respectively, significance set at
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P <0.05) using Open Epi (Version 3.01, 2013). Aggregate cell sizes
< 5were suppressed to protect patient privacy in compliance with
local data management principles. IWK Health Research Ethics
Board approval was obtained IWK REB Project #1024606).

3 | Results

The CGLIS identified 593 prenatal and neonatal cases eligible
for chromosomal microarray testing after non-diagnostic RAD
results, based on prenatal detection of structural abnormalities,
127 of which involved fetal edema as a primary feature
(Figure 1). Cases with anemia and congenital infections were
previously excluded. The majority of samples tested were from
CVS, amniocentesis, fetal blood, and POC (103/114, 90.4%). Of
these 127 cases, 13 (10.2%) had a diagnostic CMA result and 105
(82.6%) participated in a multidisciplinary review either before
or after CMA testing. Table 1 summarizes the demographic
characteristics of the study population, grouped by presentation
type (increased NT, CH, hydrops, or other types of fetal edema).
Sixteen (61.5%) other types of fetal edema had skin edema. A
difference in mean maternal age was noted for cases presenting
with increased NT (p = 0.04) and hydrops (p = 0.047), but not
CH or other types of fetal edema (p > 0.05), compared to the
overall mean maternal age. Cases with increased NT were less
likely to be associated with nulliparity (p = 0.01), compared to
overall nulliparity, with no differences noted for CH, hydrops,
or other types of fetal edema (p > 0.05). There was no difference
in mean body mass index (BMI) in any of the groups compared
with overall BMI (p > 0.05). The mean gestational age at the

Ultrasound anomalies
+
non-diagnostic RAD
n=593

Fetal edema
n=127

time of initiating genetic testing was 19.0 weeks overall, with
lower gestational ages for cases with increased NT and CH, and
with higher gestational ages for cases presenting with hydrops
and other types of fetal edema (p < 0.001 for all groups)
compared to the overall gestational age. One or more structural
anomalies were present in 55/127 (43.3%) cases of fetal edema,
the majority of which were cardiac and/or renal anomalies, and
were more commonly seen in cases with hydrops (51.6%) and
other types of fetal edema (69.2%) compared to the total
(p = 0.01 and p < 0.001, respectively).

Table 2 summarizes the yield of diagnostic microarray results,
participation in multidisciplinary review, and additional
sequence-based testing among fetal edema cases according to
presentation group. Overall, 10.2% of cases had a diagnostic
CMA result; there was no difference in diagnostic yield in each
of the groups of fetal edema compared to the total (p > 0.05),
although cases presenting with other types of fetal edema had a
clinically lower diagnostic yield (3.9%). Multidisciplinary re-
view, including consultation with the Maritime Medical Ge-
netics Service, occurred in 82.7% of the cases overall; those
presenting with increased NT were more likely to undergo
multidisciplinary review compared to the total (p < 0.01), while
those cases with fetal hydrops were less likely to undergo
multidisciplinary review compared to the total (p < 0.01); there
was no difference for CH and other types of fetal edema
(p > 0.05). A total of 95 cases that did not have a diagnostic
CMA result underwent multidisciplinary review and assessment
for additional sequence-based testing. Overall, 51 of these cases
(53.7%) had additional sequence-based testing ranging from

Fetal edema
Diagnostic CMA +
n=13 non-diagnostic CMA
n=114
|
I I [ I
Increased NT Cystic hygroma Hydrops Other types of fetal
_ edema*
n=37 n=25 n=27 n=25

RAD = rapid aneuploidy detection, CMA = chromosomal microarray analysis, NT = nuchal translucency, *other types of
fetal edema restricted to one body cavity (such as ascites, effusions, or skin edema)

FIGURE 1 | Flow diagram determination of study population, IWK health clinical genomics laboratory information system, 2014-2022.
RAD = rapid aneuploidy detection, CMA = chromosomal microarray analysis, NT = nuchal translucency, *other types of fetal edema restricted

to one body cavity (such as ascites, effusions, or skin edema).
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TABLE 1 | Summary characteristics of the study population, 2014-2022.
Increased Cystic Hydrops Other? Total
NT n =41 hygroma n = 29 n =31 n =26 n =127
Mean maternal age (SD), range 33.0 (4.6), 32.2 (5.2), 29.0 (5.4), 29.7 (4.1), 31.1 (5.2),
24-42 20-38 18-42 23-38 18-42
Nulliparous, % 25.6 44.4 35.7 52.0 40.7
Mean BMI (SD), range 25.0 (4.7), 25.4 (4.9), 28.0(9.5), 27.4 (7.7), 26.2 (6.6),
19-38 19-34 17-51 18-49 17-51
Mean GA at testing (SD), range 15.0 (2.2), 15.0 (2.7), 24.0 (7.7), 24.4 (6.2), 19.0 (6.8),
12-21 12-21 13-40 17-40 12-40
One or more structural anomalies, % 31.7 27.6 51.6 69.2 433

Abbreviations: BMI = body mass index, GA = gestational age, NT = nuchal translucency, SD = standard deviation.
#Other types of fetal edema restricted to one body cavity (such as ascites, effusions, or skin edema).

TABLE 2

| Diagnostic microarray copy number variants (CNV), multidisciplinary review, and additional genetic testing among fetal edema cases

undergoing genetic testing, IWK health clinical genomics laboratory information system, 2014-2022.

Hydrops “Other Total

Increased NT n =41  Cystic hygroma n = 29 n=31 n=26 n=127
One or more structural anomalies, % 22.0 27.6 58.1 73.1 52.0
Diagnostic CMA result, % 9.8 13.8 12.9 3.9 10.2
Multidisciplinary review, % 95.1 86.2 64.5 80.8 82.7
Additional sequence-based testing, %" 36.1 76.2 66.7 50.0 53.7

Abbreviations: CMA = chromosomal microarray analysis, NT = nuchal translucency.

2Other types of fetal edema restricted to one body cavity (such as ascites, effusions, or skin edema).
The denominator for additional sequence-based testing is based on those seen in a multidisciplinary review with diagnostic CMA results that did not provide a diagnosis.

targeted single genes, targeted gene panels, and exomes. Addi-
tional testing was higher in cases presenting with CH
(p < 0.001) and hydrops (p = 0.01), but not with increased NT or
other types of fetal edema (p > 0.05); additional testing with
increased NT was clinically lower than in the other groups. For
those cases undergoing additional testing, aside from cases with
increased NT where structural anomalies may have been more
difficult to detect, 84% of testing was done in the context of fetal
phenotype, including the presence of structural anomalies,
consistent with established institutional testing criteria during
the study period.

Supporting Information S1: Table 1 summarizes the targeted
sequence-based testing used in the study. Table 3 summarizes
the types of additional sequence-based genetic testing that were
performed, categorized by fetal edema group, following a CMA
result that was non-diagnostic; in 12 cases (24% of tested sam-
ples), more than one additional sequence-based test was per-
formed. A RASopathy gene panel was the most frequently used
sequence-based test, performed for 27 cases, representing 53.0%
of all cases having additional testing. RASopathy testing was
used more often in the setting of increased NT (33.3%) and CH
(42.9%), while other types of fetal edema (5.0%) less commonly
had RASopathy testing. There was no difference in the types of
additional sequence-based testing in cases presenting with fetal
hydrops (27.8% for all). Other targeted sequencing included
single genes (9 cases) and defined gene panels (10 cases) based
on the presenting phenotype, the most common of which was
the fetal arthrogryposis/akinesia panel. Targeted testing other
than the RASopathy panel was rarely used in cases presenting
with increased NT (5.6%), and more consistently used in the

setting of CH (23.8%), hydrops (27.8%), and other types of fetal
edema (35.0%). Exome analysis was used in 18 cases (20%)
overall, either as an initial sequencing test (10 cases) or after
other sequencing (8 cases).

Table 3 also shows the diagnostic yields according to type of
sequencing test (RASopathy panel, other targeted gene/panel
sequencing, and exome analysis) and total diagnostic yields of
additional sequence-based testing. Supporting Information S1:
Table 2 summarizes the gene variants that were considered
diagnostic. In this study, exome analysis included 9 singleton
exomes and 9 trio or quad exomes with parental samples
(including, e.g., samples from a second affected fetus in the case
of quad analyses); it was a clinical practice setting where both
parents were not always available for trio analysis, or where the
geneticist had made a clinical decision to proceed only with a
singleton analysis. For those cases tested following review by the
Maritime Medical Genetics Service because of a non-diagnostic
CMA result, higher diagnostic yields were observed more
frequently for cases presenting with hydrops (50.0%) and other
types of fetal edema (50%), and less frequently for increased NT
(7.7%) and CH (31.3%). While RASopathy testing did not provide
a diagnosis for cases with other types of edema, a diagnosis was
provided by RASopathy panel testing in 7.7% of cases presenting
with increased NT, 12.5% with CH, and 16.7% with hydrops
(relative to the total number of RASopathy panel tests performed,
n = 27). Targeted single genes or gene panels other than RAS-
opathy infrequently provided a diagnosis for cases presenting
with increased NT (0%), CH (6.3%), or hydrops (8.3%), and more
frequently provided a diagnosis for cases presenting with other
types of fetal edema (30%, p < 0.001 compared to both CH and
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TABLE 3

| Additional sequence-based testing and exome analysis after non-diagnostic microarray analysis (CMA) results and diagnostic yields

from additional genetic testing among fetal edema cases undergoing genetic testing, IWK health clinical genomics laboratory information system,

2014-2022.
Increased NT Cystic hygroma Hydrops #Other
n =36 n=21 n=18 n=20
One or more structural anomalies, % 25.0 33.3 61.1 85.0
Additional sequence-based testing, %° 36.1 77.2 66.7 50.0
RASopathy testing 333 42.9 27.8 5.0
Other targeted sequencing® 5.6 23.8 27.8 35.0
Exome analysis 2.8 23.8 27.8 30.0
n=13 n =16 n=12 n=10
One or more structural anomalies, % 30.8 43.8 58.3 90.0
Diagnostic yields from additional testing, %" 7.7 313 50.0 50.0
RASopathy testing 7.7 12.5 16.7 0
Other targeted sequencing® 0 6.3 8.3 30.0
Exome analysis 0 12.5 25.0 20.0

Abbreviations: CMA = chromosomal microarray analysis, NT = nuchal translucency.

2Other types of fetal edema restricted to one body cavity (such as ascites, effusions, or skin edema).
®The denominator for additional sequence-based testing is based on those seen in a multidisciplinary review with CMA results that did not provide a diagnosis.

“Other targeted sequencing included targeted single genes and defined gene panels.

9The denominator for additional sequence-based testing is based on the cases that had additional testing performed.

hydrops). Testing by exome analysis provided a diagnosis in
12.5% of cases with CH, 25.0% of cases with hydrops, and 20% of
cases with other types of edema.

4 | Discussion

The current study evaluated the use of sequence-based testing
following a non-diagnostic microarray result, for different pre-
sentations of fetal edema detected by prenatal ultrasound, in a
low-resource clinical practice setting. During the study time
frame, CMA and sequence-based testing were offered for cases
based on clinical phenotype and/or family history meeting
specific institutional testing criteria.

Most cases of fetal edema accessed multidisciplinary review,
including consultation with the IWK Health Maritime Medical
Genetics Service, either before or after CMA, with additional
sequence-based testing providing diagnostic yields comparable
to published literature. A RASopathy gene panel was the most
frequently used sequence-based test in the study cohort.
Sequence-based testing had the highest diagnostic yield in cases
of fetal hydrops and other types of fetal edema restricted to one
body cavity compared with increased NT or CH.

The current study demonstrated diagnostic yields from addi-
tional sequence-based testing, including RASopathy testing,
other targeted sequencing, and exome analysis, for cases pre-
senting with either increased NT > 3.5 (7.7%) or CH (31.3%) that
are similar to recent published literature. RASopathies are
common genetic causes of fetal edema; prenatal findings are not
specific but may include increased NT, CH, hydrops, pleural
effusions, and polyhydramnios [13, 14] While additional struc-
tural anomalies may be present, 20% of fetuses found to have
RASopathies have isolated fetal edema on ultrasound. In a

systematic review and meta-analysis, Makhamreh et al. [15]
demonstrated that the rate of RASopathy diagnoses among cases
with non-immune fetal hydrops with a genetic diagnosis was
23% following non-diagnostic RAD and CMA results, while in a
review of fetuses with NT > 3.5 mm, a RASopathy panel pro-
vided a diagnosis in 1.44% [5]. Current literature shows that a
limited gene panel for RASopathies with fetal edema has a
diagnostic yield of 9%-30% following non-diagnostic RAD and
CMA results, although limited gene panels may not typically be
part of a standardized assessment for fetal edema [4, 15, 16]. The
current study demonstrated a similar diagnostic yield for
RASopathies, including 16.7% for cases presenting with fetal
hydrops and 7.7% and 12.5% for those presenting with increased
NT and CH cases, respectively. The higher yield for increased
NT and CH in the current study is likely due to the institutional
testing criteria during the study period (i.e., RASopathy testing
was primarily used in the setting of NT greater than 5 mm),
resulting in a smaller subset of cases eligible for sequence-based
testing than has been examined in the literature.

Beyond RASopathy testing, reports in the literature of other
sequence-based testing using targeted single genes or gene
panels to investigate fetal edema were rare, and were more
likely to evaluate associated findings (such as arthrogryposis/
akinesia) [17]. Low diagnostic yield of targeted gene sequencing
other than RASopathy testing was also demonstrated in the
current study, and did not provide a diagnosis for cases pre-
senting with increased NT (case numbers were also small).
However, in the context of typical clinical practice, exomes
performed for cases meeting specific criteria, which included
the presence of fetal anomalies, provided high diagnostic yields
comparable to those in published literature. A recent systematic
review investigating increased NT in the early first trimester
showed a high prevalence of chromosomal, genetic and struc-
tural abnormalities in fetuses with persistent and resolved
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increased NT, and in particular, they demonstrated that diag-
nostic yields with exome sequencing for single gene disorders
with increased NT were 7.6% [18]. Studies have shown diag-
nostic yields for exome sequencing to be low in cases of isolated
increased NT > 3.5 mm (1.8%-4.8%) [5, 19, 20], but significantly
higher for increased NT in the presence of additional structural
anomalies (17%-37.5%) [10, 19, 20]. Another study [21]
demonstrated a diagnostic yield of 34.3% using exome analysis
for NT thickening > 95th percentile and CH; however, this was
in a selected subgroup of ongoing pregnancies, including the
possibility of other structural abnormalities. In the current
study, exome analysis was restricted to specific institutional
testing criteria; thus, for increased NT, exome testing was rare,
and no diagnostic variants were reported.

Prospective and meta-analysis information in the literature
related to non-immune fetal hydrops with or without concur-
rent anomalies demonstrated diagnostic yields from exome
sequencing ranging from 17% to 50% [3, 4, 9, 22, 23]. Gulrajani
et al. [10] also demonstrated diagnostic yields for fetal hydrops
(26%) and single compartment effusions (22%) in their pro-
spective study with exome sequencing. With lower rates of
multidisciplinary review for cases with fetal hydrops (and
potentially less opportunities for sequence-based testing), the
current study demonstrated similar diagnostic yields from
exome analysis in cases with fetal hydrops and other fetal edema
(33% and 20% respectively), and higher diagnostic yields when
including RASopathy testing and other targeted sequencing as
well as exome sequencing (50% and 50%, respectively).

Collaboration with and assessment by multidisciplinary teams
with genetic testing is a recognized and valued resource [24-26].
While a high percentage of cases of increased NT, CH and other
cases of fetal edema were reviewed by multidisciplinary teams
in the current study, cases with fetal hydrops were less likely to
have had this involvement (64%), despite the finding that this
group had the highest diagnostic yields from additional
sequence-based testing. This is likely a consequence of later
timing of diagnosis of hydrops and subsequent pregnancy loss
(spontaneous or induced) that may have resulted in these cases
undergoing genetic testing at autopsy; local protocol for fetal
genetic testing in the setting of demise with hydrops includes
CMA as a standard test, but additional sequence-based testing
requires consultation with the medical genetics service.
Importantly, access to this service may facilitate postnatal phe-
notyping genetic reanalysis as variants are further defined,
which can provide additional information about etiologies and
recurrence risk. A key recommendation by the Canadian Col-
lege of Medical Geneticists [27] in the care of pregnant patients
in Canada included comprehensive access to consultation with
the medical genetics service, which was identified as an area of
improvement in our population.

The current study employed data from a population-based data
source to assess the diagnostic yield of sequence-based testing
following a non-diagnostic CMA result. It demonstrated higher
diagnostic yields than those reported in the literature in some
groups of fetal edema (hydrops, and other types of fetal edema)
based on clinical presentation; this may be attributed to the fact
that testing was representative of a clinical practice setting with

testing requested based on clinical phenotype within the limits
of laboratory testing criteria during the study period. The
medical genetics team that provides service to Nova Scotia and
the other Maritime provinces is based at IWK Health. Limita-
tions included a small amount of missing data from health re-
cord review, particularly for those cases not from Nova Scotia.
In addition, the differences in mean maternal age and gesta-
tional age at genetic testing likely represented the challenges in
universal access to dating ultrasounds, NT assessment, and the
timing of the clinical presentation of fetal hydrops and other
cases of fetal edema.

5 | Conclusion

In the context of fetal edema, the presence of additional clinical
features can inform appropriate genetic testing strategies to
optimize diagnostic results. This study showed that sequencing
of a RASopathy gene panel and whole exomes has a high
diagnostic yield in cases with non-specific findings of increased
NT, CH, or hydrops following a non-diagnostic CMA result.
This testing is therefore warranted for such cases, and targeted
RASopathy gene panel testing should be offered in parallel with
CMA if exome analysis cannot be offered due to limited health
care resources, or until there is a clear indication for performing
exome analyses. Correlation of new and developing prenatal
and postnatal findings, along with multidisciplinary team re-
view, may inform additional testing, counseling and pregnancy
management options, and is particularly important to consider
in cases presenting with non-immune fetal hydrops.
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