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ABSTRACT

Objective: To estimate the incremental yield of detecting pathogenic or likely pathogenic diag-
nostic genetic variants (DGV) by whole exome sequencing (WES) over standard karyotype and
chromosomal microarray (CMA) analyses in fetuses with isolated increased nuchal translucency
(NT) and normal fetal anatomy at the time of 11-14 weeks scan.

Materials and Methods: Medline and Embase databases were searched. Inclusion criteria were
fetuses with NT >95™ percentile, normal karyotype and CMA and no associated structural anoma-
lies at the time of the 11-14 weeks scan. The primary outcome was to estimate the incremental
yield of detecting pathogenic or likely pathogenic genetic variants by WES over standard karyo-
type and CMA analyses in fetuses with isolated increased nuchal translucency. The secondary out-
comes were the detection of a genetic variant of unknown significance. Sub-analysis according to
different NT cutoffs (between 3.0 and 5.5 mm and > 5.5 mm) and considering fetuses with isolated
NT in which fetal anatomy was confirmed to be normal at the anomaly scan were also performed.
Random effects model meta-analyses of proportion were used to analyze the data.

Results: Eight articles (324 fetuses) were included in the systematic review. Of the fetuses with
negative standard karyotype and CMA analysis, the 8.07% (95% Cl 5.4-11.3) had pathogenic or
likely pathogenic genetic variants detected exclusively by WES. When stratifying the analysis
according to NT cutoffs, genetic anomalies detected exclusively at WES analysis were found in
44.70% (95% Cl 26.8-63.4) of fetuses with NT between 3.0mm and 5.5mm and 55.3% (95% Cl
36.6-73.2) in those fetuses with NT >5.5mm and positive WES results. The 7.84% (95% Cl 1.6—-
18.2) had variants of unknown significance identified by WES. When considering fetuses with
isolated increased NT and normal fetal anatomy at the anomaly scan, the rate of pathogenic or
likely pathogenic genetic variants detected by WES was 3.87% (95% Cl 1.6-7.1), while variants
of unknown significance were detected in 4.27% (95% Cl 2.2-7.0) of cases.

Conclusions: Pathogenic and likely pathogenic genetic variants detected by WES are present in
a significant proportion of fetuses with increased NT but normal standard karyotype and CMA
analysis, also when no anomalies are detected at the anomaly scan. Further large studies shar-
ing objective protocols of imaging assessment are needed to confirm these findings and to elu-
cidate which gene panels should be assessed in fetuses with isolated increased NT to rule out
associated genetic anomalies, which may potentially impact post-natal outcomes.

ARTICLE HISTORY
Received 30 April 2022
Revised 13 March 2023
Accepted 15 March 2023

KEYWORDS

Nuchal translucency; WSE
Prenatal diagnosis; normal
karyotype; systematic
review

Introduction

Assessment of nuchal translucency (NT) at the time of
11-14 weeks scan represents an important part of first-
trimester screening for chromosomal anomalies.
Increased NT, defined as >95th percentile, is associated
with a large variety of chromosomal and structural

anomalies, mainly cardiac [1]. On this basis, pregnancy
presenting with increased fetal NT should be counseled
about the possibility of undergoing invasive prenatal
diagnosis. Of note, a significant proportion of fetuses
with increased NT have clinically significant microdele-
tions or duplications detected only at chromosomal
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microarray analysis (CMA), making this mandatory when
assessing the genetic risk of these fetuses [2].

More recently, next-generation sequencing, includ-
ing whole exome sequencing (WES), a genomic
technique for sequencing the protein-coding regions
of genes in a genome, has improved the identification
of genetic disorders in fetuses with structural
abnormalities.

Despite that, it has still to be fully elucidated
whether fetuses with increased NT and no additional
structural anomalies at the time of the 11-14 weeks
scan should also undergo WES analysis, apart from the
standard karyotype and CMA assessment. Most of the
published studies and systematic reviews combined
cases affected by other anomalies as well as, making
extrapolation of objective evidence difficult [3,4].

The aim of this systematic review was to estimate
the incremental yield of detecting pathogenic or likely
pathogenic genetic variants by WES over standard
karyotype and CMA analyses in fetuses with isolated
increased NT.

Materials and methods

This review was performed according to a protocol
designed a priori and recommended for systematic
review [5]. Medline and Embase databases were
searched electronically on 25™ April 2022, utilizing
combinations of the relevant medical subject heading
(MeSH) terms, key words, and word variants for
“Nuchal translucency” “WES” and “genetic variants”.
Reference lists of relevant articles and reviews were
hand searched for additional reports. PRISMA guide-
lines were followed [6].

Inclusion criteria were fetuses with isolated
increased NT, defined as above >95th percentile, nor-
mal fetal karyotype and CMA and normal fetal anat-
omy at the 11-14 weeks’ scan.

The primary outcome was to estimate the incre-
mental yield of detecting pathogenic or likely patho-
genic genetic variants by WES over standard
karyotype and CMA analyses in fetuses with isolated
increased nuchal translucency.

The secondary outcomes were:

e Genetic variant of unknown significance

e Pathogenic or likely pathogenic genetic variants
according to different NT cutoffs (between 3.0 and
5.5mm and > 5.5 mm respectively).

Furthermore, we aimed to ascertain the explored
outcomes in fetuses with isolated NT in which fetal

anatomy was confirmed to be normal later on at the
anomaly scan.

Pathogenic, likely pathogenic genetic variants and
those of unknown significance were defined according
to the joint consensus recommendation of the
American College of Medical Genetics and Genomics
and the Association for Molecular Pathology [7].

Only studies including fetuses with increased fetal
nuchal translucency, normal standard karyotype and
CMA analysis undergoing WES were considered suit-
able for inclusion [1,3,8-15]. Studies including fetuses
with other anomalies, those without recorded NT
measurement and those assessing only WES analysis
in specific sub-group of conditions, such as hydrops,
fetal growth restriction or pregnancies at higher risk
of genetic anomalies due to family history were
excluded [16-18]. Two authors (RDG, SA) reviewed all
abstracts independently. Agreement regarding poten-
tial relevance was reached by consensus with a third
reviewer (GR). Full-text copies of those articles were
obtained, and the same two reviewers independently
extracted relevant data. Inconsistencies were discussed
and the consensus was reached, or the dispute was
resolved by discussion with senior authors (FDA).

Only full-text articles were considered eligible for
inclusion. Conference abstracts and single case reports
were excluded to avoid publication bias. Quality
assessment of the included studies was performed
using the Newcastle-Ottawa Scale (NOS) for cohort
studies [19]. According to NOS, each study is judged
on three broad perspectives: the selection of the study
groups; the comparability of the groups; and the
ascertainment of the outcome of interest. Assessment
of the selection of a study includes the evaluation of
the representativeness of the exposed cohort, selec-
tion of the non-exposed cohort, ascertainment of
exposure and the demonstration that the outcome of
interest was not present at the start of the study.
Assessment of the comparability of the study includes
the evaluation of the comparability of cohorts based
on the design or analysis. Finally, the ascertainment of
the outcome of interest includes the evaluation of the
type of assessment of the outcome of interest, length
and adequacy of follow-up. According to NOS, a study
can be awarded a maximum of one star for each num-
bered item within the selection and outcome catego-
ries. A maximum of two stars can be given for
comparability [20].

We used random effects model of proportions to
analyze the data. Tests for funnel plot asymmetry
were not used when the total number of publications
included for each outcome was less than ten. In this



case, the power of the tests is too low to distinguish
chance from real asymmetry. Statistical heterogeneity
among studies was assessed by the inconsistency
index 1%, Heterogeneity was categorized as: null for
I> = 0%, minimal for I < 25%, low for 25 < * < 50%,
moderate for 50 < > < 75% and high for > > 75%.

All analyses were performed using StatsDirect
(StatsDirect Ltd. 2013) and Comprehensive Meta-
Analysis (Biostat, Englewood, NJ 2013) statistical
software.

Results

The literature search yielded 383 results; 22 articles
were identified, 13 were assessed with respect to
their eligibility for inclusion and 8 studies were
included in the systematic review (Table 1, Figure 1,
Supplementary Table 1). The other studies were
excluded based on the inclusion of only fetuses with
anomalies or lack of information on NT results. The
included studies included 324 fetuses with negative
CMA and karyotype undergoing WES analysis. The
studies by Lord et al. and Petrovsky et al. [10,11]
were excluded from the pooled analysis of the pri-
mary outcome because they included cases already
reported in the studies by Mellis et al. In detail, it
includes all the Lord and Petrovski cases plus add-
itional previously unreported cases, thereby increas-
ing the sample [8].

The results of the quality assessment of the
included studies using the Newcastle-Ottawa Scale
(NOS) are presented in Table 2. The included studies
showed an overall good score regarding the selection
and comparability of the study groups, and for ascer-
tainment of the outcome of interest.

Table 1. General characteristics of the included studies in the
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Of the fetuses with negative standard karyotype
and/or CMA analysis, 8.07% (95% Cl 5.4-11.3) had
pathogenic or likely pathogenic genetic variants
detected exclusively by WES (Figure 2).

When stratifying the analysis according to NT cut-
offs, genetic anomalies detected exclusively at WES
analysis were found in the 44.70% (95% Cl 26.8-63.4)
of fetuses with NT between 3.0mm and 5.5mm and
55.30% (95% Cl 36.6-73.2) in those with NT >5.5mm
and positive WES results. The 7.84% (95% Cl 1.6-18.2)
of fetuses had variants of unknown significance identi-
fied by WES (Table 3, Figure 2).

When considering fetuses with isolated increased
NT and normal fetal anatomy at the anomaly scan, the
rate of pathogenic or likely pathogenic genetic var-
iants detected by WES was 3.87% (95% Cl 1.6-7.1),
while variants of unknown significance were detected
in 4.27% (95% Cl 2.2-7.0) of cases (Table 3).

Discussion

The findings from this systematic review show that
about 8% of fetuses with increased NT, normal stand-
ard karyotype and CMA analysis and normal fetal anat-
omy at the time of the 11-14 weeks' scan showed
pathogenic or likely pathogenic genetic variants by
WES, while variants of unknown significance were
detected in about 8% of cases.

Thorough literature search, the inclusion of fetuses
with isolated NT, and stratification of the analysis
according to different NT cutoffs were the main
strengths of the present systematic review. A small
number of cases and a few included studies, their
retrospective non-randomized design and heterogen-
eity in outcome assessment and definition represent

present systematic review.

Definition of Previous Genetic Isolated Sequencing
Authors Country Study design  Period considered increased NT testing increased NT (n) Approach
Mellis et al. United Stated Retrospective 2014-2018 >3.5mm CMA 159 Trio WES
2021 [8]
Xue et al. China Prospective 2014-2017 >3.5mm CMA 274 Trio WES
2020 [9]
Yang et al. China Prospective 2017-2018 >3.5mm CMA 73 Trio CES
2020 [13]
Chen et al. China Prospective NS >3.5mm CMA 18 Trio CES
2020 [14]
Daum et al. Israel Retrospective 2012-2017 >3.5mm CMA 12 Solo and
2019 [3] trio WES
Choy et al. China Retrospective 2014-2018 >3.5mm CMA 34 GS
2019 [12]
Leung et al. China Retrospective NS >3.5mm or CMA 4 Trio WES
2018 [15] cystic
hygroma
Drury et al. United Kingdom  Prospective NS >3.5mm CMA 5 WES, trio and
2015 [1] solo

NT: nuchal translucency; WES: whole exome sequencing; CMA: chromosomal microarray; GS: genome sequencing; CES: Capillary electrophoresis sequenc-

ing; NS: not specified.
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Figure 1. Prisma flow diagram.

Table 2. Quality assessment of the included studies according to Newcastle-Ottawa Scale (NOS)*.

Authors Year Selection Comparability Outcome
Mellis et al. 2021 [8] United States Yok k Yk Yk
Xue et al. 2020 [9] China Yk Yk Yk
Yang et al. 2020 [13] China Yk Yk Yk
Chen et al. 2020 [14] China Yk Y% b e ¢
Daum et al. 2019 [3] Israel Yk > >

Choy et al. 2019 [12] China Yk Yk >
Leung et al. 2018 [15] China D o ¢ * *

Drury et al. 2015 [1] United Kingdom * Y >

*a study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can

be given for Comparability.

the main limitations of our systematic review.
Assessment of the potential publication bias was also
problematic because of the nature of the outcome
evaluated (outcome rates, with the left-side limited to
a value of zero), which limits the reliability of funnel
plots, and because of the scarce number of individual
studies, which strongly limits the reliability of formal
tests. Furthermore, we could not stratify the analysis

considering other factors potentially impacting the risk
of genetic diseases, such as maternal age, a prior fetus
with a genetic anomaly or structural malformations in
view of the very small number of included cases and
an even smaller number of events. Finally, we
included only cases with normal fetal anatomy at the
11-14 weeks’ scan, the imaging protocol adopted to
rule out fetal anomalies in the first trimester was not
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Figure 2. Pooled proportion for the occurrence of pathogenic or likely pathogenic variants in fetuses with isolated increased NT
detected exclusively at WES analysis.

Table 3. Pooled proportions (95% Cl) for the rate of pathogenetic or likely pathogenic genetic variants and for variants of
unknown significance anomalies detected by WES in fetuses with increased NT and normal CMA and karyotype.

P (%)

Outcome Studies Number of fetuses Pooled proportions 95 Cl (%) (95% CI)
Cases with isolated increased NT

Pathogenic or likely pathogenic diagnostic variants 8 25/324 8.07 (5.4-11.3) 0 (0-56.3)

NT between 3.0 and 5.5 4 11/25 44.70 (26.8-63.4) 0 (0-67.9)

NT >5.5 4 14/25 55.30 (36.6-73.2) 0 (0-67.9)

Variants of unknown significance 8 19/324 7.84 (1.6-18.2) 82.6 (64-89.5)
Cases with isolated increased NT and no structural anomalies at the anomaly scan

Pathogenic or likely pathogenic diagnostic variants 8 9/276 3.87 (1.6-7.1) 18.5 (0-63.9)

Variants of unknown significance 8 10/276 4.27 (2.2-7.0) 0 (0-56.3)

NT: nuchal translucency; CMA: chromosomal microarray.

consistently reported in detail by the different studies
and it may be entirely possible that inclusion of cases
affected by structural anomalies not detected at first-
trimester scan might have biased the results.

A recent systematic review [17] assessing the rate
of pathogenic genetic variants detected exclusively by
WES in fetuses with increased NT, reported that a
pathogenic or likely pathogenic variant was found in
4% of cases (95% Cl: 2% to 6%). The observed inherit-
ance pattern was autosomal dominant in 12 cases.
Despite the similarity in the study design with the pre-
sent review, the study by Pauta et al. included also
cases affected by structural fetal anomalies and spe-
cific sub-set of fetuses, such as those with hydrops,
which represents a potential source of bias in view of
the increased risk of genetic anomalies in fetuses with
structural malformations. Conversely, the present sys-
tematic review included only fetuses with no associ-
ated anomaly. Furthermore, we reported the risk of
detecting pathogenic or likely pathogenic genetic
variants by WES according to NT cutoff and the pres-
ence of normal anatomy at the second-trimester
anomaly scan.

NT assessment at the 11-14 weeks scan allows for a
primary risk stratification for fetal aneuploidy and
structural anomalies. Pregnant women with increased
fetal NT are routinely offered invasive prenatal diagno-
sis and early assessment of fetal anatomy to allow
early detection of genetic anomalies or structural mal-
formations [21-24]. Recent studies and systematic
reviews reported that in case of increased NT, CMA
analysis should be offered apart from the standard
karyotype as it may detect additional clinically relevant
genetic anomalies not identified at the standard
karyotype analysis.

More recently, next-generation sequencing, includ-
ing whole exome sequencing (WES), a genomic tech-
nique for sequencing all the protein-coding regions of
genes in a genome, has merged as a new technique
able to identify genetic disorders in fetuses with struc-
tural abnormalities, not detected by standard karyo-
type and CMA analysis. Several studies have reported
the additional contribution of WES in identifying single
gene disorders in fetuses with a prenatal diagnosis of
structural malformations or in pregnancies at high risk
of genetic disorders such as those with a positive



6 (&) R. DI GIROLAMO ET AL.

family history of disability [25]. Despite that, clinical
integration of WES in prenatal diagnosis is still in very
preliminary stages. An increased NT may be also
related to monogenic syndromes, especially when no
structural anomalies are detected at the scan. The
findings from this systematic review confirmed the
diagnostic role of WES in identifying fetuses with
pathogenic or likely pathogenic genetic variants even
in fetuses not showing structural malformations later
at the anomaly scan [26]. The presence of VOUS in a
fetus with increased NT represents another peculiar
issue. Because no complete phenotype is present until
birth, identification of VOUS prenatally may pose a
peculiar challenge during prenatal counseling.
Detection of a structural anomaly later at the anomaly
scan in fetuses with increased NT and VOUS identified
at WES may increase the risk of adverse outcomes and
this should be reported to parents. Conversely, in
fetuses with increased NT and no anomalies at the
scan, the presence of a VOUS may represent a rela-
tively benign condition.

The whole exome comprises approximately 1 to 2%
of the genome, and exome sequencing (ES) enables
the assessment of the coding regions of more than
20,000 genes. However, to simplify interpretation and
minimize inconclusive findings, instead of whole WES,
ES can be restricted to the analysis of the coding
sequences of the OMIM genes (clinical or medical ES)
or focused only on specific genes associated with the
observed fetal phenotype (gene panels) [27,28].

Conclusion

Pathogenic and likely pathogenic genetic variants
detected by WES are present in a significant proportion
of fetuses with increased NT but normal standard karyo-
type and CMA analysis, also when no anomalies are
detected at the anomaly scan. Further large studies shar-
ing objective protocols of imaging assessment are
needed to confirm these findings and to elucidate which
gene panels should be assessed in fetuses with isolated
increased NT to rule out associated genetic anomalies,
which may potentially impact post-natal outcomes.
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