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ABSTRACT
Introduction: This study aimed to compare the efficacy of Copy Number Variation sequenc-
ing (CNV-Seq) with that of traditional karyotyping in prenatal diagnostics by assessing their con-
cordance and ability to identify aneuploidies and structural abnormalities in fetal chromosomes.
Methodology: We analyzed 177 amniotic fluid samples from pregnant women who were at or
beyond 16 weeks of gestation, utilizing both CNV-Seq and karyotyping to evaluate their detection
capabilities. Results: CNV-Seq identified chromosomal abnormalities in 46 cases (26.0%), demon-
strating a higher detection rate compared to karyotyping, which found abnormalities in 40 cases
(22.6%). CNV-Seq showed 100% concordance in identifying conditions such as trisomy 21, 18, 13,
monosomy X, and 47, XXY. It also detected three mosaic cases and 13 copy number variations
(CNVs) involving deletions or duplications that were not fully concordant with karyotyping results.
Notably, CNV-Seq had a detection rate of 3.95% (7/177) for pathogenic or likely pathogenic chro-
mosomal anomalies, and variants of uncertain significance (VUS) constituted 3.39% (6/177) of the
findings. Conclusion: CNV-Seq improves the precision of prenatal diagnostics and broadens the
scope for informed clinical decision-making, especially in managing pregnancies with detected
abnormalities. The integration of CNV-Seq with traditional karyotyping addresses gaps in detec-
tion and supports a more comprehensive approach to prenatal care. Further studies should aim to
include a broader and more diverse population to validate and expand upon these results.
Key words: Prenatal diagnostics, CNV-Seq, karyotyping, chromosomal abnormalities, aneuploi-
dies, variants of uncertain significance (VUS)

INTRODUCTION
The emergence of genomic technologies has dramat-
ically revolutionized the field of prenatal diagnos-
tics, significantly advancing our comprehension of
fetal chromosomal abnormalities. Whereas tradi-
tional karyotyping has played a pivotal role in iden-
tifying aneuploidies and significant chromosomal re-
arrangements, it is hindered by its low resolution and
the protracted periods required for cell culture1–4.
These constraints are particularly critical in contexts
where prompt and accurate prenatal decision-making
is paramount. To address these limitations, sophisti-
cated methodologies such as Copy Number Variation
sequencing (CNV-Seq) have been introduced, pro-
viding expedited and exhaustive genomic analyses4,5.
CNV-Seq is superior in detecting submicroscopic
chromosomal anomalies that remain undetected by
traditional karyotyping, thereby significantly aug-
menting the diagnostic yield for chromosomal abnor-
malities6–9. Luo et al. (2023) conducted a meta-
analysis of eight studies, encompassing 11,091 preg-
nant women identified as high-risk or bearing fetuses
with structural abnormalities detected through ul-
trasound. This systematic review demonstrated that

CNV-Seq uncovered an additional 2% (95% CI, 0%
to 4%) of chromosomal anomalies beyond what was
detected by traditional karyotyping across six series.
Moreover, a pooled mean incremental yield of 4%
(95% CI, 3%–6%) in pathogenic CNVs was reported,
with a range spanning 1%–16%. The findings un-
derscored the enhanced capability of CNV-Seq in
prenatal diagnosis, highlighting its expansive cover-
age, high throughput, elevated resolution, culture-
independent process, excellent compatibility, and ad-
justable sequencing depth as factors contributing to
its significant value in prenatal diagnostics10.
Nevertheless, CNV-Seq presents its own set of chal-
lenges. Although it can identify copy number vari-
ations at the kilobase level, it is incapable of detect-
ing balanced translocations and inversions that do
not result in copy number changes. Therefore, inter-
preting results from CNV-Seq necessitates a sophis-
ticated understanding of genomic contexts and often
requires the complementary use of traditional diag-
nostic methods to achieve a thorough genetic evalua-
tion10–13.
The Clinical Genome Resource (ClinGen) and the
American College ofMedical Genetics and Genomics
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(ACMG) have issued guidelines to classify CNVs
based on their pathogenicity, ranging from benign to
pathogenic4. These classifications assist clinicians in
making well-informed decisions; however, the vari-
ability in the expressivity and penetrance of CNVs
presents considerable challenges in counseling14–16.
The detection of variants of uncertain significance
further emphasizes the importance of a meticulous
correlation between genotype and phenotype, a task
complicated by the wide spectrum of clinical mani-
festations associated with CNVs17–19.
In Vietnam, where congenital anomalies considerably
affect neonatal health, adopting CNV-Seq in prena-
tal care could potentially diminish the incidence of
genetic disorders and enhance pregnancy outcomes.
Annually, approximately 40,000 newborns in Viet-
nam suffer from congenital anomalies, constituting
1.5-2% of births. Given the lack of specific treat-
ments for most of these anomalies, prenatal screening
and diagnosis become crucial for genetic counseling,
pregnancy management, and postnatal care20–22.
Our investigation aims to assess the efficacy of CNV-
Seq relative to traditional karyotyping within a clin-
ical context, evaluating their concordance and the
incremental diagnostic value CNV-Seq might offer.
By analyzing amniotic fluid samples from pregnant
women at or beyond a gestational age of 16 weeks,
we seek to elucidate the implications of CNV-Seq for
prenatal diagnosis, focusing on its impact on clinical
practice and genetic counseling.

METHODS
Study Design and Participant Overview

Study Setting andDuration
The study was conducted at a specialized Center for
Prenatal Screening, Diagnosis, and Neonatology in a
major regional hospital, equipped with state-of-the-
art genetic screening technology. It commenced in
January 2021 and concluded in December 2022, aim-
ing to collect a comprehensive dataset throughout dif-
ferent seasons.

Participants
Eligible participants were pregnant women who were
at least 16 weeks into their gestation, deemed an op-
timal period for amniocentesis, which ensures the
availability of sufficient amniotic fluid for genetic test-
ing. Enrollment was limited to those with singleton
pregnancies to reduce genetic variability and exclude
the confounding variables associated with multiples.
Inclusion criteria included elevated risk for chromo-
somal abnormalities indicated by abnormal prenatal

screening results, concerning ultrasound findings, or
a family history of genetic disorders. Exclusion cri-
teria encompassed incomplete data for CNV-Seq and
karyotyping and multiple pregnancies, maintaining
the genetic analysis’s focus and integrity.

Procedures and Genetic Analysis

Amniocentesis and Sample Preparation
Amniocentesis was carried out between 16 and 18
weeks of gestation under ultrasound guidance, with-
drawing approximately 20-30 mL of amniotic fluid.
This timeframe minimizes risk to both the mother
and fetus while providing an adequate sample volume
for genetic testing.

Karyotyping
Approximately 10 mL of the collected fluid was
treated with colchicine, subjected to hypotonic treat-
ment, fixation, and centrifugation. Chromosomes
were stained using G-banding techniques and ana-
lyzed with the GSL-120 automatic metaphase chro-
mosome analysis system (Leica Microsystems, Deer-
field, IL, USA), with chromosomal structures cata-
loged according to the 2016 International System of
Human Cytogenetic Nomenclature23,24.

CNV-Sequencing (CNV-seq)
The leftover sample was allocated for CNV-
sequencing by Berry Genomics Co., including quality
control measures like the usage of STR markers to
ensure genetic integrity and prevent maternal DNA
contamination. Genomic DNA was extracted using
the QIAamp DNA Mini Kit (Qiagen, Valencia, CA,
USA), prepared into a sequencing library with the
NEBNext Ultra II DNA Library Prep Kit for Illu-
mina, and sequenced on the NextSeq 500 platform
(Illumina, San Diego, CA, USA). The produced data
were aligned to human genome references hg19 and
updated to hg38 (GRCh38) using the DECIPHER
database, with CNVs interpreted in alignment with
public databases and evaluated according to ACMG
guidelines for clinical relevance.

Data Collection and Statistical Analysis

Data Collection andManagement
Clinical and genetic data collection adhered to stan-
dardized protocols for accuracy and reliability. High-
resolution ultrasound results and genetic test find-
ings from karyotyping and CNV-sequencing were
meticulously recorded and entered into an electronic
database. Genetic specialists reviewed the data, cross-
referencing each finding with reputable genomic
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databases like DECIPHER and OMIM to guarantee
consistent and reliable data interpretation.

Statistical Analysis
The statistical analysis aimed to accurately represent
the data, focusing on demographic characteristics and
chromosomal abnormality incidences. Data manage-
ment and analysis were conducted using IBM SPSS
Statistics (version 22.0, IBM Corp., Armonk, NY,
USA), STATA (version 17.0, StataCorp LLC, College
Station, TX, USA), and R software (version 4.3.2),
calculating means, standard deviations, and percent-
ages for maternal and gestational ages at diagnosis.
Genetic findings were categorized and quantitatively
expressed as percentages, including normal findings,
duplications, deletions, mosaicism, and aneuploidy.

Ethical Considerations
The study was approved by the Institutional Review
Board of Nghe An Maternity and Pediatric Hospital
(Code 13/QĐ-BVSN dated 16/01/2023). Informed
consent was obtained from all participants, detail-
ing the study’s purpose, procedures, and potential
risks, ensuring informed decision-making. Partici-
pant privacy was safeguarded with unique identifica-
tion codes, maintaining confidentiality. Amniocente-
sis was performed by certified professionals following
clinical standards to minimize risks, with continuous
monitoring to address any complications promptly,
ensuring participant safety and study integrity.

RESULTS
Characteristics of the Study Group
The study involved a comprehensive analysis of ma-
ternal age and gestational age at the time of amniocen-
tesis across a cohort of 177 participants. The distribu-
tion of maternal age demonstrated a bimodal pattern,
with the majority (66.1%, n=117) of participants un-
der the age of 35. The mean maternal age was 31.3
years (SD± 6.9; range 15–47 years). The mean gesta-
tional age at the time of amniocentesis was 20.5 weeks
(SD ± 4.0; range 16–33 weeks), with the majority of
procedures (54.8%, n=97) performed before 20weeks’
gestation. These findings are visualized in Figure 1
and Figure 2 and detailed in Table 1.

Indications for Amniotic Fluid Analysis
The primary indication for amniotic fluid testing was
abnormal ultrasound morphology, which accounted
for 67.8% (120/177) of all cases. Other indica-
tions included high-riskmaternal serum screening re-
sults (10.7%, n=19) and high-risk results from non-

invasive prenatal testing (NIPT) (2.8%, n=5). Com-
bined indications included abnormal ultrasound with
high-risk maternal serum screening (6.2%, n=11)
and abnormal ultrasound with high-risk NIPT results
(7.9%, n=14). A history of pregnancies with chromo-
somal abnormalities was noted in 2.3% (n=4) of cases.
These findings are summarized in Table 2.

Chromosomal Abnormalities Detected
In the study cohort of 177 amniotic fluid samples,
chromosomal anomalies were identified in 46 cases
(26.0%) via CNV-sequencing (CNV-seq), slightly sur-
passing the detection rate of traditional karyotyping,
which identified abnormalities in 40 cases (22.6%).
Both diagnostic methods demonstrated a complete
concordance rate of 100% in detecting specific aneu-
ploidies: trisomy 21 in 17 cases, trisomy 18 in 12 cases,
trisomy 13 in three cases, monosomy X in one case,
and 47,XXY in one case.
CNV-seq further identified three cases of mosaicism
not initially detected by karyotyping. These included
a suspected case of low-level trisomy 18 mosaicism,
trisomy 2 mosaicism estimated to affect 10–30% of
cells, and a case of sex chromosome mosaicism (60%
XY and 40% XX), which likely arose from mater-
nal cell contamination. These findings, confirmed by
subsequent karyotyping, highlight the sensitivity of
CNV-seq in detecting mosaicism.
Moreover, CNV-seq demonstrated its superior res-
olution by identifying 13 structural chromosomal
changes involving deletions and duplications across
nine samples, including several alterations greater
than 5 Mb—a refinement not achieved by karyotyp-
ing. This capability underscores the effectiveness of
CNV-seq in capturing submicroscopic chromosomal
changes less than 5 Mb, which traditional methods
may overlook. These results are detailed in Table 3,
which compares the performance ofCNV-sequencing
and karyotyping in identifying various chromosomal
abnormalities.

Comprehensive Comparative Analysis of
CNV-Sequencing and Karyotyping in Pre-
natal Diagnostics
This section presents a detailed comparative analysis
of CNV sequencing (CNV-seq) and traditional kary-
otyping across twelve cases, showcasing the superior
diagnostic capabilities of CNV-seq. Each case pro-
vides a factual account of genetic findings and their
clinical outcomes, emphasizing the precision of CNV-
seq in prenatal diagnostics.
The analysis underscores the diagnostic precision of
CNV-seq, particularly in identifying submicroscopic
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Table 1: Characteristics of Study Participants

Characteristics Number (n) Percentage (%)

Maternal Age

< 35 years 117 66.1

≥ 35 years 60 33.9

Average (years) Mean± SD: 31.3± 6.9 Range: 15-47 years

Gestational Age

< 20 weeks 97 54.8

≥ 20 weeks 80 45.2

Average (weeks) Mean± SD: 20.5± 4.0 Range: 16-33 months

Note: SD: indicates Standard deviation

Table 2: Indications for amniotic fluid testing

Indication Number (n) Percentage (%)

Abnormal ultrasound morphology 120 67.8

High-risk maternal serum screening 19 10.7

High-risk NIPT (Non-invasive prenatal test) 5 2.8

History of pregnancies with abnormalities 4 2.3

Abnormal ultrasound + High-risk maternal serum screening 11 6.2

Abnormal ultrasound + High-risk NIPT 14 7.9

Abnormal ultrasound + History of pregnancies with abnormalities 4 2.3

Total 177 100

Note: NIPT refers to Non-invasive prenatal testing, which is a method of determining the risk that the fetus will be born
with certain genetic abnormalities.

Figure 1: Maternal Age Distribution in Prenatal Genetic Screening (n = 177). Displays age groups: below 35
years (n = 117), 35 years and older (n = 60), with an average age of 31.3 years old. The age distribution is crucial for
correlatingmaternal age with detection rates of chromosomal abnormalities, facilitating demographic analysis in
prenatal diagnostics.
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Table 3: Results of CNV-sequencing and karyotyping on amniotic fluid samples

Results CNV-seq
Number

(n)

CNV-seq
Percentage

(%)

Karyotype
Number

(n)

Karyotype
Percentage (%)

Total of abnormal patients 46 26.0% 40 22.6%

Aneuploid chromosomal abnormalities 34 34

47,XXXY,+21 17 17

47,XXXY,+18 12 12

47,XXXY,+13 3 3

47,XXX 1 1

45,X 1 1

Mosaic cases 3 2

Triploidy 69,XXX 0 1

Deletions/duplications≥ 5 Mb 6# 3

Deletions/duplications < 5 Mb 7# 0

Total of normal patients 131 74.0% 137 77.4%

Total 177 100% 177 100%

Note: # indicates a total of 13 Deletions/duplications in 9 patients

Figure 2: Timing of Amniocentesis Across Gestational Ages (n = 177). Segments gestational ages into two
groups: less than 20 weeks (n = 97), 20 weeks or more (n = 80), with an average gestation of 20.5 weeks. This
distribution is pivotal for understanding the timing of sample collection and its impact on the efficacy of chromo-
somal anomaly detection via CNV-Sequencing and karyotyping.
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Table 4: Comparative Analysis of CNV-Sequencing and Karyotyping Results with Clinical Outcomes

No. CNV-seq Result Karyotype Result Pregnancy Outcome

1 dup(8)(p22-p21.3) 46,XY (normal) 8 months - Normal development

2 del(4)(p16.3),
dup(17)(q24.3-q25.3)

46,XY (normal) Terminated pregnancy due to the risk of
Wolf-Hirschhorn syndrome

3 del(5)(p15.33-p15.31) 46,XY,del(5)(p15.3) Terminated pregnancy following the diagno-
sis of Cri-du-chat syndrome

4 dup(1)(p31.1) 46,XX (normal) Normal development at 2 months

5 del(6)(q27),
dup(19)(q13.33-q13.43)

46,XY (normal) Pregnancy terminated at 21 weeks (The fetus
presents with hydrocephalus and cerebellar
hypoplasia)

6 del(6)(q27),
dup(19)(q13.33-q13.43)

46,XY (normal) Intrauterine fetal demise at 37 weeks (Previ-
ous pregnancy history of abnormalities de-
tected at 26 weeks)

7 Suspected mosaic
trisomy 12

47,XX,i(12)(p10),i(12)(q10)[8%]/46,XX[92%]Terminated pregnancy due to critical heart
defects

8 No abnormalities detected 69,XXX Fetal demise at 20weeks due to severe growth
retardation

9 del(18)(p11.32),
dup(9)(q21.11-q34.3)

46,XX,+t(9;15)(q21;q2),-
15,+t(15;18)(q21;p11.3),-18

Pregnancy terminated due to severe genetic
anomalies

10 dup(6)(q15-q16.1) 46,XY (normal) Normal development at 9 months

11 dup(18)(p11.32-p11.21):
Homozygous

47,XY,+mar Normal development at 6 months with 6 fin-
gers on the right hand, cryptorchidism, sub-
clinical hypothyroidism, slight aortic arch
stenosis

12 Suspected mosaic sex chro-
mosome abnormality

46,XY (normal) Normal development at 6 months

Table 5: Classification of CNV Abnormalities According to ACMG/AMP Guidelines

Type of CNV Pathogenic Likely pathogenic Uncertain
significance

Total

Deletions 2 0 3 5

Duplications 1 4 3 8

Total 3 4 6 13

Detection rate (%)
(n = 177)

1.7%
(3/177)

2.3%
(4/177)

3.9%
(6/177)

7.3%
(13/177)

Note: CNV indicates Copy Number Variation
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Figure 3: Clinical Decision-making Based on CNV-seq Variant Detection. Outlines CNV-seq variant impact
on clinical decisions: pathogenic (n = 3), likely pathogenic (n = 4), uncertain significance (n = 6). Each pathway is
linked to clinical actions such as continuedmonitoring or consideration of termination, emphasizing the influence
of precise genetic diagnostics on patient management. For expanded details, refer to Table 5.

genetic changes, detecting mosaicism, providing pre-
cise breakpoints, covering complex abnormalities,
and offering comprehensive screening. These at-
tributes demonstrate the comparative advantage of
CNV-seq over traditional karyotyping, supporting in-
formed clinical decisions and significantly influenc-
ing pregnancy management. Detailed case analyses
are presented in Table 4.

Classification of CNV Abnormalities

In our study, the classification of CNV abnormal-
ities was performed in strict accordance with the
American College ofMedical Genetics and Genomics
(ACMG) and the Clinical Genome Resource (Clin-
Gen) guidelines, ensuring the accurate categoriza-
tion of CNV pathogenicity (refer to Table 5). A
total of 13 distinct CNVs, including both dele-
tions and duplications, were identified across nine
patients. Out of these, seven were classified as
pathogenic or likely pathogenic, underscoring their
significant potential for clinical impact. Specifically,
our analysis recognized two deletions and one dupli-
cation as pathogenic, and four duplications as likely
pathogenic. The remaining six CNVs were catego-
rized as variants of uncertain significance (VUS), in-
dicating a more ambiguous potential impact.

Impact on Prenatal Counseling and Clinical
Decisions
The pathogenic classification of CNVs, particu-
larly those identified alongside severe morphological
anomalies via ultrasound, often guides expectant fam-
ilies toward considering pregnancy termination. This
decision is influenced by concerns over the antici-
pated quality of life and potential severe health chal-
lenges for the child. Conversely, CNVs categorized
as having uncertain significance pose substantial chal-
lenges in prenatal counseling, necessitating a nuanced
approach to risk assessment to prevent undue anxiety
among prospective parents. Our approach to counsel-
ing emphasizes an informed and empathetic method-
ology, tailored to each case’s unique circumstances,
ensuring that decisions are made with a comprehen-
sive understanding of all potential outcomes. The im-
pact of CNV classifications on prenatal counseling de-
cisions is depicted in Figure 3.

DISCUSSION
Our study evaluated the diagnostic performance of
CNV-Seq compared to traditional karyotyping in de-
tecting chromosomal abnormalities in 177 amniotic
fluid samples. CNV-Seq demonstrated a superior de-
tection rate of 26.0% versus 22.6% for karyotyping, in-
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cluding a 3.4% increase in the identification of sub-
microscopic abnormalities. The technology showed
100% concordance in identifying common aneuploi-
dies and provided additional insights into mosaicism
and CNVs not detected by karyotyping. These find-
ings suggest that integrating CNV-Seq into prenatal
screening protocols could enhance genetic assessment
and improve clinical outcomes, particularly in set-
tings with high incidences of congenital anomalies.

Characteristics of the Participants
Our study included 177 participants, highlighting a
trend toward delayed childbearing with a mean ma-
ternal age of 31.3 years, reflecting broader implica-
tions for prenatal diagnostic strategies. This age pro-
file is slightly older compared to findings fromGuang-
dong, China, where the mean maternal age was 29.84
years11, yet similar to data from Yunnan, China, with
ages ranging from 27 to 36 years25. The increased risk
of chromosomal anomalies associated with advanced
maternal age was significant, demonstrating a higher
incidence of chromosome number abnormalities as
maternal age increased (p<0.001). However, no sig-
nificant trends were noted for structural chromoso-
mal abnormalities26–28. Additionally, the rapid re-
sults delivery by CNV-sequencing offers crucial bene-
fits for timely and informed clinical decision-making,
especially crucial when anomalies are detected at ad-
vanced gestational stages28.

Detection of Genetic Abnormalities by
CNV-Sequencing
CNV-Sequencing has proven to be a significant ad-
vancement over traditional karyotyping, detecting a
wider range of submicroscopic deletions and dupli-
cations. Our findings demonstrate a 3.4% increase
in the detection rate of chromosomal abnormalities
with CNV-Seq, identifying abnormalities in 46 cases
(26.0%), compared to 22.6% by karyotyping. This
capability reflects the diagnostic limitations of tradi-
tional methods, especially in identifying smaller ge-
netic changes.
In a comparative context, a study from Guangzhou,
China, using different collection methods including
chorionic villus sampling and amniocentesis, found
abnormalities in 13.47% of cases11. This contrasts
with our exclusive use of amniocentesis, collecting 20-
30 mL of amniotic fluid, which may explain the dif-
ferences in detection rates. Furthermore, our CNV-
Seq detected a higher incidence of pathogenic mi-
crodeletions/duplications (1.7%) compared to a Yun-
nan study (0.7%), highlighting the impact of sample
source differences on detection rates25.

Our study’s higher yield of CNVs and detection rates
of pathogenic anomalies (3.95%) also compares fa-
vorably with a large Sichuan study, which reported
lower rates (2.83%) and a smaller proportion of vari-
ants of uncertain significance (1.43%)29. These re-
sults suggest that the specific clinical indications for
our cohort, primarily abnormal ultrasound morphol-
ogy, contributed to a more targeted and thus higher
yield of detectable abnormalities.
Such findings underline the importance of consider-
ing the specific clinical and methodological contexts
when interpreting comparative studies. The selection
bias inherent in focusing on high-risk populations, as
in our study, emphasizes the need for careful general-
ization of findings to broader populations.

Comparison of CNV-Seq and Karyotype Re-
sults Detection Rates and Concordance
Our study, alongside those conducted in Jiangsu and
Sichuan, uniformly applied amniocentesis, extracting
similar quantities of amniotic fluid during the same
gestational stages, adhering to protocols typical in
China. Notably, the participant profiles in our and
the Jiangsu studies were closely matched, involving
high-risk pregnancies, unlike the Sichuan studywhich
included low-risk voluntary participants, potentially
diluting its detection rates29,30. This methodological
variance underscores the necessity of considering co-
hort characteristics when evaluating detection capa-
bilities.

MosaicismDetectionandStructuralChanges
CNV-Seq identified three cases of mosaicism and 13
structural chromosomal changes in our study, show-
casing its superior resolution over traditional kary-
otyping. These findings align with the Jiangsu and
Sichuan studies, where CNV-Seq also revealed higher
incidences of mosaicism and complex structural vari-
ations29,30.

Whole Chromosome Aneuploidies
Both our study and the Jiangsu study predominantly
detected trisomy 21, with our study identifying it in
17 cases. Similarly, the Sichuan study reported that
52.2% of whole chromosome aneuploidies were tri-
somy 21, highlighting the consistent detection capa-
bilities of CNV-Seq across diverse study settings29,30.

Clinical Outcomes and Confirmations
The clinical implications of CNV-Seq findings signif-
icantly influenced pregnancy management decisions,
particularly regarding the continuation or termina-
tion of pregnancies. The Jiangsu study corroborates
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the utility of integrating CNV-Seq with karyotyping
to enhance diagnostic precision, a practice further
validated by the Sichuan study’s 100% concordance
rate between CNV-Seq diagnoses and confirmatory
tests such as QF-PCR, CMA, and FISH. Additionally,
the Sichuan study’s follow-up parental DNA testing
was crucial for comprehensive genetic counseling and
managing prenatal outcomes29,30.

Strengths and Limitations
Our study marks a significant advancement in pre-
natal diagnostics in Vietnam by integrating CNV-
Seq, which has substantially improved the detection
of chromosomal anomalies. CNV-Seq excels particu-
larly in identifying submicroscopic deletions and du-
plications, areas where traditional karyotyping falls
short. This capability not only enriches prenatal di-
agnostic insights but also enhances clinical decision-
making, potentially decreasing the prevalence of ge-
netic disorders.
Despite these advancements, the study faces limi-
tations. Primarily, CNV-Seq cannot detect certain
structural and numerical chromosomal aberrations
such as balanced translocations and polyploidies, un-
derscoring the continued necessity for traditional
karyotyping. Additionally, focusing predominantly
on a high-riskVietnamese populationmay restrict the
broader applicability of our findings, potentially in-
troducing a selection bias that inflates the observed
detection rates.
A significant aspect of our study involves the inter-
pretation of variants of uncertain significance (VUS),
which presents ongoing challenges in prenatal coun-
seling and patient management. The complexity of
interpreting VUS necessitates advanced methodolog-
ical approaches and a dynamic adaptation to evolv-
ing genomic sciences. Current interpretative frame-
works, although based on the latest guidelines, may
not fully capture the rapidly changing landscape of ge-
nomic data.
There is a critical need for future studies to include
more diverse genetic cohorts, extending research to
varied ethnic backgrounds to ensure the generaliz-
ability of our findings. Enhancing counseling proto-
cols and developing robust support systems are essen-
tial for maximizing the benefits of advanced genomic
technologies like CNV-Seq in prenatal diagnostics.

CONCLUSION
This study establishes CNV-Seq as a more effective
tool than traditional karyotyping for detecting submi-
croscopic chromosomal anomalies, significantly en-
hancing prenatal diagnostic precision and supporting

more informed clinical decisions. Integrating CNV-
Seq with karyotyping is crucial, as it fills the detec-
tion gaps for structural abnormalities such as bal-
anced translocations and polyploidies.
The identification of variants of uncertain significance
(VUS) through CNV-Seq underscores a critical area
for future development, necessitating advancements
in genetic counseling and interpretative methodolo-
gies. Going forward, expanding research to include
broader and more diverse populations will be vital to
validate and generalize the diagnostic utility of CNV-
Seq and improve the management of VUS in diverse
clinical settings.
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acronym that requires expansion, mentioned in the
context of automatic metaphase chromosome anal-
ysis system), NIPT - Non-Invasive Prenatal Testing,
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tive Fluorescence Polymerase Chain Reaction, STR -
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