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ABSTRACT

Objective: To analyse the effect of chromosomal microarray analysis (CMA) in the prenatal diagnosis of fetuses with abnormal ultra-
sonographic soft markers.

Study Design: Descriptive study.

Place and Duration of the Study: Prenatal Diagnostic Centre, Huizhou Central People’s Hospital, from January 2020 to January 2022.
Methodology: A total of 160 pregnant women with abnormal soft markers in the fetuses on prenatal ultrasonography were selected.
Amniotic fluid in the second trimester of pregnancy was extracted for CMA. In addition, karyotype analysis of chromosomal G-banding
was carried out to analyse the effect of CMA in prenatal diagnosis.

Results: The detection rate of copy number variants (CNVs) by CMA was higher than that by karyotype analysis, which was not statisti-
cally significant (p=0.059). Compared with karyotype detection, CMA detected five additional cases of pathogenic CNVs, all of which
were cases of microdeletion and microduplication. VOUS cases detected by CMA were mostly concentrated in NT thickening, among
which cases of uncertain significance were the most.

Conclusion: The application of CMA in the prenatal diagnosis of fetuses with abnormal ultrasonographic soft markers can improve the
detection rate of pathogenicity. As a prenatal diagnostic method, CMA has high application value and is worthy of clinical promotion.
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INTRODUCTION

Congenital diseases are mainly caused by chromosomal abnor-
malities, manifesting as various malformations. In severe cases,
physical and mental development disorders may occur,* which
increase the physical and mental burden of the family. At
present, ultrasonography is the main clinical method for diag-
nosing fetal malformations. Ultrasonography can detect fetal
structuralabnormalities or soft markers thatindicate abnormali-
ties. However, the diagnostic efficiency of ultrasonography is
limited.

In recent years, chromosomal karyotype analysis and chromo-
somal microarray analysis (CMA) are widely applied in prenatal
diagnosis,” and chromosome karyotype analysis, as the gold
standard of prenatal diagnosis, is widely used in clinical practice.
However, this method has a long detection cycle, low resolution,
and cannotdetectthevariation of shortchromosome fragments.
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As a molecular diagnostic technique, CMA is relatively novel,
andcandetectchromosomalmicrodeletionsandmicroduplica-
tions compared with karyotype analysis.* Currently, CMAis a
new genetic detection technology that has emerged in recent
years. It scan the entire genome, and detect copy variationsin
chromosome regions, especially minor deletions and duplica-
tions, in prenatal detection.

At present, there are few clinical studies on the combination of
the two methods for prenatal testing, which is difficult to form
effective evidence-based medical evidence. This study aimed
to analyse the diagnostic efficiency and clinical significance of
CMA in the prenatal diagnosis of fetuses with abnormal ultra-
sonographic soft markers, and to provide basis for better
prenatal genetic counselling and prognosis evaluation of
fetus.

METHODOLOGY

The study was approved by the Institutional Ethics Committee
of Huizhou Central People’s Hospital. It was conducted after
written informed consent was obtained from all the partici-
pants. Those with abnormal ultrasound soft markers, single
pregnancy, signed informed consent, and complete clinical
data were included in this study, and those who had ultrasoni-
cally diagnosed fetal structural abnormalities, a history of
noninvasive DNAscreening, confirmed contacttoobvioustera-
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togenic substances, complicated malignant tumours and
abnormal coagulation function, and lost in follow-up were
excluded. All included pregnant women underwent ultrasono-
graphic soft marker detection, including choroid plexus cyst,
nuchal translucency (NT) thickness, short femur, nasal bone
hypoplasia or absence, single umbilical artery, and abnormal
lateral ventricle width. At 18-24 weeks of pregnancy, 30 mL
amniotic fluid was extracted by transabdominal amniocen-
tesis, 10 mL of which was used for CMA. Amniotic fluid (20 mL)
was collected for centrifugation at 2,000 rpm for 5 mins. After
removing the supernatant, 0.5 mL of amniotic fluid was taken
and added into 3 mL culture medium to prepare cell suspen-
sion, one week after culture, the bottle was added with 3 mL
fresh medium for continuous culture for 1 day, and added into
45 pL 250 ng/mL colchicine to terminate mitosis. Three mL
0.25% digestive trypsin was added, and cell suspension was
collected for fixation overnight. After dropping the suspended
cells onto glass slides, baking and cooled naturally, and then
added into Giemsa solution for staining. After rinsing with
running water and drying, the slides were read with fully auto-
matic scanning. Finally, 20 karyotypes with clear bands were
selected for karyotype analysis. The amniotic fluid was drawn
by abdominal puncture or umbilical vein puncture under the
guidance of B-ultrasound. Ten mLamniotic fluid was drawn for
the first time from pregnant women less than 24 weeks old,
and 10 mL of amniotic fluid and 1 ml umbilical blood were
drawn from pregnant women more than 24 weeks old at the
first extraction, and the genomic DNA of amniotic fluid was
extracted with DNA extraction agent. With reference to the
standard process operation of Infinium gene chip detection of
Infinium Company, amplify the DNA samples that have been
processed into short fragments, obtain the amplified frag-
ments, purify them, then use the fragment enzyme to short
fragmentthem, and conduct biotinlabelling; the labelled subs-
tance was mixed with the hybridisation solution and dena-
tured, loaded onto a 750k chip for hybridization, scanning and
analysis. ltwasreferredtothe existing databaseforinterpreta-
tion of copy number variation results. According to the rele-
vant criteria of the expert consensus on technical require-
ments for chromosomal microarray analysis in laboratories.’
The results were included in the OMIM, ISCA, ECAR UCA, NHS
UK, GARD, NLM NIH, and PUBMED databases for analysis.
Based on the definition of clinical significance, chromosomal
copy number variations (CNVs) were classified into benign,
pathogenic, and variant of uncertain significance (VOUS). The
CNVswith >200-kb deletionand >500-kb duplicated fragment
were analysed, while those with <100-kb deletion and <200-
kb duplicated fragment rereading were not reported. Karyo-
type analysis was conducted according to the relevant criteria
of AnInternational SystemforHuman Cytogenomic Nomencla-
ture (2016).° Statistical analysis was carried out using SPSS
19.0. The enumeration data were represented by (n, %) and
compared with the chi-square test. The value of p <0.05 was
considered statistically significant.

RESULTS

A total of 160 pregnant women treated, in Huizhou Central
People’s Hospital from January 2020 to January 2022 were
selected, aged between 22-33 years (average, 27.50 + 5.49
years) and gestational 18-23 weeks (average, 20.92 + 2.44
weeks).

The detection rate of CNVs by CMA was higher (31.88%) than
that by karyotype (22.50%) analysis, without a statistically
significant difference (p=0.059). Compared with karyotype
analysis, CMA detected 5 additional cases of pathogenic CNVs,
all of which were cases of microdeletion and microduplication,
asshowninTablel.

CMA detected 33 variants of uncertain significance (VOUS)
cases, accounting for 20.63% of 160 fetuses with abnormal
ultrasonographic soft markers, and mostly concentrated in NT
thickening, asdisplayedinTablell.
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- | Quantitative analysis
of purified product Day 4 Wash, dye and scan
Figurel:Flowchartof CMA.
DISCUSSION

With the continuous progress of ultrasonic technology, fetal
structural malformations can be detected early by ultrasonog-
raphy during pregnancy, which greatly reduces the problems
causedbymalformedinfantstothefamilyandsociety. Ultrasono-
graphic soft markers are hints of small abnormalities in fetuses,
but they do not necessarily mean fetal malformations, and may
suggestanormal variation during development, so other means
are needed for the confirmation. Chromosomal karyotype anal-
ysis and CMA are commonly used in clinical chromosomal diag-
nosis.”™ At present, the chromosomal abnormalities are clini-
cally divided into chromosomal copy number abnormalities and
chromosomal structure abnormalities, which are caused by
abnormal chromosomal position and copy number, thus leading
to changes in genetic materials controlled by the abnormal part
and manifesting the corresponding chromosomal diseases.™ G-
banding karyotype analysis can effectively detect chromosomal
polyploid or large fragment changes, but its detection effect of
small chromosomal rearrangementsis notideal.”? CMAis usually
usedfordetectinggenomicimbalancesinfetuses with idiopathic
mental retardation, autism, developmental retardation, and a
variety of congenital abnormalities.”> CMA for fetuses with
abnormal ultrasonographic findings is helpful to exclude
congenital diseases caused by chromosomal abnormalities
or microdeletion and microduplication.

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(03):270-274 271



Abnormal ultrasonographic soft markers and chromosomal analysis

Table I: Additional detection of pathogenic CMAs.

Sample No. Age Gestational Ultrasonographic marker = CMA result Reading
weeks

1 30 21 NT 4.2 mm 22911.%% x1 (1.39M) Microdeletion

2 31 20 NT 3.8 mm 16pll.**x1 (0.86M) Microdeletion

3 34 22 Ventricular widening 6g**x1 (2.86M) Microdeletion
17q25. 9% *x3 (5.39M) Microduplication

4 29 18 Choroid plexus cyst 2p***x3 (3.07M) Microduplication

5 31 19 Single umbilical artery 19p** *x1 (4.22M) Microdeletion

Table II: Analysis of variants of uncertain significance types detected by CMA (n, %).

Soft marker NT Nasal bone Single Choroid plexus cyst (n) Intraventricular Increased lateral
thickening hypoplasia umbilical intense spot (n) ventricle width (n)
(n) (n) artery (n)

Benign 1(0.63) 0(0.00) 0(0.00) 0(0.00) 1(0.63) 0(0.00)

Pathogenic 2(1.25) 0(0.00) 1(0.63) 1(0.63) 0(0.00) 1(0.63)

Uncertain 12(7.50) 1(0.63) 4(2.50) 8(5.00) 0(0.00) 1(0.63)

significance

In the present study, the detection rate of CMA was higher
than the control group, but there was statistically significant
difference. Among the additional cases detected by CMA,
there were 5 cases of pathogenic CNVs, all of which were
caused by microduplication or microdeletion of chromosome
segments, and the rest were VOUS cases. The results of 36
cases co-detected by CMA and karyotype analysis were
consistent. This may be caused by the difference in the
acquisition method for chromosomes. G-banding karyotype
analysis is carried out by detecting the karyotypes of the
whole chromosome after artificially selecting and culturing
cells, while CMA can be performed directly using uncultured
amniotic cells, and analyse gene fragments with a large
number of known probes to provide genomic information.*
Amniotic cells may cause fluctuations in the number of chro-
mosomal abnormalities detected by karyotype analysis
during culture or artificial cell selection. As a microarray anal-
ysis, CMA can detect CNVs, the interpretation of which can
be divided into benign, uncertain significance, and patho-
genic. Pathogenic CNVs are generally believed to occur in
functional regions of important genes due to a wide range of
chromosomal deletions or rearrangements.*® According to
the report by Cheng et al.,'® the diagnostic rate of patho-
genic CNVs is 12.2%, and CMA can detect submicroscopic
aberrations that cannot be detected by karyotype analysis,
with high diagnostic efficiency in prenatal diagnosis of
genomic imbalances. CMA can detect chromosomal duplica-
tion and deletion with the size of 0.05-0.1 Mb in the genome.
However, it still has the limitation that it cannot detect chro-
mosomal structural abnormalities such as balanced translo-
cation and inversion, which still need to be identified by kary-
otype analysis."”*® Pylyp et al. has reported that after
including the deletion above 0.015 M and duplication below
0.02 M in CMA for fetuses with abnormal ultrasonographic
soft markers,* the additional detection rate is 6.5%, which is
similar to the results of this study. According to the statistics
published in 2018, it is known that the incidence of microdele-
tion or microduplication syndromes is 0.04-0.1 %, the inde-
pendent risk factors do not include maternal age, and the
fetuses may suffer from moderate to severe diseases after

birth.”® Studies have proved that genome-wide detection will
not significantly improve the detection rate of pathogenic
CNVs, and the application of CMA in the prenatal evaluation
of fetuses with major structural abnormalities has certain
advantages.”* In this study, VOUS cases detected by CMA
were mostly concentrated in NT thickening, accounting for
45.45%. Abnormal NT thickness is an important ultrasonic
indication for monitoring fetal chromosomal abnormalities
and cardiovascular abnormalities.” It has been pointed out
that when NT is thicker than 3 mm in ultrasonography, CMA
should be performed.* In the VOUS cases, there were 26
cases of uncertain significance, among which 6 were detected
after parent CMA, 4 were inherited from one of the parents, 2
were caused by mutations during development, and 5 chose
to continue pregnancy. Follow-up hitherto, 2 cases were deliv-
ered, 3 cases were still in pregnancy, and the others had no
obvious abnormalities. Therefore, the notification of detection
results should be more professional to avoid increasing
parents’ anxiety, so as to improve unnecessary termination of
pregnancy. At present, non-invasive prenatal screening is
increasingly widely used, and its operation causes less harm
and pain to pregnant women. However, when the fetuses are
suspected of having chromosomal abnormalities after
screening, puncture is still necessary for karyotype analysis
and CMA in time.” Due to the limitations in the sample size of
this study and research time, the application scheme and
theory of CMA in prenatal diagnosis of fetuses with abnormal
ultrasonographic soft markers need to be further improved.

CONCLUSION

In conclusion, the application of CMA in prenatal diagnosis of
fetuses with abnormal ultrasonographic soft markers can
improve the detection rate and has a warning effect on cases
of microdeletion and microduplication, and it is worthy of clin-
ical promotion.
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