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Introduction

Chromosomal abnormalities occur in approximately one in
150 live births, and several methods can be employed to
identify these changes.1 G-banded karyotype analysis has
remained a gold standard for detecting fetal chromosomal
abnormalities.2 However, several chromosomal defects as-
sociated with moderate-to-severe clinical conditions cannot
be resolved using the G-banding technique, which has a
resolution of less than 5 to 10Mb. Chromosomal microarray
(CMA) is a molecular cytogenetic technique and has become
the test of choice in current times.3 Indications of CMA have
been well characterized in postnatal settings, such as devel-
opmental delay/intellectual disability cases, and offers a

much higher diagnostic yield (15–20%) than karyotyping
and is thus recommended as the first test for these con-
ditions. Improved detection of submicroscopic genetic aber-
rations holds the best application in the prenatal context.
Unfortunately, most of these genetic aberrations result in a
phenotype with no available treatment options.

However, the introduction of microarray testing in the
prenatal context has been slow for various reasons. The
technical limitations include obtaining sufficient and good-
quality DNA for microarray results. Additionally, the inter-
pretation of results is challenging due to the restriction of the
availability of population-based data for deletions and du-
plication that are then categorized as variants of uncertain
significance (VOUS). Incomplete penetrance and variable
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Abstract G-banded karyotyping is the most common approach for the detection of genomic
alterations. However, this is unable to detect genomic changes of less than 5Mb. The
ability of fluorescence in situ hybridization (FISH) to detect cryptic chromosomal
rearrangements exceeds the resolution of routine karyotype. However, conventional
FISH is for targeted regions only, whereas the chromosomal microarray is a whole-
genome copy number evaluation technique with a resolution of 10 to 20 kb. In this
article, we discuss the application of chromosomal microarray 750 K to 384 consecu-
tive prenatal diagnosis cases. Overall diagnostic yield is 15.36%, and chromosomal
microarray accounts for a 3.6% additional detection rate. We suggest applying this
technique in routine prenatal diagnosis as a first-tier test in prenatal diagnosis along
with a backup culture in all cases.
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expressivity further add to the interpretation challenges. The
identification of late-onset disordersmay also reveal a poten-
tially affected parent. Despite these limitations, several recent
extensive prospective studies have demonstrated the feasibil-
ity, andutilityofmicroarray in theprenatal setting, showingan
increaseddiagnostic yieldoverkaryotype for all indications for
testing and, in particular, for referrals with sonographic ab-
normalities. A study funded by the National Institute of Child
Health and Human Development (NICHD; demonstrated that
CMA is more beneficial than karyotyping for fetuses with
abnormal ultrasound findings with clinically significant copy
number variants (CNVs) identified in6% (45/755) of this group
of fetuses.4 As per the American College of Obstetricians and
Gynaecologists (ACOG) and Society for Maternal-Fetal Medi-
cine (SMFM) guidelines, CMA should be recommended in all
cases with ultrasound-detected fetal anomalies.5,6Microarray
can also be offered in patients with soft markers and/or
positive biochemical screening without structural ultrasound
anomalies as it has an increased detection rate (1.7%) com-
pared with karyotype.4

We present our experience of applying microarray to all
prenatal cases where invasive testing was indicated and its
clinical utility as a method of choice in prenatal diagnosis in
384 pregnant women who underwent chorionic villus sam-
pling (CVS) or amniocentesis during the study period.

Materials and Methods

Informed consent was taken from all participants enrolled in
the study from January 2018 toDecember 2020 at two tertiary
care referral centers involved in the comprehensive fetal
diagnosis.Allpregnantwomenreferred forgeneticcounselling
and indicated invasive testing were explained about their
being at “high risk” for fetal chromosomal abnormalities and
the methods available for sampling and analyses. The indica-
tions for invasive testing were high risk for chromosomal
aneuploidy on a first- or second-trimester screening, high
risk on noninvasive prenatal screening (NIPS), increased nu-
chal translucency (NT), soft markers on ultrasound, fetal
structural abnormality detected on ultrasound, couples with
balanced translocation carrier, advanced maternal age, and
previous child with aneuploidy or CNV.

We discussed the benefits, limitations, and turnaround
time for results in routine analysis (karyotype and quantita-
tive-fluorescent polymerase chain reaction [QF-PCR]) and
CMAwith all couples. In addition, the possibility of detecting
a higher number of genomic alterations on microarray than
conventional karyotype was discussed. We also discussed
the possibility of VOUS and the limitations of microarray in
not being able to detect monogenic disorders. All women
who opted for QF-PCR/FISH (fluorescence in situ hybridiza-
tion) and microarray 750K were enrolled in the study.

Fetal samples were obtained by amniocentesis or CVS
depending on gestational age. Post-test genetic counselling
was done for all cases with normal or abnormal results.
Parental CMA analysis was done in cases of VOUS. The
primary outcome of this study was the detection of clinically
relevant CNVs and aneuploidy.

Single Nucleotide Polymorphism Array

CMAwas performed using Affymetrix microarray technology.
This microarray consists of 750,000 markers for copy number
analysis consisting of 550,000 unique nonpolymorphic probes
and approximately 200,000 single nucleotide polymorphism
(SNPs) that fully genotype with greater than 99% accuracy.
Affymetrix designs this microarray and associated software
(Chromosome Analysis Suite) to identify DNA copy number
gains and losses related to large chromosomal imbalances. The
cutoff filter setting for the CMA test analysis was 400KB for
clinically relevant gain/loss and greater than 4Mb size for loss
of heterozygosity. The laboratory follows theAmericanCollege
of Medical Genetics (ACMG) guidelines for reporting micro-
arrayfindings.7All resultswere correlatedwith clinical history
before reporting. All VOUS were informed if they were found
relevant to clinical history. An unrelated pathogenic or likely
pathogenic finding was reported if there was sufficient evi-
dence for its involvement in a disorder. Maternal cell contami-
nation was detected by the pattern of SNP markers on the
microarray. In selected instances, it was also confirmed by
performing variable number tandem repeats-based analysis.

Limitations were discussed again in post-test counselling,
especially single gene disorders due to point mutations not
being detected on amicroarray. Allwomenwere followed up,
and outcomes were collected either from hospital records or
telephonically from referring obstetricians and/or parents.
Outcomes were obtained for all pregnancies.

Results

Three-hundred and eighty-four patients were included in
the study (►Table 1). The mean maternal age for women in
the study was 31.9 years. The mean gestational age at which
invasive prenatal testing was done was 18.28 weeks.

CVS was done for 66 pregnancies, and amniocentesis was
done for 319 cases. One case had to undergo both CVS and
amniocentesis to exclude confined placental mosaicism.

Indications for invasive procedures are mentioned
in ►Table 2. The positive biochemical screening was the
most common indication for invasive prenatal testing in 158
cases (41.1%). Invasive testing for soft markers was done in
147 (38.28%) patients. These included both the first and
second trimesters. One-hundred and eleven (28.9%) women
in this study were of advanced maternal age. There was an
overlap in these indications for most women. Forty-three
(11.19%) invasive procedures were performed for fetal

Table 1 Baseline characteristics

Characteristics Number

Maternal age in years (mean� SD) 31.95� 4.92

Gestational age in weeks (mean� SD) 18.28� 4.68

Chorionic villus sampling 66

Amniocentesis 319

Abbreviation: SD, standard deviation.
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anomalies detected on the ultrasound. A positive NIPSwas the
reason for amniocentesis in 12 cases.

Abnormal CMA results were obtained in 15.36% of cases
(59/384; ►Fig. 1). Nearly two-thirds of these (45/59, 76.27%)
involved aneuploidy that could have been detected byconven-
tional karyotyping. However, the remaining 14 patients
(23.7%) had deletions or duplications beyond the resolution
limit of karyotyping. Out of the 76.27% abnormal cases of
aneuploidy, the majority were trisomy 21 (30/45, 66.7%),
followed by Turner syndrome and trisomy 18 (4 cases each).
One patient had confined placental mosaicism of trisomy 10
on CVS, but fetal CMA on amniotic fluid was normal.

Pathogenic CNVs were seen in 12/59 (20.33%). VOUS was
present in 2/59 (3.38%). Additional details, including clinical
findings and CMA results, are detailed in►Table 3. Therewas
an unexpected finding of deletion of the Duchene muscular
dystrophy (DMD) gene in two cases where amniocentesis
was done for agenesis of the corpus callosum in one case and
isolated cleft lip in the second case. We also had two
instances of microduplication involving chromosome 15
and one microdeletion on chromosome 15.

Discussion

CMA can detect microdeletions and microduplications with
a higher resolution than conventional karyotyping.8 The
resolution of karyotype is 7 to 10Mb, whereas the resolution
of CMA can be as low as 20 Kb. The resolution of karyotyping
is also limited by the banding techniques that generally
influence the quality of the chromosome preparation;
thus, it is not always possible to achieve the desired resolu-
tion in routine prenatal banding analysis. It is even more
significant when performing karyotyping from CVS samples.

Prior studies have reported a 1:300–1:600 (0.33–0.16%)
chance of finding a CNV on using CMA. Microarray also helps
identify precise breakpoints involving genes that may cause a
serious disability that cannot be otherwise detected by tradi-
tional karyotyping.9 Moreover, the test does objective evalua-
tion rather than subjective analysis. SNP arrays can also
identify uniparental disomy, loss of heterozygosity, triploidy,
and maternal cell contamination. Other advantages of CMA

Table 2 Indications and results of prenatal diagnosis, n¼ 384

Indication Total cases Abnormal (n %) Aneuploidy (%) Abnormal CMA (%)

Positive screen 158 17 (10.75) 13 (76.47%) 4 (23.5%)

USG-soft markers 147 31 (21.08) 24 (77.41%) 7 (22.5%)

USG-Fetal anomaly 43 14 (32.5) 7 (50%) 7 (50%)

AMA 111 23 (20.7) 19 (82.6%) 4 (17.39%)

Positive NIPS 12 8 (54.55) 8(66.67%) –

Balanced translocation carrier 6 1 (16.66) – 1

Previous child with ID 13 1 (7.69) – 1

Indications for prenatal invasive testing in women with AMA (35 years and above), n¼ 111

Indication Abnormal Normal

Only AMA 0 7

AMAþNT> 95th centile 7 0

AMAþ high risk on serum
biochemistry

5 57

AMAþNIPS high risk 4 1

AMAþ soft markers 4 16

AMAþ balanced translocation 0 3

AMAþ structural abnormality 3 2

AMAþ previous child with T21 0 2

Total (n, %) 23 (20.7) 88 (79.3)

Abbreviations: AMA, advanced maternal age; CMA, chromosomal microarray; NIPS, noninvasive prenatal screening; NT, nuchal translucency; USG,
ultrasonography.

Fig. 1 Types of aneuploidy/copy number variant (CNV).
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include its ability to analyze various tissue types and no
mandatory requirement for tissue culture. This results in a
faster turnaround time that is crucial in countrieswhere there
are legal limits on the timing of termination of pregnancy.

In this study, 15.36% of fetuses (59/384) had chromosomal
abnormalities,with CMAproviding an additional yield of 3.9%.
In an extensive systematic review, 2.4% of all cases (including
those with and without structural abnormalities) had a clini-
cally significant finding on CMA that was not identified by
karyotype.8 Fetal anomalies accounted for 3.6% of abnormal
results (14/384) in this study, and half of them had abnormal
CMA.Several largestudieshave reportedon theyieldofCMAin
fetuses with ultrasound anomalies. Wapner et al reported
clinically significant CNVs in 6% of fetuses with a normal
karyotype and an ultrasound anomaly.4 Srebniak et al used
SNP arrays in 1,033 fetuses with ultrasound anomalies and
reported 5.5% pathogenic CNVs in fetuses with normal karyo-
type.3 In an extensive study of 5000 cases, of which 2462 had
ultrasound anomalies, the additional yield of microarray over
karyotype was 6.6% in the anomalous cohort.10 A meta-
analysis by Hillman et al found 7 to 10% more abnormalities
than karyotype in pregnancies with structural abnormali-
ties.11 Thus CMA is currently the test of choice when a
structural abnormality is detected on ultrasound.

In this study, 7 cases of abnormal CMA and 24 cases of
aneuploidy were detected in fetuses with soft markers. A
recent paper by Hu et al has also reported a prevalence of
4.3% for chromosomal aberrations in fetuseswith softmarkers
that included40.2%numerical abnormalities, 48.6%pathogen-
ic CNVs, and 11.2% “likely pathogenic” CNVs.12 Thus, CMA
should be offered to women with soft markers on ultrasound
even in absence of structural abnormalities.

We had 38 cases of increased NT which were categorized
intoNT between 95th and 99th centile andNTmore than 99th
centile. Fourteen out of thirty-eight (36.8%) women had an
abnormal result: 11/14 (78.6%) involved a common aneuploi-
dy, out of which 10were trisomy 21 cases. The remaining 3/14
(21.4%) had an abnormal CMA. This is similar to a prior study
including 226 pregnancies with NT more than 99th centile,
wherein 88% cases had aneuploidy of five common chromo-
somes.13A systematic reviewandmeta-analysis reported that
CMA provides a 5% incremental yield in detecting CNVs in
fetuses with increased NTwith normal karyotype.14 With the
widespread availability and acceptance of NIPS, even women
with increased NT are opting for it. However, given the
incremental increase in detection of pathological CNVs, it
has been suggested that the NT cutoff for diagnostic testing
for CMA should be 3mm rather than 3.5mm that is consistent
with the results of this article.15

Our study shows some interesting though unexpected
findings, such as the two cases (case 1 and case 6) with a
deletion in the DMD gene. DMD is a muscular dystrophy
affecting males and manifests after birth, usually at 3 to
4 years. After detecting this deletion, it is essential to find out
the gender of the child as this is an X-linked recessive
condition. In one case (case 6), amniocentesis and CMA
were done for isolated unilateral cleft lip in the fetus, and
family history suggestive of DMD could be elicited only inTa
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retrospect. This also highlights the importance of pretest
counselling that informs parents of possible unexpected
pathogenic results on CMA testing.

In our study, we found three cases of CNV involving
chromosome 15 which is a well-known region for recurrent
CNV. We also detected four double segment exchange cases,
which has further implications as this kind of unbalanced
double exchange indicates balanced translocation in a couple.
Hence, the parental karyotype is required for further genetic
counselling.

VOUS remains the biggest challenge in counselling espe-
cially in the prenatal context. However, this uncertainty is
similar to what is observed in routine prenatal counselling or
any genetic testing. In the initial The New England Journal of
Medicine article by Wapner et al, the incidence of VOUS was
2.5%.4 Over the next 7 years, a re-review of the interpretation
of theCNVs reduced this to0.9%basedonnewliterature.16This
canbefurtherdecreased if parental samples are available since
it could be inherited from a parent. The incidence of VOUS in
our study is 3.3%. There remains a potential to miss low-level
mosaicism, less than 20% with CMA, although karyotype can
also miss low-level mosaicism as fewer cells are counted.

Most of the disadvantages of CMA are relative and require
clinical expertise in its application in the prenatal setting, for
example, CMA cannot identify balanced rearrangements. How-
ever, the clinical relevanceofdetectingbalanced translocation is
limited for the health of that individual as themain implication
is an abnormal gamete at conception. Some laboratories have
adopted the approach of doing both analyses. CMA is the
primary diagnostic tool to expand the clinically relevant diag-
nostic results. The karyotype is used to avoid missing balanced
changes, which will help evaluate the underlying mechanism
and recurrence riskestimations.However, increasing the cost of
testing with this approach remains challenging.

We acknowledge the limitations of the article as the
numbers included are limited and larger studies are needed
to further validate our findings.

Conclusion

Genetic technology has advanced rapidly in the past few
decades. Its applications and use in caring for and counselling
pregnant women are evolving and need to be updated
regularly in prenatal diagnosis. The results of this study
suggest that more widespread CMA testing of fetuses would
result in a higher detection of clinically relevant chromosome
abnormalities. We propose that this technique be used as
first-tier in all cases undergoing prenatal diagnosis, the same
as recommended by ACMG in postnatal cases. A backup
culture should be kept in all cases to handle all major
challenges expected with this approach.

Ethics Committee Statement
Wedid not take ethics committee permission as thiswas a
retrospective study.We took consent from all participants
before doing testing.

Funding
None.

Conflict of Interest
None declared.

References
1 Nussbaum RL, McInnes RR, Willard HF. Principles of clinical

cytogenetics and genome analysis. In: Thompson & Thompson
Genetics inMedicine. 8th ed. Philadelphia, PA: Elsevier; 2016:57–
74. (Level III)

2 Sun Y, Zhang P, Zhang N, et al. Cytogenetic analysis of 3387
umbilical cord blood in pregnant women at high risk for chromo-
somal abnormalities. Mol Cytogenet 2020;13:2

3 SrebniakMI, BoterM, Oudesluijs GO, et al. Genomic SNP array as a
gold standard for prenatal diagnosis of foetal ultrasound abnor-
malities. Mol Cytogenet 2012;5(01):14

4 Wapner RJ, Martin CL, Levy B, et al. Chromosomal microarray
versus karyotyping for prenatal diagnosis. N Engl J Med 2012;367
(23):2175–2184

5 Dugoff L, Norton ME, Kuller JA. The use of chromosomal micro-
array analysis in prenatal diagnosis. Am J Obstet Gynecol 2013;15
(04):2–9

6 Practice Bulletin No. 162: Prenatal diagnostic testing for genetic
disorders. Obstet Gynecol 2016;127(05):108–122

7 South ST, Lee C, Lamb AN, Higgins AW, Kearney HMWorking
Group for the American College of Medical Genetics and Geno-
mics Laboratory Quality Assurance Committee. ACMG Standards
and Guidelines for constitutional cytogenomic microarray analy-
sis, including postnatal and prenatal applications: revision 2013.
Genet Med 2013;15(11):901–909

8 Stosic M, Levy B, Wapner R. The use of chromosomal microarray
analysis in prenatal diagnosis. Obstet Gynecol Clin North Am
2018;45(01):55–68

9 Ogilvie CM, Yaron Y, Beaudet AL. Current controversies in
prenatal diagnosis 3: For prenatal diagnosis, should we offer
less or more than metaphase karyotyping? Prenat Diagn 2009;
29(01):11–14

10 Shaffer LG, Dabell MP, Fisher AJ, et al. Experience with micro-
array-based comparative genomic hybridization for prenatal
diagnosis in over 5000 pregnancies. Prenat Diagn 2012;32
(10):976–985

11 Hillman SC, McMullan DJ, Hall G, et al. Use of prenatal chromo-
somal microarray: prospective cohort study and systematic re-
view andmeta-analysis. Ultrasound Obstet Gynecol 2013;41(06):
610–620

12 Hu T, Tian T, Zhang Z, et al. Prenatal chromosomal microarray
analysis in 2466 fetuses with ultrasonographic soft markers: a
prospective cohort study. Am J Obstet Gynecol 2021;224(05):516.
e1–516.e16

13 Sinajon P, Chitayat D, Roifman M, et al. Microarray and RASop-
athy-disorder testing in fetuses with increased nuchal translu-
cency. Ultrasound Obstet Gynecol 2020;55(03):383–390

14 Zhao XR, Gao L, Wu Y, Wang YL. Application of chromosomal
microarray in fetuses with increased nuchal translucency. J
Matern Fetal Neonatal Med 2020;33(10):1749–1754

15 Petersen OB, Smith E, Van Opstal D, et al. Nuchal translucency of
3.0-3.4mm an indication for NIPT or microarray? Cohort analysis
and literature review. Acta Obstet Gynecol Scand 2020;99(06):
765–774

16 Wapner RJ, Zachary J, Clifton R. Change in classification of
prenatal microarray analysis copy number variants over time.
[Abstract] Prenat Diagn 2015;35(Supplement S1):1–26

Journal of Fetal Medicine Vol. 10 No. 1/2023 © 2023. Society of Fetal Medicine. All rights reserved.

Practical Applications of CMA in Prenatal Diagnosis Thakur et al.28


