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Introduction

As genetic technology has advanced dramatically over the 
past few decades and the understanding of pregnant women in 
prenatal care has increased, the importance of more specialized 
prenatal care has been emphasized in clinical practice. Chromo-
somal analysis is an important diagnostic procedure owing to its 
high correlation with clinical phenotype in prenatal diagnostics. 

Conventional cytogenetic analysis by Giemsa banding (G-
banding) has been applied to identify numerical and struc-
tural chromosomal abnormalities by microscopy. However, it 
yields a lower band resolution (>4 Mb) and cannot effectively 
detect submicroscopic chromosomal anomalies. Thus, numer-
ous microdeletion syndromes go undetected by conventional 
karyotyping. Microarrays, one of the novel high-resolution 
methods, which utilizes large-insert clones, single-nucleotide 

polymorphism (SNP) arrays or oligo arrays, can detect deletions 
or duplications not identifiable by routine chromosomal analysis 
[1]. Microarray-based comparative genomic hybridization (CGH), 
based on a principle similar to that of conventional metaphase 
CGH, includes, with small amounts of fetal DNA, probes that 
can be short oligonucleotides or genomic fragments up to 1 Mb, 
which can identify copy-number variation (CNV) that can cause 
clinically significant syndromes. CNV is an umbrella term used 
to denote the gains and losses of DNA sequences of over 1 kb in 
length [2]. These submicroscopic changes are found in clinical 
syndromes involving subtelomeric chromosomal deletions that 
account for about 6% of idiopathic mental retardation with or 
without congenital anomalies [3]. 

Invasive prenatal diagnostic analysis of chromosomal abnor-
malities, unfortunately, cannot be performed on all pregnant 
women, and so prenatal screening tests that select for high-risk 
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Nuchal translucency is an important indicator of an aneuploid fetus in prenatal diagnostics. Previously, only the presence of 
aneuploid could be confirmed by conventional karyotyping of fetuses with thick nuchal translucency. With the development 
of genetic diagnostic techniques, however, it has been reported that subtle variations not detectable by conventional karyo-
typing might occur in cases of pathologic clinical syndrome in euploid fetuses. One of the newer, high-resolution genetic 
methods in the prenatal setting is chromosomal microarray. The possible association between nuchal translucency thickness 
with normal karyotype and submicroscopic chromosomal abnormalities detectable by microarray has been studied. How 
and when to apply microarray in clinical practice, however, is still debated. This article reviews the current studies on the clini-
cal application of microarray in cases of increased nuchal translucency with normal karyotype for prenatal diagnosis.
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groups are given priority. One of the important prenatal screen-
ing markers is fetal nuchal translucency (NT) thickness, which is 
measured by ultrasound in the first trimester of pregnancy. Fetal 
NT thickness over the 99th percentile (≥3.5 mm) puts women at 
increased risk for aneuploidy [4-6]. So, fetuses with increased NT 
usually undergo conventional karyotyping with chorionic villi 
sampling to screen for aneuploidy. Fetuses with normal karyo-
type have been routinely followed up on as scheduled while any 
structural defects on ultrasound are investigated until delivery. 
However, it had been reported that such fetuses also are associ-
ated with increased risk of major fetal deficiencies, including 
major cardiac defects, various genetic syndromes and later fetal 
or perinatal death [7-9]. Recent studies have examined possible 
associations between increased NT and submicroscopic chromo-
somal abnormalities [10], and the clinical utility of array CGH in 
prenatal testing for detection of microdeletion diseases that can 
cause abnormal phenotypes in karyotypes has been proven [11]. 
There are still many and conflicting opinions on how to apply 
array CGH in real clinical settings and whether it should replace 
the existing conventional cytogenetics [12]. Herein, we review 
the current literature on the clinical application of array CGH for 
increased NT with normal karyotype in prenatal diagnostics. 

Chromosomal Microarray Analysis vs. Karyotyp-
ing

Chromosomal abnormalities, which represent changes in the 
number or structure of chromosomes visible under microscopic 
for a number of clinical conditions called chromosomal disor-
ders. The 24 types of chromosomes found in the human genome 
can be easily identified by their cytologic level using specific 
staining procedures. The most common of these was G-banding, 
which was developed in the early 1970s and was the first widely 
used whole-genome analysis tool for research and clinical diag-
nostics. However, the sensitivity of G-banding at this resolution 
might be lower in the region where the banding pattern is less 
specific. Since the human genome is composed of about 3 bil-
lion base pairs, conventional chromosomal analysis at the level 
of 500 to 600 bands will contain 5 to 6 million base pairs per 
band. Therefore, it is difficult to detect chromosomal anomalies 
of less than 5 Mb by general chromosome testing. Microdele-
tion syndrome, which presents a characteristic phenotype due 
to microdeletion of less than 5 Mb in a specific genome, is an 
important aspect of congenital genetic disease [13]. Therefore, 
in order to diagnose microdeletion syndrome, polymerase chain 
reaction and fluorescence in situ hybridization (FISH) has been 

performed on causative genomes. The limitation of these meth-
ods, however, is that only the targeted region of the genome is 
detectable; as such, abnormalities in other genome regions can-
not be identified. Recent advances in genomics have led to the 
development of chromosome microarrays capable of detecting 
ultrastructural microscopic genomic variations at a time, which 
methods currently are undergoing routine test in domestic and 
international clinical genetic laboratories. Two of the newer ge-
netic methods in the prenatal setting are chromosomal microar-
ray and whole-exome sequencing. 

Chromosomal microarray analysis (CMA) is a means of mea-
suring gains and losses of DNA throughout the human genome. 
CMA has been used initially to identify chromosomes and ge-
nomic abnormalities in children with unexplained developmen-
tal delays, intellectual disabilities, or congenital defects reflecting 
tiny pathogenic genomic alterations that cannot be detected 
with conventional G-banding. Based on the greatly increased 
yield that it affords, CMA has grown to replace G-banding as the 
front-line prenatal test for specific patient populations.

Types of Chromosomal Microarray Analysis 

The types of CMA are classified into bacterial artificial chro-
mosome (BAC) arrays, CGH arrays, and SNP arrays. The BAC array 
is the first CMA platform to use the BAC clone derived from the 
human genome project. Since then, the CGH and SNP arrays 
have been developed and widely employed worldwide. The BAC 
and CGH arrays are based on relative analyses of the genomic 
quantities of the test and reference genomes, and the SNP ar-
rays is based on the distinction between the two SNP alleles at 
specific locations in the genome.

CMAs are used to measure increases and decreases in the 
number of copies of a particular region of the genome by pro-
viding extensive information about the genetic CNV. Depend-
ing on the density of the DNA probes installed on the chip, the 
results of both breakpoints, resolution and size of the predicted 
mutations are determined; thus, the performance of the assay 
depends on how precisely and at how high a density the probes 
are installed. Since the state of the mutation, in the form of 
gains or losses, is calculated based on the relative frequency with 
respect to the probe at the corresponding position, structural 
variations such as chromosome balance translocation or the 
inverse cannot be found, which is the limitation of CMA testing. 
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Chromosomal Microarray Analysis in Prenatal 
Diagnosis

Currently, CMA is successfully applied for prenatal diagnosis 
of fetal submicroscopic chromosomal abnormalities using the 
chorionic villus or amniotic fluid of the fetus, and it is used in 
clinical practice outside South Korea. Prenatal CMA is expected 
to play a major role in the diagnosis of fetal chromosomal 
abnormalities by providing various information on fetal CNV. 
Prenatal CMA can detect minute chromosomal abnormalities, 
which makes possible the shortening of examination time by 
rendering the culturing of amniotic fluid or chorionic villus cells 
unnecessary. So, even in cases of stillbirth that are not well cul-
tured, CMA testing is possible. Additionally, the test itself is auto-
mated and objective relative to microscopy-based conventional 
chromosomal testing. It is also possible to customize a platform 
on which detectors are concentrated on specific areas of the ge-
nome, such as dense regions, thereby enhancing the accuracy of 
the test. Moreover, the results can be more efficiently analyzed 
using vast amounts of data already in the database. However, 
CMA testing has disadvantages, in that with it, finding structural 
variation such as translocation or inversion, or mosaicism exist-
ing at a low rate of 20% or less, is impossible; also it is relatively 
expensive. Furthermore, since benign CNV or variation of un-
known clinical significance (VOUS) might be detected, definitive 
guidelines for interpretation of results are essential. VOUS is still 
a serious challenge for genetic counseling experts. Indeed, it can 
lead to unnecessary maternal anxiety or even, due to uncertain 
prognoses, decisions to terminate pregnancy. Reducing its rate 
remains a significant problem to be resolved. Parental analysis 
is one useful strategy in this regard. Constant follow up of cases 
with VOUS to establish a wide-range database would be helpful 
for the purposes of prenatal consultation.

Fetuses with Increased Nuchal Translucency and 
Normal Karyotype

In the first trimester of pregnancy, subcutaneous collection of 
fluid in the fetal neck is visualized by ultrasound as NT. The mea-
surement usually made between 11 and 14 week, and best view 
is obtained at 11 to 12 weeks. Generally NT thickness increases 
with fetal crown-rump length (CRL). NT thickness is between 
1.2 and 2.1 mm at a CRL of 45 mm and is between 1.9 and 2.7 
mm at a CRL of 84 mm (median and 95th percentile values). The 
99th percentile regards as 3.5 mm [14].

First-trimester screening using a combination of age and 

NT, pregnancy-associated plasma protein-A and b-human 
chorionic gonadotropin has been shown to be an effective 
way to screen for aneuploidy, demonstrating a detection rate 
of 90% at a false-positive rate of 5% [15]. However, in fetuses 
with increased NT but normal karyotyping, nuchal thickening is 
clinically relevant due to its association with increased adverse 
perinatal outcomes caused by a variety of fetal malformations, 
dysplasias, deformations, dysruptions, and genetic syndromes 
[16-24]. In the combined data from 2 studies on a total of 4,540 
chromosomally normal fetuses with increased NT but no obvi-
ous fetal defects on sonography, the prevalence of miscarriage 
or fetal death increased from 1.3% in those with NT between 
the 95th and 99th percentiles (>6.5 mm) to about 20% [22,23]. 
Another study of 6,650 pregnancies reported that in chromo-
somally normal fetuses, the prevalence of miscarriage or fetal 
death was 1.3% in those with NT below the 95th percentile, 
1.2% for NT between the 95th and 99th percentiles, and 12.3% 
for NT above the 99th percentile [24]. Most of the later-stillborn 
fetuses in that study showed a tendency to progress to hydrops 
as the thickness of NT became aggravated. 

Some studies have reported on the long-term follow-up of 
chromosomally and anatomically normal fetuses with increased 
NT. The prevalence of developmental delay was 2% in the com-
bined total of 101 infants based on questionnaires to the parents 
[25-27]. On a combined total of 207 infants that had increased 
NT in fetal life, clinical examination demonstrated developmen-
tal delay in 3.9% of cases [20,28-30]. It is unclear whether these 
clinical phenotypes appearing in euploid fetuses were secondary 
consequences of other chromosomal abnormalities that could 
not be detected by conventional karyotyping methods, because 
not all of the fetuses with adverse outcomes were subjected to 
chromosomal analysis, and there are few studies with long-term 
follow up, even in cases of live birth.

 As array CGH enables comprehensive high-resolution screen-
ing across the genome as well as mapping of DNA sequences 
not reachable by conventional karyotyping or FISH, the cor-
relation of clinical consequences with microdeletion has to be 
established once the presence of aneuploidy is ruled out. The 
prevalence of numerous genetic disorders when NT is over 3.5 
mm or over the 99th percentile with normal karyotype has 
been reported previously, but no definite association between 
increased NT and presence of genetic disorders was pointed out 
due to low incidence of some of the syndromes [31]. More than 
50 genetic conditions have been identified as being in associa-
tion with increased NT. The most commonly found disorders 
are DiGeorge syndrome (22q11.2 deletion), cat eye syndrome 
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(22q11.2 duplication), Prader-Willi/Angelman syndrome (15q11-
q13 deletion), Williams syndrome (7q11.23 deletion), 1q21.1 
deletion/duplication syndrome, congenital adrenal hyperplasia, 
Noonan syndrome, Smith-Lemli-Opitz syndrome, fetal akinesia 
deformation sequence, multiple pterygium syndrome, Fanconi 
pancytopenia syndrome, campomelic dysplasia, and VATERL 
syndrome association [19-23,32] .

One recent meta-analysis of 18 studies reported pathogenic 
CNVs in 104 of 1,139 fetuses with multiple defects (9.1%; 95% 
confidence interval [CI], 7.5-10.8) and in 125 of 2,220 fetuses 
with one anatomical system defect (5.6%; 95% CI, 4.7-6.6) [33]. 
Among those cases, a larger number of submicroscopic chromo-
somal abnormalities were detected when more fetal structural 
defects were found. However, some studies have not shown any 
significant increase in euploid but anatomically anomalousy 
groups. Schou et al. [34] investigated 100 euploid fetuses with 
increased NT, and reported that none had pathogenic CNVs de-
tectable by CGH. However, three children were diagnosed with 
clinical syndromes postnatally; this might have been due to the 
fact that some other pathogenic CNVs were missed because 
the CGH platform used was able to detect only CNVs of 3 Mb or 
more. Based on a study on 215 fetuses with increased NT, Huang 
et al. [35] reported that array CGH detected no cases of patho-
genic CNVs in 199 euploid fetuses with no structural defects. In 
the remaining 16 cases with abnormal prenatal ultrasonography 
or abnormalities detected postnatally, CNVs classified as VOUS 
were later found. Yang et al. [36] reported that pathogenic CNVs 
were found in 26.9% (7/26) of fetuses with both increased NT 
and anatomically anomaly on ultrasound at the second or third 
trimester, whereas for those fetuses with isolated increased NT, 
pathogenic CNVs were detected only in 6.7% (13/194) of cases. 
Possible reasons for the variability among those results might 
have been differences in probe performance and in race-related 
characteristics. Inclusion of terminated fetuses with severe ab-
normality might also have resulted in higher rates of pathogenic 
CNVs. Due to this continuing uncertainty, how and when to 
apply this new technology is still under discussion. Some clini-
cians have insisted that detection of higher NT should prompt a 
detailed ultrasound examination for fetal abnormalities and, if 
at least one abnormalityi is detected, further, invasive-testing-
based analysis should include array CGH. Some others have 
suggested that when invasive prenatal-testing procedures were 
required, array CGH should replace karyotyping [12]. Some in-
vestigators have detected over 30% chromosomal (19.9%) and 
submicroscopic chromosomal (9.1%) abnormalities for fetuses 
with increased NT [36]. 

Recommendations of Prenatal Microarray for 
Clinical Application

Since the announcement of the use-of-CMA guidelines by the 
American College of Obstetricians and Gynecologists in 2009, 
the following 2016 amendments were announced. 1) Most 
genetic changes identified by CMA, typically not identified in 
standard karyotypes, are not associated with advanced maternal 
age; therefore, CMA testing can be considered for all women, 
regardless of age, who undergo prenatal testing. 2) Patients with 
a fetal structural abnormality on ultrasonography are recom-
mended to undergo prenatal CMA in place of karyotyping. 3) 
Patients with a normal fetal structure on ultrasonography are 
advised to undergo karyotyping or prenatal CMA. 4) In the case 
of intrauterine fetal death or stillbirth, CMA testing using fetal 
tissue is recommended, as it can help to determine the causes of 
fetal death.

Conclusion

We reviewed the possible association between increased 
NT with normal karyotype and submicroscopic chromosomal 
abnormalities detected by array CGH. Array CGH has a higher 
resolution for detection and characterization of marker chro-
mosomes and mosaicism within a shorter time than conven-
tional and molecular cytogenetics. Although additional studies 
are needed to elucidate the relationship between increased 
NT and submicroscopic genetic syndrome, it is clear that CMA 
yields more genetic information than conventional karyotyping 
for the purposes of prenatal diagnosis. Also, the rate of CNV is 
increased significantly in case of furtrher combined other struc-
tural anomalies than simply isolated increased NT are found. In 
cases where invasive testing shows a normal chromosome gen-
otype, it might be necessary to perform array CGH to eliminate 
the possibility of submicroscopic chromosomal abnormalities, 
especially when the fetus is found to have additional structural 
defects.
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