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Background: In pregnant women with advanced maternal age (AMA) and fetuses with ultrasonographic (USG) soft markers
it is always challenging to decide whether to implement chromosomal microarray analysis (CMA) or not. It is
unclear whether CMA should be used in the fetuses with isolated USG soft markers, and there is still a lack of
extensive sample research.

Material/Methods: We enrolled 1521 cases in our research and divided them into 3 groups as follows: pregnant women with iso-
lated AMA (group 1, n=633), pregnant women whose fetuses had isolated USG soft markers (group 2, n=750),
and pregnant women with AMA whose fetuses had isolated USG soft markers (group 3, n=138). All pregnant
women underwent prenatal ultrasound and amniocentesis, and fetal cells in the amniotic fluid were used for
genetic analysis of CMA. All participants signed a written informed consent prior to CMA.

Results: Abnormal findings were detected by CMA in 330 (21.70%) fetuses, including 37 (2.43%) clinically significant
copy number variations (CNVs), 52 (3.42%) benign or likely benign CNVs, and 240 (15.78%) variants of un-
known significance. The frequency of clinically significant CNVs in group 1 and group 2 were significantly low-
er than that in group 3 (2.37% and 2.0% vs 5.07%, P<0.01). More than a half (59.46%, 22/37) of the pregnant
women decided to continue their pregnancy despite having a fetus diagnosed with clinically significant CNV.

Conclusions: CMA can increase the diagnostic yield of fetal chromosomal abnormality for pregnant women with isolated
AMA or/and their fetuses had isolated USG soft markers.
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Background

Pregnant women with advanced maternal age (AMA) tend to
have a high risk of trisomy 21, and it remains a common high-
risk factor for fetal chromosomal aberrations [1]. In the past
several decades, AMA has been an independent clinical indica-
tion of invasive prenatal diagnosis. For the past few years, the
proportion of AMA pregnant woman has increased rapidly be-
cause of the full implementation of the universal two-child poli-
cy in China [2]. Abnormal chromosome numbers and the major-
ity of structural chromosomal aberrations can be identified by
conventional karyotyping. However, there are still many chro-
mosomal abnormalities, such as chromosomal microdeletion
and microduplication, which were undetectable by convention-
al karyotyping because of its limitation of low resolution [3-5].

Research shows that the proportion of clinically significant submi-
croscopic copy number variants (CNVs) detected by chromosomal
microarray analysis (CMA) in fetuses with normal karyotype and
abnormal ultrasonic appearance was 5.2-10% [6]. Wapner et al
have reported that CMA can identify with approximately 6% of
pregnancies with submicroscopic chromosomal abnormalities
in the fetal with structural ultrasound abnormality and a nor-
mal karyotype [7]. However, fetal USG soft markers, commonly
with no or little pathological clinical significance, are more of-
ten found in fetuses and are closely related to submicroscopic
chromosomal imbalances [8]. Previous studies have confirmed
that CMA can improve the detection rate of chromosomal sub-
microscopic aberrations for fetuses with an increased nuchal
translucency (NT) and a normal karyotype. Therefore, it is sug-
gested that increased NT should be recommended as an indica-
tion for CMA when the prenatal diagnosis is performed [9,10].

AMA pregnant women with or without fetal USG soft mark-
ers and the fetuses with normal karyotype are always hesitant
when choosing whether to perform CMA. It is unclear wheth-
er CMA should be used in the fetus with a normal karyotype
and isolated USG soft markers, and there is still a lack of large-
sample research. The purpose of the present research was to
estimate the application value of CMA in the prenatal diag-
nosis of AMA pregnant women with or without fetal USG soft
markers and isolated fetal USG soft markers when the fetus-
es have a normal karyotype, and to provide further evidence
for clinical genetic counseling practice.

Material and Methods

Subjects

We collected information on 2373 singleton-pregnant women
with AMA (>35 years) or/and ultrasound abnormalities who
underwent amniocentesis and performed CMA from August
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2016 to February 2020. However, 664 pregnant women with
other high-risk factors of prenatal diagnosis besides AMA
and USG soft markers were excluded, including adverse preg-
nancy history, familial chromosomal structural abnormality,
screening indicating high risk of Down syndrome, fetal ultra-
sonic structural abnormality, or multiple high-risk factors list-
ed here. We then excluded a further 188 pregnant women
whose fetuses had an abnormal karyotype. As a result, a total
of 1521 cases were included in this retrospective study. The
mean age of the pregnant women was 33.27+5.57 years, and
the mean gestational age when amniocentesis was performed
was 141.63+19.86 days. Amniocentesis was performed during
gestational weeks 18 and 32. Clinical genetic counseling was
provided to all participants, including the fact that amniocen-
tesis carries a risk of miscarriage (0.5~1%), the comparative
advantages and limitations of traditional karyotype and CMA,
respectively, and the possibility of detecting a variant of un-
known significance (VUS).

We divided these 1521 cases into 3 groups: pregnant women
with isolated AMA were included in group 1 (n=633), pregnant
women whose fetuses had isolated USG soft markers were in-
cluded in group 2 (n=750), and pregnant women with AMA
and their fetuses that had isolated USG soft markers were in-
cluded in group 3 (n=138). The USG soft markers included in-
creased NT or nuchal fold (NF), cerebral ventriculomegaly, py-
elic separation, echogenic intracardiac focus in the ventricle,
intestinal echo enhancement, choroidplexuscyst, ductus veno-
sus A wave inversion, nasal bone dysplasia, long bone dyspla-
sias, and cervical lymphatic hygroma.

Ethics Approval

The implementation of this research was consistent with eth-
ics standards. The ‘Methods for Ethical Review of Biomedical
Research Involving People’ issued by the relevant Chinese au-
thorities and the ‘Declaration of Helsinki’ are the foundation
of ethics standards. The Medical Ethics Committee of the First
Hospital of Jilin University approved this study in 2016 (No.
2016-368). All participants signed a written informed con-
sent prior to CMA.

Cytogenetic Examination

At least 20 G-banded metaphases should be used for karyo-
type analysis in accordance with the operating manual of our
center’s cytogenetics laboratory. Cultured amniotic fluid was
arrested in metaphase, and G-banding was performed using
Giemsa stain at a resolution of 320-400 bands. Karyotypes were
described according to the International System for Human
Cytogenetic Nomenclature (ISCN 2013) [11].
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Table 1. Clinical characteristics of the women compared among groups.

Clinical characteristics All Group 1 Group 2 Group 3 p
Number of cases 1521 633 750 138
| Maternal age (year) (MeansSD) 33274557 38181266 28421308 7.148228 0o
(Gﬁﬁ‘eztnzlnsng)’ce"tes“ (days) 141.63+19.86 136.34+13.21 146.26+23.33 140.69+18.64 <0.01
CPregnancyoutcomes
”””” Ongoing/LBn (%) 1464 (9625) 615 (97.16) 719 (9587) 130 (9420) 5005
”””” PR 57 (@75 18 (284 31 (413) 8 (580 5005

SD - standard deviation; GA — gestational age; LB — live birth; TOP —

termination of pregnancy.

Table 2. Summary of the detection rates of CMA from pregnancies with AMA and fetuses with USG soft markers.

Number of cases

Normal 1191 (78.30%)

Abnormal 330 L70% 129
Clinical significant 37 Q4% 15
vous 20 (1578%) 93
Benign or likely benign 52 G42%) 20
Mosaic 1o 1

Group 1

Group 2

(0.16%) 0 (0.00%) 0 (0.00%)

CMA — chromosomal microarray analysis; AMA — advanced maternal age; VOUS — variants of unknown significance.
* Clinically significant CNVs by CMA in Group 1 versus Group 3: p<0.01; ** Clinically significant CNVs by CMA in Group 2 versus Group

3: p<0.01.

Chromosomal Microarray Analysis

About 10 ml of amniotic fluid was collected by ultrasound-
guided amniocentesis for CMA. Genomic DNA was extracted
through the DNeasy Blood & Tissue kits (Qiagen GmBH, Hilden,
Germany) in accordance with the manufacturer’s instructions.
The NanoDrop ND-2000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA) was used for the quantification
of DNA. The Affymetrix CytoScan750K_Array (Affymetrix, Santa
Clara, CA, USA) was used to detect the potential CNVs. DNA pro-
cessing included digestion, joining, breaking, marking, hybrid-
ization, staining, and scanning. The data were analyzed using
the software of the chromosome analysis suite (ChAS). The data
on chromosomal microarray and genotype—phenotype correla-
tions were analyzed by using the databases of Genomic Variants
(http://dgv.tcag.ca/dgv/app/home; GRCh37/hg19), DECIPHER
(https://decipher.sanger.ac.uk/), and OMIM (https://omim.org).

The types of CNVs clinical manifestations are: pathogenic, like-
ly pathogenic, benign, likely benign, and variants of unknown
significance (VUS). In addition, pathogenic and likely pathogen-
ic CNVs are considered as clinically significant CNVs [12]. The

types of CNVs clinical manifestations refers to the American
College of Medical Genetics (ACMG) guidelines.

Statistical Analysis

SPSS software v23.0 was used for statistical analysis of the
data. An independent-sample t test was used to analyze nu-
merical data. The Pearson chi-squared test was used to analyze
categorical data. A two-sided P value less than 0.05 (P<0.05)
means that the statistical difference had significance.

Results

Patient Clinical Characteristics and Major CMA Results

In total, 1521 cases with normal karyotypes of fetuses were
enrolled in this research and no more significant clinical find-
ings were found except for the AMA and USG soft markers.
The demographic data are shown in Table 1. The maternal
age and gestational age at amniocentesis were significant-
ly different (P<0.01) between the groups according to the
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Table 3. List of clinically significant CMA findings for group 1.

Age Copy number Size

Case (years) CMA result changes (Mb) Conc. Outcome
1 41 arr[GRCh37] 1g21.1921.2(145895746-147830830)x1 Del 1.94 pathogenic LB/BH
""" 2 37 an{GRCh37]1q21.1q21.2(146488130-147830830x3  Dup 134 pathogenic LB/BH
""" 3 36 am{GRCh37]2q13(110983417-113111856)x1  Del 213 likely pathogenic ~ TOP
""" 4 40 anlhg19l6q26(162724247-162841979)x1  Del 012 likely pathogenic  LB/BH
""" 5 39 am{GRCh37] 14q23.3(67256159-67541139)x1  Del 029 likely pathogenic  LB/BH
""" 6 41  an{GRCh37] 15q11.2q13.122770421-28560664)x3  Dup 579 npathogenic ~  TOP
""" 7 35 anfGRCh37] 16p13.11(15058820-16272403)x3 ~ Dup 121 likely pathogenic  LB/BH
""" 8 36 an|GRCh37] 16p13.11(15154356-16309046)3  Dup 116 likely pathogenic  LB/BH
""" 9 36 an{GRCh37] 16p13.11p12.3(15481747-18172468)3  Dup 269 likely pathogenic  LB/BH
10 35 an{GRCh37]17p12(14099504-15428902)x3 | bup 133 pathogenic  LB/BH
T 40 seqlhgl9]21g22.12(36500000-36820000x1  Del 032 likely pathogenic  LB/BH
12 39 anfhglo]22q1121(18897763-214623533 | Dup 256 pathogenic  LB/BH
13 42 seqlhgloXp22.31(6580000-8120000x3 | bup 154 likely pathogenic  LB/BH
14 36 an{GRCh37]Xp22.31(6518528-7831857%0  Del 131 pathogenic - TP
15 37 an{GRCh37]Xp22.33(168551-3185614)x1  Del - 302 pathogenic  LB/BH

CMA — chromosomal microarray analysis; Del — deletion; Dup — duplication; TOP — termination of pregnancy; LB — live birth; BH — born
healthy.

independent-sample t test. There was no statistically signif-
icant difference (P>0.05) between the groups in pregnancy
outcomes. No pregnant woman in this study had miscarriage
due to amniocentesis.

Among the 1521 cases, abnormal CMA findings were detect-
ed in 330 (21.70%, 330/1521) fetuses, including 37 (2.43%,
37/1521) clinically significant CNVs, 52 (3.42%, 52/1521) be-
nign or likely benign CNVs, 240 (15.78%, 240/1521) VUS, and 1
low-level mosaicism (14% ratio) of trisomy 15 (0.07%, 1/1521).

CMA Findings for the 3 Groups

In group 1, 129 out of 633 (20.38%, 129/633) cases had ab-
normal CMA findings (Table 2). There were 15 cases (2.37%,
15/633) (Cases 1-15) with clinically significant CNVs (Table 3).
Fifteen clinically significant CNVs sized from 0.12 to 5.79 Mb
included 11 pathogenic CNVs and 4 likely pathogenic CNVs.
Among them, 3 cases were relevant to a known syndrome
with variable clinical phenotype: 1q21.1 recurrent microde-
letion syndrome (Case 1), 1q21.1 recurrent microduplication
syndrome (case 2), and 22q11 duplication syndrome (Case 12).
There were 4 cases whose CNVs regions completely covered
the known recurrent region (Cases 3, 6, 9 and 10) and 3 cas-
es whose CNVs regions covered or partial covered the known
recurrent region (Cases 7, 8 and 14). The ClinGen database

suggests that there was some evidence of haploinsufficien-
cy or triplosensitivity for the known related recurrent regions
of these 7 cases, and its clinical phenotype is diverse. Case 4
had a 0.12-Mb deletion in the 6q26 region, containing 1 OMIM
gene (PARK2). This deletion may be related to autism. Case 5
showed a 0.29-Mb deletion in the 14g23.3 region, which may
be related to the risk of neuropsychiatric phenotypes (eg, au-
tism spectrum disorders, seizures, and schizophrenia). Case
11 had a 0.32-Mb deletion in the 21g22.12 region, containing
the OMIM gene RUNX1, which is the pathogenic gene of acute
myeloid leukemia or familial thrombocytopenia (with myeloid
malignancy). Cases 13 and 15 revealed a 1.54-Mb duplication
and a 3.02-Mb deletion in Xp22.31 and Xp22.33, respectively,
containing 4 and 29 OMIM genes, respectively.

In group 2, the frequency of abnormal CMA findings was
21.07% (158/750) (Table 2), which was similar to group 1
(P>0.05). Fifteen cases (Cases 16-30) with clinically significant
CNVs (Table 4) were detected; the detection rate was 2.0%
(15/750), and it showed no statistically significant differenc-
es from group 1 (2.0% vs 2.37%, P>0.05). Fifteen clinically sig-
nificant submicroscopic CNVs, sized from 0.19 to 4.70 Mb, in-
cluded 10 pathogenic CNVs and 5 likely pathogenic CNVs. Six
cases were associated with known syndrome with variable
penetrance: 1q21.1g21.2 recurrent microdeletion syndrome
(Case 16), 1g21.1921.2 recurrent microduplication syndrome
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Table 4. List of clinically significant CMA findings for group 2.
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Case Age USG soft marker CMA result ERBYiiumber.  Size Conc. Outcome
(years) changes (Mb)
. arr[GRCh37] .
16 29 Long bone dysplasias 1q21.1q21.2(145895746-147898062)x1 Del 2.00 Pathogenic TOP
. arr[GRCh37] .
17 23 Nasal bone dysplasia 1q21.1q21.2(146023922-147820342)x3 Dup 1.80 Pathogenic TOP
arr[GRCh37] .
18 28 Increased NT 1921.1921.2(146030328-147391923)x3 Dup 1.36 Pathogenic TOP
Cerebral seq[hg19] .
190 328 entriculomegaly 1921.1-921.2(145740000-147720000)x3 Dup 198 Pathogenic  TOP
arr[GRCh37] Likely
20 27 Increased NT 2q37.1(232768360-232955363)x0 Del ot
. arrfhgl9] Likely
21 2 D 1.1 LB/BH
7 nasalbonedysplasia ) 055(107311349-108475537)x3 up 8 pathogenic
arr[hg19] Likely
22 5q14.2q14.3(82251766-86044633)x1 e B e
arr[hg19]] Likely
28 e e L 11925(134064675-134835852)x3 Dup O e N
. arr[hgl9] .
24 26 Nasal bone dysplasia 15q11.2q13.1(23688944-28375872)1 Del 4.69 Pathogenic TOP
. arf[GRCh37] .
25 23 Nasal bone dysplasia 16p13.11(14910158-16495076)x1 Del 1.59 Pathogenic TOP
26 28 Nasal bone dysplasia  seq[hg19] 17p12(14120000-15360000)x1 Del 1.24 Il;ltle(:ign LB/BH
arr[GRCh37] .
27 26 Increased NT 17p12(14077970-15484335)x1 Del 1.41 Pathogenic  LB/BH
seq[hg19] 22g11.21 (18980000- .
28 30 Increased NT 21460000)x1 Del 2.48 Pathogenic TOP
D o SRS ) Du 128  Pathogenic  LB/BH
hygroma 22q11.21(19040000-20320000) x3 P &
arr[GRCh37] .
30 21 Increased NT 16p11.2(28748616-29051191)x1 Del 0.30 Pathogenic TOP
30 21 Increased NT L B Del 0.23 Pathogenic TOP

Xp21.1(31728920-31962949)x0

CMA — chromosomal microarray analysis; Del — deletion; Dup — duplication; TOP — termination of pregnancy; LB — live birth;

NT — nuchal translucency; BH — born healthy.

(Cases 17-19), 22q11.21 microdeletion syndrome (Case 28),
and 22q11.21 microduplication syndrome (Case 29). Three
cases whose CNVs regions covered or completely covered the
known recurrent region (Cases 25, 27, and 30). There were
2 other cases whose CNVs regions contained OMIM gene of
known clinical syndromes (Cases 20 and 24) and 1 case whose
CNVs region covered the most region of Hereditary Liability
to Pressure Palsies syndrome (Case 26). Two cases had simi-
lar pathogenic CNVs region to those reported in the DECIPHER
database (Case s21 and 23). Case 25 revealed a 3.79 Mb de-
letion in the 5q14.2q14.3 region, containing 5 OMIM genes.

In group 3, there were 43 (31.16%, 43/138) cases had abnor-
mal CMA findings; the detection rate was significantly high-
er than that in group 1 and group 2. These 43 cases involved
7 cases (5.07%, 7/138) of clinically significant CNVs (Table 5,
Cases 31-37), 9 cases (6.52%, 9/138) of benign or likely be-
nign CNVs, and 27 cases (19.57%, 27/138) of VUS. The fre-
quency of clinically significant findings in group 3 was sig-
nificantly higher than that in group 1 and group 2 (5.07% vs
2.37% and 2.0%, P<0.01). Seven clinically significant submi-
croscopic CNVs sized from 0.20 to 9.78 Mb included 3 patho-
genic CNVs and 4 likely pathogenic CNVs (Table 5). In these
7 cases, 4 cases had similar pathogenic CNVs region to those
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Table 5. List of clinically significant CMA findings for group 3.

C Age

HuZ. etal:
Clinical application of CMA in AMA and abnormal soft markers
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Copy number Size

ase (e Soft marker CMA result Shanees (Mb) Conc. Outcome
L e g O 02 P Lo
R e s M g W

33 37 E;;i:;lalymphaﬁc 12?4[:3%.12?;34(105320000-1151ooooo)x1 Del 978 Pathogenic  TOP

34 0 i R ?gp[)clig.clhIz]SOS1744-16508123)x3 Dup 1.46 E:ter:)c;genic LB/BH

35 39 Increased NT i(;(:)[rf(l194]100000-1544oooo)x3 Dup 1.34 Pathogenic LB/BH

36 41 Choroidplexuscyst ?(g[2(;|.?3c1h(23174894-7873402)x1 Del 1.10 Pathogenic LB/BH

37 35 Lnntr?::::rlnee;:o 221[(})1(%;(9;)]21.1(33320000-33520000)x3.7 Dup 0.20 E:fr:)c;genic Top

CMA — chromosomal microarray analysis; Del — deletion; Dup — duplication; TOP — termination of pregnancy; LB — live birth; BH — born

healthy; NT — nuchal translucency; NF — nuchal fold.

reported in DECIPHER or ISCA database (Cases 31-33 and 35),
2 cases whose CNVs regions completely or incompletely cov-
ered the known recurrent region (Cases 34 and 36), and 1 case
revealed a 0.20 Mb duplication in the Xp21.1 region (Case 37),
containing the OMIM gene DMD, which is the pathogenic gene
of Duchenne muscular dystrophy.

Pregnancy Outcomes

In 37 cases of clinically significant CNVs, 22 pregnant wom-
en (59.46%, 22/37) decided to continue the pregnancy and
had successful live births, and 15 pregnant women (40.54%,
15/37) chose to terminate the pregnancy. No abnormal clinical
finding was found after the 22 fetuses were born and no neo-
nates had the karyotype reexamined. The results of postnatal
follow-up showed that these 22 neonates were born healthy.

Discussion

CMA has been recommended to be performed for prenatal
diagnosis of fetuses with ultrasound structural anomalies in
China [13]. However, whether to routinely offer CMA to AMA
pregnant women or fetuses with USG soft markers when un-
dergoing invasive prenatal diagnosis is uncertain. Moreover,
the clinical application of CMA in fetuses with USG soft mark-
ers and a normal karyotype has rarely been reported. Hence,
the purpose of the present research was to evaluate the ap-
plication value of CMA in the prenatal diagnosis of AMA preg-
nant women with or without fetal USG soft markers and iso-
lated fetal USG soft markers when the fetuses had a normal

karyotype and to provide further evidence for clinical genet-
ic counseling practice.

The risk of miscarriage caused by amniocentesis is 0.5~1% and
it should be routinely explained to all pregnant couples be-
fore amniocentesis is performed. On the other hand, the ac-
tual rate of miscarriage is very low in our center (<0.1%), so
the patients will generally have less fear of miscarriage after
preoperative consultation. The results of postoperative follow-
up showed that no pregnant women in this study had miscar-
riage due to amniocentesis. Our study results showed a signif-
icant difference in gestational age at amniocentesis between
the 3 research groups. The gestational ages at amniocentesis
of group 2 and group 3 were significantly higher than in group
1. This may be closely related to the choices of pregnant wom-
en and gestational weeks of ultrasonic screening. In general,
AMA women can make an appointment for amniocentesis be-
fore receiving ultrasound screening, and they preferred am-
niocenteses because it is more acceptable. Accordingly, AMA
women underwent amniocentesis at the correct early time.
Pregnant women with fetal USG soft markers, by contrast,
can only make an appointment for amniocentesis after ultra-
sound screening. Moreover, some USG soft markers were only
found in ultrasound screening after the 20th gestational week.

In our study, CMA results proved that the detection rate of clin-
ically significant CNVs was 2.37% in group 1, which is higher
than the 0.92% reported by Wu et al [14]. Previous research
reports showed that the incremental diagnostic rate of CMA
in the group of pregnant women with AMA alone ranged from
0.29% to 1.73%, as shown in Table 6. A previous meta-analysis
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Table 6. Summary of detection rate of clinically significant CMA findings in AMA women and fetal USG soft markers in the literature.

AMA and Fetal abnormal soft

Fetal abnormal soft markers

References

Detection rate of
Clinical significant
(%)

Number
of cases

Soft
marker

markers

Detection rate of

Clinical significant
(%)

Number Detection rate of Number

Clinical significant
of cases %) of cases

Wapner RJ, et al [7] 1966 34 (1.73) NR. N.R NR. NR. NR.
Shaffer LG, et al [16] 346 1 (0.29) All 77 2 (26) NR. NR.
FiorentinoF, et al [17] 439 3 (0.68) N.R. N.R N.R. N.R. N.R.
Scott F, et al [18] 393 2 (0.51) NR. NR. NR. NR. NR.
Konialis C, et al [19] 2107 9 (0.43) NR. NR. NR. NR. NR.
Papoulidis I, et al [20] 574 2 (035) '"crsaT’sed 160 1 (0.63) NR. NR.
Van Opstal D, et al [21] 624 5 (0.80) NR. NR. NR. NR. NR.
Li L et al [22] NR. NR. Th'c,'\(li"ed 65 5 (7.69) NR. NR.
|
SuL, etal[9] NR. NR. ”CrsaTsed 174 5 (2.87) NR. NR.
Sagi-Dain L, et al [23] 2318 23 (0.99) Al 239 7 (2.93) N.R NR.
Song TT, et al [24] NR. NR. All 404 20 (4.95) NR. NR.
Wu X, et al [14] 437 4 (0.92) NR. N.R NR. 134 2 (1.49)
Present study 633 15 (2.37) All 750 15 (2.0) 138 7 (5.07)

CMA — chromosomal microarray analysis; AMA — advanced maternal age; NT — nuchal translucency; NF — nuchal fold; N.R. — no

reported.

found that the rate of clinically significant CNV was 0.84%
(1/119), referred for AMA and parental anxiety [15]. The dif-
ference in the detection rate of previous studies may be re-
lated to regional or ethnic differences.

Fetal USG soft marker refers to a non-specific marker, which
is different from ultrasound structural abnormality and may
also be a normal variation. However, previous studies had
shown that the fetus with USG soft markers is related to an
increased risk of chromosomal abnormalities. Previous stud-
ies have shown that the incremental diagnostic rate of CMA
for fetuses with USG soft markers and a normal karyotype
ranged from 2.60% to 4.95% (Table 6) [7,9,14,16-24]. In this
study, the rate was 2.0% and the lower detection rate may be
caused by the types of soft markers. A higher detection rate
of 7.69% (5/65) for pathogenic CNV has been reported in the
fetuses with thickened nuchal fold [22]. Additionally, the clini-
cal application of CMA in fetuses with increased NT and a nor-
mal karyotype is a research hotspot. Armour et al recommend
that CMA should be offered for fetuses with increased NT (NT
>3.5 mm) in prenatal diagnosis [10]. Su et al reported that CMA
improved the diagnostic rate of chromosomal abnormalities for
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fetuses with NTs of 2.5-3.4 mm, whose karyotypes were nor-
mal [9]. Based on the information presented above, CMA test-
ing should be recommended for fetuses with USG soft mark-
ers and a normal karyotype.

Moreover, this study also analyzed the CMA results of the AMA
pregnant women with the fetal USG soft markers and a nor-
mal karyotype (group 3). There is only 1 previous study that
assessed this issue, showing a detection rate of 1.49% (2/134)
for abnormal CMA findings with clinical significance [14]. In
our study, the detection rate was 5.07% (7/138), which was
higher than that reported by Wu et al and similar to that of
fetuses with structural anomalies [14].

In 37 cases of clinically significant CNVs, 20 cases (54.05%) were
microdeletions, and the remaining 17 cases (45.95%) were mi-
croduplications. It is worth noting that 83.78% (31/37) of clini-
cally significant microdeletions or microduplications were asso-
ciated with mental or/and neurological dysplasia. Recent studies
have found that susceptibility locus (SL) for the neurodevel-
opmental disorder is a fairly common finding in fetuses with
submicroscopic CNVs [21]. The SL is also generally associated
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with autism, developmental delay, intellectual disability, or mal-
formation. In our study, the main SLs were 1g21.1, 15q11.2,
16p13.11, and Xp22.31. These recurrent reciprocal submicro-
scopic CNVs have been reported to be related to variable clini-
cal phenotype, and some individuals have a normal phenotype,
so no clinically recognizable syndrome can be defined [25-27].
This brings some challenges to clinical genetic counseling. In
consideration of the association between SL and clinical phe-
notypes, genetic consultants and pregnant couples should be
fully aware of the differences between different abnormal CNVs
during clinical genetic counseling. In our research groups, more
than half (59.46%, 22/37) of pregnant women whose fetuses
had clinically significant CNVs decided to continue the preg-
nancy and all neonates were born healthy. However, some clin-
ical manifestations of these neonates who were born healthy
may be found in the future because we have only followed up
3 months after the birth. Moreover, some clinical manifesta-
tions associated with clinically significant CNVs are usually dif-
ficult to detect in infancy, such as neurodevelopmental disor-
der and developmental delay. In addition, we also noted that
most AMA pregnant women or fetuses with clinically signif-
icant CNVs which are not associated with known syndrome
chose to continue pregnancy, while pregnant women aged un-
der 35 years with isolated USG soft markers may be more like-
ly to terminate pregnancy. The results of this research indicate
that continued pregnancy may be the most common choice of
more pregnant women after they have a clear understanding
of the content of genetic counseling.

Nowadays, more and more pregnant women accept and choose
the CMA test at their own expense. However, the interpreta-
tion of VUS results has become a difficult problem in the clin-
ical application of CMA. The rate of VUS detected by CMA is
quite variable [14,28,29]. In our study, VUS was detected from
the 3 research groups and had a comparatively higher detec-
tion rate of 15.78% than that in the previous literature. The
higher detection rate of VUS in our study may be related to
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the population of pregnant women and the principle of CMA
reporting. If submicroscopic anomalies detected by CMA con-
tain a pathogenic gene, according to the relevant regulations
of our center, it will be described in the CMA report. From the
perspective of the patient, they certainly want to eliminate
as many abnormalities as possible and understand the actu-
al results to make sure that the fetus is healthy or normal. At
this time, the patient’s mood is complex and contradictory.
Therefore, genetic counseling about post-testing is very im-
portant. Future research should focus on how to manage the
CMA results and how to interpret the abnormal results de-
tected by CMA so that we can accumulate more evidence for
genetic counseling and greatly reduce the heavy burdens of
genetic consultants or make the patients feel more secure.

Conclusions

In conclusion, in AMA women and fetuses with the USG soft
markers, CMA can improve the detection rate of chromosom-
al aberration by 2.0~5.07% compared with the conventional
karyotyping. For this reason, the CMA test should be available
to AMA women and fetuses with USG soft markers undergoing
prenatal diagnosis. Actually, CMA technology is being promoted
in clinical practice, and the limitation of conventional karyotyp-
ing is being overcome by such molecular genetic techniques.
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