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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 (³35 years) or/and ultrasound abnormalities who 
underwent amniocentesis and performed CMA from August 

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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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 

 Clinical characteristics All Group 1 Group 2 Group 3 p

Number of cases 1521 633 750 138

Maternal age (year) (Mean±SD) 	 33.27±5.57 	 38.18±2.66 	 28.42±3.08 	 37.14±2.24 <0.01

GA at amniocentesis (days) 
(Means±SD) 

	 141.63±19.86 	 136.34±13.21 	 146.26±23.33 	 140.69±18.64 <0.01

Pregnancy outcomes     

	 Ongoing/LB n (%) 	 1464	 (96.25) 	 615	 (97.16) 	 719	 (95.87) 	 130	 (94.20) >0.05

	 TOP n (%) 	 57	 (3.75) 	 18	 (2.84) 	 31	 (4.13) 	 8	 (5.80) >0.05

Table 1. Clinical characteristics of the women compared among groups.

SD – standard deviation; GA – gestational age; LB – live birth; TOP – termination of pregnancy.

 All Group 1 Group 2 Group 3

Number of cases 1521 633 750 138

Normal 	 1191	 (78.30%) 	 504	 (79.62%) 	 592	 (78.93%) 	 95	 (68.84%)

Abnormal 	 330	 (21.70%) 	 129	 (20.38%) 	 158	 (21.07%) 	 43	 (31.16%)

Clinical significant 	 37	 (2.43%) 	 15	 (2.37%)* 	 15	 (2.00%)** 	 7	 (5.07%)*,**

VOUS 	 240	 (15.78%) 	 93	 (14.69%) 	 120	 (16.0%) 	 27	 (19.57%)

Benign or likely benign 	 52	 (3.42%) 	 20	 (3.16%) 	 23	 (3.07%) 	 9	 (6.52%)

Mosaic 	 1	 (0.07%) 	 1	 (0.16%) 	 0	 (0.00%) 	 0	 (0.00%)

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

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.
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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 14q23.3 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 21q22.12 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: 1q21.1q21.2 recurrent microdeletion syndrome 
(Case 16), 1q21.1q21.2 recurrent microduplication syndrome 

Case
Age 

(years)
CMA result

Copy number 
changes

Size 
(Mb)

Conc. Outcome

1 41 arr[GRCh37] 1q21.1q21.2(145895746-147830830)x1 Del 1.94 pathogenic LB/BH

2 37 arr[GRCh37] 1q21.1q21.2(146488130-147830830)x3 Dup 1.34 pathogenic LB/BH

3 36 arr[GRCh37] 2q13(110983417-113111856)x1 Del 2.13 likely pathogenic TOP

4 40 arr[hg19]6q26(162724247-162841979)×1 Del 0.12 likely pathogenic LB/BH

5 39 arr[GRCh37] 14q23.3(67256159-67541139)x1 Del 0.29 likely pathogenic LB/BH

6 41 arr[GRCh37] 15q11.2q13.1(22770421-28560664)x3 Dup 5.79 pathogenic TOP

7 35 arr[GRCh37] 16p13.11(15058820-16272403)x3 Dup 1.21 likely pathogenic LB/BH

8 36 arr[GRCh37] 16p13.11(15154356-16309046)x3 Dup 1.16 likely pathogenic LB/BH

9 36 arr[GRCh37] 16p13.11p12.3(15481747-18172468)x3 Dup 2.69 likely pathogenic LB/BH

10 35 arr[GRCh37] 17p12(14099504-15428902)x3 Dup 1.33 pathogenic LB/BH

11 40 seq[hg19]21q22.12(36500000-36820000)x1 Del 0.32 likely pathogenic LB/BH

12 39 arr[hg19]22q11.21(18897763-21462353)×3 Dup 2.56 pathogenic LB/BH

13 42 seq[hg19]Xp22.31(6580000-8120000)x3 Dup 1.54 likely pathogenic LB/BH

14 36 arr[GRCh37] Xp22.31(6518528-7831857)x0 Del 1.31 pathogenic TOP

15 37 arr[GRCh37] Xp22.33(168551-3185614)x1 Del 3.02 pathogenic LB/BH

Table 3. List of clinically significant CMA findings for group 1.

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

Table 4. List of clinically significant CMA findings for group 2.

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

Case
Age 

(years)
USG soft marker CMA result

Copy number 
changes

Size 
(Mb)

Conc. Outcome

16 29 Long bone dysplasias
arr[GRCh37] 
1q21.1q21.2(145895746-147898062)x1

Del 2.00 Pathogenic TOP

17 23 Nasal bone dysplasia
arr[GRCh37] 
1q21.1q21.2(146023922-147820342)x3

Dup 1.80 Pathogenic TOP

18 28 Increased NT
arr[GRCh37] 
1q21.1q21.2(146030328-147391923)x3

Dup 1.36 Pathogenic TOP

19 32
Cerebral 
ventriculomegaly

seq[hg19] 
1q21.1-q21.2(145740000-147720000)×3

Dup 1.98 Pathogenic TOP

20 27 Increased NT
arr[GRCh37] 
2q37.1(232768360-232955363)x0

Del 0.19
Likely 
pathogenic

TOP

21 27 nasal bone dysplasia
arr[hg19] 
4q24q25(107311349-108475537)×3

Dup 1.16
Likely 
pathogenic

LB/BH

22 29 Increased NT
arr[hg19] 
5q14.2q14.3(82251766-86044633)×1

Del 3.79
Likely 
pathogenic

TOP

23 31 Increased NT
arr[hg19]|
11q25(134064675-134835852)×3

Dup 0.77
Likely 
pathogenic

LB/BH

24 26 Nasal bone dysplasia
arr[hg19] 
15q11.2q13.1(23688944-28375872)×1

Del 4.69 Pathogenic TOP

25 23 Nasal bone dysplasia
arr[GRCh37] 
16p13.11(14910158-16495076)x1

Del 1.59 Pathogenic TOP

26 28 Nasal bone dysplasia seq[hg19] 17p12(14120000-15360000)×1 Del 1.24
Likely 
benign

LB/BH

27 26 Increased NT
arr[GRCh37] 
17p12(14077970-15484335)x1

Del 1.41 Pathogenic LB/BH

28 30 Increased NT
seq[hg19] 22q11.21 (18980000-
21460000)×1

Del 2.48 Pathogenic TOP

29 31
Cervical lymphatic 
hygroma

seq[hg19] 
22q11.21(19040000-20320000) ×3

Dup 1.28 Pathogenic LB/BH

30 21 Increased NT
arr[GRCh37] 
16p11.2(28748616-29051191)x1

Del 0.30 Pathogenic TOP

30 21 Increased NT
arr[GRCh37] 
Xp21.1(31728920-31962949)x0

Del 0.23 Pathogenic TOP
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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 

Case
Age 

(years)
Soft marker CMA result

Copy number 
changes

Size 
(Mb)

Conc. Outcome

31 37 Increased NT
arr[GRCh37] 
5q23.3(127674203-127935410)x1

Del 0.26 Pathogenic LB/BH

32 37 Increased NT
arr[GRCh37] 
7q21.11(83597906-84859535)x1

Del 1.26
Likely 
pathogenic

LB/BH

33 37
Cervical lymphatic 
hygroma

seq[hg19] 
13q33.2-q34(105320000-115100000)×1

Del 9.78 Pathogenic TOP

34 36 Choroidplexuscyst
arr[GRCh37] 
16p13.11(15051744-16508123)x3

Dup 1.46
Likely 
pathogenic

LB/BH

35 39 Increased NT
seq[hg19] 
17p12(14100000-15440000)x3

Dup 1.34 Pathogenic LB/BH

36 41 Choroidplexuscyst
arr[GRCh37] 
Xp22.31(6774894-7873402)x1

Del 1.10 Pathogenic LB/BH

37 35
Intestinal echo 
enhancement

seq[hg19] 
46,XX, Xp21.1(33320000-33520000)x3.7

Dup 0.20
Likely 
pathogenic

TOP

Table 5. List of clinically significant CMA findings for group 3.

CMA – chromosomal microarray analysis; Del – deletion; Dup – duplication; TOP – termination of pregnancy; LB – live birth; BH – born 
healthy; NT – nuchal translucency; NF – nuchal fold.
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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 
³3.5 mm) in prenatal diagnosis [10]. Su et al reported that CMA 
improved the diagnostic rate of chromosomal abnormalities for 

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 

References

AMA Fetal abnormal soft markers
AMA and Fetal abnormal soft 

markers

Number 
of cases

Detection rate of 
Clinical significant 

(%)

Soft 
marker

Number 
of cases

Detection rate of 
Clinical significant 

(%)

Number 
of cases

Detection rate of 
Clinical significant 

(%)

Wapner RJ, et al [7] 1966 	 34	 (1.73) N.R. N.R. N.R. N.R. N.R.

Shaffer LG, et al [16] 346 	 1	 (0.29) All 77 	 2	 (2.6) N.R. N.R.

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) N.R. N.R. N.R. N.R. N.R.

Konialis C, et al [19] 2107 	 9	 (0.43) N.R. N.R. N.R. N.R. N.R.

Papoulidis I, et al [20] 574 	 2	 (0.35)
Increased 

NT
160 	 1	 (0.63) N.R. N.R.

Van Opstal D, et al [21] 624 	 5	 (0.80) N.R. N.R. N.R. N.R. N.R.

Li L, et al [22] N.R. N.R.
Thickened 

NF
65 	 5	 (7.69) N.R. N.R.

Su L, et al [9] N.R. N.R.
Increased 

NT
174 	 5	 (2.87) N.R. N.R.

Sagi-Dain L, et al [23] 2318 	 23	 (0.99) All 239 	 7	 (2.93) N.R. N.R.

Song TT, et al [24] N.R. N.R. All 404 	 20	 (4.95) N.R. N.R.

Wu X, et al [14] 437 	 4	 (0.92) N.R. N.R. N.R. 134 	 2	 (1.49)

Present study 633 	 15	 (2.37) All 750 	 15	 (2.0) 138 	 7	 (5.07)

Table 6. Summary of detection rate of clinically significant CMA findings in AMA women and fetal USG soft markers in the literature.

CMA – chromosomal microarray analysis; AMA – advanced maternal age; NT – nuchal translucency; NF – nuchal fold; N.R. – no 
reported.
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with autism, developmental delay, intellectual disability, or mal-
formation. In our study, the main SLs were 1q21.1, 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 

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.

Acknowledgments

We thank all staff in the Reproductive Medicine and Prenatal 
Diagnosis Center, First Hospital of Jilin University also Yuting 
Jiang and Yongsheng Zhang for their help with data collection 
and the intervention sessions.

Conflict of Interests

None.

e929074-8
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Hu Z. et al.: 
Clinical application of CMA in AMA and abnormal soft markers

© Med Sci Monit, 2021; 27: e929074
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



References:

	 1.	Kim YJ, Lee JE, Kim SH, et al. Maternal age-specific rates of fetal chromo-
somal abnormalities in Korean pregnant women of advanced maternal age. 
Obstet Gynecol Sci. 2013;56(3):160-66

	 2.	Wang R, Yu Y, Xi Q, et al. Analysis of prenatal diagnosis before and after 
implementation of the two-child policy in northeastern China. Medicine 
(Baltimore). 2019;98(38):e17200

	 3.	 Smeets DF. Historical prospective of human cytogenetics: From microscope 
to microarray. Clin Biochem. 2004;37(6):439-46

	 4.	 Reddy UM, Page GP, Saade GR, et al. Karyotype versus microarray testing for 
genetic abnormalities after stillbirth. N Engl J Med. 2012;367(23):2185-93

	 5.	 Zhu Y, Lu S, Bian X, et al. A multicenter study of fetal chromosomal ab-
normalities in Chinese women of advanced maternal age. Taiwan J Obstet 
Gynecol. 2016;55(3):379-84

	 6.	Hillman SC, McMullan DJ, Hall G, et al. Use of prenatal chromosomal mi-
croarray: Prospective cohort study and systematic review and meta-anal-
ysis. Ultrasound Obstet Gynecol. 2013;41(6):610-20

	 7.	Wapner RJ, Martin CL, Levy B, et al. Chromosomal microarray versus karyo-
typing for prenatal diagnosis. N Engl J Med. 2012;367(23):2175-84

	 8.	Ahman A, Axelsson O, Maras G, et al. Ultrasonographic fetal soft markers 
in a low-risk population: Prevalence, association with trisomies and inva-
sive tests. Acta Obstet Gynecol Scand. 2014;93(4):367-73

	 9.	 Su L, Huang H, An G, et al. Clinical application of chromosomal microarray 
analysis in fetuses with increased nuchal translucency and normal karyo-
type. Mol Genet Genomic Med. 2019;7(8):e811

	10.	Armour CM, Dougan SD, Brock JA, et al. Practice guideline: Joint CCMG-
SOGC recommendations for the use of chromosomal microarray analysis 
for prenatal diagnosis and assessment of fetal loss in Canada. J Med Genet. 
2018;55(4):215-21

	11.	 Shaffer L, Slovak M, Campbell L. ISCN 2013: An international system for hu-
man cytogenetic nomenclature. Basel, Switzerland, S Karger, 2013; 138p

	12.	 South ST, Lee C, Lamb AN, et al. Working Group for the American College of 
Medical Genetics and Genomics Laboratory Quality Assurance Committee. 
ACMG Standards and Guidelines for constitutional cytogenomic microar-
ray analysis, including postnatal and prenatal applications: Revision 2013. 
Genet Med. 2013;15(11):901-9

	13.	Qingwei Qi HW. [Expert consensus on the application of chromosome mi-
croarray analysis in prenatal diagnosis.] Chinese Journal of Obstetrics and 
Gynecology. 2014;049(8):570-72 [in Chinese]

	14.	Wu X, An G, Xie X, et al. Chromosomal microarray analysis for pregnancies 
with or without ultrasound abnormalities in women of advanced mater-
nal age. J Clin Lab Anal. 2020;34(4):e23117

	15.	 Srebniak MI, Joosten M, Knapen M, et al. Frequency of submicroscopic chro-
mosomal aberrations in pregnancies without increased risk for structural 
chromosomal aberrations: Systematic review and meta-analysis. Ultrasound 
Obstet Gynecol. 2018;51(4):445-52

	16.	 Shaffer LG, Dabell MP, Fisher AJ, et al. Experience with microarray-based 
comparative genomic hybridization for prenatal diagnosis in over 5000 
pregnancies. Prenat Diagn. 2012;32(10):976-85

	17.	 Fiorentino F, Caiazzo F, Napolitano S, et al. Introducing array compara-
tive genomic hybridization into routine prenatal diagnosis practice: A 
prospective study on over 1000 consecutive clinical cases. Prenat Diagn. 
2011;31(13):1270-82

	18.	 Scott F, Murphy K, Carey L, et al. Prenatal diagnosis using combined quan-
titative fluorescent polymerase chain reaction and array comparative ge-
nomic hybridization analysis as a first-line test: Results from over 1000 
consecutive cases. Ultrasound Obstet Gynecol. 2013;41(5):500-7

	19.	Konialis C, Pangalos C. Dilemmas in prenatal chromosomal diagnosis re-
vealed through a single center’s 30 years’ experience and 90,000 cases. 
Fetal Diagn Ther. 2015;38(3):218-32

	20.	 Papoulidis I, Sotiriadis A, Siomou E, et al. Routine use of array compara-
tive genomic Hybridization (aCGH) as standard approach for prenatal di-
agnosis of chromosomal abnormalities. Clinical experience of 1763 prena-
tal cases. Prenat Diagn. 2015;35(13):1269-77

	21.	Van Opstal D, de Vries F, Govaerts L, et al. Benefits and burdens of using a 
SNP array in pregnancies at increased risk for the common aneuploidies. 
Hum Mutat. 2015;36(3):319-26

	22.	 Li L, Fu F, Li R, et al. Prenatal diagnosis and pregnancy outcome analysis 
of thickened nuchal fold in the second trimester. Medicine (Baltimore). 
2018;97(46):e13334

	23.	 Sagi-Dain L, Cohen Vig L, Kahana S, et al. Chromosomal microarray vs. NIPS: 
Analysis of 5541 low-risk pregnancies. Genet Med. 2019;21(11):2462-67

	24.	 Song T, Zhang J, Dang Y, et al. Application value of chromosomal micro-
array analysis in prenatal diagnosis of fetuses with ultrasonographic soft 
markers. Medical Journal of West China. 2019;31(4):513-17

	25.	Nagai K, Shima H, Kamimura M, et al. Xp22.31 microdeletion due to mi-
crohomology-mediated break-induced replication in a boy with contiguous 
gene deletion syndrome. Cytogenet Genome Res. 2017;151(1):1-4

	26.	 de Kovel CG, Trucks H, Helbig I, et al. Recurrent microdeletions at 15q11.2 
and 16p13.11 predispose to idiopathic generalized epilepsies. Brain. 
2010;133(Pt 1):23-32

	27.	Buse M, Cuttaia HC, Palazzo D, et al. Expanding the phenotype of reciprocal 
1q21.1 deletions and duplications: A case series. Ital J Pediatr. 2017;43(1):61

	28.	Oneda B, Baldinger R, Reissmann R, et al. High-resolution chromosomal 
microarrays in prenatal diagnosis significantly increase diagnostic power. 
Prenat Diagn. 2014;34(6):525-33

	29.	Ganesamoorthy D, Bruno DL, McGillivray G, et al. Meeting the challenge of 
interpreting high-resolution single nucleotide polymorphism array data in 
prenatal diagnosis: Does increased diagnostic power outweigh the dilem-
ma of rare variants? BJOG. 2013;120(5):594-606

e929074-9
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Hu Z. et al.: 
Clinical application of CMA in AMA and abnormal soft markers
© Med Sci Monit, 2021; 27: e929074

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


