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Objective. To assess the clinical value of prenatal diagnosis using quantitative fluorescent polymerase chain reaction (QF-PCR) and
chromosomal microarray analysis (CMA) for the examination of genomic imbalances in prenatal amniotic fluid samples from
fetuses with a nuchal translucency (NT) greater than or equal to 2.5mm. Materials and Methods. A total of 494 amniotic fluid
samples and 5 chorionic villus samples were included in this study, with a fetal NT≥ 2.5mm at 11–13+6 weeks of gestation from
November 2015 to December 2018. All cases were examined with QF-PCR, and those with normal QF-PCR results were then
analyzed by CMA. Results. Of the 499 cases, common aneuploidies were detected by QF-PCR in 61 (12.2%) cases. One case of
triploidy, one case of trisomy 21 mosaicism, and two cases of X/XX mosaicism were further confirmed by fluorescence in situ
hybridization (FISH). Among the 434 cases with normal QF-PCR results, microarray detected additional pathogenic copy number
variants (CNVs) in 4.8% (21/434) of cases. Six cases would have been expected to be detectable by conventional karyotyping
because of large deletions/duplications (>10Mb), leaving fifteen (3.5%, 15/428) cases with pathogenic CNVs only detectable by
CMA. Pathogenic CNVs, especially those <10Mb, were centralized in cases with an NT< 4.5mm, including 5 pathogenic CNVs
in cases with an NTof 2.5–3.5mm and 7 pathogenic CNVs in cases with an NTof 3.5–4.5mm. Conclusions. It is rational to use a
diagnostic strategy in which CMA is preceded by a less-expensive, rapid method, namely, QF-PCR, to detect common aneu-
ploidies. CMA allows for the detection of a number of pathogenic chromosomal aberrations in fetuses with an NT≥ 2.5mm.

1. Introduction

Nuchal translucency (NT) refers to the collection of fluid in
the back of the fetal neck [1]. Measurement of nuchal
translucency (NT) between 11 and 13+6 weeks above the 99th

centile (≥3.5mm) is defined as increased NT. Increased NT
thickness is associated with fetal structural defects, chro-
mosomal abnormalities, and genetic disorders [2–7]. Some
congenital malformations, which mainly involve congenital
heart disease, diaphragmatic hernia, and orofacial clefts, are
increased in cases with an NT≥ 3.5mm [8–10]. Common
aneuploidies, including trisomies 21, 18, and 13 and
monosomy X, are the major chromosomal abnormalities
associated with increased NT. Genetic disorders have also
been reported in association with enlarged NT. +e most

common conditions include Noonan syndrome, Smith–
Lemli–Opitz syndrome, and congenital adrenal hyperplasia
[7, 11, 12].

CMA detects imbalances in the DNA copy number,
which are referred to as copy number variants (CNVs) [13].
Chromosomal microarray analysis (CMA) shows advan-
tages over conventional karyotyping not only in postnatal
diagnosis but also in prenatal diagnosis. Especially in cases
with structural anomalies found during prenatal imaging
examinations, CMA can detect another 5.6% pathogenic
copy number variants (CNVs) in isolated defects and 9.1%
pathogenic CNVs in multiple defects [14]. Recent studies
have concluded different detection rates for pathogenic
CNVs in cases with increased NT (0–15%) [15–17]. Some
microdeletion/microduplication syndromes, including
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22q11.2 deletion syndrome, have been found to be associ-
ated with enlarged NT thickness [18, 19].

+ough in most studies, increased NT has been defined
as measurement greater than or equal to 3.5mm, we found
that some pathogenic CNVs could also be detected in cases
with an NT equal to or greater than 2.5mm but less than
3.5mm in our routine work. +erefore, the objective of this
study was to assess the performance of a prenatal diagnostic
strategy using combined QF-PCR and CMA for fetuses with
an NT≥ 2.5mm.

2. Materials and Methods

+is investigation was a retrospective study in which a total
of 499 pregnancies with an NT≥ 2.5mmwere enrolled at the
Prenatal Diagnosis Center of West China Second University
Hospital from November 2015 to December 2018. NT was
assessed between 11 and 13+6 weeks (fetal crown-rump
length ranging between 45 and 84mm) according to the
standards of the Fetal Medicine Foundation (FMF) by FMF-
certified sonographers. All women received comprehensive
prenatal counseling, including the possible outcome of the
fetuses and the indications, accuracy, limitations, and risk of
amniocentesis, QF-PCR, and CMA. Signed informed con-
sent forms were obtained from all participants.

+e initial 2ml of amniotic fluid (AF) was abandoned to
avoid maternal cell contamination. If maternal cell con-
tamination (MCC) was suspected, DNA was extracted from
cultured AF. If MCC was excluded, DNA was extracted
immediately from the uncultured AF using the QIAamp®DNA Blood Mini Kit (QIAGEN GmbH, Hilden, Germany).
All samples were subjected to QF-PCR detection using a
trisomy 21, 18, and 13 and sex chromosome polyploidy
detection kit (fluorescence PCR-capillary electrophoresis)
(DAAN GENE, Guangzhou, China), following the manu-
facturer’s protocol.

QF-PCR can detect the number of abnormalities of
chromosomes 13, 18, 21, X, and Y. +e PCR fragments were
separated by capillary electrophoresis (3500, Life Technol-
ogies, CA, USA), and data were analyzed using Gen-
eMapper® (version 4.1, Applied Biosystems, Waltham,
Massachusetts, USA). Abnormal QF-PCR results were
validated using fluorescence in situ hybridization (FISH).

If the QF-PCR result was normal, CMA would follow. All
samples were screened using a CytoScan 750K array (Affy-
metrix, Inc., Santa Clara, CA, USA). +e sensitivity and
specificity were universally acknowledged, and CNVs equal to
or greater than 200 kb across the genome could be reliably
detected. +e experimental procedures were performed
according to the manufacturer’s standard protocols (Affy-
metrix, Inc., Santa Clara, CA, USA), specifically including
digestion, ligation, PCR amplification, purification, segmen-
tation, labeling, and hybridization. +e results were analyzed,
respectively, by two clinical geneticists using the Chromosome
Analysis Suite (ChAS) software (Affymetrix, Inc., Santa
Clara, CA, USA). +e results were determined using in-
house databases and publicly available CNV databases, in-
cluding the Database of Chromosomal Imbalance and Phe-
notype in Humans Using Ensembl Resources (DECIPHER;

http://decipher.sanger.ac.uk), GeneReviews®, Database of
Genomic Variants (DGV; http://projects.tcag.ca/variation),
Online Mendelian Inheritance in Man (OMIM; http://www.
omim.org), and ClinGen (https://www.clinicalgenome.org/).
Sometimes, public databases lag behind the latest literature;
consequently, PubMed was also involved in the data analysis
process. In our study, a conventional cytogenetic analysis was
not performed in addition to CMA. CNVs with a size greater
than 10Mb were considered visible by karyotyping, while
CNVs <10Mb were classified as cryptic. We categorized
CNVs as benign, pathogenic, or variants of uncertain sig-
nificance (VOUS) according to the American College of
Medical Genetics (ACMG) standards and guidelines for the
interpretation and reporting of postnatal constitutional CNVs
[20]. If VOUS were detected in the fetal sample, peripheral
blood was collected from both parents, and the results were
further analyzed to differentiate the CNVs that were likely
benign, likely pathogenic, or true VOUS. Clinical geneticists in
our prenatal diagnosis center offered counseling to women
with array results.

2.1. Statistical Analysis. GraphPad Prism, version 4.03
(GraphPad Software Inc., CA, USA), was used for statistical
analysis. We used the chi-square test to assess for significant
differences in expected frequencies between two groups.
P< 0.05 was considered statistically significant in a two-
sided test.

3. Results

Figure 1 shows the patient characteristics and chromosomal
findings analyzed by QF-PCR and CMA (Figure 1). A total
of 499 fetuses with an NT≥ 2.5mm were enrolled in this

QF-PCR

CMA

Abnormal QF-PCR results
N = 65 (13.0%)

Normal QF-PCR results
N = 434 (87.0%)

Common aneuploidies
(including mosaicism)

Trisomy 21, n = 33
Trisomy 18, n = 16
Trisomy 13, n = 2

Trisomy 21 mosaicism, n = 1
Monosomy X mosaicism, n = 2

45, X, n = 10
Triploidy, n = 1 Pathogenic CNVs ≥10Mb, n = 6 

Pathogenic CNVs <10Mb, n = 15 
VOUS, n = 1

Fetuses with an NT ≥2.5mm
n = 499

Figure 1: Flowchart of patient characteristics and chromosomal
findings from quantitative fluorescent polymerase chain reaction
(QF-PCR) and chromosomal microarray (CMA) of 499 amniotic
fluid and chorionic villus samples from pregnancies with an nuchal
translucency (NT) ≥2.5mm. CNVs, copy number variants; VOUS,
variants of uncertain significance.
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study. +e median maternal age was 29.3 (range, 18–44)
years, the median gestational age was 19+3 (range,
12+4–25+5) weeks, and the median fetal NT thickness was 3.5
(range, 2.5–9.7) mm. Nineteen cases had cystic hygroma. Of
all cases, 13 were combined with other structural malfor-
mations, and the remaining 486 cases were with isolated
increased NT (Table 1). +e distribution of different types of
CNVs according to the NT thickness is presented in Table 2.
Of the 499 fetuses included, 61 (12.2%) were identified with
aneuploidies involving chromosome 13, 18, 21, or X by QF-
PCR analysis (Table 2). One case of trisomy 21 mosaicism,
two cases of monosomy X mosaicism, and one case of
triploidy were also detected. All abnormal QF-PCR results
were verified by FISH. All women with affected pregnancies
elected to terminate their pregnancies.

Of the remaining 434 cases, 21 (4.8%) had pathogenic CNVs
detected by CMA. One (0.2%) case was of unclear clinical
significance. +e findings from CMA are summarized in Ta-
ble 3. Fifteen (3.5%, 15/428) cases with imbalances detected by
CMA had ≤10Mb CNVs (range, 0.256–9.236Mb), which
would not have been detected by karyotype analysis. Table 1
shows the chromosomal findings in samples with other
structural malformations. +e number of aneuploidies in-
cluding aneuploidy mosaicism in cases with other structural
malformations (61.5%, 8/13) is much more than that in cases
with isolated increased NT (11.7%, 57/486) (P< 0.001, OR
16.93, 95% CI 5.092–50.53). One case with an NT of 3.3mm
complicated by an obviously short femur was diagnosed with
achondroplasia, and the CMA result was normal. However,
neither pathogenic nor likely pathogenic CNVs were found in
cases of increased NT with other anomalies.

In the cases with an NT ≥3.5mm, 49 cases were di-
agnosed with chromosomal aneuploidies, one case was di-
agnosed with triploidy by QF-PCR (22.8%, 50/219), and
another 15 (8.9%, 15/169) cases were found to have path-
ogenic CNVs by CMA. However, in the cases with an NTof
2.5–3.5mm, 15 (5.4%, 15/280) cases were diagnosed with
chromosomal aneuploidies (including one case of trisomy 21
mosaicism and two cases of monosomy X mosaicism) by
QF-PCR and FISH, and another 6 (2.3%, 6/265) cases were
found with pathogenic CNVs by CMA. Pathogenic CNVs,
especially those <10Mb, were centralized in cases with an

NT< 4.5mm, including 5 pathogenic CNVs in cases with an
NT of 2.5–3.5mm and 7 pathogenic CNVs in cases with an
NT of 3.5–4.5mm.

After genetic counseling, two patients with pregnancies
exhibiting pathogenic CNVs continued their pregnancies,
and the others terminated their pregnancies. One pregnancy
exhibiting VOUS was continued, and a healthy infant was
born.

4. Discussion

Increased NT was demonstrated to be an important
screening method for chromosomal aneuploidies and fetal
structural abnormalities. In this study, 86 cases of chro-
mosomal abnormalities were diagnosed, including 61
(12.2%) cases of chromosomal aneuploidies, 21 (4.8%) cases
of pathogenic CNVs, one case of triploidy, one case of
trisomy 21 mosaicism, and two cases of X/XX mosaicism.
However, different studies have reported different detection
rates for chromosomal abnormalities. In Table 4, we com-
pare our present study to recent publications. Lund et al.
reported one of the highest diagnostic rates (28.8%, 38/132)
of chromosomal aneuploidies and the highest detection rate
(12.8%, 12/94) of pathogenic CNVs detected by CMA in
fetuses with an NT ≥3.5mm [17]. A French multicenter
retrospective study reported one of the largest populations of
increased NT and found that 16 (2.7%) pathogenic CNVs
could be detected by CMA [16]. Pan et al. in China found
that 5.7% of pathogenic CNVs could be detected by CMA
[21]. However, Scott et al. found that only one pathogenic
CNV was detected by CMA in 90 fetuses with an
NT≥ 3.5mm [22]. In another study, Schou et al. found no
additional benefit of microarray over karyotyping in 100
cases [15]. Huang et al. also reported that CMA could not
find more pathogenic CNVs than karyotyping could [23].
Different detection rates among the studies might be caused
by different CMA platforms used, the definition of “path-
ogenic CNV,” or different study sample sizes. Grande
summarized 17 studies in the only one recently published
meta-analysis that focused on the incremental yield of
microarray over karyotyping in fetuses with increased NT
[24]. +is study reported 5% additional pathogenic CNVs in

Table 1: Chromosomal findings in samples with other structural malformations.

Case MA (years) NT (mm) Other malformations Chromosomal findings
1 33 3.6 VSD Trisomy 21
2 29 3.3 Short and bending femur Achondroplasia
3 33 3.6 Multiple malformations N
4 35 2.7 Holoprosencephaly Trisomy 13
5 27 3.5 Pedicle syndrome N
6 28 2.7 CHD Trisomy 21
7 37 4.8 Omphalocele Trisomy 18
8 33 4.0 Omphalocele Trisomy 18
9 33 3.2 Choroid plexus cysts Trisomy 18
10 37 3.7 Holoprosencephaly N
11 24 2.9 Situs inversus viscerum, CHD Monosomy X mosaicism
12 36 7.2 Holoprosencephaly, omphalocele Trisomy 18
13 33 3.5 Diaphragmatic hernia N
VSD: ventricular septal defect; CHD: congenital heart disease; N: negative results.
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normal karyotype results, slightly higher than the results of
our study (3.5%, 15/428).

In the existing literature, the threshold of increased NT
was universally defined as equal to or greater than the 99th
centile (≥3.5mm) [16, 17, 21, 25]. +e rate of chromosomal
aneuploidies and pathogenic CNVs both increased with NT
thickness. Some other studies compared the chromosomal
results in cases with an NT equal to or greater than the 95th
centile (≥3.0mm) with those in cases with NT less than
3.0mm [26].+e results of the study found that the karyotype
was abnormal in 25 (69%) cases with an NT≥ 3.0mm. +e
authors also found that cases of trisomies 18 and 45 and XO
occurredmore often than those of trisomy 21 in this group. In
seven cases with an NT< 3.0mm, only one had an abnormal
karyotype (47, +18). Another study concluded that the in-
cidence of chromosomal abnormalities increased with NT
thickness from approximately 7% for those with an NT be-
tween the 95th centile for crown-rump length and 3.4mm to
75% for those with an NTof 8.5mm or more [25]. Whichever
standard of increased NT the researchers chose, the studies
consistently showed that, with an increase in NT thickness,
the detection rates of chromosomal anomalies were ac-
cordingly improved.

Table 2 shows the distribution of chromosomal abnor-
malities of 499 cases with an NT ≥2.5mm. In the cases with
an NTof 2.5–3.5mm, we found 15 (5.4%, 15/280) cases with
chromosomal aneuploidies and 6 (2.3%, 6/265) cases with
pathogenic CNVs. Interestingly, the detection rate of
chromosomal aneuploidies in cases with an NT of 2.5–
3.0mm (5.5%, 8/146) was similar to that in cases with an NT
of 3.0–3.5mm (5.2%, 7/134). +e detection rate of chro-
mosomal aneuploidies increased with NT thickness (5.4% in
cases with an NT of 2.5–3.5mm vs. 47.1% in cases with an
NT≥ 6.5). However, pathogenic CNVs, especially those
<10Mb, were centralized in cases with an NT< 4.5mm
including 5 pathogenic CNVs in cases with an NT of 2.5–
3.5mm and 7 pathogenic CNVs in cases with an NT of
3.5–4.5mm. Recently, Maya et al. reconsidered the cut-off
value of increased NT thickness [27]. In their study, 770
fetuses had NT as a normal or an isolated abnormal finding
according to the previous standard of NT thickening. Of
these fetuses, 462 had an NT≤ 2.9mm, 170 had an NT of
3.0–3.4mm, and 138 had an NT≥ 3.5mm. Pathogenic copy

number variations were found in 1.7%, 7.1%, and 13.0% of
the groups above, respectively. +ey concluded that CMA
should be applied in fetuses with isolated, mildly increased
NT (3.0–3.4mm). However, the detection rate of pathogenic
CNVs in cases with an NTof 2.5–3.0mmwas not mentioned
in the study. In our study, 2 (3.0%, 4/134) pathogenic CNVs
were diagnosed in patients with an NT equal to or greater
than 2.5mm and less than 3.0mm. +e range of NT
thickness of Chinese fetuses needs to be reevaluated.

In our study, two cases of 22q11 deletion syndrome were
identified by CMA. One case was diagnosed with an NT of
3.6mm, and the other was diagnosed with an NTof 3.0mm.
Both cases were found to have congenital heart defects by
ultrasound before pregnancy termination.

Notably, the pathogenic CNVs in our study include cases
associated with a highly variable phenotype and an in-
complete penetrance with clinically relevant CNVs. In Case
4, we detected a 16p11.2 microdeletion that is associated
with developmental delay, intellectual disability, and/or
autism spectrum disorder. Hanson et al. reported that the IQ
average of those affected individuals was 82.7, representing a
26.8-point (1.8 SD) shift downward compared to the full-
scale IQ average of 109.5 of familial controls [28]. In Case 5,
in addition to trisomy 21 mosaicism, we detected a 16p13.11
recurrent microduplication, which is a neurocognitive dis-
order susceptibility locus associated with intellectual dis-
ability, attention-deficit hyperactivity disorder, and autism,
but with variable penetrance [29–31]. Prenatal counseling of
these cases must be conducted cautiously and necessitates a
professional team including genetic counselors, clinical
geneticists, and fetal medical experts. In the above two cases,
the pregnancies were terminated. In Case 4, the 16p11.2
microdeletion was found to be de novo, and therefore, the
risk of recurrence was low. +e parents did not continue the
pregnancy after detailed genetic counseling. In Case 5, the
parents decided to terminate the pregnancy mainly because
of the detection of trisomy 21 mosaicism.

+e number of aneuploidies in cases with structural mal-
formation was much more than that in cases with isolated
increased NT. However, there were no pathogenic CNVs found
in samples with other abnormalities. +ese might indicate that
the structural anomalies caused by pathogenic CNVs were so
small that could not be found in NT scanning.

Table 4: Comparison of sample size, analytical methods, and pathogenic findings in the present study with those in the published series.

Study Number of
patients

Cutoff of NT
(mm) Prior testing CMA platform Pathogenic CNVs,

n(%)
Lund et al. [17] 94 3.5 QF-PCR CGH (180K, Agilent) 12 (12.8)
Egloff et al. [16] 720 3.5 MLPA, BoBs, QF-PCR CGH (60K, 180K, PrecytoNEM®, Agilent) 16 (2.7)
Pan et al. [21] 122 3.5 QF-PCR SNP (250K, Affymetrix) 7 (5.7)
Scott et al. [22] 41 3.5 Karyotyping CGH (60K, Agilent) 1 (2.4)
Schou et al. [15] 100 3.5 Karyotyping CGH (BAC 3Mb, targeted) 0 (0)
Huang et al. [23] 215 3.5 Karyotyping CGH (44K, targeted) 0 (0)
Present study 499 2.5 QF-PCR SNP (750K, Affymetrix) 21 (4.8)
BAC, bacterial artificial chromosome; BoBs, BACs-on-Beads; CGH, comparative genomic hybridization; CMA, chromosomal microarray analysis; CNVs,
copy number variants; MLPA, multiplex ligation-dependent probe amplification; NT, nuchal translucency; QF-PCR, quantitative fluorescent polymerase
chain reaction; SNP, single-nucleotide polymorphism.
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+e chromosomal result of one case was determined to
be variants of unknown significance. +e infant was born.
Her father told us that her condition was satisfactory in the
telephone follow-up when the baby was one year old.

5. Conclusion

+is study showed that compared with karyotyping, CMA
reveals a significantly additional number of clinically rele-
vant pathogenic CNVs in 3.5% of fetuses with increased NT.
However, in developing countries, QF-PCR combined with
FISH could be used as a first-line method in cases with
increased NT. If the rapid test results are normal, microarray
analysis is effective as a prenatal testing regime for fetuses
with a high NTwithout requiring conventional karyotyping.
In addition, we must be very careful in cases with an NT
between 2.5 and 3.5mm because 5.4% of cases were detected
to be chromosomal aneuploidies and 2.3% of cases were
found to have pathogenic CNVs.
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