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ORIGINAL ARTICLE

Performance of noninvasive prenatal screening in twin pregnancies: a
retrospective study of 5469 twin pregnancies

Ting Baia,b , Sha Liua,b, Jianlong Liua,b, Xiaosha Jinga,b, Cechuan Denga,b, Tianyu Xiaa,b,
Yunyun Liua,b, Jing Chenga,b, Zhunduo Lia,b, Xiang Weia,b, Lingling Xinga,b, Yuan Luoa,b,
Quanfang Zhoua,b, Wei Luoa,b, Bin Hea,b, Daiwen Hana,b, Qian Zhua,b and Hongqian Liua,b

aDepartment of Obstetrics & Gynecology, West China Second University Hospital, Sichuan University, Chengdu, China; bKey
Laboratory of Birth Defects and Related Diseases of Women and Children (Sichuan University), Ministry of Education, Chengdu, China

ABSTRACT
Objectives: To evaluate the performance of noninvasive prenatal screening (NIPS) for the fetal
common aneuploidy screening in twin pregnancies.
Methods: The data of 5469 women with twin pregnancies were collected in this retrospective
observational study between January 2017 and December 2018. Patients underwent NIPS as
first-line screening or after standard serum screening for fetal aneuploidy. The performance of
NIPS was examined, and a regression analysis was performed to investigate testing failure in
cases of low fetal fraction.
Results: In this study, 2231 (40.8%) patients opted for NIPS as the primary prenatal screening
test, and 3238 (59.2%) opted for serum screening, including 440 patients who opted for NIPS
after serum screening. Among the 2671 pregnancies with available NIPS outcomes, 11 cases of
aneuploidy were identified, seven of trisomy 21 and four of sex chromosome aneuploidy (SCA).
The sensitivity and specificity for trisomy 21 were 100% (95% CI, 56.1–100.0%) and 100% (95%
CI, 99.8–100.0%), respectively. The positive predictive value (PPV) for SCA was 40.0% (95% CI,
13.7–72.6%). No false negatives were found, with a negative predictive value (NPV) of 100%
(95% CI, 99.8–100.0%) in total. In 32 pregnancies who failed NIPS test without available NIPS
outcomes due to low fetal fraction, the regression analysis demonstrated that increasing BMI
and assisted reproductive technology treatment were significant independent predictors.
Conclusions: NIPS is a high-performing routine primary prenatal screening test in twin pregnan-
cies, with a high PPV and low false positive rate for detecting trisomy 21. It is also useful to
identify common sex chromosome aneuploidies in twin pregnancies, with similar performance
to that reported in singleton pregnancy.
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Introduction

In recent years, the incidence of twin pregnancies

has greatly increased worldwide due to the use of

assisted reproductive technology (ART) treatment and

increased average maternal age at delivery.

Conventional serum screening is less robust for twin

pregnancies than for singletons [1,2], resulting in

unnecessary invasive procedures with a theoretically

higher rate of iatrogenic miscarriages than in singleton

pregnancies [3]. A better alternative prenatal screening

test for chromosomal diseases is urgently needed for

this enlarging population. This is especially desirable

in the context of ART, as 30–50% of twin pregnancies

are conceived using an ART procedure. ART leads to a
higher rate of chromosomal abnormalities; neverthe-
less, the fear of procedure-related pregnancy loss
deters women from undergoing prenatal testing [4].

Noninvasive prenatal screening (NIPS) is based on
the sequencing of cell-free DNA (cfDNA) fragments in
the maternal circulation, and it is the most sensitive
screening option for traditionally screened aneuploi-
dies (i.e. Patau, Edwards, and Down syndromes) [5,6],
with low invasiveness and a lower risk of procedure-
related miscarriages [7]. Recently, the international
guidelines on aneuploidy screening published by the
American College of Obstetricians and Gynecologists
(ACOG) and the International Society for Prenatal
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Diagnosis (ISPD) have supported the use of NIPS in
twin pregnancies [8,9]. Recent studies also indicated
that the performance of NIPS in twin pregnancies is
superior to that of conventional prenatal screening,
and it is almost as accurate as in singletons [10–14].
Although the application of NIPS in twin pregnancies
is promising, there are limited publications describing
the actual performance of NIPS as first-line screening
in twin pregnancies in a large sample size. Most of the
literature presents NIPS as contingent testing on
results from the combined serum screening test, a
standard for high-risk pregnancies. According to the
new ACOG guideline (Practice Bulletin 226), if a
patient offered prenatal screening opts to undergo
testing, they should only be prescribed one test, either
NIPS or serum screening, but should not have multiple
tests performed simultaneously [8]. The present study
aimed to analyze the feasibility of introducing NIPS as
an alternative first-line prenatal screening option with
traditional serum screening for the detection of the
major trisomies in routine clinical screening in twin
pregnancies.

Materials and methods

Study patients

A total of 5469 women with twin pregnancies and
who opted for prenatal screening at the Prenatal
Diagnosis Center of West China Second Hospital of
Sichuan University, between January 2017 and
December 2018, were included in this study. The clin-
ical phenotypes of chromosomal abnormalities were
not found in the parents. The mothers had not
received foreign blood transfusion, transplant surgery,
cell therapy, or immunotherapy within one year of the
pregnancy. No cancer was diagnosed during the
course of all pregnancies. All participants received pre-
and post-test clinical counseling, and explanations of
the contents, principles, and the advantages and limi-
tations of the tests by the clinician. Women with intra-
uterine fetal demise without fetal karyotype results or
lost follow up were excluded from this study. The tri-
somy status of the pregnancies was determined by
pre- or postnatal karyotyping or clinical examination
of the neonates. The study was approved by the
Medical Ethics Committee of West China Second
University Hospital of Sichuan University, as well as
the Institutional Ethics Committee of Sichuan
University. Written informed consent was obtained
from each pregnant woman.

Standard serum screening

A total of 5ml of elbow venous blood were collected
in a BD Vacutainer sample tube (Becton, Dickinson &
Co., Franklin Lakes, NJ). Serum markers were detected
using 1235 automatic time-resolved fluorescence
immunoanalyzer with appropriate reagents
(PerkinElmer, Gaithersburg, MD). Screening risks were
calculated by Lifecycle4.0 (Finland Wallac Oy
Company, Turku, Finland). First trimester combined
screening and second trimester screening were
offered. First-trimester serum markers included preg-
nancy-associated plasma protein A (PAPP-A) and free
beta subunit human chorionic gonadotropin (bhCG),
were used in combination with or without sono-
graphic measurement of fetal nuchal translucency (NT)
to formulate the risk score. Second-trimester serum
markers included maternal serum alpha-fetoprotein
(MSAFP), bhCG, unconjugated estriol (uE3), and inhibin
A (inhA). A risk value of �1 in 270 meant high risk for
trisomy 21 and a risk value of �1 in 350 meant high
risk for trisomy 18, a risk value from one in 271 to one
in 1000 meant intermediate risk for trisomy 21 and a
risk value from one in 351 to one in 1000 meant inter-
mediate risk for trisomy 18. A risk value of <1 in 1000
meant low risk for trisomy 21 or trisomy 18.

NIPS

Eight- to 10-ml maternal blood samples were collected
in cell-freeTM BCT tubes (Streck Inc., Omaha, NE) by
venipuncture for all patients. The blood samples were
left to stand at room temperature for 30min, before
being stored at 4 �C. Afterwards, cfDNA extraction,
library construction, quality control, and pooling fol-
lowed a previously published method in using the
fetal chromosome aneuploidy testing kits (Hangzhou
Berry Gene Diagnostic Technology Co., Ltd.,
Hangzhou, China) [15]. Pooled libraries were then sub-
jected to massively parallel sequencing on the
NextSeq CN500 sequencers (Illumina, San Diego, CA)
to generate approximately 5 million raw sequencing
reads with genomic DNA sequences of 36 bp in
length. Sequencing reads were filtered and approxi-
mately 3.5 million were uniquely mapped to the hg19
human reference genome, using RUPA extreme speed
information analysis method. The sequences of each
sample that were mapped to each chromosome were
counted, and the guanine-cytosine (GC) content was
calculated. To determine the status for all 24 chromo-
somes, the Z-score (normal range, �3< Z< 3) was
generated by normalized chromosome representation
(NCR) and GC correction. For the X and Y chromosome
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evaluations, chromosomal representations are exam-
ined as the ratios of normalized chromosome X and Y
read counts in the genomic regions vs. the total auto-
somal read counts. The normalization procedure for
SCA and the classification algorithm were completed
in accordance with previously published studies
[15,16]. The fetal DNA concentration was calculated as
a quality control using Y chromosome-based approach
[17] and cfDNA size-based approach [18] previously
described. For aneuploid samples, fetal DNA fraction
was estimated based on the difference of genome
percentage of the abnormal chromosome between
the test sample and the reference samples [17].
Samples that failed the quality control criteria of
cfDNA extraction, library construction, and sequencing
as well as fetal DNA concentration (<4%)
were removed.

After the prenatal screening test, all participants
would be given a general test report showing the esti-
mated fetal risk (positive or negative) of trisomies 13,
18, and 21. For NIPS, a suspected risk of SCA was
reported in the form of a supplementary report.
Qualified clinical geneticists offered post-test clinical
counseling. When a screen positive test result, and/or
a supplementary report of a suspected risk of SCA, or
a test failure of NIPS is obtained, a diagnostic testing
and a comprehensive ultrasound evaluation were rec-
ommended to confirm results. Following the results,
pregnant women could agree or refuse to further
invasive prenatal diagnosis by amniocentesis.
Amniocentesis was performed by puncturing the
amnion using a needle to aspirate 20–25ml of amni-
otic fluid. A majority of the procedures were per-
formed in the late second or early third trimester, in
accordance with the current practice in China [19].
Karyotyping, chromosome microarray analysis, or copy
number variation sequencing was used to identify
fetal chromosomes.

Statistical analysis

Descriptive data are presented as numbers and per-
centages for categorical variables and in median
(interquartile range, IQR) for continuous variables.
Comparisons between outcome groups were per-
formed using the Mann–Whitney U-test for continuous
variables and the v2-test or Fisher’s exact test for cat-
egorical variables. Multivariate logistic regression ana-
lysis was used to determine the significant predictors
of failed NIPS results with low fetal fraction after
second sampling in twin pregnancies. The statistical

software package SPSS 26.0 (SPSS Inc., Chicago, IL)
was used to analyze the data.

Results

A total of 5617 twin pregnancies were enrolled
between 1 January 2017 and 31 December 2018. Out
of these participants, 148 of them were excluded
because karyotype was not obtained (n¼ 81; preg-
nancy ended in termination with severe twin-to-twin
transfusion syndrome or fetal growth restriction
(n¼ 26), selective embryonic reduction (n¼ 4), still-
birth (n¼ 12), intrauterine fetal death (n¼ 39)), cfDNA
test did not provide a result (n¼ 34), or there were
lost follow-ups (n¼ 33). Finally, 5469 participants were
analyzed for demographic characteristics with the
available neonatal clinical data and/or fetal karyotypes,
as illustrated in Figure 1. The demographic and preg-
nancy characteristics of the 5469 patients are shown
in Table 1. The demographic and pregnancy character-
istics of the 5469 patients are shown in Table 1. The
median maternal age and gestational age were 28.4
(IQR, 26.0–31.0) years and 16.8 (IQR, 15.9–17.8) weeks,
respectively; a total of 5.6% (308/5469) patients had
an advanced maternal age (AMA) of 35 years or more.
Among them, 3305 (60.4%) pregnancies were con-
ceived naturally, and 2164 (39.6%), via ART treatment.
Regarding test choice, 3238 (59.2%) opted for serum
screening, and 2231(40.8%), for NIPS as the first-line
prenatal screening test. After serum screening, 21.8%
(705/3238) women opted for follow-up testing,
included 13.6% (440/3238) for NIPS and 8.2% (265/
3238) for confirmatory tests. A total of 48.8% (2671/
5469) ultimately underwent NIPS. Compared with
women who underwent serum screening, women who
underwent NIPS had significantly higher maternal and
gestational ages, lower prevalence of ART pregnancies,
and lower prevalence of invasive procedures (1.6% vs.
8.2%; p< .05).

Among the 3238 pregnancies who opted for serum
screening as a first-line prenatal screening test, 197
(6.1%), 542 (16.7%), and 2499 (77.2%) were classified
as being at high risk, intermediate risk, and low risk,
respectively. No trisomy 21 or 18 was detected, and
none of the follow-up tests indicated trisomy 21 or 18.
The overall false positive rate (FPR) was 6.1% (197/
3238). The invasive testing rate in women with high-
risk results was higher than that in women with inter-
mediate-risk results (30.3%, 60/197 vs. 9.7%, 53/542).

Eighteen (0.7%) cases were classified as NIPS posi-
tive among 2671 pregnancies, included seven cases of
trisomy 21, one of trisomy 13, and 10 of SCAs. Eleven
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(0.4%) cases of common chromosome aneuploidies
were confirmed by karyotyping, included seven cases
of trisomy 21 and four of SCAs (one 47, XYY, two 47,
XXY, and one 47, XXX), at a positive predictive value
(PPV) of 61.1% (95% CI, 36.1–81.7%) (Table 2). No false
negatives were found at an negative predictive value
(NPV) of 100% (95% CI, 99.8–100%). The PPVs for tri-
somy 21 and SCA were 100% (95% CI, 56.1–100%) and
40.0% (95% CI, 13.7–72.6%), respectively. NIPS for
screening trisomy 21 had a sensitivity of 100%,

specificity of 100%, and no false positives. The propor-
tion of SCAs in the overall aneuploid chromosomal
anomalies was 36.4% (4/11). For SCA, the sensitivity
was 100.0% (95% CI, 39.6–100%), and specificity,
99.8% (95% CI, 99.5–99.9%). Table 3 summarizes the
clinical details of all 11 cases of common chromosome
aneuploidies. There were nine (81.8%) DCDA and two
(18.2%) MCDA pregnancies; five (45.4%) pregnancies
were conceived naturally and six (54.5%) were con-
ceived by ART treatment. Based on NIPS and

Excluded (n=148) 
No clinical outcome (n =114) 

Without karyotype n=81
-Termination of pregnancy n=26
- Selective embryonic reduction n=4
-Stillbirth n=12
- Intrauterine fetal death (both fetuses)  

n=39
Lost to follow-up (n=33)

No NIPS results (n=34)
Low fetal fraction (n=32)  
Failed during cfDNA extraction (n=2)

Total for demographic 

analysis (n=5469) 

Total patients 

(n=5617) 

NIPS as primary screening test 

(n=2231

NIPS positive (n=18) 
T21 (n=7) 
T13 (n=1) 
SCA (n=10)

NIPS negative 
(n=2653) 

Maternal serum screening as 
primary screening test n=3238
High-risk (n=197) 
Intermediate-risk (n=542) 
Low-risk (n=2499)

Normal fetal 
karyotype or 
normal 
examination at 
birth (n=2660) 

NIPS (n=440) Confirmatory tests 
(n=265)

Declined further 
testing (n=1966) 

Normal fetal 
karyotype or 
normal 
examination at 
birth (n=7) 
T13 (n=1) 
SCA (n=6) 

Abnormal fetal 
karyotype (n=11) 
T21 (n=7) 
SCA (n=4) 

Fetal karyotype 
without T21 or T18 or 
normal examination at 
birth (n=3238) 

NIPS for demographic analysis 

(n=2671) 

Figure 1. Flowchart of the research process.
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confirmatory results, pregnancy decisions were dis-
cussed with the pregnant women during the post-test
genetic counseling. The sensitivities and specificities
could not be calculated for trisomy 18 and 13 because
of insufficient cases. All seven mothers with a false-
positive NIPS result delivered two healthy babies each,
with normal findings during physical examinations at
term (Table 4).

Additionally, 1.3% (34/2671) samples failed the
cfDNA test. Thirty-two (1.2%) failed because of low
fetal fraction for accurate evaluation even after
redrawing, and two (0.1%) failed during cfDNA extrac-
tion. There were no clear biologic reasons for testing
failures in the 32 patients with low fetal fraction;
18.8% (6/32) of the patients chose to proceed with
invasive testing and subsequently obtained results of
normal fetal karyotypes. The median maternal age was
29.5 (IQR, 27.0–33.0) years and the median gestational
age was 17.7 (IQR, 16.0–18.9) weeks; the median BMI
was 24.8 (IQR, 22.2–28.1). A total of 71.9% (23/32)
patients conceived by ART treatment. All 32 patients
with previously failed testing with low fetal fraction
had live births with normal findings during physical
examinations. Multivariate logistic regression analysis

demonstrated that the risk of test failure with low
fetal fraction significantly increased in ART (OR ¼ 2.89,
95% CI, 1.32–6.29%) in comparison to natural concep-
tion, and increased with increasing BMI (OR ¼ 1.17,
95% CI, 1.07–1.29%) (Table 5). Maternal age, gesta-
tional age, parity, pregnancy loss history, and maternal
tumor history did not result in a higher no-result rate.

Discussion

We presented a clinical application of providing NIPS
for prenatal screening in twin pregnancies, as recom-
mended by the international guidelines [8,9], and eval-
uated its performance in twin pregnancies. Ultimately,
48.8% of patients underwent NIPS for fetal aneuploidy
screening. Conventional methods of aneuploidy
screening, mostly for trisomy 21, rely exclusively on
biochemical and sonographic measurements in the
first and second trimesters which have lower sensitiv-
ity and specificity in twin pregnancies than in single-
ton pregnancies [1,2]. Theoretically, this is responsible
for an unnecessary increase in subsequent invasive
procedures and often cannot provide results for tri-
somy 18 or trisomy 13. In the present study, the

Table 1. Characteristics of the study population.
Characteristic Standard screening (n¼ 3238)a NIPS (n¼ 2671)b Total (n¼ 5469)

Maternal age, years 28.0 (26.0–31.0)� 29.0 (26.0–32.0)� 28.4 (26.0–31.0)
AMA, n (%) 49 (1.5%)� 273 (10.2%)� 308 (5.6%)

Gestational age, weeks 16.3 (15.0–17.1)� 16.9 (15.7–18.3)� 16.8 (15.9–17.8)
9–13 weeks 987 (30.5%)� 129 (4.8%)� 388 (7.1%)
14–27 weeks 2979 (92.0%)� 2536 (94.9%)� 5075 (92.8%)
�28 weeks 0 (0%)� 6 (0.2%)� 6 (0.1%)

Mode of conception
Spontaneous 2044 (63.1%)� 1536 (57.5%)� 3305 (60.4%)
ART 1194 (36.9%)� 1135 (42.5%)� 2164 (39.6%)

Patient choice for further testing 1194 (36.9%)� 970 (43.3%)�
NIPS 440(13.6%) – 455 (8.3%)
Invasive test 265 (8.2%)� 36 (1.3%)� 301 (5.5%)
No further testing 2533 (78.2%)� 2635 (98.7%)� 4713 (86.2%)

AMA: advanced maternal age; ART: assisted reproductive technology; NIPS: noninvasive prenatal screening.
Data are given as n (%) or median (interquartile range, IQR). Comparisons between groups were performed using Mann–Whitney’s U-test for continuous
variables and the v2 or Fisher’s exact test for categorical variables, with post hoc Bonferroni’s correction with adjusted p value of <.05 (�).
aSeven hundred and twenty-eight women underwent integrated screening, whose’ samples were obtained in the first and second trimesters.
bFour hundred and forty pregnancies opted for NIPS for further testing after serum screening.

Table 2. Clinical test performance of NIPS.
Variable T21 (n¼ 2671) SCA (n¼ 2671) Total (n¼ 2671)

Having fetal aneuploidy
Test positive for aneuploidy 100.0 (7/7) 100.0 (4/4) 100.0 (11/11)
Test negative for aneuploidy 0.0 (0/7) 0.0 (0/4) 0.0 (0/11)

Not having fetal aneuploidy
Test positive for aneuploidy 0.0 (0/2664) 0.2 (6/2667) 0.3 (7/ 2660)
Test negative for aneuploidy 100.0 (2664/2664) 99.8 (2661/2667) 99.7 (2653/2660)

Sensitivity 100.0 (56.1–100) 100.0 (39.6–100) 100.0 (56.1–100)
Specificity 100.0 (99.8–100) 99.8 (99.5–99.9) 99.7 (99.4–99.9)
Positive predictive value 100.0 (56.1–100) 40.0 (13.7–72.6) 61.1 (36.1–81.7)
Negative predictive value 100.0 (99.8–100) 100.0 (99.8–100) 100.0 (99.8–100)

T21: trisomy 21; SCA: sex chromosome aneuploidy.
Data are in percentages with raw numbers shown in parentheses. Statistical analysis shows 95% confidence intervals in
parentheses.
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higher rate of invasive testing in women with results
indicating high risk than in women with results indi-
cating intermediate risk (30.3% vs. 9.7%) insinuated
that the rate of invasive testing increases with increas-
ing estimated risk for trisomies, and this was consist-
ent with the finding of a previous study [20].

In our study, NIPS detected all 11 (0.4%) cases of
common chromosome aneuploidies among the 2671
twin pregnancies, including seven (0.3%) of trisomy 21
and four (0.1%) of SCA, all confirmed by karyotyping.
For trisomy 21, NIPS showed high sensitivity and spe-
cificity of 100%. Similarly, in a recent systematic review
of 997 twin pregnancies, the pooled weighted detec-
tion rate (DR) and FPR for trisomy 21 were 98.2%
(95% CI, 83.2–99.8%) and 0.05% (95% CI, 0.01–0.26%),
respectively [14]. The performance of cfDNA test is
superior in terms of a higher DR and a substantially
lower FPR, consistent with published literature,
thereby demonstrating a similar performance in terms
of accuracy between twin and singleton pregnancies
[10–13], in addition to the reduction of unnecessary
invasive procedures and iatrogenic fetal loss. In our
study, compared with patients who underwent serum
screening, although those who underwent NIPS had
higher maternal age and higher rate of AMA with a
higher rate of high-risk pregnant women theoretically,
as the incidence of fetal chromosomal abnormalities
increases as a woman ages, NIPS showed a consider-
ably lower invasive testing rate (8.2% vs. 1.3%). This is
consistent with the finding of a previous study, which
showed that NIPS reduced the number of invasive
tests [7]. In addition, despite a significantly lower FPR
in comparison to that with serum screening, the
ACOG recommends that patients with a positive NIPS
result for fetal aneuploidy still undergo genetic coun-
seling, a comprehensive ultrasound evaluation, and
possibly a follow-up diagnostic testing such as amnio-
centesis to confirm the preliminary results [8].
Furthermore, women whose NIPS results are unre-
ported, indeterminate, or uninterpretable (a no-call
test result) should receive further genetic counseling
and undergo comprehensive ultrasound evaluation
and further diagnostic testing [21,22].

Following trisomy 21, the second most common
chromosome aneuploidy is SCA among high-risk preg-
nant women. In our study, NIPS also represented a
high proportion (36.4%, 4/11) of SCA in twin pregnan-
cies, with a PPV of 40.0% (95% CI, 13.7–72.6%) based
on cytogenetic confirmation, that was similar to that
in our previous study of 32.4% in singletons [23], and
48.4% in Porreco RP’s study mixed singleton and twin
pregnancies [5]. Cell-free DNA is the only laboratoryTa
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screening test to identify sex chromosome aneuploi-
dies. The American College of Medical Genetics and
Genomics (ACMG) recommends that all pregnant
women should be informed of the extended use of
screening for SCAs as part of the pretest counseling
for NIPS [22]. Our data remind us that the perform-
ance of NIPS for SCAs in twin pregnancies is currently
similar to that in singleton pregnancies, and therefore
can be used to screen for SCAs in twin pregnancies.
However, it should also be emphasized that the poor
PPV for SCA could lead to a relative increase in the
number of invasive procedures [5,24]. The very high
NPV of NIPS for SCA also reflects the very low preva-
lence rate of these abnormal karyotypes. Of note,
because most SCAs have a normal neonatal pheno-
type and will not be detected by clinical exam, but
karyotyping was not performed on all pregnancies in
our study, the sensitivity for SCA only represents the
current follow-up results. The performance of NIPS for
sex chromosome aneuploidy (SCA) in twin pregnancies
needs more large studies to be assessed.

Moreover, we found that the significant predictors
of cfDNA test failure with low fetal fraction were
increasing BMI and ART treatment in twin pregnancies,
that is consistent with several previous analyses
[10,13,25–27]. Due to an increased turnover of adipo-
cytes in obese pregnant women, there is an increase
in the amount of maternal cfDNA and hence a
decrease in the cfDNA fraction [28]. Qiao et al. [29]
found that fetal fraction was reduced by 0.541% for
every BMI increase of 1 kg/m2. Additionally, as the
serum PAPP-A concentration is decreased by 10–25%
[25] and the incidence of pre-eclampsia is increased
[30] in in vitro fertilization (IVF) pregnancies, an
impaired placentation also could be associated with
NIPS test failure. Although Lambert-Messerlian et al.
found no difference in the cfDNA level in ART and nat-
urally conceived pregnancies, they identified a small,
but statistically significant, reduction in Z-scores
among euploid ART pregnancies [31].

The major strength of our study was the descrip-
tion of SCA screening of NIPS in twin pregnancies. Our
relatively large sample size of routine clinical samples
reflected a true clinical setting, providing an inform-
ative experience for the clinical application of NIPS in
twin pregnancies. However, there are several limita-
tions. First, we could not obtain the information about
maternal or placental mosaicism that may contribute
to the false positive results for NIPS [8]. Second, our
participants are mainly the second trimester twin
pregnancies. Due to the increasing incidence and risk
of maternal complications in twin pregnancies, thereTa
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is a higher risk of miscarriage with increasing gesta-
tional age. It would be preferable to offer NIPS in early
pregnancy as a first-line prenatal screening method in
twin pregnancies, which is possible to perform with
the present technology; thus, this will be a further
research direction. Lastly, less information was avail-
able for screening twin pregnancies for trisomies 18
and 13, which was mainly due to their lower preva-
lence, though both can be well identified using ultra-
sound measurements. As such, further clinical studies
including more of such cases on twin pregnancies
are required.

Conclusions

Our study confirmed that NIPS is an accurate
advanced screening test for twin pregnancies, with
extremely high sensitivity and specificity for trisomy
21 (>99%), and with high specificity but somewhat
less sensitivity for SCA, similar to that reported in
singleton pregnancy. This may indicate that NIPS
might be reliably used as an indication for further pre-
natal diagnosis in twin pregnancies. Due to the pau-
city of reported studies in twins; however, more
rigorous research on large samples is needed to con-
firm the accuracy of NIPS in twin pregnancies.
Moreover, it is important to establish the standards of
NIPS for twin pregnancies to benefit this population
and to expand the clinical application of NIPS.

Acknowledgements

The authors thank the pregnant women and family mem-
bers who participated in this research program.

Disclosure statement

No potential conflict of interest was reported by
the author(s).

Funding

This study was jointly funded by grants from the Research
Project of Health and Family Planning Commission of
Sichuan Province [No. 20PJ073], the Fundamental Research
Funds for the Central Universities [SCU2019C4005], and the
Key Research and Development Program of Science and
Technology Department of Sichuan Province [2019YFS0420].

ORCID

Ting Bai http://orcid.org/0000-0001-8337-3272

References

[1] Prats P, Rodriguez I, Comas C, et al. Systematic review
of screening for trisomy 21 in twin pregnancies in
first trimester combining nuchal translucency and bio-
chemical markers: a meta-analysis. Prenat Diagn.
2014;34(11):1077–1083.

[2] Garchet-Beaudron A, Dreux S, Leporrier N, et al.
Second-trimester Down syndrome maternal serum
marker screening: a prospective study of 11040 twin
pregnancies. Prenat Diagn. 2008;28(12):1105–1109.

[3] Vink J, Fuchs K, D’Alton ME. Amniocentesis in twin
pregnancies: a systematic review of the literature.
Prenat Diagn. 2012;32(5):409–416.

[4] Gjerris AC, Loft A, Pinborg A, et al. Prenatal testing
among women pregnant after assisted reproductive
techniques in Denmark 1995–2000: a national cohort
study. Hum Reprod. 2008;23(7):1545–1552.

[5] Porreco RP, Garite TJ, Maurel K, et al. Noninvasive pre-
natal screening for fetal trisomies 21, 18, 13 and the
common sex chromosome aneuploidies from

Table 5. Regression analysis for the prediction of failed NIPS because of low fetal fraction.

Independent variable

Univariate analysis Multivariate analysis

Odds ratio (95% CI) p Odds ratio (95% CI) p

Maternal age (years) 1.032 (0.958, 1.111) .406 –
Gestational age 1.007 (0.987, 1.027) .522 –
BMI 1.188 (1.083, 1.302) <.0001� 1.174 (1.065, 1.293) .001�
Fertilization

SP pregnancies (Reference)
ART pregnancies 3.316 (1.528, 7.199) .002� 2.893 (1.324, 6.292) .008�

Parity
Nulliparity (Reference)
Multiparity 0.743 (0.332, 1.662) .469 –

Pregnancy loss history
Non pregnancy loss history (Reference)
Pregnancy loss history 2.037 (0.957, 4.335) .065 –

Maternal tumor history
Non-maternal tumor history (Reference)
Maternal tumor history 3.058 (0.911, 10.269) .071 –

CI: confidence interval; BMI: body mass index; SP: spontaneous; ART: assisted reproductive technology; USMs: ultrasono-
graphic soft markers.�p<.025.

8 T. BAI ET AL.



maternal blood using massively parallel genomic
sequencing of DNA. Am J Obstet Gynecol. 2014;
211(6):711–712.

[6] Norton ME, Jacobsson B, Swamy GK, et al. Cell-free
DNA analysis for noninvasive examination of trisomy.
N Engl J Med. 2015;372(17):1589–1597.

[7] Warsof SL, Larion S, Abuhamad AZ. Overview of the
impact of noninvasive prenatal testing on diagnostic
procedures. Prenat Diagn. 2015;35(10):972–979.

[8] Rose NC, Kaimal AJ, Dugoff L, et al. Screening for fetal
chromosomal abnormalities: ACOG practice bulletin,
number 226. Obstet Gynecol. 2020;136(4):e48–e69.

[9] Palomaki GE, Chiu RWK, Pertile MD, et al.
International Society for Prenatal Diagnosis Position
Statement: cell free (cf)DNA screening for Down syn-
drome in multiple pregnancies. Prenat Diagn. 2020.
doi:10.1002/pd.5832

[10] Sarno L, Revello R, Hanson E, et al. Prospective first
trimester screening for trisomies by cell-free DNA
testing of maternal blood in twin pregnancy.
Ultrasound Obstet Gynecol. 2016;47(6):705–711.

[11] Fosler L, Winters P, Jones KW, et al. Aneuploidy
screening by non-invasive prenatal testing in twin
pregnancy. Ultrasound Obstet Gynecol. 2017;49(4):
470–477.

[12] Liao H, Liu SL, Wang H. Performance of non-invasive
prenatal screening for fetal aneuploidy in twin preg-
nancies: a meta-analysis. Prenat Diagn. 2017;37(9):
874–882.

[13] Le Conte G, Letourneau A, Jani J, et al. Cell-free fetal
DNA analysis in maternal plasma as screening test for
trisomies 21, 18 and 13 in twin pregnancy.
Ultrasound Obstet Gynecol. 2018;52(3):318–324.

[14] Gil MM, Galeva S, Jani J, et al. Screening for trisomies
by cfDNA testing of maternal blood in twin preg-
nancy: update of The Fetal Medicine Foundation
results and meta-analysis. Ultrasound Obstet Gynecol.
2019;53(6):734–742.

[15] Liang DS, Lv WG, Wang H, et al. Non-invasive prenatal
testing of fetal whole chromosome aneuploidy by
massively parallel sequencing. Prenat Diagn. 2013;
33(5):409–415.

[16] Mazloom AR, Dzakula Z, Wang H, et al. Noninvasive
prenatal detection of sex chromosomal aneuploidies
by sequencing circulating cell-free DNA from mater-
nal plasma. Prenat Diagn. 2013;33(6):591–597.

[17] Chiu RWK, Akolekar R, Zheng YW, et al. Non-invasive
prenatal assessment of trisomy 21 by multiplexed
maternal plasma DNA sequencing: large scale validity
study. BMJ. 2011;342(342):c7401.

[18] Yu SC, Chan KC, Zheng YW, et al. Size-based molecu-
lar diagnostics using plasma DNA for noninvasive pre-
natal testing. Proc Natl Acad Sci U S A. 2014;111(23):
8583–8588.

[19] Huang L, Jiang T, Liu CX. Fetal loss after amniocen-
tesis: analysis of a single center’s 7,957 cases in
China. Clin Exp Obstet Gynecol. 2015;42:184–187.

[20] Nicolaides KH, Chervenak FA, McCullough LB, et al.
Evidence-based obstetric ethics and informed deci-
sion-making by pregnant women about invasive diag-
nosis after first-trimester assessment of risk for
trisomy 21. Am J Obstet Gynecol. 2005;193(2):
322–326.

[21] Evans ML, Goldberg JD, Dommergues M, et al.
Efficacy of second-trimester selective termination for
fetal abnormalities: international collaborative experi-
ence among the world’s largest centers. Am J Obstet
Gynecol. 1994;171(1):90–94.

[22] Gregg AR, Skotko BG, Benkendorf JL, et al.
Noninvasive prenatal screening for fetal aneuploidy,
2016 update: a position statement of the American
College of Medical Genetics and Genomics. Genet
Med. 2016;18(10):1056–1065.

[23] Deng CC, Zhu Q, Liu S, et al. Clinical application of
noninvasive prenatal screening for sex chromosome
aneuploidies in 50,301 pregnancies: initial experience
in a Chinese hospital. Sci Rep. 2019;9(1):7767.

[24] Benachi A, Letourneau A, Kleinfinger P, et al. Cell-free
DNA analysis in maternal plasma in cases of fetal
abnormalities detected on ultrasound examination.
Obstet Gynecol. 2015;125(6):1330–1337.

[25] Bellver J, Casanova C, Garrido N, et al. Additive effect
of factors related to assisted conception on the
reduction of maternal serum pregnancy-associated
plasma protein A concentrations and the increased
false-positive rates in first-trimester Down syndrome
screening. Fertil Steril. 2013;100(5):1314–1320.

[26] Bevilacqua E, Gil MM, Nicolaides KH, et al.
Performance of screening for aneuploidies by cell-free
DNA analysis of maternal blood in twin pregnancies.
Ultrasound Obstet Gynecol. 2015;45(1):61–66.

[27] Galeva S, Gil MM, Konstantinidou L, et al. First-trimes-
ter screening for trisomies by cfDNA testing of mater-
nal blood in singleton and twin pregnancies: factors
affecting test failure. Ultrasound Obstet Gynecol.
2019;53(6):804–809.

[28] Haghiac M, Vora NL, Basu S, et al. Increased death of
adipose cells, a path to release cell-free DNA into sys-
temic circulation of obese women. Obesity. 2012;
20(11):2213–2219.

[29] Qiao LW, Yu B, Liang YT, et al. Sequencing shorter
cfDNA fragments improves the fetal DNA fraction in
noninvasive prenatal testing. Am J Obstet Gynecol.
2019;221(4):345.e1–345.e11.

[30] Wright D, Syngelaki A, Akolekar R, et al. Competing
risks model in screening for preeclampsia by maternal
characteristics and medical history. Am J Obstet
Gynecol. 2015;213(1):62.e1–62.e10.

[31] Lambert-Messerlian G, Kloza EM, Iii JW, et al. Maternal
plasma DNA testing for aneuploidy in pregnancies
achieved by assisted reproductive technologies.
Genet Med. 2014;16(5):419–422.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE 9

https://doi.org/10.1002/pd.5832

	Abstract
	Introduction
	Materials and methods
	Study patients
	Standard serum screening
	NIPS
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	References


