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Objective: This paper analyzes the clinical significance of noninvasive prenatal testing 
(NIPT) for fetal chromosome aneuploidy in the screening of in vitro fertilization–embryo 
transfer (IVF) pregnancies.
Methods: The study subjects consisted of 3163 IVF-pregnant women who underwent NIPT 
at the Women’s Hospital, School of Medicine, Zhejiang University and Taizhou Hospital, 
Zhejiang Province from February 2015 to June 2019. Fetal or neonatal karyotype analysis 
was carried out in high-risk patients, with subsequent follow-up on pregnancy outcomes.
Results: NIPT results of 3163 pregnant women suggested 20 cases of high-risk fetal 
chromosome aneuploidy, of which 2185 cases were a single pregnancy. Of the 13 cases of 
high-risk chromosome aneuploidy in single pregnancies, seven were true positive, and six 
were false positive according to fetal or newborn chromosomal karyotype diagnosis. Twin 
pregnancies accounted for 978 cases in which NIPT indicated seven cases of high-risk 
chromosome aneuploidy; six of these cases were true positive, and one case was false 
positive according to fetal or newborn chromosomal karyotype diagnosis. The specificity, 
positive predictive value, and false-positive rate of trisomy 21 syndrome in IVF single 
embryo NIPT were 99.86%, 62.5%, and 0.14%, respectively. The specificity, positive pre-
dictive value, and false-positive rate of trisomy 18 syndrome were 99.95%, 66.67%, and 
0.05%, respectively. The specificity of trisomy 13 syndrome was 99.91%, and the false- 
positive rate was 0.09%. The specificity of trisomy 21 syndrome in IVF twin NIPT was 
99.89%, the positive predictive value was 83.33%, and the false-positive rate was 0.11%. 
The specificity and positive predictive value of fetal trisomy 18 syndrome were 100.00%, 
and the false-positive rate of it were 0.00%. Sensitivity and false-negative rates were 100% 
in all cases.
Conclusion: NIPT is an ideal prenatal test for IVF-pregnant women due to its high 
sensitivity and specificity in screening for fetal aneuploidy.
Keywords: in vitro fertilization–embryo transfer, pregnancy, noninvasive prenatal testing, 
chromosome, aneuploidy, amniotic fluid

Introduction
With changes in work–life rhythms and the social environment, the incidence of 
infertility is increasing year by year, and the current global incidence of infertility is 
thought to be as high as 15–20%.1 Results from a large sample study in China show 
that among 10,742 women who tried to get pregnant, the prevalence of infertility 
was 25%.2 In recent years, in vitro fertilization and embryo transfer (IVF–ET) 
technology in China has developed considerably, in clinical practice to explore the 
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appropriate ovulation promotion program and more accu-
rate screening of infertility causes, the success rate for 
infertile couples using IVF for pregnancy is increasing. 
IVF-pregnant women of more advanced age have signifi-
cantly higher rates of twin pregnancies than those occur-
ring in natural pregnancy.1,3 Due to the influence of 
internal and external factors, women aged ≥35 years tend 
to experience ovarian aging, and the incidence of nonse-
gregation during meiosis increases. Therefore, advanced 
age is a high-risk factor for chromosomal disease.4 In 
2011, guidelines published by the Society of 
Obstetricians and Gynecologists of Canada and the 
Canadian College of Medical Genetics recommended mid- 
trimester serological screening combined with nuchal 
translucency (NT) thickness testing as one of the options 
for the prenatal screening of twin pregnancies. However, 
a serological screening study of a large sample of women 
in the second trimester, which included 11,040 cases of 
twin pregnancy, shows this method to be far from ideal. 
While the detection rate of trisomy 21 was 71%, the false- 
positive rate was as high as 10.8%.5 Due to a lack of 
supportive data, serological screening in the second trime-
ster is not recommended for twin pregnancies in China. In 
addition, births following IVF pregnancy are precious, and 
pregnant women and their families are often concerned 
about the risk of interventional prenatal diagnosis, so their 
compliance is low. Invasive prenatal diagnosis can cause 
intrauterine infection, abortion infection and other risks, 
which also reduces patients’ compliance with invasive 
prenatal diagnosis.6 Therefore, it is necessary to find an 
efficient, reliable, and economical method of prenatal 
pregnancy screening for use following assisted 
reproduction.

Clinically, noninvasive prenatal testing (NIPT) based 
on high-throughput sequencing is mainly used to screen 
trisomy 13, 18, and 21 syndromes. This valuable prenatal 
screening technology demonstrates high sensitivity and 
specificity and is increasingly widely used. However, 
there have been some doubts about its detection efficiency 
when used in IVF pregnancy, and, in 2016, the National 
Health and Family Planning Commission of the People’s 
Republic of China urged caution when using NIPT in 
assisted fertility pregnancies. To evaluate the efficiency 
of NIPT detection in pregnant women with assisted repro-
duction, we analyze the NIPT results of 3163 women with 
IVF pregnancies and perform prenatal diagnosis and sub-
sequent follow-up on high-risk pregnant women to inves-
tigate the clinical significance of NIPT in the prenatal 

screening of fetal chromosome aneuploidy during IVF 
pregnancy.

Materials and Methods
Research Objects
The study consisted of 3163 IVF-pregnant women who 
underwent NIPT at the Women’s Hospital, School of 
Medicine, Zhejiang University and Taizhou Hospital, 
Zhejiang Province, from February 2015 to June 2019. 
The inclusion criteria for the study were as follows: ① 
women who were pregnant following IVF, ② a gestational 
age of 12–26+6 weeks, ③ a live intrauterine fetus with 
B-ultrasound prior to examination, and ④ subsequent 
completion of labor and clinical follow-up. Cases that 
may substantially affect the accuracy of the results were 
excluded according to the 2016 “Technical specification 
for prenatal screening and diagnosis of fetal-free DNA in 
maternal peripheral blood,” published by the National 
Health and Family Planning Commission of the People’s 
Republic of China.7

Among them, 1248 cases (39.46%) were senior preg-
nant women (aged 35 years or above at the expected date 
of confinement), 2185 cases (69.08%) were single preg-
nancies, and 978 cases (30.92%) were twin pregnancies. 
The gestational age of the pregnant women was calculated 
according to menstrual cycle history and early pregnancy 
ultrasound prior to NIPT. In addition, the women’s medi-
cal history was rechecked to exclude any structural 
abnormalities or family history of hereditary diseases indi-
cated by allogeneic blood transfusion, transplantation, 
allogeneic cell therapy, or fetal imaging examination 
within the past year. Peripheral blood was then collected 
voluntarily after obtaining informed consent.

After NIPT was performed on all women in the study, 
amniotic fluid chromosome karyotype analysis was recom-
mended for those subjects deemed high risk. Three high-risk 
women refused amniotic fluid puncture, and so peripheral 
blood examination of their newborns was performed follow-
ing delivery.

Peripheral Blood Noninvasive Prenatal 
Testing
NIPT was performed at 12–26+6 weeks of gestation using 
a semiconductor sequencing platform (BioelectronSeq 
4000), with an average effective read number of 3.5M 
and an average genome coverage of 0.25x.8 The test kits 
were provided by Guangzhou Biotechnology Co., Ltd. 
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A 5 mL sample of maternal venous peripheral blood was 
extracted and placed in an anticoagulant tube containing 
EDTA. The sample underwent 1600 × g centrifugation for 
10 minutes at 4°C to separate the plasma. Cell-free fetal 
DNA was then extracted using the QIAamp DSP DNA 
Blood Mini Kit (Qiagen) and stored at –80°C. To construct 
a DNA library for sequencing, Ion Plus Fragment Library 
Kit V3, Ion Plus Fragment Library Adapters Kit (Life 
Technologies, USA), and AMPure XP beads were used. 
Twelve library samples of 100 pM were mixed and loaded 
onto Ion PI™ Chip v2, following enrichment with the Ion 
One Touch™ 2 Instrument (Life Technologies, USA). The 
Ion P1 HI-Q200 V3 Kit (Life Technologies, USA) was 
then used for machine sequencing on a semiconductor 
sequencing platform. Samples with effective read numbers 
less than 2.5M or an absolute Z-value of less than 1.96–3 
were reconstructed. Z-values between –3 and 3 (Z ≥ 3 or 
Z ≤ −3) were deemed to indicate high risk, and further 
prenatal diagnosis was recommended.

Karyotype Analysis of Amniotic Fluid Cell 
Culture by Amniocentesis
For those at a high risk of fetal trisomy 13, 18, or 21 
syndromes as indicated by NIPT, interventional prenatal 
diagnosis was made following genetic counseling and 
informed consent. Amniocentesis was carried out using 
ultrasound, and cell culture was performed in accordance 
with prenatal diagnostic procedures. After centrifugation, 
the samples were inoculated in 50 mL culture bottles 
containing Ham’s F10 (Hangzhou Biosan, Inc.). The fluid 
was changed every six days and harvested when the num-
ber of cell colonies exceeded 15. For late gestational speci-
mens, the fluid was changed again and the culture 
prolonged if the number of cell colonies was insufficient 
for harvest at day 12. Following colchicine treatment, 
digestion, hypotension, fixation, and banding, karyotype 
analysis was performed according to the interpretation 
standard ISCN 2016.9 Pregnant women without interven-
tional prenatal diagnosis underwent neonatal chromosome 
karyotype testing instead immediately after delivery.

Follow-Up After Delivery
Follow-up of all study participants was completed after 
delivery and included both information taken at the time of 
delivery and from subsequent phone calls completed by 
the Taizhou Maternal and Child Information Platform. The 
follow-up information included data on delivery outcomes 

(ie, survival, induced labor, or abortion), neonatological 
care, and the presence or absence of birth defects.

Statistical Analysis
SPSS 20.0 statistical software was used to process the 
data. Data were expressed in terms of the number of 
cases and percentages (%). Sensitivity was calculated as 
true-positive number/(true-positive number + false- 
negative number) x 100%; specificity was calculated as 
true-negative number/true-negative number + false- 
positive number) x 100%; the positive predictive value 
was calculated as true-positive number/(true-positive num-
ber + false-positive number); the negative predictive value 
was calculated as true-negative number/true-negative 
number + false-negative number) x 100%; and the false 
positive rate was calculated as false-positive number/gold 
standard negative number x100%.

Results
Amniotic Fluid Chromosome Karyotype 
Analysis and Pregnancy Outcomes in 
High-Risk Pregnant Women
Among 3163 IVF-pregnant women, 20 cases (0.63%) 
were identified as being at high risk of fetal chromosome 
aneuploidy. Of these, 13 were single fetuses, and 7 were 
twin fetuses (all of which were bichorionic). Fourteen 
cases were identified as being at high risk of trisomy 21, 
of which eight were single fetuses, and six were twin 
fetuses. Thirteen cases of amniotic fluid karyotype analysis 
were performed, and 10 cases of trisomy were found in 
five single and five twin fetuses. Five women underwent 
induction of abortion, and another five women who were 
pregnant with twins underwent a single live birth follow-
ing selective abortion reduction. The newborn of one high- 
risk pregnant woman who refused prenatal diagnosis was 
confirmed to have a normal chromosome type by periph-
eral blood examination after birth. In three cases (two 
single and one twin), no abnormality was observed from 
amniotic fluid karyotype analysis, and this was confirmed 
by neonatal physical examination and follow-up after 
birth. No abnormality was found in one case of amniotic 
fluid chromosome. The amniotic fluid karyotype of one 
patient is trisomy 18 induced labor. One case was induced 
due to multiple fetal malformations observed during the 
B-ultrasound and was confirmed to be trisomy 18 by 
amniotic fluid analysis performed during the induction. 
One fetus died following cesarean section, and trisomy 
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18 was confirmed by neonatal peripheral blood examina-
tion. The other newborn was healthy and survived, and no 
abnormality in growth and development was reported dur-
ing telephone follow-up. Two single fetuses were identi-
fied as being at high risk of trisomy 13, but no abnormal 
findings were found in the post-birth neonatal physical 
examinations or subsequent follow-up (Tables 1 and 2).

Follow-Up of Pregnancy Outcomes in 
Low-Risk Pregnant Women
Of the 3143 low-risk pregnant women in the study, follow-up 
was conducted with 3059 after delivery, and no false- 
negative newborns were found. Eighty-four cases (58 single 
and 26 twin births) were lost to follow-up, a rate of 2.66%. 
There were 2940 live births, which totaled 3827 newborns. 
Five instances of birth defects were diagnosed through neo-
natal physical and health examinations and telephone follow- 
ups, including one case of hypospadias, one case of auricle 
malformation, two cases of syndactyly, and one case of 
congenital heart disease. No testing was performed, nor 
visual differences observed, in these five children at birth. 
One hundred nineteen cases did not result in a live birth. 
There were 45 cases of mid-trimester abortion, 54 cases of 
induced labor, 18 cases of fetal death, and 2 cases of stillbirth. 
All cases of mid-term abortion were caused by premature 
rupture of membranes. In the case of fetal death, umbilical 
cord factors were responsible in eight cases, placental abrup-
tion in three cases, preeclampsia in two cases, placenta previa 
hemorrhage in one case, and unknown causes for the other 
four cases. The two stillbirths were caused by severe 

asphyxia during delivery, and fetal tissue examination in 
these cases showed no obvious abnormality. No abnormality 
was found in the B-ultrasound examination during preg-
nancy, and no unusual facial appearance was observed after 
birth. Other deceased fetuses also showed no obvious visual 
abnormalities after delivery. Fetal sex chromosome abnorm-
ality induced labor in 12 cases; there were four cases each of 
45, X, 47, XXX, and 47, XXY. Fetal malformation induced 
labor in a further 42 cases, which B-ultrasound diagnosed 
during pregnancy. Conditions included spina bifida (two 
cases), limb abnormalities (two cases), facial deformity 
(two cases), megabladder (one case), microcephaly (two 
cases), non-formation of the eyeball (one case), cardiac mal-
formation (eighteen cases), anencephalus (two cases), hydro-
cephalus (four cases), early-onset fetal growth restriction 
(two cases), edema (one case), and digestive tract malforma-
tion (five cases). After obtaining informed consent, amniotic 
fluid puncture karyotype or fetal tissue examinations were 
performed in 27 of these cases across a range of conditions. 
However, no fetal chromosomal abnormality was observed. 
Of the other 15 cases, which did not undergo chromosome 
examination following induced labor, none showed visual 
facial indicators of trisomy 13, 18, or 21 syndromes.

Inspection Efficiency of NIPT in 
Diagnosing Aneuploidy in IVF Conceived 
Fetuses
Chromosome aneuploidy was detected by NIPT with 
a sensitivity of 100.00%, a specificity of 99.77%, 
a positive predictive value of 65%, a false-positive rate 

Table 1 Aneuploidy Prenatal Screening Results and Delivery Outcomes of 13 Cases of Non-Invasive Prenatal Screening High-Risk 
Single Fetus Pregnancy Women

Number Advanced 
Age or Not

Results of NIPT Results of 
Diagnosis

Consistency of NIPT with 
Diagnostic Results

Delivery Outcomes

1 No High risk Trisomy 21 46, XN No Live birth

2 Yes High risk Trisomy 21 46, XN No Live birth
3 Yes High risk Trisomy 21 46, XN No Live birth

4 Yes High risk Trisomy 21 47, XN, +21 Yes Induced labour

5 Yes High risk Trisomy 21 47, XN, +21 Yes Induced labour
6 No High risk Trisomy 21 47, XN, +21 Yes Induced labour

7 Yes High risk Trisomy 21 47, XN, +21 Yes Induced labour
8 No High risk Trisomy 21 47, XN, +21 Yes Induced labour

9 Yes High risk Trisomy 18 47, XN, +18 Yes Multiple malformations induced labor

10 Yes High risk Trisomy 18 47, XN, +18 Yes Induced labour
11 Yes High risk Trisomy 18 46, XN No Live birth

12 No High risk Trisomy 13 46, XN No Live birth

13 No High risk Trisomy 13 46, XN No Live birth
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of 0.23%, and a negative predictive value of 100%. For 
IVF single fetus pregnancies, these values were 100.00%, 
99.72%, 53.85%, 0.28%, and 100%, respectively, and for 
IVF twin fetus pregnancies they were 100.00%, 99.89%, 
85.71%, 0.11%, and 100%, respectively. Trisomy 21 syn-
drome was detected by NIPT with a sensitivity of 
100.00%, a specificity of 99.87%, a positive predictive 
value of 71.43%, a false-positive rate of 0.13%, and 
a negative predictive value of 100%. For IVF single 
fetus pregnancies, these values were 100.00%, 99.86%, 
62.50%, 0.14%, and 100%, respectively, and for IVF 
twin fetus pregnancies they were 100.00%, 99.89%, 
83.33%, 0.11%, and 100%, respectively. Trisomy 18 syn-
drome was detected by NIPT with a sensitivity of 
100.00%, a specificity of 99.97%, a positive predictive 
value of 75.00%, a false-positive rate of 0.03%, and 
a negative predictive value of 100%. For IVF single 
fetus pregnancies, these values were 100.00%, 99.95%, 
66.67%, 0.05%, and 100%, respectively. For IVF twin 
fetus pregnancies, the sensitivity of trisomy 18 detection 
was 100.00%, the specificity was 99.95%, the positive 
predictive value was 100.00%, and the negative predictive 
value was 100%. The specificity of trisomy 13 was 
99.94%, and the false-positive rate was 0.06%. In IVF 
single fetus pregnancies, the specificity of trisomy 13 
was 99.91%, with a false positive rate of 0.09% 
(Tables 3 and 4).

Discussion
Trisomy 13, 18, and 21 syndromes are the most common 
fetal chromosomal aneuploidy diseases. Neonatal trisomy 
21 syndrome is the most prevalent, occurring approxi-
mately once in every 800 live births.10 Amniotic fluid 
puncture, umbilical cord blood testing, and villus biopsies 
are the current gold standard for diagnosing fetal chromo-
somal diseases. However, these tests are all invasive, 
which may lead to a risk of complications such as abor-
tion, premature delivery, and infection. Some studies have 
reported that the incidence of embryo loss caused by 
invasive prenatal diagnosis is 0.5–1.0%.11 Therefore, 
many pregnant women do not have high compliance with 
invasive prenatal diagnosis, especially those who become 
pregnant following IVF.

NIPT is a non-invasive technique for fetal aneuploidy 
abnormality screening, which involves collecting periph-
eral blood from pregnant women and the subsequent 
detection of fetal-free DNA using high-throughput 
sequencing technology. The technique’s efficiency was Ta
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first confirmed in 1997,12 and with increased research, 
the rapid development of high-throughput sequencing 
technology, and the reduction of detection costs, NIPT 
has since become more and more established in clinical 
applications. At present, the detection rate of trisomy 21, 
18 and 13 in serological screening is about 60–70%, 
while the sensitivity of NIPT to trisomy 21, 18 and 13 
is up to 99.17%, 98.2% and 100% and the specificity is 
up to 99.95%, 99.95% and 99.96%.13 NIPT is advanta-
geous compared with traditional serological screening, as 
it demonstrates high sensitivity, high specificity, and 
non-invasiveness. So it has good clinical application 
value and has also been the first choice for pregnant 
women. Recently, the American Society for Medical 
Genetics and Genomics suggested that NIPT can be 
used as an effective screening protocol for aneuploidy 
in different age groups.14 However, there is a lack of 
robust, large-sample studies on using NIPT to screen for 
aneuploidy abnormalities in IVF-conceived fetuses.

IVF-pregnant women tend to be advanced in age, have 
difficulties conceiving naturally, are particularly protective 
of the fetus, and have an increased likelihood of twin 
pregnancy. Most pregnant women who were successfully 
conceived by IVF would be anxious about the loss of the 
fetus after invasive operation due to social and family 
factors.15 The incidence of abnormal fetal chromosomal 
aneuploidy in pregnant women undergoing IVF is higher 

than in pregnant women who conceive naturally. Hook16 

et al found that with the increase of maternal age, the risk of 
Down syndrome (DS) and other chromosomal aneuploidy 
gradually increased. The incidence of chromosomal 
abnormalities in infants increased with the increase of 
maternal age, and the incidence was 1/500 under 30 years 
old, 1/270 in 30 years old, 1/80 in 35 years old, 1/60 in 40 
years old, and 1/20 in 45 years old. In addition, many IVF- 
pregnant women, especially those who are older or expect-
ing twins, refuse invasive examination because serological 
examination is of little significance to their clinical exam-
ination, and they also worry about the complications of 
prenatal diagnosis. In a study of 502 IVF-pregnant women 
who received NIPT, a high risk of trisomy 18 was indicated 
in one case (1.99‰) and confirmed by prenatal diagnosis. In 
the control group of 8838 women who had conceived natu-
rally, NIPT identified 61 cases (6.90‰) to be at a high risk 
of trisomy 13, 18, and 21. This indicates that NIPT is 
a valuable tool in screening fetal trisomy 13, 18, and 21 
syndromes in IVF.17 In our study, the results show that the 
specificity of NIPT in detecting trisomy 13, 18, and 21 
syndromes in IVF fetuses is 99.94%, 99.97%, and 
99.87%, respectively, and the false positive rate is 0.06%, 
0.03%, and 0.13%, respectively, which is essentially con-
sistent with previous reports and suggests that NIPT 
demonstrates high accuracy in detecting IVF fetal 
aneuploidy.

Table 3 Efficiency of NIPT in Detecting Aneuploidy of IVF Conceived Fetus

Number Form Sensitivity Specificity Positive Predictive 
Value

False 
Positive

Negative Predictive 
Value

1 IVF conceived fetus 100 99.77 65 0.23 100

2 IVF single fetus conceived 100 99.72 53.85 0.28 100

3 IVF twin pregnancy 100 99.89 85.71 0.11 100

Table 4 Efficiency of NIPT for Trisomy 21/18/13 in IVF Conceived Fetuses

Number Form Single or Twin Sensitivity Specificity Positive 
Predictive Value

False 
Positive

Negative 
Predictive Value

1 Trisomy 21 Single and twin 100 99.87 71.43 0.13 100

2 Trisomy 21 Single birth 100 99.86 62.5 0.14 100
3 Trisomy 21 Twin birth 100 99.89 83.33 0.11 100

4 Trisomy 18 Single and twin 100 99.97 75 0.03 100

5 Trisomy 18 Single birth 100 99.95 66.67 0.05 100
6 Trisomy 18 Twin birth 100 100 100 0 100

7 Trisomy 13 Single and twin 100 99.94 99.94 0.06 100

8 Trisomy 13 Single birth 100 99.91 99.91 0.09 100
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In this study, trisomy 21 syndrome was detected by 
NIPT in twin pregnancies with a sensitivity of 100.00%, 
a specificity of 99.87%, and a positive predictive value of 
83.33%. For trisomy 18, these values were all 100.00%. 
Due to the small sample size, trisomy 13 was not detected, 
so no statistics are available. In single pregnancies, tris-
omy 21 syndrome was detected by NIPT with a sensitivity 
of 100.00%, a specificity of 99.86%, and a positive pre-
dictive value of 62.50%, and for trisomy 18, these values 
were 100.00%, 99.95%, and 66.67%, respectively. Again, 
due to the small sample size, trisomy 13 was not detected. 
Studies show that in monochorionic diamniotic twin preg-
nancies, the genetic information of the two fetuses in the 
peripheral blood is consistent and that the NIPT detection 
accuracy is similar to that of a single fetus. However, in 
dichorionic diamniotic twin pregnancies, the genetic infor-
mation of the two fetuses is different. Therefore, if one 
fetus is abnormal, the NIPT result may be erroneous due to 
an insufficient proportion of free DNA from the abnormal 
fetus.18 In this study, NIPT of twin pregnancies revealed 
seven positive samples, of which one case with a high risk 
of trisomy 21 underwent amniotic fluid puncture, and no 
obvious abnormality was found. Postpartum follow-up 
showed no abnormal phenotype. Due to the small number 
of cases in this study, further data are needed to assess the 
NIPT detection rate in IVF twin pregnancies accurately.

In this study, NIPT was performed on 3163 IVF- 
pregnant fetuses, and 20 pregnant women were found to 
be at a high risk of fetal chromosome aneuploidy follow-
ing chromosome karyotype analysis of fetuses and post-
natal newborns. Results showed 13 confirmed fetal 
aneuploidy abnormalities (10 cases with trisomy 21 syn-
drome and 3 cases with trisomy 18 syndrome). Seven 
cases were false positive, and the false-positive rate was 
0.23%. Factors such as localized placental chimerism, 
maternal somatic chimerism, and fetal placental chimerism 
may be responsible for the incompatibility between NIPT 
detection and reality in this study.19,20 Therefore, for IVF- 
pregnant women with abnormal NIPT results, amniocent-
esis and other invasive prenatal diagnostic tests should be 
carried out for further clarification to avoid false-positive 
results resulting in the unnecessary termination of 
pregnancy.

Through this study, it can be found that NIPT for 
prenatal screening of IVF pregnant fetus can obtain higher 
positive predictive value, sensitivity and specificity, and 
has higher screening significance in clinical practice. 
Meanwhile, as NIPT is widely accepted by IVF pregnant 

women as non-invasive, it can be considered as the pre-
ferred method for prenatal screening of pregnant women 
after IVF. It should be recognized that this study has 
several limitations. Among the 3163 cases sampled, 84 
cases were lost to follow-up, a rate of 2.66%. A failure 
to promptly update contact information was responsible 
for most of the losses, meaning that the delivery outcome 
inquiry and telephone follow-up could not be carried out. 
Since 2009, a child health handbook has been established 
in China, which requires the examination of newborns one 
week after birth and 30 days after birth. Therefore, lost 
newborns should establish a health handbook in the com-
munity. If there are abnormal physical examination results, 
newborns should be taken to maternity hospitals for fol-
low-up examination. At present, no feedback has been 
received from the 84 cases lost to follow-up, so it is 
considered that there was no abnormal delivery outcome 
in these cases. In addition, this paper did not compare 
NIPT detection results between IVF and naturally con-
ceived fetuses, which is a notable shortcoming of this 
study. One study compared NIPT detection in 476 cases 
of post-IVF twin pregnancies with 402 cases of natural 
twin pregnancies, and found that the concentration of fetal 
free DNA in natural twin pregnancies was significantly 
higher than that in IVF twin pregnancies. Therefore, it is 
considered that there may be certain differences between 
false positive and false negative of NIPT in IVF pregnancy 
and natural pregnancy detection.21

In conclusion, NIPT has a high screening efficiency for 
fetal aneuploidy in IVF pregnancy. Therefore, based on 
informed and voluntary choice, IVF-pregnant women can 
receive NIPT, while high-risk pregnant women should 
receive an interventional prenatal diagnosis. Such screening 
strategies help improve screening efficiency, reducing the 
probability and risk of interventional prenatal diagnosis.
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