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Abstract
Purpose This study aimed to investigate the performance, cost-effectiveness and additional findings of combined detailed 
ultrasound and biochemical screening for risks of major fetal trisomies in the first-trimester.
Methods This is a retrospective analysis study, we estimated the risk of trisomies 21, 18 and 13 based on maternal age, fetal 
nuchal translucency thickness, nasal bone, ductus venosus pulsatility index velocity, tricuspid regurgitation, fetal heart rate, 
free beta-human chorionic gonadotropin, and pregnancy-associated plasma protein A in singleton pregnant women, and 
performed non-invasive prenatal testing for women with risks of trisomy 21 between 1:500 and 1:300. Invasive diagnostic 
testing was performed for women with positive or failed non-invasive prenatal testing result and in the high-risk group of 
this screening method. The direct costs were compared between this strategy and the non-invasive prenatal testing which 
alone used as first-line screening for all pregnant women.
Results Among 25,155 singleton pregnant women who underwent screening, 24,361 were available for analysis, of these, 
194 cases underwent non-invasive prenatal testing. Among the 24,361 women, 39, 19, and 7 had trisomies 21, 18 and 13, 
respectively. The use of this strategy could potentially detect approximately 94.87% of trisomy 21 cases, 100% of trisomy 18 
cases, and 100% of trisomy 13 cases, with false-positive rates of 2.49%, 0.41%, and 0.49%, respectively. The overall detec-
tion rate and overall false-positive rates were 96.92% and 2.52%, respectively. The detection rate was 100% in the advanced 
age group and 94.12% in the general age group. Additionally, structural abnormalities were detected in 137 fetuses, and 44 
fetuses had other chromosomal abnormalities. The total cost of this strategy was $3,730,843.30, and the cost per person 
tested was $153.15. The total cost of using non-invasive prenatal testing as the first-line strategy would be $6,813,387.04 
and the cost per person tested was $279.68.
Conclusions Our strategy is an efficient and cost-effective approach for detecting major trisomies and identifying more fetuses 
with a potential abnormality. Therefore, this strategy is a valuable screening method and highly feasible in the clinical setting.

Keywords First-trimester screening · Major trisomies · Down syndrome · Ultrasound screening · Non-invasive prenatal 
testing

Introduction

Trisomies 21 (T21), 18 (T18), and 13 (T13) are common 
chromosomal aneuploidies, and T21 is the most common one 
[1], and its incidence rate is approximately 14.7 per 10,000 
population, with an annual increase of 23,000–25,000 cases 
in China [2]. T21 greatly affects not only growth and devel-
opment but also the intelligence level of children, imposing a 
huge mental and economic burden on the family and society. 
The estimated life- course cost for individuals with Down 
syndrome in Changsha, China, is $740,811.14 [3].
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In China, the most common approach for detecting the 
risk of major fetal trisomies is a combination of ultrasound 
assessment, biochemical assessment of maternal serum 
markers, and maternal age in the first and second trimesters 
[4]. The karyotype of high-risk cases is clinically determined 
by amniocentesis or villocentesis. Combined first-trimes-
ter screening (CFTS), which uses a combination of serum 
free β-human chorionic gonadotropin (β-hCG), pregnancy-
associated plasma protein-A (PAPP-A), nuchal translucency 
(NT) thickness, and maternal age to calculate the risk of 
major fetal trisomies, is the most commonly used approach 
for prenatal screening for major trisomies in the first tri-
mester [4, 5]. In China, biochemical screening for T21 in 
the second trimester of pregnancy continues to be widely 
performed, but its specificity is low, with a sensitivity of 
60–70% [6, 7].

In addition to the aforementioned traditional screening 
methods, non-invasive prenatal testing (NIPT) is preferred 
by some pregnant women because of its high sensitivity and 
specificity as well as low false-positive rate (FPR) and false-
negative rate (FNR) [8, 9]. Recent research has focused on 
the economic analysis of the use of NIPT in screening for 
major trisomies [10–12]. NIPT is highly expensive when 
chosen as the first-line screening approach for Down’s syn-
drome. Kagan et al. applied a combination of a detailed 
ultrasound examination and measurement of NT as the 
approach for T21 during first-trimester screening, showed 
a significantly reduced FPR [13]. When NIPT is applied as 
second-line screening after CFTS, it could reduce the need 
for invasive testing and the screening costs [14–16].

Currently, China has implemented the three-child pol-
icy, a family planning policy implemented by China to 
actively respond to the aging of the population, the number 
of Advanced-age and high-risk pregnancies increased [17]. 
Therefore, screening for major fetal trisomies has become 
very important, and a screening approach suitable for both 
advanced- and general-age pregnant women is particularly 
needed in China. The present study aimed to evaluate the 
potential performance and cost-effectiveness of combined 
detailed ultrasound and biochemical screening for risks of 
T21, T18, and T13 in 11–13+6 weeks’ gestation in singleton 
pregnant women.

Materials and methods

The present study was performed based on the retrospective 
data, collecting 25,155 singleton pregnant women who were 
being screened for aneuploidies at 11–13+6 weeks’ gestation 
(i.e., when the fetal crown-rump length [CRL] was between 
45 and 84 mm) at The First Affiliate Hospital of Jinan Uni-
versity from January 2016 to December 2021, which was 
approved by the Scientific and Ethics Review Committees 

of the hospital. Notably, the Scientific and Ethics Review 
Committees had waived informed consent for the study as 
the nature of the present study is retrospective. The inclu-
sion criteria were as follows: (1) singleton pregnancy, (2) 
maternal age ≥ 18 years, and (3) CRL measurement rang-
ing from 45 to 84 mm. The exclusion criteria were as fol-
lows: (1) vanishing twins and (2) data unavailability of final 
outcomes (karyotype or children’s health). All pregnancy 
outcomes were tracked by reviewing obstetrical or neonatal 
records in our center or by contacting mothers who delivered 
in other hospitals by telephone approximately six months 
after delivery to collect details about the fetal chromosomes 
or the health of the infant. This research study was con-
ducted retrospectively from data obtained for clinical pur-
poses. Our hospital ethics committee has confirmed that no 
ethical approval is required.

Singleton pregnant women underwent our screening 
method during their first trimester, and the required data 
were collected. However, only those pregnant women who 
had definite follow-up data were included in the analysis, 
and we obtained the results of fetal karyotype analysis and 
details of the infants’ health. For the assessment of serum-
free β-hCG and PAPP-A were collected at 10–13 gestational 
weeks, that is, a median of 7 days before ultrasound scan-
ning. Pregnant women were asked to measure their height 
and weight on the day of the detailed ultrasound examina-
tion, declare their ethnicity, mention whether they smoked 
during pregnancy, report whether they had a history of dia-
betes and pregnancy, and indicate the method of concep-
tion. The required data were collected and inputted into the 
Astraia software system (Astraia Software GmbH, Munich, 
Germany). The β-hCG and PAPP-A data were adjusted 
for multiples of the median (MoM) based on the woman’s 
height, weight, ethnicity, smoking status, and method of con-
ception by Astraia software system. In the present study, 
detailed ultrasound examination was performed by doctors 
in fetal medicine and sonographers, who have undertaken 
specialized training and/or continuing training and obtained 
the Certificate of Competency issued by The Fetal Medi-
cine Foundation (FMF; https:// fetal medic ine. com/). The 
first-trimester ultrasound examination and measurement 
methods of ultrasound parameters adhere to the Interna-
tional Society of Ultrasound in Obstetrics and Gynecol-
ogy (ISUOG) recommendations [18] and the guidelines 
of FMF 11–13+6 weeks’ scans. The ultrasound parameters 
were assessed only by experienced sonographers who are 
certified to examine FMF 11–13 weeks’ scans. In addition 
to NT thickness, nasal bone (NB), tricuspid regurgitation 
(TR), ductus venosus pulsatility index velocity (DV-PIV), 
and fetal heart rate (FHR) measurements, a detailed ultra-
sound examination was performed.

The ultrasound examination was performed using Volu-
son E6, E8, E10, and 730 Expert (GE Healthcare). Pregnant 

https://fetalmedicine.com/


Archives of Gynecology and Obstetrics 

1 3

women’s ethnicity, age, height and weight, past medical his-
tory, pregnancy history, smoking history, ultrasound param-
eters, β-hCG, and PAPP-A, all of which are routinely used in 
our centers for first-trimester screening, were recorded, and 
the data were inputted in Astraia software.

The risks of major fetal trisomies were calculated using 
Astraia software by combining maternal age, NT, NB, TR, 
DV-PIV, FHR, and the MoM of β-hCG and PAPP-A. Women 
were classified into low-risk (T21 [< 1:300], T18 and T13 
[< 1:100]), and high-risk (T21 [> 1:300], T18 and T13 
[> 1:100]) groups according to their trisomy risk. These cut-
off values are referenced to the FMF. Additionally, NIPT was 
offered to women with risks of trisomy 21 between 1:500 
and 1:300. And invasive diagnostic testing (IDT), such as 

amniocentesis (18–24 weeks) and chorionic villus sampling 
(CVS; 11–14 weeks), was offered to women with a positive 
or failed NIPT result for trisomy and in the high-risk group 
for fetal karyotyping. Pregnant women with a negative NIPT 
result and in the low-risk group did not require any further 
testing (Fig. 1). All participants in the high-risk group and 
those who had a NIPT-positive and failed result received 
genetic counseling. All fetuses diagnosed with T21, T18 and 
T13 were terminated by induction of labor.

In cost analysis, the cost of first-trimester ultrasound scan-
ning, dating ultrasound, maternal serum testing, NIPT, IDT 
and life-course cost for individuals with Down syndrome 
was set at $57.95, $28.23, $24.07, $231.80, $304.98 (aver-
age cost of amniocentesis [$282.02] and CVS [$327.93]) and 

Fig. 1  Flowchart of the com-
bined ultrasound and biochemi-
cal screening
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$740,811.14, respectively. These charges are based on the 
price standards of the Guangzhou Price Bureau. The total 
cost of this strategy, including all costs for first-trimester 
ultrasound scanning, maternal serum testing, NIPT, IDT, 
and life-course costs of prenatal missed diagnosis of T21.

We estimated the cost effect of the NIPT strategy when it 
was used as the first-line approach for all pregnant women 
and when IDT was performed in high-risk and failed cases. 
We made an assumption that the detection rate (DR), 
false-positive rate (FPR), and failure rate of NIPT for the 
major trisomies were 99.3%, 0.2%, and 1% [11, 19, 20], 
respectively.

The data of T21, T18, and T13 for the low- and high-risk 
groups were assessed by statistical analyses using SPSS, 
version 24.0 (IBM Corp., Armonk, NY, USA). Enumera-
tion data were expressed as rates, and comparisons were 
made using the chi-square test or Fisher’s exact test. p values 
of < 0.05 were considered to indicate a statistically signifi-
cant difference. For quantitative variables, two independent 
groups were compared using the Mann–Whitney test, and for 
categorical variables, the chi-square test was used.

Results

In this study, we examined 25,155 singleton pregnant 
women. Among them, 24,361 met the inclusion criteria 
and were recruited to the study, and 794 (3.16%) were 
excluded because data on the fetal chromosome karyotype 
or infant’s health could not be obtained, which included 
loss of follow-up (n = 517; 43 cases were at high risk; 13 
cases with T 21 risk between 1:500 and 1:300 refuse NIPT 
and IDT), termination of pregnancy due to fetal defects 
(n = 107; 50 cases were at high risk), termination of preg-
nancy due to maternal personal factors (n = 72; 21 cases 
were at high risk), spontaneous abortion (n = 51; 6 cases 
were at high risk), intrauterine fetal death (n = 38; 7 cases 
were at high risk), and neonatal death (n = 9; no case was 
at high risk). Among the 24,361 women, 643 (2.64%) had 
a T21 risk of ≥ 1 in 300, and 194 of them were included for 
NIPT; 119 (0.49%) and 162 (0.66%) women had a T18 and 
T13 risk of ≥ 1 in 100, respectively; 675 (2.77%) women 
had a T21 risk of ≥ 1 in 300 or a T18 or T13 risk of ≥ 1 
in 100 (Fig. 2). The average age of the enrolled pregnant 

Fig. 2  Flowchart of enrollment
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women was 29.96 ± 4.41  years, and 3,394 (13.93%; 
3,394/24,361) women were ≥ 35 years.

Pregnancies that did not have T21, T18, or T13 as 
assessed in prenatal karyotype analysis or pregnancies that 
yielded neonates with a normal phenotype were classified in 
the unaffected group. Moreover, 24,296 of 24,361 fetuses did 
not have T21, T18, or T13 in the total population, including 
24,252 fetuses with a normal fetal karyotype or infant phe-
notype and 44 fetuses with other chromosomal abnormali-
ties (trisomy 16, n = 1; trisomy 4, n = 1; sex chromosome 
aneuploidies, n = 6; Turner’s syndrome, n = 15; mosaicisms, 
deletions, or translocations, n = 21). In the affected group, 65 
cases had a prenatal diagnosis of T21 (n = 39), T18 (n = 19), 
and T13 (n = 7). The details of ultrasound parameters and 
maternal serum parameters in fetuses with T21, T18, and 
T13 are shown in Tables 1, 2, and 3, respectively. In case 
number 6 (a 29-year-old multigravida) and case number 16 
(a 33-year-old multigravida) in the low-risk group, amnio-
centesis was performed because of the absence of an NB 
and the patient’s worry. All cases in the affected group led 
to the termination of pregnancy or intrauterine fetal death. 
In our strategy, the overall DR of the major trisomies was 
96.92%, and the overall FPR was 2.52%; the DR for T21, 
T18, and T13 were 94.87%, 100%, and 100%, respectively; 
the corresponding FPR were 2.49%, 0.41%, and 0.64%, 
respectively. To evaluate the performance of our strategy, 
we calculated DR, FPR, positive predictive value (PPV), 
and negative predictive value (NPV) based on the results of 
chorion or amniocyte karyotyping and the neonatal pheno-
type (Table 4).

In this study, 3,394 women were of advanced age, that 
is, ≥ 35 years. Among them, 234 (6.89%, 234/3394) were at 
high risk of T21, T18, or T13 and 31 had a final diagnosis of 
T21, T18, or T13. Moreover, 20,967 women were younger 
than 35 years, with 442 (2.11%, 442/20,967) being at high 
risk (including one case of moderate risk for NIPT failure), 
and 34 had a final diagnosis of T21, T18, or T13 (including 
2 cases of low risk). The DR was 100% in the advanced age 
group and 94.12% in the general age group. No significant 
difference was noted in the DR of T21, T18, or T13 between 
different age groups (P = 0.864).

During the first trimester, all singleton pregnant women 
were examined in a detailed manner by ultrasound. Among 
the 25,155 pregnant women, 137 had detection of fetal struc-
tural abnormalities, including 50 cases of fetal heart defects 
(confirmed by ultrasound again after 16–18 weeks), 18 cases 
of upper lip cleft or palate, 16 cases of multiple malforma-
tions, 14 cases of fetal hydrops, 11 cases of holoprosen-
cephaly, 7 cases of omphalocele or gastroschisis, 6 cases 
of megalocystis, 5 cases of anencephaly or exencephaly, 
5 cases of fetal limb abnormality, 3 cases of absent duc-
tus venosus, 1 case of encephalocele, 1 case of abnormal 
pedicle syndrome, 1 case of amniotic band syndrome, and 1 

case of spina bifida. Of the 137 women with fetal structural 
abnormalities, 52 underwent amniocentesis or choriocen-
tesis for prenatal diagnosis, and 18 cases involved chromo-
somal abnormalities; 85 women refused to undergo prenatal 
diagnosis and chose labor induction directly, including 52 
(61.2%, 52/85) cases in the high-risk group of aneuploidy, 
33 (38.8%, 33/85) cases in the low-risk group.

In this strategy, all 24,361 pregnant women underwent the 
first-trimester ultrasound examination, with 194 undergoing 
NIPT and 676 undergoing IDT (Fig. 2). The total cost when 
using this strategy was $3,730,843.30, and the cost of test-
ing per person was $153.15 (Table 5). If all 24,361 singleton 
pregnant women received dating ultrasound and NIPT, then 
the total cost would be $6,813,387.04, and the cost of testing 
per person would be $279.68 (Table 5).

Discussion

Main findings of the study

The use of NIPT for prenatal screening for common triso-
mies could reduce the number of IDT in pregnant women 
[21, 22], and it may help avoid the loss of a fetus resulting 
from IDT prenatally [23, 24]. Furthermore, the application 
of NIPT has shown substantially better outcomes over tra-
ditional methods, which could increase the DR of affected 
fetuses and reduce the number of affected births in high-risk 
and general populations [25]. However, NIPT is relatively 
expensive and is not suitable as a first-line screening method 
for chromosomal aneuploidy [26]. In China, NIPT is cur-
rently mainly used for women of the intermediate-risk group 
of traditional screening method, women who have contrain-
dications to IDT prenatally, and pregnant women who miss 
the best time for serological screening.

The present study demonstrated that this screen-
ing method for major fetal trisomies, achieving a DR of 
96.92% and an FPR of 2.52%, which is superior to tradi-
tional screening methods [27, 28]. Using NIPT in pregnant 
women with T 21 risk between 1:500 and 1:300 that has 
shown an improved DR and a reduced FPR, thus reducing 
the number of patient counseling sessions and the need for 
IDT prenatally. Among the 24,361 women, 39 (0.16%) had 
T21, 19 (0.08%) had T18, and 7 (0.03%) had T13, and the 
incidence of T21 was similar to that reported previously 
[2]. With our strategy, the FNR was 5.13% for T21, which 
is much lower than those obtained with traditional screen-
ing methods (21.21%, 27.27%, 30.77%, and 30% by CFTS, 
quadruple screening, triple screening, and double screening, 
respectively) [27]. Additionally, no false-negative cases of 
T18 and T13 were found. The present study demonstrated 
that our strategy, when compared with traditional screening 
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methods, may reduce the birth rate of fetuses with major 
trisomies to achieve the goal of prepotency.

In this study, women of advanced maternal age accounted 
for 13.93% (3,394/24,361) of the total pregnant women. 
However, the number of confirmed cases of T21, T18, or 

T13 in this group accounted for 47.69% (31/65) of the total 
confirmed cases of T21, T18, or T13 in this study. This 
suggests that the risk of major fetal trisomies in pregnant 
women of advanced maternal age is significantly higher than 
that in pregnant women from the general population, with 

Table 1  Details of sonographic makers and maternal serum among fetuses with trisomy 21

+, positive for abnormal findings; −, normal; CRL, crown-rump length; NT, nuchal translucency; NB, nasal bone; DV-PIV, ductus venosus pul-
satility index velocity; TR, tricuspid regurgitation; FHR, fetal heart rate
Bold value indicates the item is abnormal

No CRL (mm) NT (mm) NB DV-PIV TR FHR (bpm) Free-beta 
hGC(MoM)

PAPP-A (MoM) Risk caculation

1 59.8 5.8 + 1.5 + 159 3.679 0.709 1/2
2 49.5 3.6 − 1.1 + 175 1.783 0.990 1/21
3 81.1 3.5 − 1.6 + 157 1.000 1.000 1/2
4 66.7 4.1 + 2.3 − 162 1.602 1.078 1/2
5 53.3 2.3 + 1.0 − 164 2.742 0.647 1/28
6 62.4 1.3 + 1.5 − 164 1.898 0.731 1/586
7 61.2 4.4 + 1.2 − 156 2.454 0.259 1/2
8 54.7 5.7 + 2.1 + 164 2.678 1.972 1/2
9 69.0 5.1 − 1.1 − 153 1.268 0.673 1/183
10 52.9 6.6 + 1.4 + 175 2.270 0.660 1/2
11 52.9 6.6 + 1.8 − 165 1.352 0.410 1/2
12 62.8 3.0 − 1.5 − 152 2.378 0.554 1/2
13 76.5 5.3 + 1.2 + 150 3.188 2.018 1/2
14 60.4 3.3 + 1.8 − 167 1.287 0.849 1/2
15 59.1 3.9 − 1.2 + 169 1.146 0.332 1/2
16 53.7 1.5 + 1.2 − 167 2.538 1.260 1/1010
17 62.6 4.0 − 1.0 − 164 5.938 0.364 1/6
18 66.6 3.3 + 0.9 − 170 1.648 0.594 1/3
19 63.5 8.9 + 1.2 + 169 1.498 0.124 1/2
20 59.1 2 − 0.9 + 163 0.942 0.169 1/4
21 54.7 5.9 + 3.2 − 178 3.136 0.286 1/2
22 63.6 2.8 − 1.3 − 170 2.053 0.772 1/112
23 72.8 5.9 + 1.3 + 159 2.698 0.468 1/2
24 67.4 3.5 + 1.2 − 169 1.444 0.504 1/2
25 60.4 5.4 + 2.4 + 156 1.359 0.530 1/2
26 59.8 2.3 + 1.1 − 160 1.187 0.262 1/2
27 59.0 2.1 − 1.3 − 170 3.428 0.726 1/224
28 56.2 2.4 + 1.2 − 176 0.755 0.745 1/80
29 77.0 4.8 + 1.3 + 164 1.005 0.177 1/2
30 61.4 4.2 + 2.8 − 162 7.062 0.879 1/2
31 73.1 2.5 + 1.1 − 160 1.265 0.501 1/25
32 52.8 5.1 + 2.5 − 169 3.407 0.871 1/2
33 62.6 3.0 + 1.3 − 159 4.063 0.124 1/2
34 75.4 2.7 − 1.3 − 160 3.441 1.207 1/431
35 77.3 13.7 − 1.4 + 168 0.191 0.605 1/4
36 46.4 3.0 + 2.4 − 174 2.926 0.362 1/2
37 62 2.9 + 1.3 − 156 1.619 0.286 1/2
38 55.5 2.3 + 1.4 − 171 2.461 0.164 1/2
39 63.6 2.3 + 1.4 − 164 2.390 1.606 1/76
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Table 2  Details of sonographic makers and maternal serum among fetuses with trisomy 18

+, positive for abnormal findings; −, normal; CRL, crown-rump length; NT, nuchal translucency; NB, nasal bone; DV-PIV, ductus venosus pul-
satility index velocity; TR, tricuspid regurgitation; FHR, fetal heart rate
Bold value indicates the item is abnormal

No CRL (mm) NT (mm) NB DV-PIV TR FHR (bpm) Free-beta 
hGC(MoM)

PAPP-A (MoM) Risk calculation

1 51.5 2.3 + 2.7 − 164 0.468 0.246 1/6
2 56.5 2.1 − 1.0 + 158 0.299 0.163 1/13
3 49.1 5.6 − 3.2 − 161 0.058 0.193 1/2
4 46.5 7.8 + + − 179 0.115 0.146 1/2
5 60.7 10.4 − 1.4 + 166 0.348 0.211 1/2
6 83.2 2.9 + 1.5 − 151 1.491 0.205 1/10
7 60.7 5.9 − 1.1 − 142 0.353 0.186 1/2
8 51.2 1.7 + 1.4 − 174 0.182 0.074 1/6
9 68.7 11.5 − 0.9 − 164 0.506 0.263 1/2
10 51.8 4.8 − 1.4 − 181 0.384 0.191 1/10
11 48.6 7.0 + 2.4 + 162 0.434 0.219 1/2
12 55.0 3.1 + 3.3 + 168 0.236 0.325 1/2
13 66.3 3.9 − 1.3 − 147 0.065 0.069 1/2
14 59.6 4.0 + 1.1 − 155 0.329 0.166 1/2
15 63.4 1.9 − 3.1 − 173 0.346 0.068 1/3
16 69.0 1.6 − 1.2 − 155 0.312 0.166 1/96
17 63.1 6.2 + 2.5 − 172 0.032 0.090 1/2
18 57.2 7.8 + 2.2 − 157 0.520 0.208 1/2
19 65.9 10.11 + 1.3 + 172 0.503 0.390 1/4

Table 3  Details of sonographic makers and maternal serum among fetuses with trisomy 13

+, positive for abnormal findings; −, normal; CRL, crown-rump length; NT, nuchal translucency; NB, nasal bone; DV-PIV, ductus venosus pul-
satility index velocity; TR, tricuspid regurgitation; FHR, fetal heart rate
Bold value indicates the item is abnormal

No CRL (mm) NT (mm) NB DV-PIV TR FHR (bpm) Free-beta 
hGC(MoM)

PAPP-A (MoM) Risk calculation

1 53.9 2.2 + 1.5 − 182 0.319 0.420 1/2
2 78.8 9.4 − 2.2 − 190 0.28 0.875 1/3
3 55.5 5.3 + 1.2 − 182 0.732 0.546 1/2
4 65.1 2.5 + 1.2 − 189 1.541 1.02 1/44
5 61.0 4.7 + 1.7 − 201 0.517 0.467 1/2
6 67.4 2.1 − 1.0 − 174 0.743 0.209 1/4
7 54.7 1.7 − 1.3 − 188 0.426 0.507 1/24

Table 4  Performance of first-
trimester CUB with NIPT for 
T21, T18 and T13

DR, detection rate, also known as true positive rate; FPR, false positive rate; PPV, positive predictive value; 
NPV, Negative predictive value

Trisomy Affected Unaffected PPV (%) NPV (%)

Positive/total DR (%) Positive/total FPR (%)

21 37/39 94.87 607/24322 2.49 5.75 99.99
18 19/19 100.00 100/24342 0.41 15.97 100.00
13 7/7 100.00 155/24354 0.64 4.32 100.00
21, 18, 13 63/65 96.92 613/24296 2.52 9.32 99.99



 Archives of Gynecology and Obstetrics

1 3

no significant difference in the DR among the two pregnant 
women age cohorts. This finding indicates that our strategy 
for screening T21, T18, or T13 in the first trimester is suit-
able for pregnant women of all ages.

As reported in our previous study [29], a detailed ultra-
sound examination of the fetus might be effective in iden-
tifying some chromosomal abnormality during the first tri-
mester and in diagnosing a significant proportion of severe 
structural deformity. A recent study [30] showed that the 
DR of fetal structural abnormalities through first-trimester 
ultrasound scans was 43.1%, including abnormalities in the 
nervous system, abdominal wall, major cardiac system, and 
genitourinary system, along with any facial, limb, and skel-
etal malformations. Recently updated guidelines have also 
emphasized the importance of detailed anatomic evalua-
tion of the fetus in the first trimester [31]. In this study, the 
fetal structure was scanned for a detailed evaluation while 
measuring related ultrasound parameters. Among all sin-
gleton pregnancies, 137 fetuses had structural abnormalities 
(0.54%, 137/25,155). Detailed ultrasound examination of 
the fetus during the first trimester can help detect a signifi-
cant proportion of fetal structural defects at an early stage 
[13]. This approach allows pregnancies involving fetuses 
with fatal defects to be terminated at an early stage, thus 
reducing, to a certain extent, the physical and psychological 
impact and economic losses to pregnant women. Moreover, 
the examination of the genetic material of fetuses with struc-
tural defects is helpful in discovering genetic diseases, which 
is conducive to the genetic counseling of future pregnancy 
and promoting eugenics.

Comparison with previous studies

The CFTS, quadruple screening, triplescreening, and dou-
ble screening is a common traditional method for screening 
major fetal trisomies in China. Among the four traditional 
screening methods, CFTS is the most commonly used one. 
Luo et al. conducted a retrospective analysis of the four tra-
ditional methods together with NIPT in terms of screen-
ing performance and cost-effectiveness, and the results 
showed that CFTS had the highest DR when used as a first-
line screening method (93.94%) and had cost benefits [27]. 

With a contingent strategy based on conventional screening, 
together with NIPT for intermediate-risk cases, the DR for 
all major trisomies was 88.9%, and the FPR was 1.3% [32]. 
In another study, NIPT contingent on results from CFTS 
showed DRs of 91.5%, 100%, and 100% for T21, T18, and 
T13, respectively [33].

Kagan et al. used a combination of maternal age, NT 
thickness, and DV-PIV, together with NIPT, and reported 
DRs of approximately 96.3%, 94.9%, and 90.7% for T21, 
T18, and T13, respectively, at an FPR of 0.85% [34]. In their 
study, at the current NIPT cost, this strategy was more cost-
effective than NIPT for screening all pregnant women. How-
ever, the cost calculations in the above study did not consider 
the financial loss of the surviving missed cases, whereas in 
the our study, the calculated cost included an economic loss 
from the birth of missed cases, and the data were collected 
from real-world cases, not a modeled analysis.

In our strategy, 0.80% (194/24,361) of women were 
offered NIPT. NIPT was cost-effective when used as a sec-
ond-line approach for screening major fetal trisomies, as 
demonstrated previously [35].

Clinical implications

If NIPT is used as a first-line screening strategy, assuming 
a 99.3% DR, 0.2% FPR, and 1% failure rate [11, 20, 36–38] 
and if all women with positive and failed cases receive 
IDT prenatally and genetic counseling, then the cost will 
be $279.68 to screen a pregnant woman, whereas, with our 
strategy, the cost of screening per case will be only $153.15 
(Table 5). At present, in Mainland China, only pregnant 
women under 35 years old with intermediate-risk of ane-
uploidy in early pregnancy serological screening or high-risk 
pregnant women with amniocentesis contraindication are 
eligible to apply for free NIPT. Early pregnancy serologi-
cal aneuploidy screening and ultrasonography are free for 
pregnant women with maternity insurance.

NIPT is not recommended as a first-line screening method 
because of the current cost analyzed [26]. Currently, NIPT 
remains expensive, particularly in developing countries such 
as China. Even among advanced-age pregnant women, at 
the current price of NIPT ($222.88–$356.61 per woman in 

Table 5  The costs of screening major trisomies with CUB + NIPT and NIPT strategy

NIPT, non-invasive prenatal testing; IDT, invasive diagnostic testing; CUB, combined ultrasound and biochemical
a 357 = 65 + (24361 − 65) × 0.2% + 24361 × 1% (assuming 0.2% of FPR and 1% of failure rate)
b 0.5 = 65 × (1 − 99.3%) (assuming 99.3% of DR)

Ultrasound Biomarker NIPT IDT Misdiagnosis Cost

Scaning ($57.95) Dating ($28.23) ($24.07) ($231.78) ($304.98) ($740,811.14) Total Per person

CUB + NIPT 2,4361 0 2,4361 194 676 2 $3,730,843.30 $153.15
NIPT 0 2,4361 0 2,4361 357a 0.5b $6,813,387.04 $279.68



Archives of Gynecology and Obstetrics 

1 3

China), the cost of NIPT as a first-line method for screening 
Down’s syndrome is too high to be suitable for the first-line 
application, but for very old pregnant women (≥ 39 years 
old), NIPT as a first-line screening strategy is cost-effective 
[39]. In developing countries, this high-performance testing 
[40], be used for part of pregnant women rather than all, 
can not only save cost but also decrease the number of IDTs 
prenatally while increasing the DR.

By contrast, NIPT is limited to screening for the risk of 
genetic material, with a focus on T21, T18, T13, and sex 
chromosome abnormalities, and it has a certain failure DR 
and cannot detect structural abnormalities of the fetus [26, 
41]. With our strategy, a total of 137 fetuses with malforma-
tions were detected, which provides important evidence for 
early genetic diagnosis and more time for couples to take 
counseling and make decisions accordingly. This screening 
method also improves the DR of other chromosomal abnor-
malities that cannot be screened by NIPT alone. With our 
strategy, 1 case of trisomy 16; 1 case of trisomy 4; and 21 
cases of chromosome mosaicism, deletion, or translocation 
were detected.

All pregnant women in our hospital will be screened for 
fetal structural abnormalities in the second trimester of preg-
nancy. Two false-negative cases were detected in our study: 
case number 6 and case number 16. In both cases, the diag-
nosis of T21 was made through amniocentesis because of 
the absence of NB after ultrasonography of fetal structure 
in the second trimester, resulting in the final termination of 
the pregnancy.

Our strategy improved the DR of these major trisomies 
and reduced its FPR. Additionally, to some extent, our 
approach helped some pregnant women to avoid IDT prena-
tally. At the same time, the DR of other chromosomal abnor-
malities and fetal structural abnormalities also increased.

Research implications

This study is of great significance for the screening of fetal 
aneuploidy and fetal structural abnormalities in the first tri-
mester. This method can also be used to predict the risk 
of preeclampsia and fetal growth restriction by adding the 
measurement of uterine artery pulse index to the ultrasound 
examination. In the future, the predicted risk of preeclampsia 
and fetal growth restriction in pregnant women can be fol-
lowed up and retrospectively analyzed.

Strengths and limitations

This study had a retrospective and single-center design. 
In this study, detailed ultrasound examination facilitated 
the identification of fetal defects in the first trimester, but 
detailed ultrasound examinations may not be feasible in 
some regions. However, the detailed ultrasound examination 

in the first trimester of our study followed the guidelines of 
FMF 11–13+6 weeks’ scans and the ISUOG recommenda-
tions [18] and can be, therefore, repeatable.

Conclusions

The findings of our study confirm that our screening method 
is not only has high performance but is also cost-effective for 
screening major fetal trisomies in Chinese populations. This 
screening strategy is suitable for not only pregnant women of 
general age but also pregnant women of advanced age. The 
policy also allows screening out a considerable proportion of 
fetuses with structural defects in the first trimester to achieve 
eugenics better and promote the development of eugenics.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by CY, HD, ML, JL, JX, YY, QZ, DY, RY and RL. The 
first draft of the manuscript was written by CY and HD and all authors 
commented on previous versions of the manuscript. All authors read 
and approved the final manuscript.

Funding This study was supported by the Central Guidence on Local 
Science and Technology Development Program of Guangdong Prov-
ince [Grant No. 2019SKJ016]; the Scientific Research Foundation of 
the First Affiliated Hospital of Jinan University [Grant No. 2015210]; 
Teaching Quality and Teaching Reform Project in Jinan University 
[Grant No. JG2022108]; Guangzhou Science and Technology Planning 
Project of China [Grant No. 2023A03J0568].

Data availability The data that support the findings of this study are 
available on request from the corresponding author. The data are not 
publicly available due to privacy or ethical restrictions.

Declarations 

Conflict of interest The authors declared that they have no conflicts of 
interest to this work. We declare that we do not have any commercial or 
associative interest that represents a conflict of interest in connection 
with the work submitted.

Ethical approval The study received approval by the Scientific and 
Ethics Review Committees of The First Affiliate Hospital of Jinan Uni-
versity (SYJS 2022-07-04-28).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 



 Archives of Gynecology and Obstetrics

1 3

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Badeau M, Lindsay C, Blais J, Nshimyumukiza L, Takwoingi 
Y, Langlois S, Légaré F, Giguère Y, Turgeon AF, Witteman W, 
Rousseau F (2017) Genomics-based non-invasive prenatal testing 
for detection of fetal chromosomal aneuploidy in pregnant women. 
Cochrane Database Syst Rev 11(11):CD011767. https:// doi. org/ 
10. 1002/ 14651 858. CD011 767. pub2

 2. Ministry of Health of the People’s Republic of China (2012) 
Report on the prevention and control of birth defects in China [R]

 3. Wang N, Zhou S, Wang S, Kuang Y, Zu Y, Xie R, Yang M, Peng 
H, Liu J, He J (2022) Economic burden of Down syndrome 
patients and psychological and social discrimination to female 
caregivers in Changsha, China. Zhonghua Yi Xue Yi Chuan Xue 
Za Zhi 39(1):11–15. https:// doi. org/ 10. 3760/ cma.j. cn511 374- 
20210 512- 00404

 4. Kagan KO, Etchegaray A, Zhou Y, Wright D, Nicolaides KH 
(2009) Prospective validation of first-trimester combined screen-
ing for trisomy 21. Ultrasound Obstet Gynecol 34(1):14–18. 
https:// doi. org/ 10. 1002/ uog. 6412

 5. Nicolaides KH (2011) Screening for fetal aneuploidies at 11 to 13 
weeks. Prenat Diagn 31(1):7–15. https:// doi. org/ 10. 1002/ pd. 2637

 6. Bian XM, Guo Q, Qi QW (2010) Current situation and develop-
ment of prenatal diagnosis in China. Front Med China 4:271–274

 7. Chen Y, Qian X, Tang Z et al (2004) Situation analysis of prenatal 
diagnosis technology utilization in China: current situation, main 
issues, and policy implications. Int J Technol Assess Health Care 
20:524–530

 8. Liang D, Cram DS, Tan H, Linpeng S, Liu Y, Sun H, Zhang Y, 
Tian F, Zhu H, Xu M, Wang H, Yu F, Wu L (2019) Clinical util-
ity of noninvasive prenatal screening for expanded chromosome 
disease syndromes. Genet Med 21(9):1998–2006. https:// doi. org/ 
10. 1038/ s41436- 019- 0467-4

 9. Zhang H, Gao Y, Jiang F, Fu M, Yuan Y, Guo Y, Zhu Z, Lin M, 
Liu Q, Tian Z, Zhang H, Chen F, Lau TK, Zhao L, Yi X, Yin Y, 
Wang W (2015) Non-invasive prenatal testing for trisomies 21, 
18 and 13: clinical experience from 146,958 pregnancies. Ultra-
sound Obstet Gynecol 45(5):530–538. https:// doi. org/ 10. 1002/ 
uog. 14792

 10. Evans MI, Sonek JD, Hallahan TW, Krantz DA (2015) Cell-free 
fetal DNA screening in the USA: a cost analysis of screening 
strategies. Ultrasound Obstet Gynecol 45(1):74–83. https:// doi. 
org/ 10. 1002/ uog. 14693

 11. Gil MM, Accurti V, Santacruz B, Plana MN, Nicolaides KH 
(2017) Analysis of cell-free DNA in maternal blood in screen-
ing for aneuploidies: updated meta-analysis. Ultrasound Obstet 
Gynecol 50(3):302–314. https:// doi. org/ 10. 1002/ uog. 17484

 12. Santorum M, Wright D, Syngelaki A, Karagioti N, Nicolaides KH 
(2017) Accuracy of first-trimester combined test in screening for 
trisomies 21, 18 and 13. Ultrasound Obstet Gynecol 49(6):714–
720. https:// doi. org/ 10. 1002/ uog. 17283

 13. Kagan KO, Sroka F, Sonek J, Abele H, Lüthgens K, Schmid M, 
Wagner P, Brucker S, Wallwiener D, Hoopmann M (2018) First-
trimester risk assessment based on ultrasound and cell-free DNA 
vs combined screening: a randomized controlled trial. Ultrasound 
Obstet Gynecol 51(4):437–444. https:// doi. org/ 10. 1002/ uog. 
18905

 14. Nicolaides KH, Wright D, Poon LC, Syngelaki A, Gil MM (2013) 
First-trimester contingent screening for trisomy 21 by biomarkers 

and maternal blood cell-free DNA testing. Ultrasound Obstet 
Gynecol 42(1):41–50. https:// doi. org/ 10. 1002/ uog. 12511

 15. Nicolaides KH, Syngelaki A, Poon LC, Gil MM, Wright D (2014) 
First-trimester contingent screening for trisomies 21, 18 and 13 by 
biomarkers and maternal blood cell-free DNA testing. Fetal Diagn 
Ther 35(3):185–192. https:// doi. org/ 10. 1159/ 00035 6066

 16. Cuckle H, Benn P, Pergament E (2013) Maternal cfDNA screen-
ing for Down syndrome—a cost sensitivity analysis. Prenat Diagn 
33(7):636–642. https:// doi. org/ 10. 1002/ pd. 4157

 17. Huang Y, Jiang B (2021) Fertility culture and medical risks: an 
analysis of pregnancy and birth experience in elderly triplets. J 
Nanjing Med Univ Soc Sci Ed 21(6):5

 18. Salomon LJ, Alfirevic Z, Bilardo CM, Chalouhi GE, Ghi T, Kagan 
KO, Lau TK, Papageorghiou AT, Raine-Fenning NJ, Stirnemann 
J, Suresh S, Tabor A, Timor-Tritsch IE, Toi A, Yeo G (2013) 
ISUOG practice guidelines: performance of first-trimester fetal 
ultrasound scan. Ultrasound Obstet Gynecol 41(1):102–113. 
https:// doi. org/ 10. 1002/ uog. 12342

 19. Gil MM, Akolekar R, Quezada MS, Bregant B, Nicolaides KH 
(2014) Analysis of cell-free DNA in maternal blood in screening 
for aneuploidies: meta-analysis. Fetal Diagn Ther 35(3):156–173. 
https:// doi. org/ 10. 1159/ 00035 8326

 20. Choe SA, Seol HJ, Kwon JY, Park CW, Kim M, Lee JY, Kim 
MA, Hwang HS, Na S, Shim JY, Kim K, Ryu HM (2021) Clinical 
practice guidelines for prenatal aneuploidy screening and diag-
nostic testing from Korean Society of Maternal-Fetal Medicine: 
(1) Prenatal Aneuploidy Screening. J Korean Med Sci 36(4):e27. 
https:// doi. org/ 10. 3346/ jkms. 2021. 36. e27

 21. Taylor-Phillips S, Freeman K, Geppert J, Agbebiyi A, Uthman 
OA, Madan J, Clarke A, Quenby S, Clarke A (2016) Accuracy of 
non-invasive prenatal testing using cell-free DNA for detection of 
Down, Edwards and Patau syndromes: a systematic review and 
meta-analysis. BMJ Open 6(1):e010002. https:// doi. org/ 10. 1136/ 
bmjop en- 2015- 010002

 22. Petersen AK, Cheung SW, Smith JL, Bi W, Ward PA, Peacock S, 
Braxton A, Van Den Veyver IB, Breman AM (2017) Positive pre-
dictive value estimates for cell-free noninvasive prenatal screening 
from data of a large referral genetic diagnostic laboratory. Am J 
Obstet Gynecol 217(6):691.e1-691.e6. https:// doi. org/ 10. 1016/j. 
ajog. 2017. 10. 005

 23. Akolekar R, Beta J, Picciarelli G, Ogilvie C, D’Antonio F (2015) 
Procedure-related risk of miscarriage following amniocentesis and 
chorionic villus sampling: a systematic review and meta-analysis. 
Ultrasound Obstet Gynecol 45(1):16–26. https:// doi. org/ 10. 1002/ 
uog. 14636

 24. Wulff CB, Gerds TA, Rode L, Ekelund CK, Petersen OB, Tabor 
A, Danish Fetal Medicine Study Group (2016) Risk of fetal loss 
associated with invasive testing following combined first-trimes-
ter screening for Down syndrome: a national cohort of 147,987 
singleton pregnancies. Ultrasound Obstet Gynecol 47(1):38–44. 
https:// doi. org/ 10. 1002/ uog. 15820

 25. Benn P, Curnow KJ, Chapman S, Michalopoulos SN, Hornberger 
J, Rabinowitz M (2015) An economic analysis of cell-free DNA 
non-invasive prenatal testing in the US general pregnancy popula-
tion. PLoS ONE 10(7):e0132313. https:// doi. org/ 10. 1371/ journ al. 
pone. 01323 13

 26. Grati FR, Kagan KO (2017) Rate of no result in cell-free DNA 
testing and its influence on test performance metrics. Ultrasound 
Obstet Gynecol 50(1):134–137. https:// doi. org/ 10. 1002/ uog. 
17330

 27. Luo W, He B, Han D, Yuan L, Chen X, Pang L, Tang J, Zou 
F, Zhao K, Du Y, Liu H (2020) A retrospective analysis of dif-
ferent contingent screening models for fetal down syndrome in 
Southwestern China. Sci Rep 10(1):9457. https:// doi. org/ 10. 1038/ 
s41598- 020- 66320-2

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/14651858.CD011767.pub2
https://doi.org/10.1002/14651858.CD011767.pub2
https://doi.org/10.3760/cma.j.cn511374-20210512-00404
https://doi.org/10.3760/cma.j.cn511374-20210512-00404
https://doi.org/10.1002/uog.6412
https://doi.org/10.1002/pd.2637
https://doi.org/10.1038/s41436-019-0467-4
https://doi.org/10.1038/s41436-019-0467-4
https://doi.org/10.1002/uog.14792
https://doi.org/10.1002/uog.14792
https://doi.org/10.1002/uog.14693
https://doi.org/10.1002/uog.14693
https://doi.org/10.1002/uog.17484
https://doi.org/10.1002/uog.17283
https://doi.org/10.1002/uog.18905
https://doi.org/10.1002/uog.18905
https://doi.org/10.1002/uog.12511
https://doi.org/10.1159/000356066
https://doi.org/10.1002/pd.4157
https://doi.org/10.1002/uog.12342
https://doi.org/10.1159/000358326
https://doi.org/10.3346/jkms.2021.36.e27
https://doi.org/10.1136/bmjopen-2015-010002
https://doi.org/10.1136/bmjopen-2015-010002
https://doi.org/10.1016/j.ajog.2017.10.005
https://doi.org/10.1016/j.ajog.2017.10.005
https://doi.org/10.1002/uog.14636
https://doi.org/10.1002/uog.14636
https://doi.org/10.1002/uog.15820
https://doi.org/10.1371/journal.pone.0132313
https://doi.org/10.1371/journal.pone.0132313
https://doi.org/10.1002/uog.17330
https://doi.org/10.1002/uog.17330
https://doi.org/10.1038/s41598-020-66320-2
https://doi.org/10.1038/s41598-020-66320-2


Archives of Gynecology and Obstetrics 

1 3

 28. Capriglione S, Latella S, De Felice G, Filippini M, Ettore C, 
Ettore G, Farinelli M, Gulino FA (2022) First trimester screening 
for aneuploidy: may combined test and fetal DNA work together? 
J Matern Fetal Neonatal Med 35(22):4258–4262. https:// doi. org/ 
10. 1080/ 14767 058. 2020. 18491 02

 29. Li WJ, Yan RL, Zhang YL, Zhou Q (2013) Ultrasound soft mark-
ers in screening for fetal chromosomal abnormality during first-
trimester. Chin J Perinat Med 2:82–85

 30. Liao Y, Wen H, Ouyang S, Yuan Y, Bi J, Guan Y, Fu Q, Yang X, 
Guo W, Huang Y, Zeng Q, Qin Y, Xiang H, Li S (2021) Routine 
first-trimester ultrasound screening using a standardized anatomi-
cal protocol. Am J Obstet Gynecol 224(4):396.e1-396.e15. https:// 
doi. org/ 10. 1016/j. ajog. 2020. 10. 037

 31. International Society of Ultrasound in Obstetrics and Gynecology, 
Bilardo CM, Chaoui R, Hyett JA, Kagan KO, Karim JN, Papa-
georghiou AT, Poon LC, Salomon LJ, Syngelaki A, Nicolaides 
KH (2023) ISUOG Practice Guidelines (updated): performance 
of 11–14-week ultrasound scan. Ultrasound Obstet Gynecol 
61(1):127–143. https:// doi. org/ 10. 1002/ uog. 26106

 32. Sánchez-Durán MÁ, Bernabeu GA, Calero I, Ramis FJ, Illescas 
T, Avilés MT, Maiz N, Carreras E (2019) Clinical application of 
a contingent screening strategy for trisomies with cell-free DNA: 
a pilot study. BMC Pregnancy Childbirth 19(1):274. https:// doi. 
org/ 10. 1186/ s12884- 019- 2434-0

 33. Gil MM, Revello R, Poon LC, Akolekar R, Nicolaides KH (2016) 
Clinical implementation of routine screening for fetal trisomies in 
the UK NHS: cell-free DNA test contingent on results from first-
trimester combined test. Ultrasound Obstet Gynecol 47(1):45–52. 
https:// doi. org/ 10. 1002/ uog. 15783

 34. Kagan KO, Wright D, Nicolaides KH (2015) First-trimester 
contingent screening for trisomies 21, 18 and 13 by fetal nuchal 
translucency and ductus venosus flow and maternal blood cell-free 
DNA testing. Ultrasound Obstet Gynecol 45(1):42–47. https:// doi. 
org/ 10. 1002/ uog. 14691

 35. Colosi E, D’Ambrosio V, Periti E (2017) First trimester contingent 
screening for trisomies 21,18,13: is this model cost efficient and 
feasible in public health system? J Matern Fetal Neonatal Med 
30(24):2905–2910. https:// doi. org/ 10. 1080/ 14767 058. 2016. 12685 
93

 36. Pertile MD, Flowers N, Vavrek D, Andrews D, Kalista T, Craig A, 
Deciu C, Duenwald S, Meier K, Bhatt S (2021) Performance of a 
paired-end sequencing-based noninvasive prenatal screening test 
in the detection of genome-wide fetal chromosomal anomalies. 
Clin Chem 67(9):1210–1219. https:// doi. org/ 10. 1093/ clinc hem/ 
hvab0 67

 37. Geppert J, Stinton C, Johnson S, Clarke A, Grammatopoulos D, 
Taylor-Phillips S (2020) Antenatal screening for fetal trisomies 
using microarray-based cell-free DNA testing: a systematic review 
and meta-analysis. Prenat Diagn 40(4):454–462. https:// doi. org/ 
10. 1002/ pd. 5621

 38. Iwarsson E, Jacobsson B, Dagerhamn J, Davidson T, Bernabé E, 
Heibert AM (2017) Analysis of cell-free fetal DNA in maternal 
blood for detection of trisomy 21, 18 and 13 in a general pregnant 
population and in a high risk population—a systematic review and 
meta-analysis. Acta Obstet Gynecol Scand 96(1):7–18. https:// doi. 
org/ 10. 1111/ aogs. 13047

 39. Pan M, Huang L-Y, Zhen L, Li D-Z (2018) A cost-effectiveness 
analysis comparing two different strategies in advanced mater-
nal age: combined first-trimester screening and maternal blood 
cell-free DNA testing. Taiwan J Obstet Gynecol 57(4):536–540. 
https:// doi. org/ 10. 1016/j. tjog. 2018. 06. 011

 40. Bianchi DW, Parker RL, Wentworth J, Madankumar R, Saffer C, 
Das AF, Craig JA, Chudova DI, Devers PL, Jones KW, Oliver K, 
Rava RP, Sehnert AJ, CARE Study Group (2014) DNA sequenc-
ing versus standard prenatal aneuploidy screening. N Engl J Med 
370(9):799–808. https:// doi. org/ 10. 1056/ NEJMo a1311 037

 41. Miltoft CB, Rode L, Ekelund CK, Sundberg K, Kjaergaard S, 
Zingenberg H, Tabor A (2018) Contingent first-trimester screen-
ing for aneuploidies with cell-free DNA in a Danish clinical set-
ting. Ultrasound Obstet Gynecol 51(4):470–479. https:// doi. org/ 
10. 1002/ uog. 17562

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1080/14767058.2020.1849102
https://doi.org/10.1080/14767058.2020.1849102
https://doi.org/10.1016/j.ajog.2020.10.037
https://doi.org/10.1016/j.ajog.2020.10.037
https://doi.org/10.1002/uog.26106
https://doi.org/10.1186/s12884-019-2434-0
https://doi.org/10.1186/s12884-019-2434-0
https://doi.org/10.1002/uog.15783
https://doi.org/10.1002/uog.14691
https://doi.org/10.1002/uog.14691
https://doi.org/10.1080/14767058.2016.1268593
https://doi.org/10.1080/14767058.2016.1268593
https://doi.org/10.1093/clinchem/hvab067
https://doi.org/10.1093/clinchem/hvab067
https://doi.org/10.1002/pd.5621
https://doi.org/10.1002/pd.5621
https://doi.org/10.1111/aogs.13047
https://doi.org/10.1111/aogs.13047
https://doi.org/10.1016/j.tjog.2018.06.011
https://doi.org/10.1056/NEJMoa1311037
https://doi.org/10.1002/uog.17562
https://doi.org/10.1002/uog.17562

	The value of combined detailed first-trimester ultrasound–biochemical analysis for screening fetal aneuploidy in the era of non-invasive prenatal testing
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Main findings of the study
	Comparison with previous studies
	Clinical implications
	Research implications
	Strengths and limitations

	Conclusions
	References


