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Abstract

Purpose The introduction of non-invasive prenatal test-

ing (NIPT) by isolation of cell-free fetal DNA from ma-

ternal blood is a new diagnostic option in prenatal care.

The aim of the study was to investigate the algorithm of

prenatal testing before and after the introduction of NIPT in

a tertiary referral center and to investigate the influence of

NIPT on the frequency of invasive procedures.

Methods Retrospective data analysis was conducted of all

singleton pregnancies that presented for first trimester

screening 17 months before and after the introduction of

NIPT (n = 2271). Women were categorized into three risk

groups: low risk for trisomy 21 (\1:1000), intermediate

risk (1:101–1:1000) and high risk (C1:100). The choice of

diagnostic testing after FTS was analyzed.

Results 1093 (group 1) presented before and 1178 (group

2) after the introduction of NIPT. The rate of high-risk

patients was equal in both groups (14.4 vs. 15.4 %). No

differences were found with regard to invasive testing (11.6

vs. 11.3 %). NIPT was chosen by 3.7 % (44/1178) in group

2. Of those with NIPT, 72.7 % had a risk estimate of

\1:100, but 90.9 % were C35 years old. The rate of NIPT

among high-risk patients with a normal ultrasound ex-

amination was 25 %.

Conclusion At present, NIPT is chosen mainly for reas-

surance by patients not considered to be at high risk. In the

high-risk group, NIPT can be offered if the ultrasound

examination is normal and the risk is high due to maternal

age or serum screening alone. The rate of invasive testing

was not reduced in this selected population.

Keywords NIPT � NIPD � Cell-free fetal DNA � Fetal
aneuploidies � Prenatal counseling � Non-invasive prenatal

testing � Trisomy 21

Introduction

Non-invasive prenatal testing (NIPT), analyzing cell-free

DNA from maternal blood, has added a new diagnostic

option to prenatal medicine in developed countries [1–3].

At present, different tests are available from different

commercial laboratories. Although rapidly incorporated in

current first and second trimester screening strategies, its

implementation in general prenatal care is debated con-

troversially [4, 5]. While some recommend testing in se-

lected high-risk pregnancies only, others advocate offering

NIPT to all pregnant women regardless of risk [4, 6, 7].

There is a general agreement that NIPT should be ac-

companied by adequate pre-test and post-test counseling

[8–10]. Further, individual uptake is influenced by eco-

nomic factors, and reimbursement of costs by the insurance

companies is a significant issue for many women.

Traditional screening algorithms for autosomal tri-

somies are based on ultrasound and biochemical pa-

rameters and have reported detection rates of about 90 %
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with false-positive rates of 3–5 % [11–13]. Especially, the

introduction of first trimester screening (FTS) policies have

led to a more individualized risk assessment and a decrease

in invasive testing [14–17]. There are national screening

programs in some countries, such as the UK and Denmark,

but in many other countries including Germany, there are

no national guidelines for screening and individual practi-

tioners and centers provide a variety of tests with widely

differing quality [18–20].

There is increasing worldwide evidence that NIPT has

excellent sensitivity, specificity and negative predictive val-

ues for autosomal trisomies [21–28]. A recent meta-analysis

provided pooled detection rates of 99.0 % for trisomy 21,

96.8 % for trisomy 18 and 92.1 % for trisomy 13, with false-

positive rates (FPR) of 0.08–0.12 %, respectively [29]. One

major advantage compared to classical FTS is the extremely

low false-positive rate, hence requiring a much lower rate of

follow-up invasive testing. At present, clinically available

NIPT is focused mainly on trisomy 21, 18 and 13, which

comprise only 70 % of aneuploidies commonly detected by

prenatal diagnosis [30].

There are a limited number of studies that demonstrate

women’s choices in daily clinical care. Furthermore, there

are no data showing the uptake of NIPT in high-risk pa-

tients in correlation with specific ultrasound findings. The

aim of this study therefore was to investigate the algorithm

of prenatal testing before and after the introduction of

NIPT in the first trimester in a high-risk collective and the

influence of NIPT on invasive prenatal procedures.

Materials and methods

This is a retrospective analysis of all singleton pregnancies

(n = 2271) that presented for a detailed FTS between

01/03/2011 and 31/12/2013 at the University Hospital

Bonn (tertiary referral center). The patients are usually

referred to our center with a special indication such as

advanced maternal age, a personal or family history of

genetic disease or birth defects or for a second opinion in

cases of suspected sonographic abnormalities. FTS was

offered as a combined test between 11 and 14 weeks of

gestation and included a detailed examination of the fetal

anatomy as well as assessment of nuchal translucency,

nasal bone, the tricuspid valve and the ductus venosus

blood flow. Maternal serum was evaluated for pregnancy-

associated plasma protein A (PAPP-A) and free beta-HCG

levels. 637 women declined the additional blood test.

Therefore, risk calculation was performed on the basis of

sonographic findings including serum biochemistry in 1634

patients and without biochemistry in 637 patients.

FTS was conducted by experienced certified specialists

according to the guidelines of the Fetal Medicine

Foundation (FMF) London. Risk calculation was per-

formed with the Viewpoint software (GE, Viewpoint

Version 5.6.12.601, Wessling, Germany).

Non-invasive prenatal testing (NIPT) became clinically

available in Germany in August 2012. The PraenaTest�

(Lifecodexx, Konstanz, Germany) was the only NIPT test

used in the study group. From August 2012 until February

2013 the PraenaTest� was offered for the detection of

trisomy 21 only. Since February 2013, analysis for trisomy

13 and 18 also became available.

All women had a pre-test counseling about prenatal

ultrasound screening, FTS and both invasive and non-in-

vasive diagnostic procedures. Counseling included detailed

information on the strengths, limitations, risks and costs of

each method. Up to July 2012 NIPT was not available

(group 1). From August 2012 onward, pre-test counseling

included the option of NIPT (group 2). NIPT was offered

as a screening test which would require an invasive pro-

cedure (IPT) for confirmation in cases of abnormal results.

After FTS the patients were counseled again on the basis of

their individual test results, including all the above-men-

tioned information with an individual risk–benefit analysis

for further tests. There is no general reimbursement for

FTS (approximately, 200 €) or NIPT (approximately,

700 €) by insurance companies in Germany. NIPT there-

fore was always performed at the patient’s expense.

Women were categorized into three risk groups ac-

cording to the results of FTS: (a) high risk C1:100; (b) in-

termediate risk 1:101–1:1000; (c) low risk for aneuploidy

\1:1000. NT[95th percentile, presence of multiple soft

markers (nasal bone, ductus venosus, tricuspid valve re-

gurgitation, single umbilical artery, plexus choroideus

cysts) or the presence of fetal structural abnormalities were

considered as high risk, regardless of the risk calculation.

Risk calculation was always performed for trisomy 21, 18

and 13 individually. Women were grouped according to

their risk for trisomy 21 unless the risk for trisomy 13/18

was higher (5 patients). The uptake of invasive prenatal

testing (IPT) and non-invasive prenatal testing (NIPT) was

investigated for each risk group a–c. Pregnancy outcome

was obtained from routine newborn examination at the

delivery units.

All statistical analyses were performed using R system

for statistical computation Version 2.15.1. A p value\0.05

was considered significant. Frequencies in the tables were

compared using Chi-square test; if the frequency was less

than 5 Fisher test was used.

Results

A total of 2271 patients were included in the study. 1093

examinations were conducted before NIPT was available
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(group 1) and 1178 patients presented after the introduction

of NIPT (group 2). The comparison of the baseline char-

acteristics regarding risk groups and maternal age revealed

no statistically significant differences between both periods

(Table 1). Overall, 15.0 % (340/2271) had a high risk for

trisomy 21 according to FTS. Of those, 24.4 % (84/340)

had a normal fetal assessment, 25.9 % (88/340) showed

multiple soft markers, 22.1 % (75/340) had a nuchal

translucency above the 95th percentile and 27.6 % (94/

340) presented with structural abnormalities. The mean

maternal age was lower in the high-risk group compared to

the intermediate-risk group (33.9 versus 37.0 years)

(Table 1). In group 1, 14.4 % of patients (n = 158) were

considered high risk and a total of 11.6 % (n = 127) opted

for IPT. Of those who chose IPT, 70.1 % belonged to the

high-risk group and 29.9 % had a risk of\1:100 for tri-

somy 21 (Table 2).

In group 2, 15.4 % (n = 182) of the patients had a high

risk for trisomy 21, and the overall rate of IPT was 11.3 %

(n = 133). 72.9 % of the patients choosing IPT belonged

to the high-risk group. No significant differences were seen

with regard to IPT before and after the introduction of

NIPT (11.6 vs. 11.3 %; p = 0.652). In group 2, 3.7 % (44/

1178) of the patients voted for NIPT. The mean maternal

age among them was 38 years and 90.9 % (40/44) were

C35 years old. With regard to their risk distribution,

27.3 % (12/44) had a risk of C1:100 and 72.7 % (32/44)

had a risk of\1:100 (Table 2).

In patients with a risk of[1:1000 (intermediate and high

risk), the rates of IPT in groups 1 and 2 were not different

(31.9 vs. 32.3 %). NIPT was chosen by 8.6 % (31/362) of

those with high and intermediate risks in group 2, with

87.1 % (27/31) of them having a normal fetal assessment.

There was a significant decrease in patients who opted to

have no further testing between group 1 and 2 (68.1 vs.

59.1 %; p = 0.007) with a risk estimation of[1:1000. For

the total study population, there was a significant increase

in additional testing from 11.6 % in group 1 (127/1093,

IPT only) to 15.0 % in group 2 (177/1178, IPT and NIPT)

(p = 0.017) and this was solely caused by the application

of NIPT (Table 2).

Table 3 summarizes individual findings of high-risk

patients from group 2. Of those with a normal scan, 50 %

(16/32) decided for IPT, 25 % (8/32) for NIPT and 25 %

(8/32) for no testing. On the other hand, of high-risk pa-

tients with sonographic findings, 54 % chose IPT (81/150),

2.7 % NIPT (4/150) and 43.3 % no further testing (65/150)

(Table 3). There was a significant difference of NIPT up-

take between patients with a normal scan and patients with

sonographic findings (p = 0.00012).

We observed no false-positive or false-negative NIPT

results in the study group. One test was positive for trisomy

21 and the diagnosis was later confirmed by amniocentesis.

This patient had a combined risk of 1:104, but presented

also with tricuspid valve regurgitation and was therefore

considered high risk. In our study, NIPT did not lead to an

increase in the overall detection of trisomy 21 compared to

the conventional screening algorithm, which would rec-

ommend karyotyping in the high-risk group. Among pa-

tients who opted for IPT (n = 260), 26.5 % (n = 69) had

an aneuploidy. While 66.7 % (46/69) had either trisomy

21, 18 or 13, 33.3 % (23/69) were diagnosed with other

chromosomal abnormalities.

Discussion

This is the first study investigating the clinical uptake of

NIPT in a German tertiary referral center. The reported

data stem from a pre-selected high-risk population, where

15 % of the referrals are considered high risk for

aneuploidies. In contrast to most other screening studies

including high-risk patients of advanced maternal age and/

or those with abnormal serum tests [31, 32], more than

80 % of our pregnancies with a risk of C1:100 presented

with sonographic abnormalities. This is also underlined by

the fact that the median maternal age in the high-risk group

was lower compared to the intermediate-risk group. It is

therefore not surprising that the rate of invasive testing

before and after the introduction of NIPT remained un-

changed in our collective. Invasive testing was especially

considered in those patients with structural anomalies or a

Table 1 Baseline characteristics of patients of the two study groups according to risk estimation after FTS: (a) High risk C1:100; (b) inter-

mediate risk 1:1000–1:101; (c) low risk for aneuploidy\1:1000

Risk group Group 1 (n = 1093) Group 2 (n = 1178)

n (%) Age (years) n (%) Age (years) p overall

(a) High risk 158 (14.5) 33.9 182 (15.4) 33.9 0.448

(b) Intermediate risk 187 (17.1) 37.0 180 (15.3) 37.3

(c) Low risk 748 (68.4) 32.9 816 (69.3) 33.3

Group 1: before the introduction of NIPT; group 2: after the introduction of NIPT. The maternal age (years) is presented by its mean value
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markedly increased nuchal translucency due to the fact that

there is a high risk not only for the most common trisomies

such as 21, 18 and 13, but also for other less frequent

aneuploidies [30, 33]. In fact, 33.3 % of the chromosomal

aberrations in our study were numerical or structural other

than trisomy 21, 18 or 13.

Our results are in contrast to other studies that report a

significant reduction in invasive procedures and concur-

rently report NIPT rates of 20–30 % in high-risk patients

[31, 32, 34, 35]. This discrepancy could be explained by a

difference in the study populations, since these patients

received genetic counseling and testing primarily because

of advanced maternal age or a positive serum screening

result [31, 32, 35].

In our setting, NIPT played a rather limited role and

only 3.7 % of the study population opted for this method of

prenatal screening. Nearly 3/4 of the women choosing

NIPT were not considered high risk for fetal aneuploidy,

but over 90 % were of advanced maternal age. It seems

that NIPT was mostly used as a test for reassurance after a

normal ultrasound examination (40/44; 90.9 %). However,

among high-risk patients with a normal ultrasound ex-

amination, invasive testing was elected twice as often as

NIPT. This number certainly is also influenced by the fact

that in contrast to NIPT, the costs for IPT are usually

covered by insurance companies.

The uptake of NIPT of 3.7 % in our study was lower

compared to a recent study from Switzerland where 9 %

opted for NIPT [34]. These findings might be due to

differences in the health-care systems and also for so-

cioeconomic reasons. Further, the proportion of high-risk

patients was lower (6 %) in the Swiss study [34].

We observed a significant decrease in opting for no

further testing in women with a risk of[1:1000 after NIPT

was available. This decrease was mainly shifted to the

utilization of NIPT. Our results are in agreement with those

of Chetty et al., who found a decreased likelihood that

patients would decline further testing after NIPT became

available. Furthermore, they observed an increased uptake

of NIPT following abnormal FTS compared to second

trimester screening [31].

The proportion of patients choosing an additional test

(IPT and NIPT) was significantly higher after the intro-

duction of NIPT in our study, especially in patients with a

risk of[1:1000. These findings are in agreement with re-

cent data from Switzerland, reporting a notable increase in

prenatal testing after implementation of NIPT [34].

In some US centers that offer NIPT to women of ad-

vanced maternal age or abnormal serum screening, the

uptake of FTS decreased significantly following the in-

troduction of NIPT. They explained their findings with

the patients’ preference of NIPT that has higher sensi-

tivity and specificity [32]. This trend however has the

disadvantage that fetal malformations and chromosomal

anomalies other than trisomy 21, 13 and 18 might escape

the diagnosis. In our collective, 33.3 % of the detected

fetal aneuploidies by IPT would not have been diagnosed

by NIPT.

Table 2 Differences in prenatal testing according to risk category before and after the introduction of NIPT

Risk group Group n No further testing IPT NIPT

(a) High risk 1 158 69 (43.7) 89 (56.3) 0 (0.0)

2 182 73 (40.1) 97 (53.3) 12 (6.6)

(b) Intermediate risk 1 187 166 (88.8) 21 (11.2) 0 (0.0)

2 180 141 (78.3) 20 (11.1) 19 (10.6)

(c) Low risk 1 748 731 (97.7) 17 (2.3) 0 (0.0)

2 816 787 (96.4) 16 (2.0) 13 (1.6)

Group 1: before the introduction of NIPT; group 2: after the introduction of NIPT. Data are presented as number of patients (%)

Risk estimation after FTS: (a) high risk C1:100; (b) intermediate risk 1:101–1:1000; (c) low risk\1:1000

IPT invasive prenatal testing, NIPT non-invasive prenatal testing

Table 3 Management choices among high-risk patients after the introduction of NIPT

Structural abnormality (n = 69) NT[95th percentile (n = 38) Multiple soft markers (n = 43) Normal scan (n = 32)

IPT 48 (69.6) 21 (55.3) 12 (27.9) 16 (50.0)

NIPT 0 (0.0) 1 (2.6) 3 (7.0) 8 (25.0)

No further tests 21 (30.4) 16 (42.1) 28 (65.1) 8 (25.0)

This table shows the presence or absence of sonographic findings (normal scan) in the high-risk group (n = 182) and management choices in the

individual subgroups. Data show the number of patients (%)

IPT invasive prenatal testing, NIPT non-invasive prenatal testing
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Our study shows the clinical implementation of NIPT in

a referral center as it found its way into clinical care. The

results of our study are certainly influenced by the policies

of our health insurance systems that cover the costs of IPT,

but do not reimburse NIPT at present. The study, however,

reflects the current situation in most European countries.

That is also the reason why the uptake is different than that

proposed in some screening algorithms [36]. While a

general NIPT screening for trisomy 21, 18 and 13 at

10 weeks and FTS at 11–14 weeks was shown to be fea-

sible with a lower false-positive rate compared to com-

bined FTS [36], there is the disadvantage of two

appointments with a fetal medicine specialist and the as-

sociated costs on top of FTS. Another discussed option is to

introduce NIPT based on the results of FTS, similar to the

way it was used in our study. This approach, which offers

NIPT to a selected population based on the results of FTS,

was modeled and showed an increase in the detection rate

of trisomy 21 with a decrease of invasive testing [7]. Since

FTS will continue to be an essential part of prenatal care

and is widely accepted and well established, contingent

screening seems to be more reasonable compared to the

idea of first-line screening in the ‘‘real-world’’ setting.

In conclusion, the introduction of NIPT in our population

was not associated with a decrease of invasive testing. This

is most likely due to the high rate of patients with abnormal

ultrasound findings and illustrates the benefit of a pre-test

ultrasound examination by a specialist for counseling and

triage. NIPT is a good option mainly for the exclusion of

trisomy 21 in women at an increased risk after FTS in the

absence of sonographic findings that have a desire for re-

assurance and do not want to accept the risks of IPT. Most

of these patients opting for NIPT, however, would have

chosen no further testing prior to the availability of NIPT.

The number of detected aneuploidies by NIPT in this group

was low and zero in our study. Uptake is likely to increase

further if costs for NIPT decrease and insurance companies

start covering the costs for certain risk groups.
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