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ABSTRACT
Since the introduction of non-invasive prenatal testing (NIPT) in 2011, mainly by
commercial companies, a growing demand for NIPT from the public and healthcare
professionals has been putting pressure on healthcare systems of various countries.
This study identifies the challenges of establishing a responsible implementation of
NIPT for aneuploidy in prenatal healthcare, by looking at the Netherlands. We used a
mixed methods approach involving 13 stakeholder interviews, document analysis and
(participatory) observations of the Dutch NIPT consortium meetings. The Diffusion of
Innovation Theory and a Network of Actors model were used to interpret the findings.
Implementation of NIPT was facilitated by several factors. The set-up of a national NIPT
consortium enabled discussion and collaboration between stakeholders. Moreover, it
led to the plan to offer NIPT through a nationwide research setting (TRIDENT study),
which created a learning phase for careful implementation. The Dutch legal context was
perceived as a delaying factor, but eventually gave room for the parties involved to
organise themselves and their practices. This study shows that implementing advanced
technologies with profound effects on prenatal care benefit from a learning phase that
allows time to carefully evaluate the technical performance and women’s experiences
and to enable public debate. Such a coordinated learning phase, involving all
stakeholders, will stimulate the process of responsible and sustainable implementation.
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INTRODUCTION
Prenatal care is a dynamic and continuously evolving field. New technologies are
introduced to improve care for mother and child and to offer parents reproductive
options. Implementing a new technique in a pre-existing setting is often a multilevel
process involving different stakeholders and causes changes in organisation, policy and
finance. (1) In this article, the challenges and dynamics of implementing non-invasive
prenatal testing (NIPT) for foetal aneuploidy in a national prenatal healthcare setting
will be discussed.
NIPT is a revolutionary technique for testing for Down syndrome (trisomy 21)
and other foetal aneuploidies using cell-free foetal DNA in maternal blood.(2) NIPT can
be performed as early as 9-week gestation (3), has a high sensitivity (>99% for Down
syndrome), and a false positive rate of less than 0.1%.(4) These test-characteristics make
NIPT a suitable screening test for foetal anomalies, leading to a significant reduction in
women referred for invasive testing and thus lowering the number of procedure-related
miscarriages.(5;6)
NIPT made its first commercial debut in the United States in 2011. NIPT’s great
potential and advantages have made it a highly requested test, now offered in over 60
countries (7;8), with prices rapidly decreasing. However, variability in test prices
between countries limits adoption of NIPT and creates inequality of access.(9)
Moreover, quality control should extend to the non-laboratory aspects like education of
professionals, adequate information provision, and development of counselling
guidelines.(10) Since NIPT causes such a change in the landscape of prenatal screening,
it presents a global challenge of offering adequate, equal and equitable services for all
women seeking prenatal testing.
In the Netherlands, for reasons that will be discussed in this article, it was
considered expedient to incorporate NIPT into the national healthcare system in which
Down syndrome screening is coordinated by a National Institute of Public Health. From
April 2014, NIPT is being offered as part of a nationwide evaluation study (TRIDENT
study, see Box 1) and is available and reimbursed for pregnant women who are at an
elevated risk of carrying a foetus with Down syndrome (or trisomy 18 or 13) based on
the first-trimester combined test (FCT) (risk cut-off 1:200) or medical history (11). The
Netherlands is one of the first countries worldwide to implement NIPT in public
prenatal care. This was established within a few years. Here we provide more insight
into the process of implementing NIPT by presenting the constraining and enabling
factors and the conditions for successful implementation. We performed document
analysis, (participatory) observations and qualitative interviews with key stakeholders.
Two theoretical frameworks were used: the Diffusion of Innovation Theory and a
Network of Actors model. This case study can serve to inform future implementation of
NIPT in other countries or the implementation of other novel technologies in prenatal
care.
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The pre-existing Down syndrome screening regime in the Netherlands
To understand the context in which NIPT implementation took place we first briefly
describe Down syndrome screening in the Netherlands. The Netherlands has a wellorganised prenatal care system. However, the introduction of prenatal screening for
foetal abnormalities, such as neural tube defects and Down syndrome, has been a
lengthy process accompanied by numerous discussions.(12) The idea of prenatal
screening for all pregnant women raised concerns, both in Parliament and wider
society, regarding social pressure to screen and ‘collective eugenics’.(12) For Down
syndrome screening, the limited accuracy of the first-trimester combined test (FCT)
st

posed a problem.(12) From January 1 2007 onwards all pregnant women are asked
whether they wish to be informed about prenatal screening for Down syndrome and, if
so, they are then given the choice for FCT. The costs of the test (~150 euro) were
reimbursed only for women of ≥36 years. Since 2015, costs are only reimbursed for
women with a medical history. The uptake of the FCT is approximately 27% (13), which
is relatively low compared to other European countries.(14;15)
In Dutch prenatal care, multiple stakeholders are involved. Midwives play an
important role as the majority of pregnant women (~85%) begin their prenatal care in a
midwifery practice.(16;17) With an elevated risk (>1:200) at FCT, the woman is referred
to a foetal medicine unit. Facilities for invasive diagnostic aneuploidy tests are available
in the eight university medical centres and their satellites.(18) The Dutch National
Institute for Public Health and the Environment/Centre for Population Screening
(RIVM/CvB) coordinates and monitors prenatal screening and develops standardised
information.
Prenatal screening is regulated by the Dutch Population Screening Act,
established in 1996 to protect people against potentially harmful screening. A license
must be obtained before organising some forms of screening, such as population
screening for disorders with “no available treatment” or prevention, including prenatal
screening for Down syndrome.(12)
MATERIALS AND METHODS
Two theoretical frameworks were used to guide the interviews and to interpret and
present our findings: the Diffusion of Innovation Theory and a Network of Actors
model.
The Diffusion of Innovation Theory
Diffusion is the process by which an innovation is adopted over time among the
members of a system. Cain & Mittman describe ten critical dynamics that govern how
fast new medical technologies are diffused in a healthcare setting.(1) These dynamics
can be grouped into three clusters, as described below (Figure 1).(19)
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Characteristics of
people who may
adopt the innovation
- Homophilous groups
- Opinion leaders
- Communication
channels

Diffusion of innovation

Perceptions of
Innovations

Contextual Factors

- Relative advantage
- Trialability
- Observability
- Simplicity/reinvention
- Compatibility

- Infrastructure
- Norms & Culture

Figure 1. The clusters of critical dynamics described by the Diffusion of Innovation Theory
(based on: (1;19)).

Perceptions of the innovation
Five dynamics are included in this cluster.(19) ‘Relative advantage’ means that the more
benefit is anticipated from an innovation, the more likely it will get adopted. ‘Trialability’
refers to the possibility to try out an innovation on a smaller scale first. ‘Observability’ is
whether

potential

users

can

witness

others

try

out

the

innovation.

‘Simplicity/reinvention’ concerns whether innovations can be altered or simplified by
users, leading to a faster adoption. ‘Compatibility’ is the ability to coexist with social
patterns and technologies already in place and the values and needs of the potential
adopters.(1;19;20)
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Characteristics of the people who adopt the innovation
The characteristics of the members of the group adopting an innovation will also affect
the ease of diffusion. Innovations tend to spread faster among ‘homophilous groups’:
groups with similar characteristics and interests. ‘Opinion leaders’ are key actors in the
adoption of the innovation whose power and (social) media exposure influences
others.(1) ‘Communication channels’ are the paths through which people communicate
about the innovation.(1;20)

Contextual factors
Diffusion is influenced by contextual factors, such as the presence of existing norms and
culture, and infrastructure.(1) For an innovation to succeed, other systems or
technologies should already be in place.
Network of Actors model
To broaden the analysis as proposed by Cain & Mittman and to better understand the
interaction between various organisations and professionals involved, we used a
Network of Actors model previously described by Achterbergh et al. (see figure 2).(21) A
technological innovation usually starts in a niche. To enable scaling up, the existing
regime of practices, rules and routines needs to be adapted. Stakeholders from
different fields in science and healthcare, patients and public, as well as regulatory
bodies, need to enter a process of mutual learning and attunement.(22)

Figure 2. Interviewees categorized by the four different stakeholder groups in a
Network of Actors (based on: (21)).
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Data collection
A qualitative study design was used (document analysis, (participatory) observations
and semi-structured interviews). The Medical Ethical Committee of the VU University
Medical Center Amsterdam approved this study.
Document analysis and (participatory) observations
To better understand the implementation process

and

serve as a basis for the

interviews, content analysis was performed on relevant documents (i.e. emails, reports,
minutes, etc.). The meetings of the Dutch national NIPT consortium (interactive
workgroup of all institutions, organisations and stakeholders involved with NIPT) were
attended.
Semi-structured interviews
The Network of Actors model served to identify the relevant stakeholder groups (Figure
2). Semi-structured interviews were conducted with 15 key informants (four laboratory
specialists, two gynaecologists, two clinical geneticists, two midwives, two patient
organisation representatives (Down Syndrome Foundation and the Dutch Genetic
Alliance), one health insurance advisor and two representatives from the RIVM/CvB
between April and July 2013. The interviews were conducted at the workplace of the
interviewee, except for two telephone interviews. The outcomes of the interviews were
presented at a meeting of the Dutch NIPT consortium (September 2014) as feedback
for the implementation process and to validate the research findings.

Interview guide
The interview protocol (see supplement) was based on the theoretical frameworks and
the document analysis and covered the following topics: stakeholders’ opinions on the
current FCT screening versus NIPT, thoughts on the impact and uptake of NIPT in the
Netherlands, views on the constraining and enabling factors in the implementation of
NIPT, opinions about the collaboration between stakeholders in the implementation
process and views on adaptations and changes needed for successful implementation.

Data analysis
Interviews were audiotaped and transcribed verbatim. Content analysis was performed
using the qualitative software programme ATLAS.ti 5.2. Transcripts were read and
discussed by three researchers (RvS, LH, CvE) and codes were created for recurring
topics in the text. For the document analysis, relevant documents (emails, newspaper
articles, letters, minutes) were collected, analysed and coded. The theoretical
frameworks were used to cluster the codes of the interviews and document analysis
into main themes.
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RESULTS
Based on the document analysis and interviews, three phases in the implementation
process of NIPT into the Dutch public healthcare were identified. These phases and the
constraining and enabling factors relevant for the implementation of NIPT will be
discussed below.
Phase I: Innovation and its advocates in science and healthcare

Observability & Relative advantage
Stakeholders in Dutch science quickly became aware of the advantages of NIPT in terms
of its high accuracy, safety and potential for innovative research. Dutch medical centre
laboratories had been conducting research on non-invasive tests for several years.

“[Around 2003] I did research on messenger RNA in maternal blood; to develop a
test to detect trisomy 21 in the blood of pregnant women. So, we’ve been working
on that for many years.” (obstetrician #01)
The laboratories collaborated with leading international research groups and one of the
first publications about cfDNA to detect trisomy 21 by massively parallel sequencing
had three Dutch co-authors.(23) These studies enabled local ‘niches’ to become
acquainted with the technology and allowed for ‘observability’ for Dutch laboratories
and healthcare professionals. Also, an alternative use of NIPT, Rhesus D (RhD) typing in
RhD negative mothers, was studied (24), proven viable and introduced into the Dutch
screening programme in 2011.
Healthcare professionals, most notably obstetricians, were soon convinced of
the advantages of NIPT compared to conventional foetal aneuploidy tests. The
reduction of miscarriage risk was a great relief for obstetricians who experienced
women suffering an iatrogenic miscarriage after invasive prenatal diagnosis.

“This morning I spoke to a colleague who had a patient with ruptured membranes
after an invasive test. Those things are very dramatic… a child dies that was
wanted and healthy. So, if there is a new [non-invasive] test that is very good […]I
am very motivated to help get that implemented.” (obstetrician #02)
Opinion leaders
Certain key actors stood out in getting NIPT implemented. They contacted the national
press and raised awareness among pregnant women, healthcare professionals and
policymakers. These ‘opinion leaders’ put NIPT on the agenda and raised expectations.
For instance, in March 2011 a prominent researcher stated in the media that NIPT could
be implemented by the end of that year.(25)
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Simple but complex
From a technical stance NIPT is a highly sophisticated and complex technology
demanding a costly high-tech infrastructure and trained lab staff. However, for
healthcare workers, the simplicity and superiority of the test strongly favoured diffusion.
The midwives and obstetricians, although not having had actual experience with NIPT
yet, perceived the test as relatively simple because only a blood draw is required and it
is easy to explain to pregnant women, in particular when compared to the FCT.

“I think it [procedure and counselling of NIPT] will be much simpler for us […] we
notice that the counselling for the current prenatal screening [FCT] is rather
complicated.” (midwife #01)
Phase II: Increasing demand and offer

Communication channels
Starting March 2011, there has been abundant coverage of NIPT-related news in the
Dutch media. Moreover, pregnant women shared information and experiences on
pregnancy forums. Consequently, many pregnant women soon became aware of the
existence of a new, safer test. In the media, questions arose as to why this test was not
yet available in the Netherlands. When the public became aware that NIPT was available
abroad, women started asking for their samples to be sent abroad or went to Belgium
or Germany themselves to undergo NIPT in a clinic collaborating with commercial
companies. The public demand can be seen as an important driving force in the
implementation of NIPT in the Netherlands.

“…the public is going to strongly demand it [NIPT], and we have already seen
some examples of that in the newspaper; like ‘why is this test [NIPT] not available
yet’? The Minister has to explain ‘well that’s not allowed because’…well they have
to come up with a really good excuse then, because public opinion is very
important in politics.” (obstetrician #02)
In 2012, obstetricians supporting NIPT also started sending their patients’ samples
abroad. However, at the beginning of 2013 the Ministry of Health forbade obstetricians
doing so as no governmental license had been issued (26), the relevance of which we
will discuss below.

Commercial offer
With the increase of tests performed abroad, the Dutch prenatal diagnostics centres
witnessed significant declines in the number of invasive procedures for aneuploidies. In
laboratories and among obstetricians, uncertainties were expressed regarding the
quality of tests performed abroad and it was clear that equity of access was at stake.
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Laboratory specialists and healthcare professionals feared they were lagging behind in
their service development.

“It is less clear how it [NIPT] is done there, and you don’t want companies to start
offering it [NIPT] with another sensitivity or specificity. We are talking about a
prenatal test here, which has a lot of implications.”(laboratory specialist #01)
‘’You notice that, for university medical centres, it [commercial NIPT offer abroad]
is a stimulus to also go along with this development. They don’t want to fall
behind, so in that sense it puts a certain pressure on the system.’’ (Representative
RIVM/CvB #01)
Phase III: Changing practice, culture and structure: towards a new regime of
prenatal screening

Cooperation
Until 2011, different medical centres were each validating procedures for NIPT.
Although important, according to some stakeholders this has also led to a somewhat
‘aimless’ start with little communication and cooperation between different clinics.

“…you saw all kinds of local initiatives, this group was doing this, the other that,
people were working independently of each other.” (clinical geneticist #01)
In 2011, lab specialists from four clinical genetics centres discussed setting up a
validation study on the feasibility and real-time accuracy of NIPT. Additionally, several
obstetricians, ethicists and geneticists met regularly in a standing advisory committee of
the Prenatal Screening Section of the RIVM/CvB. They monitored the developments in
NIPT closely and several committee members decided to organise a national
consortium in which all stakeholders participated. Several meetings followed to design
a research proposal for a national validation study of stored samples.(27) However, this
NITRO study (Non-Invasive Trisomy Research) proposal was turned down due to
financial reasons and because there was no intention to report back test-results to
patients. Nevertheless, the meetings of the consortium created a basis for collaboration
that later led to an implementation study (Table 1).

Norms and culture
As described earlier, the introduction of prenatal Down screening in the Netherlands in
2007 was accompanied by (ethical) debate and controversy. In contrast, nation-wide
implementation of NIPT for foetal RhD typing occurred without any public or political
debate, as its only aim is to safeguard foetal health. Implementing NIPT for
aneuploidies was more ethically complex, but since many parties wanted to avoid the
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delays witnessed with introducing FCT, a more rapid implementation was pursued.
Stakeholders mentioned that in their view, society had already accepted population
screening for Down syndrome , so, they argued, NIPT could be regarded as simply a
better and safer alternative.

“Technically speaking, NIPT is just a test. The framework for implementing that
[Down syndrome screening] has already been created with the combined test. It is
about autonomous reproductive choices and informed choice. These are all ethical
frameworks that already exist and don’t have to change.” (Representative
RIVM/CvB #01)
However, especially some Christian political parties were sceptical towards NIPT since
they feared it would lead to the normalization of abortions for Down syndrome (28).
According to some stakeholders, these issues might have encouraged some politicians
to stir up debate and try to delay the implementation of NIPT.

“Yes, the topic is just not so convenient for politics, because there’s always an
abortion bit attached to it. They [politicians] just don’t feel like doing it [discussing
the implementation of NIPT], it produces hassle, so when they have the chance to
delay it, they will.” (obstetrician #02)
Also, in newspapers and on web forums, some individuals and organisations expressed
their concerns and opposition to NIPT. It was debated whether Down syndrome should
be screened for at all.(29)

Legal context
Professionals initially assumed that NIPT, as a better test, could simply replace current
screening tests. However, it soon became apparent that if any element of the screening
trajectory was to be replaced, a request for a new license was required by the
Population Screening Act. Since stakeholders had already teamed up for the NITRO
study proposal in 2012, it was relatively easy to continue the collaboration in the
consortium to request a license for all eight university medical centres in the
Netherlands.
Many stakeholders at the time criticised the Population Screening Act and
mentioned that the process of obtaining the license delayed the implementation.
Writing the proposal took many months and, once it had been finalised in March 2013,
the Health Council, an advisory institution of the government, needed several more
months to evaluate this document (Figure 3).
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”Yes, on a technical level we are all ready for it. We can start tomorrow. The only
thing that is now hindering the implementation of NIPT in the Netherlands is the
Population Screening Act license.” (clinical geneticist #01)
Even though all stakeholders agreed that obtaining the license was a constraining
factor, some mentioned that this process also ensured that stakeholders were in
agreement on the implementation strategy and everyone was sufficiently trained and
the information material was ready.

‘’Well look, it gets delayed because the license is required. […] This is an advantage
in the sense that it [implementation of NIPT] is now being done very carefully. [...]
(Representative Dutch Genetic Alliance)
Trialability
The key element of the license proposal was an implementation study to gather
relevant data on real-time test performance and the experience and preferences of
women. Even though, in theory, it benefits the adoption of an innovation to start on a
small scale (trialability), a study limited to just one centre would have been irresponsible
with NIPT since many women already wanted to have the test. Moreover, most of the
eight clinical genetic laboratories wanted to offer NIPT since they had the know-how
and necessary equipment and did not want to lag behind. Therefore, a nationwide
evaluation research study was planned (TRIDENT study, see box 1). Based on the
international findings at that time (30;31), the scenario chosen for the TRIDENT study
was FCT as the primary screening test, and offer women with increased FCT test result
(risk ≥ 1:200) or maternal age ≥36 years the choice between NIPT, invasive testing or no
follow-up test. The Health Council was supportive, but advised against offering NIPT on
the basis of maternal age alone, as this was not considered to be a good indicator for
aneuploidy risk.(32) In cooperation with ‘Erfocentrum’, the Dutch national genetic
resource

and

information

centre,

a

website

was

launched

in

Dutch

(http://www.meeroverNIPT.nl) to provide information about the study and its inclusion
criteria and to address questions about NIPT raised by the public.
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Box 1. Short description of the TRIDENT study on implementation of NIPT in the
Netherlands
TRIDENT study
In the Netherlands, NIPT is available since April 1, 2014 as part of the TRIDENT study
(Trial by Dutch laboratories for Evaluation of Non-Invasive Prenatal Testing) for
pregnant women with an indication for invasive diagnostic testing based on an
increased risk for aneuploidy (e.g. Down syndrome)(risk >1:200) at first trimester
combined screening. In addition, women with a medical indication .e.g. previous child
with Down syndrome can have direct access to NIPT.
NIPT is offered after counselling to women attending one of the eight specialized
Prenatal Diagnosis Units. NIPT is performed by clinical genetic laboratories of the Dutch
University Medical Centres, using massively parallel shotgun sequencing.
The TRIDENT study was designed and proposed by the national multidisciplinary NIPT
consortium, formed in 2011. A two-year license, based on the Population Screening Act,
was obtained from the Minister of Health. The NIPT consortium is membered by all
stakeholders involved in prenatal care (including gynaecologists, clinical geneticists,
midwives, laboratory specialists, psychologists, researchers and ethicists).
The aim of the TRIDENT study was to investigate and evaluate all relevant aspects of
the implementation of NIPT in the Dutch prenatal screening program.
The study evaluated two parts:
Part I. Organization, logistics, test-performance, costs.
Part II. Women’s decision-making, uptake, preferences, psychosocial aspects.
Funding: the laboratory tests were funded in 2014 by the Ministry of Health, but since
2015 covered by the insurance companies (women can be charged for their yearly
compulsory own risk excess (375 euros)). Part of the study (evaluation) was funded by
The Netherlands Organisation for Health Research and Development (ZonMw, grant no.
200340002).

Compatibility
The TRIDENT study could use the population-based screening structure already in
place. As explained earlier, prenatal screening is coordinated and monitored by the
RIVM/CvB, which distributed adapted counselling- and educational materials.
Moreover, the nationwide foundations for prenatal screening organised the
postgraduate training of midwives and other healthcare professionals. The existence of
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these structures helped prepare the implementation of NIPT in an organised and
coordinated manner.
“The RIVM organises the whole screening thing. So the pathways, the whole

structure, is already in place. So if you say ‘from this date on we are going to do it’
[offer NIPT], and everybody has been trained, etc., then it should be easy to roll
out.” (obstetrician #01)
However, the fact that a screening system based on the FCT had been implemented
shortly before, initially caused some resistance from people who had made huge efforts
to implement the FCT.

‘’But the people [laboratories] that are doing the combined test, they almost feel
like it [implementation of NIPT] is kind of a personal insult. In the end they are
really cooperative, so it’s not a reproach that they aren’t cooperating.[…] But I
think that I see it more as a risk, a kind of obstacle.’’ (laboratory specialist #01)
Infrastructure
At the time, the choice to offer NIPT as a contingent screening test in the TRIDENT
study was based on the good test performance of NIPT for women at an elevated risk
for foetal aneuploidies, and a lack of sufficient data on performance in low-risk
pregnancies. By leaving the existing regime of prenatal screening based on the FCT
virtually intact, the scenario of an implementation study enabled the Dutch healthcare
system to prudently use scarce resources. In addition, the field could learn from the first
study experiences, and prepare for a further upscaling if NIPT were to be officially
implemented for a larger target group.
For the time being, the study setting resolved uncertainties on how to implement
NIPT in prenatal care. Furthermore, the TRIDENT study forced different professional
groups to start working together. This was important as the shifting distribution of tasks
was a potential source of tension. For instance, NIPT is performed in clinical genetic
laboratories while FCT is performed in screening laboratories.

“Well, you do see, but that’s my personal opinion, a tribal war going on. You
observe a flow where the cyto-geneticists see part of their work disappear and are
afraid of the future.[…] You see the same happening with the obstetricians in the
sense that some think ‘our job is going to be downgraded to sampling blood that
will be analysed somewhere else’. (laboratory specialist #02)
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Eventually, through regular meetings, the national consortium and TRIDENT study
created better cooperation, thereby stimulating mutual understanding and close
collaboration between stakeholders.
Lastly, the funding of the TRIDENT study proved a challenge. The Ministry of Health
would only start reviewing the license application if funding for the study had been
arranged.
Moreover, the Ministry placed great importance on reimbursement by
healthcare insurance for NIPT. However, the problem arose that legal decisions
st

concerning healthcare insurance coverage only become effective from the 1 of January
of each year.

“So then you go and talk to the Healthcare Insurance Board and you know those
trajectories… before you have an appointment with them another six months has
passed.” (clinical geneticist #01)
After the Minister granted a license in December 2013, the TRIDENT study started on
April 1, 2014. For that first year, alternative funding had to be found. Eventually, the
government decided to fund NIPT until the end of 2014, followed by coverage from
healthcare insurance starting from January 2015.
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Jan 11, 2011 March 23, 2011
Article Chiu et al. Constitution of
(including three
the NITRO
Dutch co-authors) consortium
on validation NIPT representing all
for T21
stakeholders

2007

March 23,2013
National
consortium
requests license
for NIPT
implementation
study (TRIDENT
study)

Sept 3, 2012
NITRO study
proposal filed to
study NIPT via
large validation
study of stored
samples

2012

2013

April 1,2014
Start of NIPT
Dec 17, 2013
Health Council of the implementation
Netherlands advices study for trisomy
to grant a license for 21,18 & 13 for
NIPT implementation women at highrisk (TRIDENT
study in high-risk
study)
pregnancies

2014

2011
Jan 1, 2007
Start national
Down syndrome
screening
program

March 7, 2011
July 1, 2011
Media cite that Implementation
labs are ready
of NIPT for fetal
and NIPT can be RhD in national
implemented by
prenatal
end of year
screening program

Dec 5,2012
NITRO
proposal
turned down

May 17, 2013
Health Council of
the Netherlands
receives request to
give advice
on NIPT
implementation
study

Dec 17, 2013
Minister of
Health grants
license for NIPT
implementation
study for
2 years as of
April 1, 2014

NIPT= non-invasive prenatal testing , T21=trisomy 21, RhD= Rhesus D, NITRO= Non-Invasive Trisomy Research, TRIDENT=Trial by Dutch laboratories for Evaluation of NonInvasive Prenatal Testing.

Figure 3. Timeline of relevant events in the implementation process of NIPT in Dutch public prenatal care
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DISCUSSION
Dutch researchers and healthcare professionals quickly realized the advantages of NIPT
in terms of its high accuracy. Opinion leaders put NIPT on the agenda to implement this
test in the Netherlands. Commercial companies started offering NIPT in neighbouring
countries, which attracted Dutch pregnant couples. This led to a growing pressure on
the healthcare system. A national NIPT consortium enabled closer collaboration
between stakeholders and plans to offer NIPT in a research setting with all university
medical centres. However, this required a license according to the Population Screening
Act which delayed the process of implementation but also gave room for the parties
involved to organise themselves and their practices. Once the study was accepted, NIPT
was offered in a research setting for high-risk pregnant women. On the one hand,
pregnant women could be offered the test, while on the other hand there was time to
evaluate and fine-tune the offer of NIPT. Thus, in the Netherlands a coordinated
learning phase was established in which screening was combined with research. It
allowed stakeholders, such as healthcare professionals, laboratory specialists and policy
makers, to attune the organisation, finance and design of NIPT-based screening in
public healthcare.
Allyse et al.(8) describe that NIPT should comply with existing legal and ethical
frameworks surrounding reproductive technologies in the country where NIPT is to be
implemented. In the Netherlands, the possibility to partly use the existing framework of
prenatal screening and refer to accepted ethical frameworks for Down screening
facilitated the implementation of NIPT. Minear et al.(9) also state that, when
implementing NIPT, national discussions are needed to integrate the perspectives of
different stakeholders. In the Netherlands, the national NIPT consortium indeed
facilitated discussion between stakeholders and responsible implementation. Mutual
understanding was important since one of the challenges was a shift in responsibilities
and work content among stakeholders.
Another facilitator of the implementation of NIPT in the Netherlands was the
scale of a small country with almost 17 million inhabitants served by eight university
medical centres enabling intense communication. Regional specialised prenatal centres
and a national coordinating centre allowed for nationwide training of health
professionals to update their knowledge and counselling skills.
The current offer of NIPT in the Netherlands forms part of a research study.(11)
The experiences will be evaluated and used to discuss further implementation of NIPT
in healthcare at the end of the study in April 2016. New challenges will arise, now that
NIPT has been proven to be accurate in low-risk women too.(6;33) If more women were
to request NIPT, an upscaling of facilities would be needed, implying further challenges
to funding, laboratory facilities and reimbursement. In addition, questions concerning
the ethical framework of prenatal screening will surface anew as NIPT technology might
detect more disorders as well as pregnancy-related abnormalities that may be treated
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to improve the health of mother and child.(8;34) Furthermore, concerns about
routinisation of prenatal screening call for optimising procedures of informed
choice.(10)
Also in the UK the evaluation of the implementation of NIPT in the national
health service (NHS) was organized through a large implementation study (RAPID
study) involving eight different hospitals across the UK.(35) Perhaps the most important
lesson from this and the Dutch example is that implementing advanced technologies
with such profound effects on prenatal care benefit from a learning phase, that allows
time to carefully evaluate the technical performance and women’s experiences and
enable public debate about the impact of the implementation. Establishing such a
coordinated learning phase will positively stimulate the process of responsible and
sustainable implementation.

120

REFERENCES
1

Cain M and Mittman R. Diffusion of Innovation in Health Care. iHealth Reports 2002,
California, USA.

2

Lo YMD. Non-invasive prenatal diagnosis by massively parallel sequencing of maternal
plasma DNA. Open Biol 2012; 2: 120086.

3

Wright CF and Burton H. The use of cell-free fetal nucleic acids in maternal blood for
non-invasive prenatal diagnosis. Hum Reprod Update 2009; 15: 139-151.

4

Gil MM, Quezada MS, Revello R, Akolekar R, Nicolaides KH. Analysis of cell-free DNA in
maternal blood in screening for fetal aneuploidies: updated meta-analysis. Ultrasound
Obstet Gynecol 2015; 45: 249-66.

5

Gregg AR, Gross SJ, Best RG, Monaghan KG, Bajaj K, Skotko BG, Thompson BH and
Watson MS for The Noninvasive Prenatal Screening Work Group of the American
College of Medical Genetics and Genomics. ACMG statement on noninvasive prenatal
screening for fetal aneuploidy. Genet Med 2013; 15: 395-398.

6

Norton ME, Jacobsson B, Swamy GK, Laurent LC, Ranzini AC, Brar H, Tomlinson MW,
Pereira L, Spitz JL, Hollemon D et al. Cell-free DNA Analysis for Noninvasive Examination
of Trisomy. N Engl J Med 2015; 372: 1589-1597.

7

Jiang K. Competition intensifies over DNA-based tests for prenatal diagnoses. Nat Med

8

Allyse M, Minear MA, Berson E, Sridhar S, Rote M, Hung A, and Chandrasekharan S. Non-

2013; 19: 381.
invasive prenatal testing: a review of international implementation and challenges. Int J
Womens Health 2015; 7: 113-126.
9

Minear MA, Lewis C, Pradhan S, and Chandrasekharan S. Global perspectives on clinical
adoption of NIPT. Prenat Diagn 2015; doi: 10.1002/pd.4637.

10

Dondorp W, de WG, Bombard Y, Bianchi DW, Bergmann C, Borry P, Chitty LS, Fellmann F,
Forzano F, Hall A et al. Non-invasive prenatal testing for aneuploidy and beyond:
challenges of responsible innovation in prenatal screening. Eur J Hum Genet 2015;
doi:10.1038/ejhg.2015.57.

11

TRIDENT study: Trial by Dutch laboratories for Evaluation of Non-Invasive Prenatal
Testing (NIPT). [cited 2015 Nov 23] Retrieved from http://www.emgo.nl/research/qualityof-care/research-projects/1451/trident-study-trial-by-dutch-laboratories-for-evaluationof-non-invasive-prenatal-testing-nipt/background/. Accessed on 23-11-2015

12

van El C, Pieters T, and Cornel M. Genetic screening and democracy: lessons from
debating genetic screening criteria in the Netherlands. J Community Genet 2012; 3: 7989.

13

Schielen PCJI. Quality control parameters of Dutch Down's syndrome screening
laboratories 2010. RIVM Report 2010, Bilthoven, The Netherlands, 230083003/2012.

14

Ekelund CK, Petersen OB, Skibsted L, Kjaergaard S, Vogel I, Tabor A, and the Danish Fetal
Medicine Research Group. First-trimester screening for trisomy 21 in Denmark:
implications for detection and birth rates of trisomy 18 and trisomy 13. Ultrasound
Obstet Gynecol 2011; 38: 140-144.

15

Blondel B and Kermarrec M. Enquête nationale périnatale 2010. Les naissances en 2010
et leur évolution depuis 2003. INSERM: ParisReport 2011, Paris, France p. 117.

16

Derks JB, Oei G. [Developments in prenatal care: Birth safer for mother and child- article
in Dutch]. Medisch Contact 2015; 24: 4-7.

121

17

Jaarboek Zorg in Nederland in 2012 [Yearbook healthcare in the Netherlands in 2012].
Retrieved from http://www.perinatreg.nl

18

Lichtenbelt KD, Alizadeh BZ, Scheffer PG, Stoutenbeek P, Schielen PCJI, Page-Christiaens
LCML, and Schuring-Blom GH. Trends in the utilization of invasive prenatal diagnosis in
The Netherlands during 2000-2009. Prenat Diagn 2011; 31: 765-772.

19

Berwick DM. Disseminating innovations in health care. JAMA 2003; 289: 1969-1975.

20

Sanson-Fisher RW. Diffusion of innovation theory for clinical change. Med J Aust 2004;
180: s55-s56.

21

Achterbergh R, Lakeman P, Stemerding D, Moors EHM, and Cornel MC. Implementation
of preconceptional carrier screening for cystic fibrosis and haemoglobinopathies: A
sociotechnical analysis. Health Policy 2007; 83: 277-286.

22

Rigter T, Henneman L, Broerse J, Shepherd M, Blanco I, Kristoffersson U, Cornel MC.
Developing a framework for implementation of genetic services: learning from examples
of testing for monogenic forms of common diseases. J Community Genet 2014; 5: 33747.

23

Chiu RWK, Akolekar R, Zheng YWL, Leung TY, Sun H, Chan KCA, Lun FMF, Go ATJI, Lau
ET, To WWK et al. Non-invasive prenatal assessment of trisomy 21 by multiplexed
maternal plasma DNA sequencing: large scale validity study. BMJ 2011; 342: c7401.

24

Rijnders RJ, Christiaens GCML, Bossers B, Van der Smagt JJ, van der Schoot CE and De
Haas M. Clinical applications of cell-free fetal DNA from maternal plasma. Obstet
Gynecol 2004; 103: 157-164.

25

Nieuwe test downsyndroom eind 2011 ingevoerd [New test Down syndrome
implemented by end of 2011]. Trouw, March 2011. Retrieved from www.trouw.nl

26

Ziekenhuis moest stoppen met bloedtest Down [Medical centre had to stop with blood
test

for

Down

syndrome].

De

Gelderlander,

January

2013.

Retrieved

from

www.gelderlander.nl
27

Verweij EJ, Oepkes D, van den Akker ES, de Boer MA, van Hellemondt RE, Engberts DP.
Déjà vu? Discussie over de non-invasieve prenatale test (NIPT) voor Nederlandse
zwangeren [Deja-vu? Discussion about non-invasive prenatal testing (NIPT) for Dutch
pregnant women]. NTOG 2013; 8: 382-387.

28

Van der Staaij: test syndroom van Down verlaagt drempel abortus [Van der Staaij: test
Down syndrome lower barrier for abortion]. Volkskrant, December 2013. Retrieved from
www.volkskrant.nl

29

Noordhuis P. Onrust over test op syndroom van Down [Unrest about test for Down
syndrome]. Nederlands Dagblad, March 2011. Retrieved from www.nd.nl

30

Benn P, Borell A, Chiu R, Cuckle H, Dugoff L, Faas B, Gross S, Johnson J, Maymon R,
Norton M et al. Aneuploidy screening: a position statement from a Committee on behalf
of the Board of the International Society for Prenatal Diagnosis. Prenat Diagn 2011; 31:
519-522.

31

Royal College of Obstetricians and Gynaecologists. Non-invasive Prenatal Testing for
Chromosomal Abnormality using Maternal Plasma DNA. Scientific Impact Paper No. 15
2014.

32

Gezondheidsraad [Health Council of the Netherlands]. Wet op het bevolkingsonderzoek:
niet-invasieve prenatale test bij verhoogd risico op trisomie [Population Screening Act:

122

non-invasive prenatal test for high risk for trisomy]. Gezondheidsraad 2013, Den Haag,
The Netherlands, 2013/35.
33

Zhang H, Gao Y, Jiang F, Fu M, Yuan Y, Guo Y, Zhu Z, Lin M, Liu Q, Tian Z et al. Noninvasive prenatal testing for trisomies 21, 18 and 13: clinical experience from 146 958
pregnancies. Ultrasound Obstet Gynecol 2015; 45: 530-538.

34

de Jong A, Dondorp WJ, de Die-Smulders CEM, Frints SGM, and de Wert GMWR. Noninvasive prenatal testing: ethical issues explored. Eur J Hum Genet 2010; 18: 272-277.

35

Hill M, Wright D, Daley R, Lewis C, McKay F, Mason S, Lench N, Howarth A, Boustred C,
Lo K et al. Evaluation of non-invasive prenatal testing (NIPT) for aneuploidy in an NHS
setting: a reliable accurate prenatal non-invasive diagnosis (RAPID) protocol. BMC
Pregnancy and Childbirth 2014; 14: 229.

123

