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Background

Healthcare is rapidly changing and gaining complexity. In
the past decades, technological development has led to major
progress in the field of healthcare, medical scientific research
and medical education. The result of the development in
medical technology is an impressive increase of diagnostic
and therapeutic possibilities and extensive specialisation of
healthcare professionals. Technology is increasing not only
in quantity, but also in complexity. High-quality technology
demands knowledge and insight to cope with this technol-
ogy and to implement it in the most optimal and safe way.
Healthcare today calls for professionals with combined sci-
entific, medical, engineering and informatics background,
and demands a multidisciplinary approach.

As medical technology was emerging fast, a Technical
Medicine educational programme has been designed and
has started in 2003 at the University of Twente in the Neth-
erlands, including the opportunity to follow a subsequent
clinical fellowship, and was the first of its kind in the world
(https://www.nvvtg.nl/technische-geneeskunde/, https://
www.nvvtg.nl/fellowships/). Technical Medicine has now
gained recognition as a new, full-fledged discipline in Dutch
healthcare. This was followed by other Universities, such as
the Technical University of Delft, the Netherlands, and a few
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educational programmes outside the Netherlands; however,
these are not fully comparable. The length of the scholar-
ship in the Netherlands is a bachelor programme of 3 years
followed by a master of 3 years, which includes 2 years of
clinical internships, combining patient care and research.
Main educational programme lines in the Netherlands are
(molecular) imaging and intervention, and sensing and
stimulation.

Its acknowledgement was accelerated by the fact that the
knowledge domain belonging to this new group of profes-
sionals has been officially recognised by the Dutch law. The
novelty of this profession lies in the fact that graduates need
to register in the Dutch BIG-registry (e.g. legal public regis-
tration for professions in individual healthcare), and are then
qualified to independently perform certain reserved clinical
procedures in the Netherlands. These clinical competen-
cies are as follows (https://www.nvvtg.nl/technische-genee
skunde/):

Surgical procedures;
Catheterization;

Injections;

Punctures;

Procedures with ionising radiation.

The medical professional is predominantly named clinical
technologist, which is the legally protected title belonging
to this profession, but in other settings they are also referred
to as technical physician or technical medicine specialist.
The clinical technologist is responsible for their professional
procedurals. Conform physicians and nurses, they are BIG
(Beroepen in de Individuele Gezondheidszorg) registered.
The BIG register is a legal, online and public register for
Professions in Individual Health Care. Only healthcare pro-
fessionals who are registered in this register may use the
protected professional title and may independently perform
the reserved actions associated with the profession (https://
english.bigregister.nl/). The Dutch Association for Technical
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Medicine (NVVTG) (https://www.nvvtg.nl/technische-genee
skunde/) was founded in 2009 as the professional association
for this new healthcare professional (https://www.nvvtg.nl/
technische-geneeskunde/). The NVVTG is dedicated to the
following:

e Ensure the quality of all clinical technologists in the
Netherlands

e Stimulate scientific development

e Serve the interests of her members

e Represent the profession in the Netherlands

Role of clinical technologist

The clinical technologist will, based on thorough insight in
both the functioning of the human body and technology,
with their own responsibility

e Perform medical technical complex procedures;

e Optimise existing medical technical interventions or pro-
cedures; and

e Design and develop new diagnostic and therapeutic
opportunities.

After finishing education and training, the clinical tech-
nologist is mainly positioned in the hospital, (clinical)
research, related industry or at universities (education) (see
Fig. 1A). The majority of clinical technologists in medi-
cal research are starting with a PhD project, and from there
follow different career paths. If we focus on the hospital,
several clinical fields of expertise are covered by the clinical
technologist (see Fig. 1B).

If we zoom-in on nuclear medicine, an important oppor-
tunity for the clinical technologist is to contribute to clinical
implementation of developments in molecular biology and
precision or personalised medicine, as these items are direc-
tional for (nuclear) medicine. Depending on the local clini-
cal situation and personal interests, the clinical technologist
can focus on medical collaboration with the nuclear medi-
cine physician, endeavour a position in the technical domain
closer to the medical physicist or find a balance between the
two. The final goal is to work in a multidisciplinary environ-
ment, in which the clinical technologist has its own unique
expertise and clinical responsibilities.

A first opportunity lies in the need for ongoing inno-
vation in the characterisation of the biological behaviour
for treatment options, prognosis and therapy prediction by
using diagnostic molecular imaging. In nuclear medicine,
a growth is seen in new theragnostic agents (e.g. ['’"Lu]
PSMA in prostate cancer) using a specific radiopharmaceuti-
cal for the diagnosis, and the same compound labelled with a
therapeutic radionuclide for treatment [ 1-3]. Clinical studies

starting to show that the personalised treatment approaches,
including pre-treatment dosimetry, can have a large impact
on therapeutic efficacy and reduce toxicity. As this field is
growing so fast and implementation of advances can be com-
plex, the additional help of highly skilled technical-medical
colleagues is welcome. The clinical technologist expands
together with the nuclear medicine physician and medical
physicist, the new field of personalised radionuclide therapy
[4,5].

Similarly, new tools for automatic image segmentation
and quantification are a field of intense research. The same
is certainly true for innovative artificial intelligence, such
as machine learning algorithms and deep neural networks.
These integrative prediction models can combine param-
eters, such as clinical information, lab findings, histopa-
thology, genetic profiles and imaging parameters including
radiomics [6-9]. Various experts, including clinical tech-
nologist, both in academia and the clinic collaborate in this
field.

A next field of interest for the clinical technologist is sup-
porting real-time information procedures, such as in hybrid
surgery rooms, interventional nuclear medicine and image-
guided surgery. Implementation of new real-time imaging
technologies during interventions can be valuable, but they
regularly need optimization steps transferring them from a
beta-system towards routine clinical practice. In this setting,
the clinical technologist has a unique advantage as they can
use the technology on patients and provide feedback as well.
Clinical technologists are also seen in areas where the mul-
tidisciplinary approaches of imaging, dosimetry and radio-
nuclide therapy and/or ablation come together, such as for
instance hepatic radioembolization or cryoablation [10—12].

Future clinical technologist in nuclear
medicine

As we can speak for the Dutch situation, the clinical technol-
ogist possesses different functions in the healthcare system.
They participate in direct healthcare, education and train-
ing in clinical technology, development and implementa-
tion of clinical technology, and clinical research. Besides
taking part in developing and implementing new technolo-
gies, clinical technologists also contribute to evaluating and
optimising existing technologies and processes. The value of
this contribution can be measured both by patient outcome
and healthcare cost aspects.

Currently, clinical technologists are licenced health pro-
fessionals in the Netherlands, registered in a quality register.
Similar to medical residents, clinical technologists can be
trained additionally via a 2-year specific clinical fellow-
ship to become specialists within a specific field of interest.
In this position, clinical technologists develop and apply

@ Springer


https://www.nvvtg.nl/technische-geneeskunde/
https://www.nvvtg.nl/technische-geneeskunde/
https://www.nvvtg.nl/technische-geneeskunde/
https://www.nvvtg.nl/technische-geneeskunde/

3014

European Journal of Nuclear Medicine and Molecular Imaging (2022) 49:3012-3015

Fig.1 A The employers of the
clinical technologists in the
Netherlands. B Overview of the
domains of the clinical tech-
nologist in the Netherlands
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technical solutions for clinical problems in a specific domain
with their own expertise and responsibilities. Clinical tech-
nologists are a full-fledged member of the multidisciplinary
clinical team for diagnosis and/or therapy, with a specific
accent on their expertise in clinical technical execution of
the nuclear medicine procedures, and to transform processes
more efficiently within the department.

The clinical technologist found opportunities within the
healthcare system in the Netherlands. (Super)specialists are
needed regarding the rapidly changing clinical technolo-
gies in our healthcare system, and therefore, several clinical
technologists are already positioned in the Dutch healthcare
system. Time will tell how clinical technologists will further
integrate into our healthcare system, in particular in nuclear
medicine, as it is a profession in development. Collaboration
with the nuclear medicine physicians and medical physicists
will be pivotal, but good local examples are visible in the
Dutch situation.
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