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Objective:  Medical  devices  (MDs)  encompass  a broad  and  heterogeneous  range  of  technologies.  While
practices  vary  considerably  across  countries,  MDs  often  find  application  in  patient  care  with  little  or  no
evaluation  of  their  effectiveness  and  safety  following  market  approval.  A recently  proposed  taxonomy  of
MDs  considered  devices  from  the  viewpoint  of  Health  Technology  Assessment  (HTA).  The  aim  of  the  work
presented  here was  to test  its  plausibility  and  applicability  by considering  real-world  HTA practices.
Methods:  HTA  reports  on  MDs  from  European  institutions  were  collected  in a systematic  manner  and  the
evaluated  devices  and/or  related  procedures  were  matched  to  a  position  on  the  taxonomy.  Following  this,
representatives  from  16 European  HTA institutions  were  asked  about  the  usefulness  of  the taxonomy  in
semi-structured  interviews.
Results:  1237  HTA reports  (2004–2015)  from  33  European  institutions  were  included  in the  sample.
The  majority  of  reports  was  on  technologies  from  the taxonomic  positions  initially  estimated  as  having
high  relevance.  Most  of  the  experts  interviewed  stated  that they  found  the  taxonomy  useful,  particu-

larly  regarding  its potential  to aid in  selecting  technologies  for  assessment  and  to  highlight  potential
methodological  particularities  per  taxonomic  position.
Conclusions:  Overall,  the  distribution  of identified  reports  on  the  matrix  confirmed  that  the  initial  esti-
mation  of  the  relevance  and  necessity  of HTA  provided  in  the  taxonomic  model  is  plausible.  In addition,
interviews  with  representatives  of European  HTA  institutions  showed  that the  taxonomy  could  be  useful.

© 2018  Published  by  Elsevier  B.V.
. Introduction

Europe is one of the biggest markets for Medical devices (MDs),
hich encompass a broad and heterogeneous range of tech-
ologies. They include ‘[. . .]  any instrument, apparatus, appliance,
oftware, implant, reagent, material or other article intended by the
anufacturer to be used, alone or in combination, for human beings for

ne or more of the following specific medical purposes: diagnosis, pre-
ention, monitoring, prediction, prognosis, treatment or alleviation of
isease [. . .]’  [1]. To date, several classification systems for MDs  have
een developed, ranging from those aiming to facilitate market

pproval by categorizing MDs  according to the degree of risk they
ose for patients [1,2], to those used for procurement purposes,

∗ Corresponding author at: Berlin University of Technology, Department of Health
are Management, Straße des 17. Juni 135, H 80, 10623 Berlin, Germany.

E-mail address: sabine.fuchs@tu-berlin.de (S. Fuchs).

ttps://doi.org/10.1016/j.healthpol.2018.03.004
168-8510/© 2018 Published by Elsevier B.V.
which take a perspective relevant to pricing and reimbursement
decisions [3–5].

The new EU regulation on MDs  is in effect since May  2017
(Medical Device Regulation 2017/745, MDR) [1]. In line with its
preceding EU framework for the market approval of MDs  (Direc-
tives 90/385EEC, 93/42/EEC and 98/79/EC), it mainly addresses the
issues of risk and functionality for devices aiming to enter the EU
market. Depending on its intended purpose and invasiveness, a MD
will be assigned to a risk class; different approval requirements
apply depending on class. Devices considered to be in conformity
with these requirements can be approved for marketing in the
EU and bear the CE (Conformité Européenne) marking. Consider-
ing device risk is highly important for patient safety, as potential
harms increase the higher the risk level, but it is not the only crite-
rion for assessing MDs  [6]. While practices vary considerably across

countries [7,8], MDs  are often applied in patient care with little
or no assessment of their effectiveness or safety following mar-
ket approval [9,10,11]. While device risk is also important from the

https://doi.org/10.1016/j.healthpol.2018.03.004
http://www.sciencedirect.com/science/journal/01688510
http://www.elsevier.com/locate/healthpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.healthpol.2018.03.004&domain=pdf
mailto:sabine.fuchs@tu-berlin.de
https://doi.org/10.1016/j.healthpol.2018.03.004


174 S. Fuchs et al. / Health Policy 123 (2019) 173–181

Fig. 1. Taxonomy for medical devices and number of technologies identified during the plausibility testing including actual examples from the HTA report pool. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Notes: B1/III: originally grey field (see taxonomy in the Online Appendix); active implantable devices and in vitro diagnostics were assigned separate rows (IV and V);
estimation of relevance and necessity of a full-fledged HTA for technologies in different taxonomic positions (cells) including ‘green’ (high), ‘yellow’ (intermediate) and ‘red’
(
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low),  ‘grey’ cells: no devices, and therefore no assessments, available
bbreviations: BAHA: Bone Anchored Hearing Aid; HPV: Human Papillomavirus; IC
oherence Tomography; TAVI: Transcatheter Aortic Valve Implantation; TENS: Tran

iewpoint of HTA [12], other characteristics of the device, such as its
urpose or mode of application, can also be decisive for its evalua-
ion. For example, outcomes following the application of MDs  used
ithin procedures, such as stents, also depend on the operator and

ther circumstances; these devices can therefore not be assessed
he same way as a medical aid (e.g. glasses) would. Given the broad
pectrum of MDs  illustrated above, both the necessity and the data
equirements for assessment can differ.

In 2015, Henschke and colleagues [13] proposed a taxonomy
f MDs  that considers devices from the viewpoint of HTA argu-
ng that existing MD  classifications would not be fully suitable for
TA purposes as they are based on different underlying logics.
hey created a matrix in table format, based on relevant aspects
rom existing MD  classification schemes (see Online Appendix
nd Fig. 1). To reflect the element of risk, risk classes described
n the EU-Directives 90/385/EEC, 93/42/EEC and 98/79/EC, which

ere in effect at that time, were assigned different rows. In addi-
ion to risk, roles/functionalities of different device types were
aken into account and assigned separate columns, differentiating
etween assistive technology devices (directly used by patients,
.g. wheelchairs), artificial body parts (implanted by a medical
rocedure, e.g. stents) and MDs  for the assistance of medical pro-
essionals (e.g. PET/CT scanner). The matrix also incorporates a
istinction between the diagnostic or therapeutic nature of devices,
hich can be crucial for HTA purposes. Based on this model, the
uthors considered the relevance and necessity of a full-fledged
TA for technologies in different taxonomic positions and used traf-
c light color-coding (see Fig. 1) to denote their estimations. ‘Grey’
ells in the matrix correspond to positions for which no devices, and
plantable Cardioverter Defibrillator; MRI: Magnet resonance imaging; OCT: Optical
neous Electrical Nerve Stimulation

therefore no assessments, would be expected. The authors suggest
that this model can be used both to prioritise devices for assessment
and as a guide towards tailoring assessment methods to achieve
best results depending on the taxonomic position.

To provide policy-makers and researchers with a realistic ori-
entation guide for approaching the assessment of MDs, the work
presented in this article aimed to test the plausibility and applica-
bility of the described taxonomic model by considering real-world
HTA practices. It encompasses two  components: (i) a quantitative
plausibility test of the model based on HTA reports produced by
European institutions across a range of medical indications, which
have been addressed in the reports, and (ii) a qualitative evalu-
ation of its usefulness and applicability in daily practice based on
interviews with HTA experts from a sample of the same institutions.

2. Methods

2.1. Quantitative testing of the taxonomy (‘plausibility’)

In this part of the study, the ability of the taxonomy to correctly
classify MD  and MD-related technologies was  tested. For this pur-
pose, we  used the following approach: In previous work, we  had
systematically identified European HTA institutions and their pub-
licly available reports of MDs  [8]. Approximately 85% (n = 40) of
European HTA institutions conduct MD-specific assessments that

are publicly available. These reports were collected for the present
work and screened for eligibility. Reports were considered eligible if
they focused on a MD (be it alone or within a procedure), were based
on systematic review methodology, and were carried out between
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he years 2004 and 2015. Information on the detailed inclusion
nd exclusion criteria is presented in the Online Appendix. The full
vailable documentation for included reports was  downloaded and
nventoried in Microsoft Excel.

The technologies evaluated in included reports were classified
ccording to their risk class and functionality elements included in
he model and assigned a taxonomic position on the matrix (Fig. 1).
ach report was screened by two researchers; discrepancies were
olved by involving a third person.

To describe the medical indications addressed in included HTA
eports, we used the System Organ Class (SOC) classification pro-
ided by the Medical Dictionary for Regulatory Activities [14].

.2. Qualitative evaluation of the taxonomy (‘applicability’)

This part of the study aimed to test the potential usefulness
f the taxonomy for HTA institutions. Semi-structured interviews
ith persons responsible for MD  assessment at 16 European HTA

nstitutions were carried out to explore challenges as well as future
deas about HTA of MDs  (the full methodology and main results
ave been published separately [7]). At the end of each interview,
articipants were also asked for their input on the following ques-
ions concerning the taxonomic model:

. Could your institution use the developed taxonomy as a guid-
ance?

. Which are helpful aspects?

. Do you have any suggestions to refine or improve the taxonomy?

Participants had received the interview guide and the devel-
ped taxonomy in advance. The aims and rationale of the taxonomic
odel were also shortly explained during the interview. We used

irected content analysis; the final coding framework combined
eductive and inductive themes. To illustrate frequencies of rel-
vant results we use the terms some (10–30%), many (31–65%)
nd most (66–100%) to depict how many out of all interviewed
nstitutions mentioned each theme. Additionally, we considered
wo institutional variables for the analysis: whether the MD
ssessments produced by each institution are legally binding
or decision-making and whether the institutions are themselves
esponsible for the selection of technologies (or are commissioned
y the relevant decision-maker to perform specific assessments).

e  considered these two variables only for the answers on the

sefulness of the taxonomy (question 1) and present the results
n tables. Quotes are used to further illustrate the main find-
ngs.

able 1
ost frequently assessed technologies in the HTA report pool.

Medical device/procedure 

Radiofrequency ablation (RFA) 

Positron emission tomography/Computed tomography (PET/CT) 

Brachytherapy 

Positron emission tomography (PET) 

Computed tomography (CT) 

Magnet resonance imaging (MRI) 

Robot-assisted surgery 

Drug  eluting stent (DES) 

Transcatheter Aortic Valve Implantation (TAVI) 

High-intensity ultrasound (HIFU)
Sacral  nerve stimulation (SNS) 

MitralClip 

Intraoperative radiotherapy (IORT) 

otes: *depends on indication addressed in report.
 123 (2019) 173–181 175

3. Results

3.1. Plausibility testing of the taxonomy (quantitative analysis)

3.1.1. General characteristics of identified technologies/reports
After collecting publicly available reports on MDs  and apply-

ing the inclusion and exclusion criteria (see Online Appendix),
1237 reports from 33 institutions in 17 countries were included
in the pool used for the classification. The reports addressed 1376
technologies and were of different types (e.g. ‘technical reports’,
‘systematic reviews’) and length. A detailed illustration of the num-
ber of considered reports per institution and the website link to
their reports are provided in the Online Appendix.

Out of all devices assessed, 71% (n = 987) had a therapeutic and
29% (n = 409) a diagnostic purpose. Among the latter, 30% (n = 122)
were in vitro diagnostics. Moreover, a broad range of indications
was captured by reports: oncological (22%, n = 270) and cardio-
vascular indications (21%, n = 252) represented the largest shares,
followed by musculoskeletal and connective tissue disorders (11%,
n = 139). A more detailed breakdown can be found in the Online
Appendix.

The majority of included reports assessed MDs  in the context of
a procedure. Individual brand name products were less frequently
the focus of assessment, unless this was embedded in the HTA pro-
gramme  design. This was the case for the National Institute for
Health and Care Excellence (NICE) Medical Technology Evaluation
Programme (MTEP) in the United Kingdom, and the HTA tracks of
the Emilia Romagna or Veneto regions in Italy (4,7%, n = 58; for the
three institutions).

The most frequently addressed technologies within included
reports (Table 1) were radiofrequency ablation (RFA; 3.2%, n = 44),
positron emission tomography/computed tomography (PET/CT;
1.7%, n = 24) and brachytherapy (1.5%, n = 21). As can be seen in
Table 1, the most frequently addressed technologies mainly repre-
sent therapeutic technologies with a high(er) risk class.

3.1.2. Insights related to the plausibility of the taxonomy
The distribution of the technologies addressed in the reports

among the cells of the taxonomic model is presented in Fig. 1.
The majority of reports in the sample addressed technologies

from the green cells (62.9%, n = 879) whereas relatively few tech-
nologies could be assigned to the red cells (3.6%, n = 51). Yellow cells
corresponded to 466 technologies (33.5%) in the sample.

Some reports assessed more than one technology (4%, n = 49),
for example PET and PET/CT, and sometimes these technologies

belonged to different taxonomic positions (2.7%, n = 33). Twenty
reports assessed only one technology falling in more than one cell
and these were counted twice in Fig. 1 (n = 1396). Two examples are
implantable cardioverter defibrillators (B1/IV and B2/IV), compris-

No. of reports included Taxonomic cell (column/row)

44 C2/IIb*, C2/III*
24 C1/IIb
21 C2/IIb*, C2/III*
20 C1/IIa
18 C1/IIb
17 C1/IIa
13 C2/IIb
12 B2/III
10 B2/III
10 C2/IIb
7 B2/IV
7 B2/III
7 C2/IIb
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ig. 2. Reports (n = 1237) by 33 European HTA institutions, total and per color tier 

nterpretation of the references to colour in this figure legend, the reader is referred

ng a diagnostic and a therapeutic component, and silver dressings
A2/II and C2/II), which can be used by health professionals and
atients alike. For one originally grey cell (B1/III) we identified
ne report (evaluating the pulmonary artery pressure monitor)
hereas no report in our sample could be matched to one originally

ed cell (A1/I).
With regard to report production over time (see Fig. 2), the num-

er of HTA reports per year increased overall between 2004 and
015, showing an additional peak in 2007. HTAs on high risk class
evices show a strong upwards trend starting in 2011, whereas
TAs assigned to yellow cells decreased in the same year but also

tarted to increase in number as of 2013. These trends might be
ssociated with new EU requirements for market approval of MDs
ntroduced in 2007 and effective as of March 2010. The number
f HTAs on low risk MDs  (red cells) was substantially lower than
hose for the green and yellow cells and generally steady over the
egarded time span.

.1.3. Dealing with unforeseen difficulties
When MDs  consisted of more than one components with differ-

ng risk classifications, a decision had to be made regarding their
roper taxonomic assignment. We  chose to assign such MDs  to just
ne cell (highest class) to stay in line with the borderline manual
f the EU [15], which was in effect at that time. For example, the
anual suggests that bone-anchored hearing aids be categorised

s class IIb; they consist of the sound processor (class IIa accord-
ng to classification rule 9 of Annex IX of Directive 93/42/EEC) and
he implant (class IIb according to classification rule 8 of the same
irective). Additionally, there were some technologies where the
ain functionality (column A, B or C) was not unequivocal. For

nstance, innovative medical devices for managing blood glucose
evels (e.g. continuous subcutaneous insulin infusion, CSII) can be
sed directly by patients (column A) but can also be a support
ool for medical professionals towards optimising their patients’
reatment (column C). Hence, in some cases the technology was
ssigned to more than one cell (see also the example of silver dress-
ngs, above). Finally, there are devices where only one component
s (subcutaneously) implanted, such as sensor-augmented insulin

umps (SAPs), consisting of insulin pumps (CSII) and real-time
ontinuous glucose monitoring devices; these could be considered
ither as implants (column B) or MDs  for patients to use (column
). We assigned SAPs to column A.
n the taxonomic model (green n = 879, yellow n = 466, red n = 51), 2004–2015. (For
e web version of this article.)

3.2. Potential applicability of the taxonomy (qualitative analysis)

3.2.1. Usefulness of the taxonomy
Overall, most of the interview partners stated that the taxon-

omy  is useful but to different degrees. Only four said that it could
be used directly within their institution’s daily work, while six
thought that it would not be directly applicable in their context.
Four interviewees generally saw the taxonomy as a helpful tool but
without specifying further. One supported the general usefulness
of a unified taxonomy for HTA purposes as follows:

‘I do agree that it would be very appropriate to deliver a new clas-
sification. I am not sure the classification delivered would be used
by our organization but it would clearly help to have a unified
taxonomy.’

Two interviewees stated that the taxonomy was not useful
or that they were not sure about its added value; one of them
explained:

‘Honestly my first reflection, what is the added value for us to have
a different kind of taxonomy, we do an HTA on a specific device, and
I do not immediately see that added value of having this taxonomy.’

With regard to the two  institution-specific variables, the role of
the interviewee’s institution within the prioritisation process does
not seem to influence their views on the usefulness of the taxon-
omy, as no difference could be observed (see Table 2). In contrast,
the taxonomy was  considered useful mainly for other stakeholders
in the system (such as the Ministry of Health), more often among
participants from institutions whose assessments are not binding
for decision-making.

3.2.2. Helpful aspects and limitations of the taxonomy
Many interviewees pointed out the helpful or important aspects

of the taxonomic model but also its limitations. These insights are
summarised in Table 3.

The color-coding linked to the relevance of HTA was the element
most frequently mentioned as helpful. The following quote clearly
illustrates this theme:
‘So we have pretty much the same reasoning behind what you have
from here. It has to have an economic impact on the healthcare
system but it also has to have a big impact on the patient’s survival
or quality of life, [. . .]
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Table  2
Answers on the usefulness of the taxonomy depending on a) role of the institution’s assessments in coverage decision-making in the respective jurisdiction and b) institution’s
role  in the prioritisation process.

Useful Not useful

. . . for institution . . . for other stakeholder* not specified

Overall analysis 4 6 4 2 16
a)  Role of institution’s MD assessments in coverage decision-making in resp. jurisdiction
Binding 1 1 0 1 3
Not  binding 1 3 4 1 9
Not  clear** 2 2 0 0 4

4  6 4 2 16
b)  Institution’s role in the prioritisation process
Responsible 2 3 2 1 8
Not  responsible 2 3 2 1 8
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otes: * including MoH, sickness funds; **depends on either a specific programme o

One interviewee added that even the yellow cells in the tax-
nomic model, corresponding to groups of devices for which the
elevance of a full evaluation is case-specific, make sense:

‘[. . .]  for the in vitro diagnostics, I think you’ve got pregnancy tests
in yellow. That would be – actually that works, because that’s case
specific [. . .], something like a pregnancy test and over-the-counter
test, they would not normally, you wouldn’t do an evaluation. But
something [. . .]  that a patient will use at home [. . .]  they would do
an assessment on that. So that does actually work.’

Another participant gave a more detailed explanation on how
he taxonomy could be useful for tailored methodological consid-
rations:

‘Have sort of a generic evaluation, what you do with diagnostic
things, what you do with therapeutic things and then by the sub-
categories, directly used by the patients and so and then perhaps
by the risk categories, if there are specific things.’

Only half of the interviewees commented on perceived limita-
ions of the taxonomic model. Despite the fact that the traffic light
olor-coding was the most frequently mentioned helpful aspect,
he operationalisation used in the model was at the same time also
he most frequently cited limitation, as one participant pointed out:

‘[. . .]  surgical sutures with antibiotics [. . .]  this is a device that from
a technical point of view, it’s really simple, boring maybe for an
engineer, but it has huge economic impact.’

Furthermore, individual additional points were raised regarding
mportant elements not considered in the taxonomic model, such
s the speed of modification of MDs  (incremental innovation).

.2.3. Suggestions for refinement
Several interviewees made suggestions for the improvement

nd/or refinement of the taxonomic model, for example includ-
ng additional rows/columns for prognostic and screening devices

ithin the diagnostic part of the matrix, renaming the category
Artificial body parts’ (as it also actually encompasses the modifi-
ation of organs, not only their replacement), clarifying that row
V does not correspond to a risk class defined according by the EU
egulatory framework, explaining the rows and performing further
eliability tests.

. Discussion

.1. Main findings
The taxonomic model developed by Henschke et al. [13] com-
ines different device classification schemes that have been used
or different purposes in an effort to provide a foundation for con-
4 2 16

ho  has commissioned the report (regional vs national health service).

sidering MDs  from an HTA perspective. The aim of the present
work was  to test its plausibility and applicability for daily prac-
tice. According to our results, the distribution of the identified
HTA reports on the model generally confirms that the taxonomy
is plausible: The majority of reports in the sample addressed tech-
nologies from the green cells, where HTA was considered of high
relevance, and relatively few reports were available for the red cells
considered of low relevance. Only one report was  identified for
one grey cell where no reports were expected. In addition to the
plausibility testing, opinions from experts working at 16 European
HTA institutions indicated that the taxonomy is generally seen as
useful, primarily for commissioning institutions, decision-makers
or other stakeholders (e.g. sickness funds) and mainly for institu-
tions were the assessment process is not binding. The traffic light
color-coding used to denote the relevance of HTA for different
device groups was the taxonomic element most frequently con-
sidered useful, particularly in the context of prioritising devices for
assessment; however, the same concept was also perceived as a
limitation for certain systems. Suggestions for refinement included
for example adding rows/columns for prognostic and screening
devices.

4.2. The taxonomy and its elements: comparison of the results to
the literature

To our knowledge, the tested taxonomy is the first and only
model of MDs  from a viewpoint of HTA. As mentioned in the intro-
duction, EU regulation on the market approval of MDs  focuses
primarily on the elements of device risk and functionality. The
new regulation 2017/745 reinforces the importance of risk con-
sideration: to receive market approval, certain device classes (e.g.
implantable class III devices) are to be subject to a new assess-
ment procedure which will involve the newly created Medical
Device Coordination Group (designated by Member States) and
the Assessment Committee for Medical Devices (designated by the
European Commission) while high-risk devices will be assigned
to specialised Notified Bodies. The EU further strengthens its risk-
dependent requirements for market approval by suggesting in the
instruction for borderline cases [15] that technologies consisting of
more than one component with differing risk classifications should
be categorised in the highest risk class.

From the viewpoint of HTA, risk can play an important role in
the prioritisation of technologies for assessment. In some systems,
this is already reflected in legislation: for example Germany intro-
duced early benefit assessment for high-risk MDs in 2016 (§137 h

Social Code Book V). Furthermore, based on the overall distribution
of identified HTA reports in our study, European HTA institutions
appear to focus on higher risk class MDs  already, particularly for
devices used by medical professionals in therapeutic interventions.
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Table 3
Usefulness of the developed taxonomy as a guidance for institution − helpful/important aspects and limitations.

Theme Summary of theme Quote(s) Frequency*

1) Helpful/important aspects
Prioritisation (traffic light
color-coding with regard to
relevance of HTA)

- Helpful with selecting technologies for assessment
-  Relevance of an HTA or full-fledged HTA depending
on  taxonomic position (green = high; red = low;
yellow = case-specific)
- Particularly HTA of MDs  with high risk (green
fields)/high economic relevance
- Consideration of volume effects

‘I thought maybe originally that it might be very
useful in the topic selection phase, because quite
a lot more technologies come through there, and
just in terms of we have thought about how can
we categorise them.’
‘  Usually, [the high-risk MDs] are the more
expensive ones and you also have to take volume
effects into account.’

Many (6)

Separation between diagnostic and
therapeutic MDs

- Taxonomy takes diagnostic and therapeutic nature of
devices into account

‘We  have different types of medical devices for
treatments, for screening, also for prognosis, and
according to your taxonomy you split it into
diagnostic and therapeutic.’
‘The separation in diagnostic and therapeutic
MDs is helpful while you could differentiate the
methodological approaches.’

Some (5)

Potential for tailored methodological
consideration

- Usefulness seen in potential methodological
considerations depending on specific taxonomic
position

‘[. . .] but you have different approaches for
diagnostics and therapeutics, yes. I think it looks
interesting. It would be interesting to see even
more in the next stage, what the implications for
the methods would be’
‘I can imagine that for all implants it is useful to
have a long-term perspective on the patients and
their outcomes’

Some (5)

Purpose-based classification of
devices in three groups

- Categorisation of MDs in three groups based on their
purpose (1. MDs  for patients to use, 2. Artificial body
parts and 3. MDs  used by medical professionals) seen
as helpful to consider certain aspects

‘I also think it’s good to separate things that are
directly used by patients.’

Some (5)

Risk  potential/invasiveness - Risk categories according to EU directives taking the
invasiveness of MDs into account

The scheme, I can understand that: for the green
cells with high-risk MDs, it is rather indicated to
make an evaluation [. . .].’

Some (3)

Unified  taxonomy from HTA
perspective

- Common taxonomy for HTA community seen as
useful

‘Fortunately this taxonomy is of utmost
importance for HTA’s world.’

Some (2)

2)  Limitations
Prioritisation (traffic light
color-coding with regard to
relevance of an HTA)

- MDs  from the red cells of interest (e.g. high volume &
thus high economic impact)

‘To take the color coding for example of the
thermometry example again. We think we would
have to assess thermometry, and it’s because it’s
used in lots of different ways in different places,
and it’s low cost and high volume, and there’s lots
of critical outcomes related to it.’

Some (4)

Potential for tailored methodological
consideration

- Uncertainty about usefulness seen in potential
methodological considerations depending on specific
taxonomic position

‘Unsure yet, if the taxonomy could be a helpful
methodological support tool‘

Some (3)

Complexity of MDs  - Complexity of MDs  could not be considered in one
taxonomy

‘I don’t know to which extent, how it would be
used in the case of diagnostics [. . .]  I’m thinking
about the example of genetic diagnostic
technologies, the diagnosis is in the beginning not
so important. But finally if you have to decide on
if  it is positive or negative then you have to
establish a treatment that will influence the final
outcomes. I don’t know how you are going to
manage that.’

Some (2)

Combines already existing
classification

- No new classification, just based on existing ones ‘You crossed, matched several classification
systems to have a new way to classify but it’s not
a  new classification system, it’s just a taxonomy.’

Some (2)

Artificial construct - Not for practical use, it’s too theoretical ‘I think it is too artificial, because in medicine you
don’t think in boxes or categories, you think of
patients, that they get better outcomes.‘

Some (1)

Modification level of MDs  - Modification level of MDs  is an important component
which is not considered by the taxonomy

‘What’s exciting is the distinction between
Incremental and breakthrough innovation [. . .]
So  if I read here cardiac stent, then I would ask, do
those incorporate all stents or just drug eluting
stents or from when it is an antibody-coated
stent? So that would be something different, the

Some (1)

N 00%), 
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p
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t

ote: *Categorisation of themes in some (10–30%), many (31–65%) and most (66–1

his is not surprising, as it is in line with the remit of many Euro-
ean HTA institutions, which mainly encompasses the assessment

f high risk MDs  or MDs  with a high economic impact [7]. Never-
heless, experts working at some of these institutions also stressed
he importance of assessing lower risk class devices when utiliza-
ion (volume) is high in the respective country. Based on our HTA
degree of modification is in part decisive.’

see [7].

report pool, only 10 out of 33 institutions produced reports on such
devices. This might be also attributed to the fact that in some coun-

tries different institutions are responsible for the assessment of
lower risk class MDs  or medical aids, which may  not have been
captured in our pool.
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in the context of a procedure, while risk classification rules set out
by the EU Directives apply to individual products. This also supports
S. Fuchs et al. / Health

To reconcile these notions, a differentiated approach regard-
ng the extent of HTA is conceivable: for lower risk class devices,

 more simplified assessment encompassing relevant elements
ight be sufficient, whereas high risk class devices need a full-

edged HTA.
In addition to risk and functionality, the purpose-based cate-

orisation separating assistive technology devices from artificial
ody parts and devices for the assistance of medical profession-
ls within the taxonomy is another important component from an
TA perspective. For the most part, devices falling into the lat-

er two categories are used within procedures and the outcomes
f their application depend on the operator as well as other cir-
umstances. It is known that changes in operator performance
learning curves) affect outcomes regarding both effectiveness
nd costs and can lead to bias in the results if not explic-
tly considered in HTAs [16]. Thus, the assessment of such MDs
eeds to consider additional dimensions, which are not relevant

n the evaluation of assistive technology devices mainly con-
isting of one product. On the other hand, learning effects are
lso relevant in the first category, as outcomes here depend on
he patients using the devices (e.g. an inhaler) correctly. Thus,
ufficient patient training and correction of misuse should also
e emphasized in HTAs on assistive technology devices where
ppropriate. However, this is not always a simple task: method-
logical approaches towards and hurdles in considering learning
urves in HTAs have already been outlined in several articles
7,17,18].

Furthermore, differentiating between column B and column
 devices is important because all MDs  in column C serve as a
emporary tool to assist medical professionals while column B
evices modify or replace the function of organs or tissue. Con-
equently, for the latter a long-term perspective of effects should
e considered in evaluation [17]. To address these issues, specific
ethodological tools are required to guide the evaluation of corre-

ponding MDs. EUnetHTA developed a guide for the assessment of
herapeutic MDs, which takes into account aspects deriving from
ontext and user dependence, which are of greater importance in
he evaluation of devices compared to that of drugs; the guide also
onsiders the issue of incremental development of MDs [19]. A
ecently published article by Schnell-Inderst and colleagues [20]
pecifically developed recommendations for systematic reviews
f comparative effectiveness of therapeutic MDs  as part of HTA.
n previous work [7,8] we showed that only a limited number
f methodological documents tailored to MDs  are available from
uropean HTA institutions. Some of those identified documents
21,22] already consider some of the aforementioned methodolog-
cal particularities. As already suggested in the literature [7,17],
dding these elements to existing institutional documents could
ake more sense than creating a fully new document for (certain)
Ds  only.
The separation of diagnostic and therapeutic devices within the

axonomy was found to be a useful and important component,
ecause different methodological approaches need to be adopted
epending on the nature of the device. This is in line with Euro-
ean standards and guidelines such as the different iterations of
he HTA Core Model

®
developed by EUnetHTA, including one for

iagnostic technologies, which explicitly addresses the issues of
linical utility and clinical validity of diagnostic tests [23] or the
ethodological guideline for therapeutic MDs  already mentioned

bove [19]. The aforementioned, device-specific methodological
ocuments developed by European HTA institutions set the focus
ainly on diagnostic devices or medical (biomarker) tests [8]. Fur-

hermore, the IDEAL framework, which describes the stages in the
ife cycle of interventional therapy innovations and recommends

tudy designs for each stage, was recently adapted to meet specific
riteria for MDs  [24].
 123 (2019) 173–181 179

4.3. The taxonomy as a whole: Comparison of the results to the
literature and further steps

With its aim of providing decision-makers and researchers
with an orientation guide/tool for a systematic identification and
selection of MDs  and procedures for HTA purposes and identify-
ing potential methodological issues, the taxonomy addresses an
important issue and ongoing topic of discussion within the HTA
community [20,25–28]. Difficulties in selecting technologies for
assessment due to the broad spectrum of MDs  have been identi-
fied as a procedural challenge [7]. According to a European survey,
an explicit process for priority setting was employed by 34% of
47 included HTA institutions (vs. 26% where the commissioning
institution prioritises, 10% with no explicit procedure and 30% with-
out publicly available information). In these cases, prioritisation
was most commonly based on medical-scientific criteria, on crite-
ria related to the epidemiological significance of the condition as
well as on economic criteria. These institutions represent equally
independent research entities (academic or functioning as govern-
mental institutions) or national/regional governmental institutions
(see the Online Appendix for [8]). This implies that more European
HTA institutions prioritise by themselves rather than the commis-
sioning institution indicating that the taxonomy could be used
directly by them as a support tool for selecting relevant technolo-
gies for assessment.

Based on the results of the qualitative analysis, the taxonomy
is mainly seen as potentially useful for other stakeholders (e.g.
MoH) and not for the HTA institutions themselves. This is mainly
attributed to the fact that those institutions are not responsible
for prioritisation. For a better definition of the potential users of
the taxonomy and the optimal time for its application within the
decision-making process further testing is required involving also
other stakeholders (e.g. payers). The potential use of the taxonomic
model as a tool to facilitate division of labor among institutions
responsible for the assessment of different types of MDs  could also
be explored in this context.

In contrast, work programmes within HTA institutions were
developed such as MTEP at NICE in the UK, establishing their own
specific procedure for prioritisation [22]. For those institutions, the
taxonomy can serve mainly as a tool to think of certain aspects
for the assessment. This potential of the taxonomic model to sign-
post particular methodological considerations depending on the
taxonomic position was considered as a helpful aspect by our inter-
viewees. Beyond the issues already raised above (e.g. long-term
effects for column B devices and learning curves for column C),
a potential approach for devices with both diagnostic and thera-
peutic functions suggested by the authors of the taxonomic model
was for the two  components to be considered separately. We  did
not identify any reports already using this approach in our sample.
There are further aspects that pertain to individual device groups,
such as battery life for active implantable devices (see row IV in
taxonomy and [29]), which may pose additional challenges to be
considered and can be signposted for the corresponding taxonomic
positions. Moreover, for some device types (e.g. risk class I devices),
it might be appropriate to accept lower level of evidence/non-
randomised studies as (part of) the basis for assessment.

The process of assigning the technologies to cells was not always
straightforward (e.g., some technologies could have been assigned
to more than one cell). This displays on one hand the nature of these
devices but on the other hand the taxonomy’s limits and thus rela-
tive lack in flexibility, as raised by some interview partners. In the
same direction, devices were sometimes evaluated in combination
further testing of the taxonomy. However, before such an initia-
tive is put into motion, the taxonomy would need to be adapted
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o reflect the updated version of the EU’s regulatory framework
MDR), which succeeded its development. The main change would
ntail modifying the row assignment and underlying classification
riteria (e.g., a new risk classification system for in vitro MDs; a draft
pdated version and explanatory notes can be found in the Online
ppendix). The new classification criteria might have an impact on

he distribution of reports across the taxonomy, assuming that even
ore reports will be assigned to the green cells.

.4. Strengths and limitations of this work

The independent filtering of reports by two researchers as well
s the consultation of one more in undecided cases aimed to reduce
he potential risk of errors during the screening process. Previous
xperience in the area of MD  assessment and the language skills
f the researchers contributed to the construction of a compre-
ensive yet manageable report pool. In addition, the systematic
pproach used to identify the institutions involved in MD assess-
ent as a basis for collecting HTA reports and contacting experts

or the interviews, lead to a representative sample of reports and a
ample of interviewed institutions with a varied level of experience
n MD  assessment, allowing for a rounded review of the taxonomic

odel. In few cases, insufficient information about the evaluated
echnology was given in the reports; thus, despite our best efforts,
e cannot exclude the possibility that some reports may  have been

ssigned to a wrong cell in the taxonomy. Furthermore, for this
ork no distinction was made between tests with a purely diag-
ostic compared to a prognostic nature, which also detracts from
he granularity of results.

. Conclusions

The results of the quantitative testing generally confirm that
he taxonomy is plausible and the results of the qualitative testing
upport its usefulness and/or applicability in daily HTA practice.
ased on these findings, we propose that a revised version of the
axonomy could i) serve as a helpful tool for institutions tasked with
electing technologies for assessment, especially those who  have
ot yet developed specific and structured programmes to do so, and

i) trigger some fruitful discussions about the prioritisation of MDs
tself. The developed taxonomy aimed to provide the conceptual
ramework for a classification in the logic of HTA. It is to be viewed
s a dynamic model that can incorporate changes or be used as a
asis for device-specific methodological guidance. Future work will
ocus on these elements.
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