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Abstract

provide new opportunities.

Medical devices are subject to strict regulatory and approval processes to enter the market and to be used by opera-
tors and patients. These are needed to guarantee the users'safety. The different activities of these processes have
important implications for all involved stakeholders and for the whole lifecycle of a medical device. The aim of this
work is to provide an overview of some key aspects of the new EU Medical Device Regulation and to show why
researchers, innovators and clinicians should care about it. Awareness of regulatory requirements can improve the
innovation process and its efficiency in terms of both social and ethical impact, but this awareness needs to be raised
in the upcoming months and years. One can shortly say “yes, one needs to take care” of the new EU Medical Device
Regulation. First and foremost, it is crucial for the sake of the users’safety, which is the regulation’s intrinsic goal.
Second, it should not just be seen as an obstacle for new innovations in the medical domain, but as a chance as it can
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1 Background

According to the European Commission [1], “medical
devices have a fundamental role in saving lives by pro-
viding innovative healthcare solutions for the diagnosis,
prevention, monitoring, prediction, prognosis, treatment
or alleviation of disease” More specifically, the Euro-
pean Union (EU) market includes thousands of medical
devices. Thus, the sector is not only essential for health-
care services to citizens, but as well crucial for the global
economy.

Within this context, there is a need to guarantee safety
and availability of different systems, aimed at improv-
ing or saving lives. Since this is a huge and heterogene-
ous market, dedicated rules are needed. Recently, the
new Regulation MDR (EU) 2017/745 [2] came into force
introducing further and more explicit requirements
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related to the activities of the players involved in the
development process of medical devices.

2 Medical Devices Regulation

Regulation is based on rules about the development, vali-
dation, and maintenance of medical devices. More spe-
cifically, medical devices are defined as systems intended
to be used in humans for diagnosis, prevention, monitor-
ing, treatment or alleviation of a disease or an injury [2].
The application of specific rules in this field leads to regu-
lated products supervised by Government and Author-
ized Entities (i.e., Notified Bodies) for market approval
as described in Fig. 1. The main aim of this process is to
guarantee the introduction and maintenance of effective
technologies that can be safely adopted by the users [3].
Many of the technologies developed and adopted for vas-
cular ageing assessment are intended to be used for the
monitoring and the prevention of vascular alterations and
thus fall into the medical device framework [4]. Aware-
ness of the basic concepts related to the approval to mar-
ket and maintenance processes is a valuable background

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-1827-8866
http://orcid.org/0000-0002-5612-5481
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s44200-022-00014-0&domain=pdf

Bianchini and Mayer Artery Research (2022) 28:55-60

56

IIII
J)

S

Pre-clinical
Project and Clinical
plan technical evaluvation
testing .
X 0 x L)

Fig. 1 Summary of the market approval process for a medical device. After identifying the intended use of a new system, a regulatory strategy can
be planned. During the project development tests are performed and data are collected. Once the evidence in terms of safety and performance of
the device is adequate, approval can be obtained. Post-market activities have to be implemented for the whole life-cycle of the device taking into
account benefits-risks balance and providing evidence through controlled documentation and procedures

for the main involved stakeholders that can speed-up the
innovation process in the field.
Icons’ source for the picture: https://www.flaticon.com

3 The Innovation Process

Innovation in medicine and its relation with legislation
are often under debate due to the important interplay
between on the one hand the priority on the safety for
users, and on the other hand simultaneously guaranty-
ing technological improvement and evolution provided
by inventors [5-7]. Models are available for the descrip-
tion of new medical technology development. Accord-
ing to the Stanford Biodesign framework, the innovation
process can be managed according to the “three I” main
phases [8]. This approach can be applied to different
fields of life science and it is particularly suitable for
cardiovascular medicine given its wide range of clinical
applications [9]. In particular, the process suggest that
unmet clinical needs have to be identified, solutions to
address them have to be invented and systems for the
end-users have to be implemented (Fig. 2). When detail-
ing these steps, it clearly emerges that each of them has
to deal with regulatory aspects. The identification phase
requires to take into account the main stakeholders and
their roles, the invention process needs to analyze leg-
islation requirements and the implementation activity
includes a regulatory strategy. Consequently, regulation
is a transversal theme of medical technology develop-
ment impacting the whole lifecycle of a device and it
should be considered already at the design phase. This
consideration and the release of a new EU Regulation
pose emphasis on the key role of clinicians and scientists
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Fig. 2 Within the Biodesign framework describing the innovation
process for medical technologies [8], unmet clinical needs have
to be identified, solutions to address them have to be invented
and systems for the end-users have to be implemented. Different
stake-holders are involved and each phase has to deal with
Regulation

within the process and because of their awareness about
specific requirements of a medical device.

4 The New EU Regulation

4.1 General Description

Advances and diffusion of innovative solutions in medi-
cine have led to discussion about interpretation and
application of the past Directives related to medical
devices (Directives 93/42/EEC and 2007/47/EC). In this
context, a new regulatory framework which governs mar-
ket access to the European Union has been planned and
implemented to provide legislation aligned as much as
possible to technological evolution and that could be uni-
form throughout the EU panorama. MDR (EU) 2017/745
Medical Devices Regulation was officially published on
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May 5, 2017 and entered into force on May 26, 2017.
The legislation provides a three-year transition time
(extended by 1 year due to the COVID-19 pandemic,
until May 26, 2021) to meet the requirements of the
MDR and allow manufacturers to place medical devices
on the EU market following new rules. In contrast to
the past Directives, regulations are directly applicable
into national law, thus, reducing discrepancies around
the European Union. In general, no requirements from
the Directives have been removed and MDR added new
ones. It is worth noting that all the medical devices have
to be re-certified according to the new process, introduc-
ing a life-cycle approach to safety, supported by data.

4.2 Main Changes in Legislation Impacting the Activities
of Clinicians and Scientists

MDR was created as a real new Certification with further
requirements (e.g., obligation for the manufacturers of a
new role, within the organization, responsible for regula-
tory compliance) and stricter measures (e.g., more rigor-
ous post-market surveillance and vigilance) in line with
the current global medical device market. More specifi-
cally, the introduction of new requirements aims to guar-
antee the safety of users thanks to greater transparency
and better traceability of medical devices. Among the
changes introduced by the new Regulation, some aspects
are worth underlining due to their potential impact on
activities performed by clinicians and scientists and will
be described in the next paragraphs.

4.2.1 Classification Rules and Scope Expansion

Medical devices are classified according to a risk-based
approach considering safety of users a priority and evalu-
ating the potential risks associated with use of the device.
This framework adopts criteria (e.g., invasiveness, source
of energy, potential toxicity etc.), named “classification
rules” (Annex VIII of MDR). These criteria lead to four
main classes: I (lowest risk), Ila, IIb, III (highest risk),
see Fig. 3. MDR has a wider scope and reclassifies some
types of systems with respect to the previous Directives.
For instance, the Regulation refers to techniques for dis-
infecting and sterilizing other medical devices that previ-
ously were not included. An interesting example related
to innovative approaches widely adopted in medicine
and in vascular ageing assessment is the higher attention
placed on Medical Device Software (MDSW). Qualifi-
cation has been made clearer, since “software which is
intended to process, analyze, create or modify medical
information” may be defined as a medical device “if the
creation or modification of that information is governed
by a medical intended purpose” [10]. In addition, a new
classification rule (MDR rule 11, annex VIII) specifically
for software has been introduced and it provides more
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Fig. 3 Risk based classification of medical devices according to EU
Regulation. As reported in [4] many medical devices adopted for
vascular ageing assessment fall at least in class lla. Icons' source for
the picture: https://www.flaticon.com

explicit requirements than in the past. These changes will
lead to a clarification for the qualification of some tools
as medical devices and the update of many medical soft-
ware products, already approved, to classes of higher risk
and therefore to more complex certification processes.
As a consequence, a more rigorous development and
maintenance process for these is required. The clarifica-
tion and re-classification have an impact on the activities
of all involved actors starting from the design phase.

4.2.2 Explicit Obligation of a System for Risk Management

Risk has to be managed not only in the classification
phase, but for the whole lifecycle of a device. MDR
(Article 10, 2) requires Manufacturers to establish, doc-
ument, implement and maintain a safety risk manage-
ment system for the product. Risks associated with the
device, including those related to human factors, must
be reduced as far as possible and a process for risk man-
agement must be implemented. All residual risks must
be outbalanced by the benefits related to the intended
use of the device and risk mitigations must be effec-
tive throughout the life of the device. This transversal
approach implies that risk-related requirements must be
considered since the design phase, where inventors, cli-
nicians and scientists might be involved. Moreover, the
users’ role and their feedback are crucial and required for
the whole lifecycle of the device. Finally, the value of the
device introduced on the market needs to be described
in terms of “clinical benefit leading to positive impact on
patient-relevant clinical outcome” [2, 11]. Clearly, this is a
complex process involving not only the manufacturer but
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the whole scientific community whose experiences and
areas of expertise play a fundamental role.

4.2.3 More Rigorous Clinical Evidence About Safety
and Performance

Clinical Evaluation is strictly related to the risk manage-
ment mentioned above. MDR requires a more system-
atic approach and underlines the importance of planning
and performing this activity, based on clinical data that
provide evidence about safety and performance, as well
as on the acceptability of the benefit-risk in adopting it.
The process is based on the collection and assessment of
data relating to a specific device. The analysis can include
already existing data (e.g., related to similar or equivalent
devices) or new data (Fig. 4). The need for new studies
in humans, named clinical investigations, depends on the
ability of existing data to adequately address the benefit/
risk profile, claims, and side-effects to comply with the
applicable Requirements [6]. The key role of a sponsor
of a clinical investigation is clearly stated in MDR Article
2(49), as: “any individual, company, institution or organi-
zation which takes responsibility for the initiation, for the
management and setting up of the financing of the clini-
cal investigation” [2]. Once a system is approved for use,
clinical data have to be continuously updated through a
post-market activity. It is worth noting that this complex
work is also based on the contributions of several stake-
holders and requires the support of independent and
qualified personnel [12—14]. Moreover, evidence derived
by the adoption of an independent medical device regis-
try could be valuable for the whole process.

4.2.4 Creation of a Framework for Traceability

The new Regulation reinforces and supports the imple-
mentation of device traceability with the introduction of
the UDI system (unique device identification, Art 28), a
unique numeric or alphanumeric code [15]. In addition,
MDR introduces Eudamed (https://ec.europa.eu/tools/
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Fig. 4 Clinical evidence can be derived from different sources:
existing data or new studies. The activity needs to be implemented
both for new systems and for those already on the market. Icon’s
source for the picture: https://www.flaticon.com
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eudamed/#/screen/home, Art. 33-34). It is a platform
aimed to collect key information from all EU countries
in a single publicly available database. This database will
allow to monitor the safety and performance of medical
devices available on the EU market and to improve trans-
parency of data related to them. Eudamed includes six
main modules related to: stakeholder registration, unique
device identification (UDI) and device registration, noti-
fied bodies and certificates, clinical investigations and
performance studies, vigilance and market surveillance.

These tools implement a model that requires efforts by
the actors and provides more information to everybody
than in the past. The approach is based on more rigor-
ous post market activities and more data available for
the Society, without discrepancy around EU. It aims to
reinforced traceability and transparency for the medical
devices market, an improvement strongly suggested and
discussed, especially for high-risk systems, by the Scien-
tific Community [16-18].

5 Discussion and Conclusions

The European Unions new regulatory framework for
medical devices has introduced changes that have impli-
cations for systems already on the market and for the
development of new devices.

In particular, contributions by all stakeholders, includ-
ing the scientific community, are required for a complex
and transversal approach based on risk management,
clinical evidence, traceability and transparency. Moreo-
ver, MDR has a wider scope and introduces further clas-
sification rules with respect to the previous Directives.
A specific example is Medical Device Software, that are
frequently adopted in vascular ageing assessment, both
in clinical and research activities. Medical Device Soft-
ware plays a crucial role in the modern medicine. It was
already included in the previous Directives, but has now
been more clearly described both in terms of qualifica-
tion and classification. Open issues regarding operative
guidelines are still open especially for the most innova-
tive implementations. As an example, the availability of
large data sets together with the expansion of computa-
tional models and power is providing a huge step ahead
for the role of bio-signal and image analysis in medicine
thanks to the development of Artificial Intelligence (Al)
approaches. Al solutions are based on dynamic and ever
evolving systems and validation and approval processes,
based on risk assessment, need to be adapted also to
these types of applications. Strategies and procedures
based on scientific approaches, which are able to support
innovation and to maintain the safety for users as a pri-
ority, are desirable and need the involvement of experts
[14].
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As previously mentioned, within the innovation pro-
cess, scientists and clinicians play a key role as inven-
tors, developers and validators [8]. In addition, the
device’s life-cycle approach supported by data, required
by MDR, clarifies also the continuous need of exper-
tise and involvement from the scientific community
to guarantee safety and performance related to the
adopted technologies. The current pandemic period, as
described in [19], has been an opportunity to underline
the role of scientists and clinicians within this process.
In crisis conditions, specific questions can be rapidly
addressed only by experts who have to be able to com-
municate answers to the society including politicians
and regulators. On the one hand, regulatory frame-
works open to Science and its results with a safe but
also flexible approach are desirable for providing the
best health strategies to patients and operators. On the
other hand, an alert scientific community aware of the
process and requirements for approval of new medical
devices and maintenance of those already in use, can
strongly improve the effectiveness of modern medicine.
Osmosis among the different actors is crucial for the
creation of a fruitful and solid basis supporting evolu-
tion of technology and application of rules.

The technology adoption lifecycle for disruptive inno-
vation has been described by Moore’s theories [20],
where five main segments of users are recognized: inno-
vators, early adopters, early majority, late majority and
laggards. Currently, we, as community involved in the
vascular ageing assessment, are probably dealing with the
most difficult step: the transition between early adopters
and early majority. Several initiatives are planned and
implemented in this direction, including development of
more usable technologies, validation and clinical stud-
ies, definition of guidelines and networking projects [21,
22]. A further piece for crossing this chasm could be built
thanks to increased awareness of regulatory concepts and
of the key role that our scientific community can play in
implementation and debate around them.

In conclusion, one can say “yes, one needs to take care”
of the new Medical Device Regulation. First and fore-
most, it is crucial for the sake of the users’ safety. Sec-
ondly, it should not just be seen as an obstacle for new
innovations in the medical domain, but as a chance. The
whole process aims to ensure quality and efficacy of new
devices, and thus help companies to enter the market and
to be distinguishable from non-medical or non-certified
devices. Anyway, there is still uncertainty for the involved
stakeholders, thus debating and raising awareness is cru-
cial. To do so, as a first step investigation of perception
and identification of the current state of knowledge and
of gaps in knowledge (e.g., via a survey) are important.
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