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1. INTRODUCTION TO VascAgeNet

The concept of vascular ageing, defined as the development of a
number of alterations in artery structure and function, induced by
aging, accelerated by the integrated effect of genetic and environ-
mental factors and associated with cardiovascular disease, is widely
known and accepted [1,2]. Arterial stiffness is one of the clinical
manifestations of vascular ageing. Over the last two decades, a
mounting body of evidence has been gathered to demonstrate the
potential of arterial stiffness as a risk predictor for cardiovascular
morbidity and mortality [3,4], and as an appealing therapeutic target
[5]. However, despite of the mounting evidence and recent advances
in the assessment of vascular ageing and arterial stiffness, unmet
needs remain which hinder wide-spread use in clinical practice and
accentuation in current guidelines for hypertension management.
These unmet needs include the complexity of use and heterogeneity
of approaches (i.e., lack of easy to use, affordable equipment), and
insufficient validation in clinical settings, as none of the available
biomarkers fulfills all of the criteria to be considered a surrogate
endpoint [6]. Furthermore, research in this domain is performed
in Europe and worldwide, but mainly independently in special-
ized research labs. Thus, the aim of the COST Action VascAgeNet
(CA 18216; https://www.cost.eu/actions/ CA18216/) is to establish a
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VascAgeNet is a new European network which will join forces in order to refine, harmonize and promote the vascular ageing
concept. It aims to bring innovations in cardiovascular research from bench to bedside and to establish assessment of vascular
ageing in clinical practice. The interdisciplinary, inter-country and intersectional approach will enable all important players
at the different stages of the innovation process to come together, as recommended in the triple or quadruple helix model of
innovation, in order to guarantee best solutions. This is deemed necessary in order for economic and revolutionary solutions
to be fit for wide-spread clinical use, especially in low-income and inclusiveness target countries. Thus, a clear case exists for
a strong collaboration between science and industry, to foster innovations and breakthroughs in vascular ageing in order to
improve clinical practice and to reduce the burden of cardiovascular diseases globally.
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network which will refine, harmonize and promote the use of vas-
cular ageing measures, in order to improve clinical practice and to
reduce the burden of cardiovascular diseases globally.

VascAgeNet will “refine” already existing as well as novel, easy-
to-use technologies for the diagnosis, prevention, treatment and
monitoring of vascular ageing; “harmonize” knowledge and data
to complete clinical validation of the most established surrogate
endpoints, including head-to-head comparisons of different tech-
niques and identify gaps and; “promote” a vascular ageing culture
and propagate the use of technologies and preventative strategies.
To achieve these ambitious goals, VascAgeNet will bring science
and industry together to allow for a knowledge transfer for better
technology in cardiovascular research and to translate research
from bench to bedside.

The work plan is especially designed for a close collaboration
between all disciplines and players. The content-related Working
Groups (WGs) will focus on physiological and technical back-
ground to refine the understanding on mechanisms of vascular
ageing and to reach consensus of the application of models for the
assessment of vascular ageing (WG2); technological aspects lead-
ing to standardization and head-to-head comparison of existing
techniques and to validation of these (WG3) and; harmonization of
existing data and research studies to form the foundations for large,
interventional studies (WG4). WG2-4 will be accompanied by two
capacity-building working groups (WG1 and WGS5). For details,
see Climie et al. [7].
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2. THE INNOVATION PROCESS IN
CARDIOVASCULAR RESEARCH

Innovation is derived from the Latin word innovare, which means
“to innovate, to reform, to change” and thus is defined as “the intro-
duction of something new” or “a new idea, method, or device” [8].
The innovation process describes the translation process from new
and/or existing knowledge and technology to marketable solutions
[9], thus is reflective of the translation from science to industry.
There are several ways of describing the different stages of the inno-
vation process, with one of the simplest being: (1) idea creation,
(2) proof-of-concept, (3) development, and (4) market (adapted
from Dorner et al. [10]).

There is consensus that best innovations result from cooperation
between, and strategically consulting of specialized and complemen-
tary entities at all stages of the innovation process [11]. For the inter-
action between academia, industry and governments, in the 1990s,
the triple helix model of innovation was developed and theorized
to be a key component of any national or multi-national innovation
strategy [12]. Etzowitz and Leydesdorff stated that “the focus on inter-
actions between institutions of fundamental research on the supply
side and corporations has not only been reflected in technology pol-
icies, but also in technology studies” [12]. The triple helix model is
widely applied in different domains (e.g., [13,14]) and can also be
easily translated to innovations in the cardiovascular (i.e., medical)
domain. An extension of the triple helix model by including civil soci-
ety as a fourth entity led to the quadruple helix model with the aim to
bridge the gaps between innovation and civil society [15,16].

For innovation in cardiovascular research, the following players
are of importance: (1) basic Research and Development (R&D),
(2) industry, (3) clinical science, and, in an extended view, (4) the
patients. Importantly, patients are involved and represented either
via the clinicians or in a fourth dimension to ensure their accep-
tance of the innovation. The different players can be easily mapped
to the concept of the triple or quadruple helix as can be seen in
Figure 1. Thus, best innovation happens in the overlap represent-
ing the interaction of all involved players. This is demonstrated in
detail for the triple helix (see Figure 1A) in the following (adapted
from Eriksson et al. [13]): (1) if industry and basic research and
development are the only factors, the outcome may not be widely
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accepted by clinicians and patients; (2) if only industry and clinical
science (representing clinicians and patients) are working together,
the result may be old-fashioned; (3) if only basic research and
development and clinical science in turn are included, the solution
may be uneconomical. This suggests that it is important that all
players interact at the different stages of the innovation process to
create highly accepted, innovative and cost-effective solutions.

Similarly, activities for the different players in the different stages
of the innovation process can be defined, whereas a close collab-
oration and interaction at all stages is of uttermost importance.
Figure 2 demonstrates example activities which are needed for a
biomarker to fulfill all of the criteria to be considered a surrogate
endpoint [6,17]. These activities range from the idea creation stage
from basic research results or newly developed models by basic
R&D, to ideas based on available products and customer feedback
from industry, and the input about physiological background and
unmet clinical needs from clinical science representing clinicians and
patients. In the proof-of-concept phase, first prototypes and feasibil-
ity studies are available, triggered by R&D, taken-up and streamlined
with the existing portfolio by industry, and tested for the first time to
create data and first feedback by selected key-opinion-leaders. In the
development stage, ease of use and translation to industry are targeted
by R&D, and industry needs to think about certification according
to medical device regulations and about the development of suitable
business models. At this stage, clinical science plays an important role
regarding validation and demonstrating the biomarkers additional
value and clinical utility. Finally, placing the medical device on the
market leads to out-licensing of technology by R&D; marketing and
cost-effective analysis by industry, and further clinical research to
prove clinical outcome and to provide reference values. These activi-
ties are just examples and do not claim completeness.

3. HOW VascAgeNet IS SET UP FOR
FOSTERING THE INNOVATION PROCESS
FOR TECHNOLOGY TRANSFER IN
CARDIOVASCULAR RESEARCH

One of the main objectives of VascAgeNet is to create innovation
in the cardiovascular domain with special emphasis on easy to use,
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Figure 1 Triple helix (A) and quadruple helix (B) model of innovation applied to cardiovascular research (adapted from Eriksson et al. [13]).
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Figure 2 Examples of activities for the different players at the different stages of the innovation process in cardiovascular research. KOL, key-opinion-

leader; MDR, medical device regulation.
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Figure 3 Mapping of the VascAgeNet Working Groups on the triple
helix model of innovation.

affordable and validated equipment. This will be achieved by coor-
dinating ongoing research in an interdisciplinary, inter-country
and intersectoral network, which aims to connect and promote
knowledge transfer between researchers, practitioners, patients and
companies [7]. Figure 3 shows that one of the aims of VascAgeNet
is to stimulate collaboration between the important players in
cardiovascular research in the different working groups, which
are mapped on the triple helix model of innovation displayed in
Figure 1 A. This approach is necessary in order for new innovations

to move from bench to bedside and to establish vascular ageing
assessment in routine clinical practice. Similarly, all activities from
the different players from the different stages of the innovation
process (Figure 2) can be mapped to the activities planned for the
WGs of VascAgeNet (Figure 4). For example, output from WG2 in
the idea creation phase will be to summarize current knowledge
on mechanisms of vascular ageing, derived from basic research,
and on genetics of vascular ageing combining the knowledge and
skills of basic research and physiological background from clinical
science. Another example of the output of WG2 in the first inno-
vation stage is to reach consensus on the application, differences,
interplay, limitations and potential complementarity of different
mathematical models and techniques used for vascular ageing
assessment advancing their potential clinical application. This
again combines the expertise of R&D and industry. Other activities
in the innovation process are covered in WG3. One of the most
important tasks of this WG will be to harmonize and standardize
techniques for vascular ageing assessment, which is directly related
to the proof-of-concept stage. Another task that WG3 will deal
with is the creation of a framework to support the development
and validation of innovative techniques, thus is directly related to
the development stage in terms of certification and validation, and
as well important for subsequent cost-effectiveness analyses in the
last stage of the innovation process. Again, not only industry will be
involved, but also R&D and clinical science to ensure the collabo-
ration as suggested in the triple helix model. As already mentioned,
WG4 is mainly dealing with data and clinical studies which are the
foundations for validation, showing incremental value and clini-
cal utility, clinical outcomes and reference values, which are part of
the development and marketing stages of the innovation process.
This will again require interaction between the different players.
The important and continuous collaboration between the play-
ers and working groups will be ensured by an accompanying WG
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Figure 4 Mapping of the VascAgeNet Working Groups on the different activities in the innovation process.

focused on dynamic exchange (WG1; for details see Climie et al.
[7]). Promotion of the concept of vascular ageing at the scientific
level and also education of the broader community will be import-
ant to sustain the collaborations between science and technology.
Thus, dissemination of results from VascAgeNet and the general
concept of vascular ageing will focus on the scientific community
and clinicians, stakeholders including (European) guideline com-
mittees and societies, health care systems and insurers, patients and
the general public (WG5; [7]).

4. CONCLUSION

To foster innovation, collaboration between different players at the
different stages of the innovation process is not only important, but
necessary. Despite mounting evidence for the usefulness of arterial
stiffness and vascular ageing biomarkers for risk predication, these
are currently not measured in clinical practice, due to lack of easy
to use and validated technology. This is where science (i.e., clinical
science, basic research and development) and industry should work
together to overcome these barriers and remaining unmet needs. The
collaboration of the different players in the innovation process offers
a unique opportunity to take important steps forward. VascAgeNet
will provide a platform for this fruitful exchange in the next 4 years.
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