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Abstract

This article sought to analyze the innovation ecosystems in health,
countries that develop them and the theoretical models they resort to.
To this end, three databases carried out a systematic review through a
bibliographic search in English, Spanish and Portuguese. 40% of
health innovation ecosystems are in the USA, 13% in South Africa, 10%
in the UK, 6.67% in Namibia, and 30% in various countries. Of the
theoretical models used, 13% resort to the quadruple helix, open
innovation 13%, the triple helix 10%, and ehealth 7%. The USA
concentrated the development of innovation ecosystems. Quadruple
helix and open innovation, were the theorical models frequently used,
both includes society as part of its implementation.
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Introduction

Innovation generates knowledge and comprehensively addresses solutions of all kinds, including health, environment,
poverty, and security.' Innovation can become a solution for health equity,” this becomes tangible through medical
devices, care models, health processes, and medications, where scientific and technological health knowledge is critical.”

Innovation ecosystems are today considered the most prominent driver to be built and nurtured to reap innovation's
benefits. It reflects a paradigm shift, where innovation is becoming a centerpiece of a socioeconomic development model
for cities and regions.”

Several authors have defined this structure, Walrave et al. conceive it as a network of interdependent actors that combine
specialized but complementary resources or capabilities in the quest to co-create and deliver a global value proposition
to end users and receive the derived gains in the process.” For his part, Gobble indicates that “they are dynamic and
purposeful communities with complex and intertwined relationships based on collaboration, trust, and co-creation of

» 6

value and specialized in the exploitation of a shared set of complementary technologies or competencies”.

Different theoretical models have been proposed in the literature to structure or manage innovation ecosystems:
quadruple helix, triple helix, open innovation, and digital systems, among others. They differ in the conformation of
the actors involved and the methodology for the approach to developing innovation projects. Nevertheless, the above
ends up being relevant at the moment of knowing the dynamics, not only of the components that interact within it, but also
from the perspective of the actors that integrate it.

This article aims to analyze health innovation ecosystems to learn about the countries where they are developed and the
theoretical models to which they resort.

Methods

This systematic review was conducted by searching PubMed, IEEE, and Science Direct databases for articles focused on
health innovation ecosystems, published from January 2010 to December 2020, relevant to some types of health
innovations articulated in an ecosystem.

Identification

MeSH validated search terms were used: “innovation”, “ecosystem”, “politics”, “Health”, “Process”, “System”. In
addition, additional articles were identified by performing similar searches in Google Scholar and reviewing references
identified in relevant publications.

The search strategy used for the databases was ALL ((“Innovation” AND “Ecosystem” AND “Health”) OR (*“Politics”
AND “Innovation” AND “Health”) OR (“System” AND “Innovation” AND “Health”) OR (“Process” AND
“Innovation” AND “Health”)).

Screening

We excluded articles related to innovation ecosystems in fields other than health. Conference presentations, congresses,
or trials on innovation were excluded. The authors applied inclusion and exclusion criteria independently (abstract and
full article), and consensus resolved uncertainty.

Inclusion
Atleast two authors independently extracted data using an excel template designed for this systematic review. In addition,
the included results reviewed by an external reviewer.

The quality of evidence assessed using the Standard Quality Assessment Criteria for Evaluating Primary Research Papers
from a Variety of Fields and the SANRA (Scale for the quality Assessment of Narrative Review Articles) guidelines. It
was established that quantitative papers with a score equal to or higher than 10 would be taken into account; for qualitative
papers, the score would be equal to or higher than 8, and for systematic reviews, the score would be 6.

The ROBIS tool was used to assess the risk of bias in the systematic review, using a rigorous methodology for the different

research domains: study eligibility criteria, identification and selection of studies, data collection, evaluation of the study,
synthesis, and findings.
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The results were plotted in a structural network diagram considering the relevance, intermediation, and relevance of the
different nodes (innovation ecosystem actors and innovation models), identifying the relationships between nodes
according to the results to analyze the models with the best connections and the most relevant actors.

The included studies were evaluated with the screening instrument “PRISMA” and the main results met the inclusion
criteria.

Search

For this, a peer review is applied, blindly and independently, who must review the list of studies thrown by title or abstract
for a first sieve, following a checklist (inclusion criteria) to make the decision if the study is included/excluded. In the first
stage, controversies (contrary decisions between the two evaluators) were resolved by consensus; in case of not achieving
it, a third evaluator made the decision. Items included in the first sieve were equally divided for full-text reading for the
purpose of evaluating the usefulness of the article and extracting the information of interest defined in the domain of
analysis.

Rayyan was implemented as a tool to manage evaluation and inclusion of the studies organized by labels according to the
inclusion and exclusion criteria. Once the title had been read, and the abstract was classified into labels according to the
criteria, if the article was excluded, the reason was related according to already established labels.

The protocol rests on the research and innovation committee at the Faculty of Medicine and the Graduate School of
Universidad CES.

Results
The variables taken into account in the results are: year, city, theory or model used in the innovation ecosystem, health
area involved, type of health professionals who participated.

The initial search yielded 285 articles; after eliminating duplicates, 278 articles remained; after reading the titles,
94 articles were selected; after reading the abstracts, 56 articles were selected, and 20 papers focusing on information
technologies were not taken into account. Finally, the articles were read applying the defined inclusion criteria, and
32 articles were selected.

According to the SANRA guide (scale for the quality assessment of narrative review articles), 30 articles were analyzed
for review of quality criteria; two articles were excluded since the qualification according to the defined guide was lower
than indicated (Figure 1). The data is available in the dataset called Ecosystem in health located in the DOI https://doi.
org/10.7910/DVN/NKFCKF

The possible causes of the heterogeneity between the results of the study are that the studies were classified in terms of:
Emerging technologies, Innovation and research, and Information technology, these were included; Conferences, Smart
cities, Other health issues, Education, and Ecology, were excluded due to the focus of what is intended in the objective of
the study.

Regarding the health innovation ecosystems reviewed, 40% are located in the USA, 13.3% in South Africa, 10% in the
UK, 6.67% in Namibia, and the remaining ecosystems represent 30% (Figure 2).

Concerning the models used in the analyzed health innovation ecosystems, we observed that the quadruple helix is
equivalent to 13%, open innovation represents 13%, the triple helix corresponds to 10%, and ehealth (use of information
and communication technologies for health) corresponds to 7%. In addition, the review shows other models which were
the basis for this design.

The innovation ecosystems found in the literature were specialized in the health area. Thus, six models were widely
applied to health areas; eight were about digital health and other specialized ecosystems (Table 1).

Actors involved in these ecosystems, which also promote healthcare, have primarily supported the concept that new,
emerging innovations and technologies can transform healthcare into an increasingly patient-centered and transparent

model, thus improving outcomes and reducing costs.

One of the analyzed categories was the functioning of the ecosystem in terms of its processes in certain relevant aspects
such as ethical, political, and legal components. As well as management of ideas, involvement of users in usability
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Figure 2. Countries where health innovation ecosystems are developed.
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Figure 3. Graph of relationship nodes of the actors in the framework of innovation ecosystems.

processes, all centered on protocols, guidelines or care models, confidentiality or privacy in the handled information, staff
training and education, culture management, and in some cases, investors are included in the ecosystem. All always have
healthcare at the center or as a relevant topic.

The innovation ecosystems' functioning, processes, and tools vary according to the model used and the actors involved, as
shown in Table 1. The cooperation of the actors is essential for articulating and generating the expected results for the
developed ecosystem. Synergy is presented to achieve joint actions of the ecosystem elements and to give better results.
Cooperation among several actors allows for more significant overall effects than the sum of the benefits each would
achieve individually. This is why an innovation ecosystem determines the evolving set of actors, activities, artifacts, and
institutions, including complementary and substitutive relationships, which are essential for the innovative performance
of an actor or a population of actors. It is where these structures' different actors' connections must be recognized.

A network diagram was used to identify which innovation models were most relevant in this systematic review and which
actors were most connected (Figure 3).

When analyzing the trends or critical nodes in the health innovation ecosystems and the actors that are part of them
(Figure 2), the first most relevant trend or node is that of hospitals/clinics, which are considered as the “enterprise” and
cover different levels of care, and for the present review, are of a medium or high level of complexity. This trend or node is
related to 13 theories presented in this work and the different actors (state, academia, and community).

In second place is the tendency or node of patients who are part of the community and are people who have different
pathologies or are related to their country's health system in different ways. This node has 11 connections with the
theories, and the theory of the triple helix systems presents the most significant relationship.

Regarding the nodes with the highest relevance according to the quadruple helix theory, in the community helix, the
patients' node has a relevance of 0.917/1; in the state helix, the government node has a relevance of 0.739/1; in the
company helix, the pharmaceuticals node has arelevance of 0.661/1, and in the academy helix the researchers' node has a
relevance of 0.470/1.

The node of the actors had the highest intermediation with hospitals/clinics with a value of 367.17, indicating that this is a
cut-off vertex for many geodesics between actors. Likewise, the node of models with the highest intermediation was the
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triple helix system with a value of 279.14, showing that this node had the highest frequency among the geodesics or the
shortest paths of other actors.

Nodes with the highest relevance or importance were hospitals/clinics, with a value of 1/1, patients with a value of
0.917/1, and the triple helix system with a value of 0.851/1. In fourth place was the government node with 0.739/1, and in
fifth was the digital health community network with a value of 0.729/1. These nodes were the most involved in many ties,
being the most popular.

The most relevant model was the triple helix system with 0.851 out of 1, with 11 relationships and intermediation of
279.14. On the other hand, the least relevant model was the so-called learning healthcare system with 0.163/1 with three
relationships and intermediation of 27.49.

Discussion

The analyzed health innovation ecosystems recognized the complexity and importance of the interactions of the different
actors in the innovation process. They had very accentuated factors in health, facilitated the understanding of the
dynamics of health in the city where they were installed, some supported the formulation of public policies, and facilitated
the identification of regulatory failures. Also, they recognize the role of users/patients/citizens, companies, organizations,
and government as essential factors for creating social value.

The models had components consisting of university, industry, and government spheres. Each with arange of actors, such
as individual and institutional; innovators in R&D and between institutions hybrids. Relationships between components
technology, transfer, collaboration, conflict moderation, collaborative leadership, substitution, and networking. Perfor-
mance systems generate diffusion and utilization of knowledge and innovation in business, social, cultural, and political
environments seeking consensus.

Starting from the notion of Walrave ef al.” on an innovation ecosystem and throughout this review, it can be understood
that the actors identified in said ecosystems are diverse but have a common goal, to enhance an aspect of health in which
the region or country wishes to advance due to its impact. Health areas with this development range from pediatrics,
urology, and surgery, among others. Ultimately, these ecosystems integrate actors, processes, tools, and resources,
generating an impact on patients. All ecosystems aim to improve citizens' quality of life and medical care.

The most used model in these ecosystems is the quadruple helix, based on the approach of Etzkowitz and Leydesdorff.
These authors conceptualize innovation ecosystems as “inclusive because the university leads the generation and transfer
of knowledge to society through reciprocal and continuous relationships with industry”.° This model increases the
probability of innovation regardless of the type (product, process, services, or a combination of these). Furthermore, the
greater the number of agents that cooperate in the model, the greater the chances of business innovation, confirming a

synergistic effect between agents.”’

In particular, the quadruple helix model was identified in the review as one of the most frequent in the included
publications. This model focuses on taking advantage of the learning processes and dynamics that allow the hierarchical
policies of the university, industry, government, and society's priorities to interact with each other. In this way, and taking
into account the current dynamics of societies and, in line with including inclusive models, their increased frequency can
be explained.*

The growing potential to benefit from innovations highlights a significant problem faced by health systems: how to take
advantage of the knowledge developed in these solutions that generally face many resource challenges in reaching
patients.”” Access to health services through hub-and-spoke service delivery models that as drivers of diffusion have
complementarity with the existing medical infrastructure of institutions and reduce barriers to solution-mediated access
with solutions such as the implementation of telehealth and other approaches.

The impact of innovation processes has been widely explored in the public health literature, and there is a consensus
among the innovation ecosystem actors and public health policymakers that adopting innovation in its different types
promotes an increase in the population's health status.

However, the frameworks, models, and tools used by the different innovation ecosystems in the world and identified in
this review correspond only to those that have been the subject of academic analysis and are published in scientific
journals. Thus, gray literature may have left out other ecosystems presented to the community in general. Therefore, the
results of this review should be considered in this sense.
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Future studies suggest evaluating ecosystems in terms of integrity, efficiency, effectiveness and robustness, fragility, and
evaluation of medium and long-term impacts and from other perspectives.

Conclusions

Innovation ecosystems are today considered the most prominent driver to be built and nurtured to reap innovation's
benefits. This reflects a paradigm shift, whereby innovation is becoming a centerpiece of a socioeconomic development

model for cities and regions.

This paper provided the results of a systematic literature review to identify the variety of health innovation ecosystems in
developed and developing countries. Also, the present work identified models, methodologies, and tools in these
structures. Different themes emerged from the selected literature on health innovation, clinical application areas, and

institutions involved.

Quadruple helix and open innovation, the theorical models most frequently used, both include society as part of their

implementation.
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