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Abstract 

Background This research delves into the complexity management of collaborative networks and interorganiza-
tional systems in the health innovation ecosystem on the basis of a best practice in the coronavirus disease 2019 
(COVID-19) crisis. The objective is to offer specific solutions and guidelines to stakeholders in the health innovation 
ecosystem to control the chaos resulting from unexpected events along the ecosystem development and evolution 
path.

Methods For this purpose, the performance of the Health Innovation Ecosystem in Iran (the Every Home is a Health 
Base plan) has been examined through a detailed and in-depth analysis of events and actions taken using docu-
ments, reports and interviews with experts. The practical application of chaos and complex adaptive system features 
(adaptation, time horizons, edge of chaos, sensitivity to initial conditions, state space and strange attractors) is intro-
duced to identify and manage the transition from a state where the health innovation ecosystem is on the edge 
of chaos and prone to failure. Data were collected through studying documents, reports and interviews with experts, 
and then analysed using qualitative content analysis techniques, open and axial coding and metaphors derived 
from complexity and chaos theories.

Results The findings indicate that to understand and embrace the complexity of the health innovation ecosystem 
throughout its development and evolution and manage and lead it through the edge of chaos towards successful 
interorganizational systems performance, it is necessary to use gap analysis to achieve consensus, establish a highly 
interactive governance structure with key stakeholders of the ecosystem, maintain flexibility to control bifurcations 
(butterfly effect), prevent transforming emergency solutions into standard routines and ensure the sustainability 
of the ecosystem against future threats by long-term financial security.

Conclusions This research provides insights into the dynamics of complex health systems and offers strategies 
for promoting successful innovation through collaborative networks and interorganizational systems in the develop-
ment and evolution of the health innovation ecosystem. By embracing complexity and chaos, healthcare profession-
als, policy-makers and researchers can collaboratively address complex challenges and improve outcomes in health 
network activities. The conclusion section provides guidelines for successfully managing the complexity of the eco-
system and offers suggestions for further research.
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Background
Health innovation refers to the creation and transfer of 
new knowledge, methods and approaches in healthcare 
[1]. Organizations, companies, research centres, universi-
ties, hospitals and other institutions active in healthcare 
fields interact with each other to facilitate healthcare 
delivery, reduce costs and improve quality of life. This 
collective group of entities is known as the health inno-
vation ecosystem [2]. In this domain, the activities of 
organizations are unpredictable and dynamic, while 
decision-makers must manage complex communications 
among multiple actors or entities (patients, healthcare 
providers and suppliers). Researchers emphasize that 
numerous innovations in the field of healthcare have not 
only increased their ability to respond to diagnosis and 
treatment methods, but also have been effective in facili-
tating more efficient organization [3]. Oldness, popula-
tion growth and the prevalence of chronic diseases are 
among the significant factors that increase the demand 
and costs of the healthcare industry [1]. Therefore, stake-
holders in this industry are striving to manage the finan-
cial, operational and clinical challenges they will face in 
the future so that ultimately everyone can benefit from 
quality, accessible and cost-effective healthcare services. 
Unforeseen and sometimes unpredictable events, such 
as the coronavirus disease 2019 (COVID-19) pandemic 
crisis, challenge healthcare actors in maintaining and 
developing the ecosystem. Therefore, it is essential to rec-
ognize the complexities of relationships and interactions 
among components, rules and internal and external fac-
tors within the innovation health ecosystem and under-
stand its consequences as an adaptive complex system 
so that we can adequately manage the chaotic conditions 
that arise from crisis.

Since December 2019, with the onset of the COVID-19 
pandemic worldwide and its rapid spread, various coun-
tries have been confronted with systemic weaknesses in 
the health innovation ecosystem (infrastructure, supply 
chains, policy-making, human resources, public health 
networks, etc.) that were not adequately prepared to con-
trol and combat them [4]. Some low- and middle-income 
countries (LMICs) such as Iraq, Cuba and Angola were 
unable to vaccinate even their high-risk populations due 
to lack of access to adequate health technologies and suf-
ficient logistical infrastructure. In many other LMICs 
such as Argentina, the Congo and Ethiopia, the focus 
of the healthcare system on combating COVID-19 has 
diminished its capacity to provide preventive, screen-
ing, treatment and rehabilitation services for non-com-
municable diseases, leading to a long-term increase in 
mortality from these diseases [5]. In Bangladesh, Kenya, 
Nigeria, Uganda and Pakistan, quarantine has led to a 
reduction in public access, especially in impoverished 

areas, to healthcare services. This has resulted in a treat-
ment backlog and increased patient waiting lists for 
urgent health conditions, as well as disruptions in the 
care and management of chronic diseases [6]. The gov-
ernment of Belarus adopted a policy direction that went 
against the tide, which involved denying the crisis [7]. 
Brazil has been facing a gap in its healthcare system due 
to the lack of adequate and trained human resources [8]. 
In India, the lack of necessary infrastructure and weak-
nesses in the supply chain of COVID-related drugs and 
medical equipment, proportional to the population size, 
have disrupted the healthcare system [9]. Inadequate 
and underfunded healthcare infrastructure, coupled 
with improper organization by government authorities, 
has been a factor that has caused serious challenges for 
Romania in dealing with the virus, leading to its wide-
spread and rapid spread [10].

Additionally, the dissemination of misinformation has 
led to a lack of public trust in health authorities in pro-
moting protective measures such as vaccination cam-
paigns [11]. The unpreparedness of Ukraine’s healthcare 
system, particularly establishing collaborative networks 
and necessary ICT-based infrastructure, has resulted in 
the system’s inability to respond effectively to the pan-
demic crisis [7]. In Iran, the lack of appropriate vaccines 
or medicine, the severe shortage of protective equipment 
and trained human resources and the widespread preva-
lence of the disease disrupted the health ecosystem [12]. 
Different countries have implemented strategies and pol-
icies to control emergency situations on the basis of their 
capacities, available resources and geographical, social 
and economic conditions. Analysing these actions, espe-
cially best practices [13], can provide valuable lessons for 
decision-makers, policy-makers, and actors in the health 
ecosystem to make better and more timely decisions in 
the face of future unforeseeable crises.

Since the health innovation ecosystem is a complex, 
dynamic and nonlinear system [14], the problems in its 
development and evolution stem from the complexity 
arising from the interactions and mutual relationships 
among system entities and their internal and external 
environment. To address disruptions and crises, it is 
essential to have a proper understanding and recognition 
of complexity. The theories of complexity and chaos in 
the health literature have been of interest to researchers. 
A variety of theoretical frameworks, empirical studies 
and practical applications have been conducted to inves-
tigate the impact of complexity on the delivery of health-
care services, the role of leadership in managing chaotic 
environments and strategies for promoting innovation 
in healthcare systems [15–18]. In defining and under-
standing complexity and chaos, research has focussed on 
various theoretical interpretations and models used to 
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explain complexity and chaos, as well as the importance 
of accepting uncertainty and nonlinearity in healthcare 
innovation networks. Emphasis has been placed on the 
need to develop a shared understanding of complexity 
and chaos to effectively manage these networks [19–21]. 
The following research area is identifying factors that 
affect complexity and chaos, in which researchers have 
focussed on identifying these factors in healthcare inno-
vation ecosystems and examining the roles of various 
actors, such as researchers, physicians, patients, policy-
makers and industry partners. They have also discussed 
the impact of their interactions on shaping the dynamics 
of these ecosystems [14, 22].

Moreover, the impact of legal frameworks, financing 
mechanisms and technological advances on complex-
ity and chaos in healthcare innovation ecosystems has 
been evaluated. The discussion has focussed on iden-
tifying and prioritizing key factors that affect the com-
plexity of healthcare innovation ecosystems. In the field 
of the impact of complexity and chaos on the outcomes 
of healthcare innovation, such as the development and 
implementation of innovative technologies, treatments 
and healthcare delivery models, research has been con-
ducted to examine the challenges and opportunities 
posed by complexity and chaos and how they influence 
the success or failure of healthcare innovation initiatives. 
The aim is to identify and evaluate the consequences of 
complex and chaotic environments and develop strat-
egies to enhance innovation [23–25]. The following 
research area focusses on methods and approaches for 
managing complexity and chaos in healthcare innovation 
networks. It emphasizes the importance of enhancing 
collaboration, structuring robust networks, and improv-
ing stakeholder communication to manage the dynamic 
complexities of these networks. Additionally, the role of 
leadership, governance and organizational structures 
in efficient complexity management was examined. The 
discussion in these studies revolves around the effective-
ness of various management models and the need for 
adaptive and flexible strategies [14, 26, 27]. The last sig-
nificant research field focusses on emerging trends and 
future directions in understanding complexity and chaos 
in healthcare innovation ecosystems and networks and 
the potential of new technologies such as artificial intel-
ligence and big data analytics to enhance understanding 
and management of complexity, as well as the impor-
tance of interdisciplinary collaborations and integrating 
different perspectives in advancing knowledge in this 
field [14, 28, 29]. The focus of discussion in these studies 
is on identifying research pathways and successful inno-
vations in managing complexity and chaos in healthcare 
innovation ecosystems and networks.

In this paper, while being in line with previous research 
in emphasizing the acceptance of complexity by all actors 
in the healthcare network and examining the outcomes 
of chaos and complexity and how they affect the network, 
we analyse the Every Home is a Health Base (EHHB) case 
in Iran1 on the basis of the theoretical lens of the innova-
tion ecosystem and metaphors derived from complexity 
and chaos theories, and explain the practical application 
of complex adaptive systems (CAS) and chaos theories 
in a situation where the health innovation ecosystem 
faced with crises and disruptions is on the edge of chaos. 
To this end, we evaluate the problems of the elements 
and the challenges of managing the complexity of col-
laborative networks and inter-organizational systems in 
the innovation ecosystem in this state. Additionally, we 
highlight the sustainability threats of the health innova-
tion ecosystem on the edge of chaos and re-ordering. The 
main aim of the article is to provide specific solutions 
and guidelines so that a health innovation ecosystem can 
overcome such crises using them and continue its devel-
opment path at a higher level of order. Moreover, this 
research differs from previous studies in the following 
aspects and brings novelty:

• Theoretical perspectives, the research utilizes the 
ecosystem approach and three characteristics of 
chaos theory (including sensitivity to initial condi-
tions, state space and strange attractors) as well as 
three characteristics of CAS2 (including time hori-
zons, edge of chaos and adaptation) to analyse the 
performance of the health innovation ecosystem and 
propose transition strategies from tipping points to 
achieve reorganization.

• Without the need to identify the causes of complexity 
and chaos, it identifies a state in which the healthcare 
innovation ecosystem experiences disruption and is 
at the edge of chaos. By analysing short-term changes 
in the state of the innovation ecosystem, it provides 
an example for interpreting a sequence of long-term 
state changes. Thus, it overcomes the two limitations 
of identifying significant events for determining fac-
tors influencing complexity and chaos and requiring 
historical data.

1 The nationwide programme Every Home is a Health Base (EHHB) was 
designed and implemented in the first half of 2020, utilizing all available 
capacities, especially the collaboration between non-governmental organi-
zations (NGOs) and the government. This programme aimed to provide 
information and control the pandemic through a bottom-up planning 
approach and optimal utilization of existing resources, as well as expanding 
collaborative and interactive networks within the health ecosystem of Iran.
2 Complex adaptive systems.
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• The consequences of chaos and complexity were 
analysed through four outcomes of complex adap-
tive systems (CAS): bifurcation, emergence, adapta-
tion and path dependency. Our analysis focusses on 
the path of development and evolution of the health-
care innovation ecosystem, particularly the condi-
tions encountered when it reaches the tipping point 
(edge of chaos) and the gaps that emerge identified. 
Then, the construction of a strange attractor for the 
ecosystem was conceptualized as a solution to navi-
gate through the crisis and fill the gaps. The focus of 
the discussion is on creating novel collaborative and 
interactive networks and highlighting the function of 
interorganizational systems in navigating through the 
crisis.

• It analyses the role of interorganizational systems 
in creating collaborative networks. It highlights the 
function of Information and communication tech-
nology (ICT)-based interorganizational systems in 
the development and evolution of healthcare innova-
tion ecosystems as a solution to overcome the com-
plexity arising from crises.

To this end, in the first section, we present the research 
background with examples of some developing and 
underdeveloped countries’ health system challenges 
faced by the COVID-19 pandemic and categorize previ-
ous research on the basis of complexity and chaos theo-
ries in the health sector. The second section elaborates on 
the research methodology. In the third section, research 
findings are presented in three stages on the basis of the 
steps outlined in the methodology section. The fourth 
section discusses the constraints and threats to ecosys-
tem sustainability after transitioning from the edge of 
chaos. The final section concludes by providing specific 
guidelines for managing complexity and chaos resulting 
from crisis conditions for policy-makers and stakehold-
ers in the innovation ecosystem.

Methods
This research is a case study of the health innovation eco-
system in Iran, the EHHB programme, whose techniques 
include detailed and in-depth analysis of events and 
actions taken using documents, reports and interviews 
with experts. Since we need a deep understanding of the 
events and related developments in this article, a method 
of qualitative content analysis has been used to analyse 
these data [30]. The choice of this method meets the 
research needs in exploring, describing and explaining 
how to use CAS and chaos theory to study changes in the 
health innovation ecosystem. Qualitative content analy-
sis is one of the methods of conceptualization, concept 

evolution and theory development and is used to address 
abstraction and conceptual ambiguity.

The process of this research consists of three theoretical 
stages (literature review), fieldwork (interviews, observa-
tions, etc.) and final analysis. In the first step, through the 
study of literature and research related to complexity and 
chaos, the theoretical foundations needed for the analysis 
of this research and guiding semi-structured interviews 
were obtained. Through documents and reports such as 
Preparedness and Response for the Control of COVID-
19 in the Islamic Republic of Iran, 2020, and GII 2019: 
Creating healthy lives-the future of medical innovation, 
the status of the health innovation ecosystem in Iran was 
examined, and a picture of its situation over four decades 
(1980–2020) was presented.

In the second step, through one of the qualitative 
research techniques, namely targeted semi-structured 
interviews with experts in the health innovation ecosys-
tem and the implementers of the nationwide EHHB pro-
gramme, the ecosystem’s state during the transition from 
a   tipping point confronting the disorder resulting from 
the COVID-19 pandemic was analysed and examined 
(Fig. 1). Ultimately, in the third step, the above data were 
analysed using qualitative methods.

Data collection and processing
In a qualitative perspective, content analysis is a research 
tool used to determine the existence of specific words 
and concepts in a text or a series of texts. The researcher 
analyses the occurrence, repetition and relationships 
of these words and concepts, then infers the messages 
within the texts, the authors, readers and even the cul-
ture, time and period to which those words and con-
cepts belong [31]. This type of research emphasizes the 
meanings that involved individuals (participants in the 
research process) hold about the phenomenon under 
study [32]. Therefore, to examine the dimensions of the 
relevant innovation ecosystem more precisely, the opin-
ions of experts in the field were utilized. Purposive sam-
pling method [33] was used to select the samples, and 
in-depth and semi-structured interviews were conducted 
with several experts in three categories: health managers 
and professors of medical sciences; officials of care and 
support and supervisory teams in the EHHB programme; 
and NGOs participating in and collaborating with this 
programme. The duration of the interviews, depending 
on the circumstances, lasted an average of 45–60  min. 
The interviews were conducted in Persian and online 
via video calls, and with the written consent of the inter-
viewees, they were recorded. Data collection continued 
until saturation, meaning no new dimensions emerged 
[34]. The number of participants was 15, all of whom 
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held postgraduate degrees or higher, and their work 
experience was more than 10  years. Then, to complete 
the information, the primary interview data were com-
bined with secondary data extracted from relevant theo-
retical studies on chaos and complexity, previous related 
research in the health innovation ecosystem in Iran from 
1980 to 2020, and official reports and news published in 
the first half of 2020 collected in the first step. Subse-
quently, breaking down, comparing, allocating, integrat-
ing and strengthening the data, theoretical coding was 
implemented to discover the key concepts related to the 
function of the EHHB programme on the basis of CAS 
theory and chaos theory.

To achieve reliability in this research, efforts were 
made to utilize a conceptual framework as a guide for 
data collection and analysis. Additionally, interview 
details, complete implementation of interview texts and 
the establishment of a database for the research were 
documented in a way that allowed for examination and 
tracking of the research process, as well as potential rep-
lication by a third party. To assess validity [35], the trian-
gulation approach [36] was employed as a useful tool to 
enhance the quality of the research. In the triangulation 
approach, expert opinions were compared with other 
perspectives, along with documents and observations 
that were examined. Furthermore, during the research 
proposal phase, input and feedback from informed indi-
viduals or groups were sought to evaluate and provide 

feedback on the inclusiveness and exclusiveness of the 
proposed plan. During the data collection phase, after 
conducting observations and interviews, the text, as 
recorded and understood by the researcher, was con-
firmed by the interviewees. Finally, in the data analysis 
and interpretation phase, two university faculty members 
and an active manager in this field reviewed the results 
and findings.

At this stage, all qualitative data obtained from docu-
ments and individual interviews were subjected to 
qualitative content analysis [37]. The qualitative content 
analysis process included determining the theme, pre-
paring raw data, open coding of the data, coding tables, 
code categorization, conceptualization, summarization 
and ultimately establishing a model, map or conceptual 
framework [38]. The chosen method compensated for the 
lack of historical data (precise data over successive years) 
by utilizing storytelling processes [39, 40] and metaphors 
derived from CAS and chaos theory [41]. Data analysis 
began by repeatedly reading all textual data to obtain a 
general sense of the data. Data analysis in the qualita-
tive section took the form of open and axial coding. 
Some codes, or rather, themes and concepts in this study, 
were directly derived from the interviewees’ statements, 
while others were based on concepts and themes drawn 
from theoretical foundations and literature, empirical 
evidence, and findings from documents and records, 
which essentially can be divided into preconceived and 

Reviewing the
background of innovation 

ecosystem and 
complexity and chaos 
theories in the health

literature

Analyzing qualitative 
data and mapping the 

health innovation 
ecosystem in Iran in the 
transition from the edge 
of chaos caused by the 

Covid-19 pandemic

Choosing experts 
and conducting 

interviews

Studying the documents 
related to the health 

innovation ecosystem in 
Iran before and in the face 
of the Covid-19 pandemic 

and determining its 
dimensions and 

Summarizing and 
analyzing the results 

and presenting 
suggestions

Step 1 Step 2 Step 3

Fig. 1 Research implementation steps
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emergent codes. Subsequently, on the basis of the con-
ducted examinations regarding the dimensions of the 
innovation ecosystem, thematic categories were selected, 
and after data classification and management, verbal 
propositions in the form of the main dimensions of the 
Iranian health innovation ecosystem facing the COVID-
19 pandemic were determined. These categories, selected 
on the basis of thematic coding, were chosen from the 
prominent axes to guide the interviews. Once the the-
matic categories or codes were identified, open codes 
were extracted directly from the interviewees’ statements 
and document texts, essentially related to the interview-
ees’ statements. After open coding, the next step involved 
striving to select codes that could represent and cover 
other codes and give rise to concepts through axial cod-
ing. Accordingly, open codes fragmented into specific 
concepts and themes, while axial codes formed struc-
tures or general concepts (Fig. 2).

Results
On the basis of the explanations provided in the meth-
odology section and in accordance with Fig. 1, the find-
ings of this research are presented in three stages. In 
the first stage, the results of studying and reviewing 

research related to complexity and chaos theory and 
documents related to the health innovation ecosys-
tem in Iran pre- and during the COVID-19 pandemic 
are presented. These results are used to establish the 
theoretical foundations required for the analysis of 
this research and guide semi-structured interviews and 
explain the dimensions and conditions of the ecosys-
tem. In the second stage, the findings of content anal-
ysis of primary data extracted from interviews related 
to the EHHB case study are presented, and the status 
of the health innovation ecosystem in Iran in transi-
tioning from the edge of chaos created by COVID-19 
is depicted. Finally, in the third stage of presentation, 
the themes extracted from primary data are combined 
with secondary data obtained from relevant documents 
and reports, and key points are identified on the basis 
of the perspectives of complexity and chaos theories, 
while outlining the structure of the healthcare network 
in Iran on the basis of the EHHB plan.

Stage 1
Complexity and chaos theories
Complexity and chaos theories are considered the lat-
est waves of systems theories, which seek to provide 

The wording of the 
interviews and the text 

of the documents

The health 
innovation ecosystem 
at the edge of chaos 
caused by Covid-19 
pandemic and the 
"EHHB" initiative

The wording of the 
interviews and the text 

of the documents

Open codes (micro concepts and themes) Open codes (micro concepts and themes)

Specifications 
of the EHHB

Complexity 
and chaos 
Outcomes

Principles

Policies

Strategies

Collaborative & interactive 
networks and 

interorganizational systems

Bifurcation 
(Butterfly effect)

Path dependency

Adaptation

Gaps

Sustainability Threats
Emergence

Fig. 2 Dimensions of Iran’s health innovation ecosystem in the face of the COVID-19 pandemic
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fundamental insights into analysing phenomena in the 
world. Both theories are novel theories rooted in natural 
sciences but have also expanded into social and human 
sciences, gaining increasing momentum and utiliza-
tion by experts in these fields. Complexity theory sug-
gests that understanding and predicting the behaviour of 
individual components of a system does not necessarily 
lead to understanding and predicting the behaviour of a 
complex set of these components [42]. In chaos theory, 
it is also demonstrated that many known nonlinear sys-
tems in physics exhibit unpredictable and chaotic behav-
iour in such a way that modelling them does not assist 
in predicting their future behaviour [43]. Complex adap-
tive systems (CAS) are a particular case of complex sys-
tems with many components that simultaneously learn 
through interactions. CAS creates internal models and 
uses them to predict the future on the basis of planned 
actions to achieve expected outcomes [44]. The innova-
tion ecosystem is also considered a complex adaptive sys-
tem (CAS) that is characterized by constant interactions 
between different actors [45]. Table 1 illustrates the key 
features of chaos theory and CAS used in this study to 
analyse the innovation ecosystem during the COVID-19 
pandemic.

The application of each feature mentioned in Table  1 
regarding the health innovation ecosystem will be dis-
cussed in the subsequent sections of the paper.

Health innovation ecosystem of Iran
According to a report by Fitch Solutions, healthcare 
expenditure in Iran exceeded 35.1 billion dollars in 
2018 [49]. On the basis of this, approximately 7.53% of 
Iran’s gross domestic product is allocated to healthcare 
expenses [50]. Iran has integrated its healthcare system 
with medical education to improve its health status, 
forming 65 medical universities responsible for provid-
ing health services and medical education. Together, 
they form a decentralized network of provincial health-
care institutions managed by the Ministry of Health 
and Medical Education. Due to its nationwide distribu-
tion, this network can conduct endogenous innovation 
research and train medical personnel on the basis of local 
needs and epidemic situations [1]. Iran has made signifi-
cant progress in the healthcare sector in terms of meet-
ing existing needs and demands and the market size over 
the past four decades. The healthcare innovation eco-
system has been accompanied by the support and back-
ing of regulatory institutions, and in this regard, a set 
of incentive schemes and policy frameworks have been 
defined. In addition, the emergence and development of 
the biopharmaceutical sector in Iran, a highly complex 
and technologically advanced field, has attracted several 
successful local export companies. From the perspective 

of science, technology and innovation [51], considerable 
efforts have been made to transform the healthcare sec-
tor, leading to synergy between human capital develop-
ment, technological regimes and innovation ecosystems. 
Figure  3 illustrates the growth and improvement trend 
of Iran’s healthcare innovation ecosystem from the birth 
of this ecosystem in 1980 to before the outbreak of the 
COVID-19 pandemic in 2020 mostly extracted from the 
report by [52].

The first cases of COVID-19 in Iran were identified on 
19 February 2020, when urgent polymerase chain reac-
tion (PCR) tests confirmed four positive cases in the city 
of Qom. The surveillance system immediately increased 
its activities for case detection throughout the country. 
Samples were collected from all suspected cases referred 
to hospitals and tested for COVID-19 at the national 
reference laboratory in the Pasteur Institute of Iran. 
Within 10  days of reporting the first COVID-19 fatality 
in Iran, cases of COVID-19 were identified in 19 out of 
the 31 provinces of the country. As of 10 May 2020, the 
number of laboratory-confirmed cases reported by the 
national surveillance system reached 107 603, with 6640 
fatalities and 86  123 recoveries (Ministry of Health and 
Medical Education, 2020). By 25 May 2020, Iran ranked 
20th among different countries regarding daily confirmed 
COVID-19 deaths per million people (source: European 
CDC-Situation Update Worldwide).

Iran is a developing country with a large population of 
more than 80  million people and a diverse cultural and 
ethnic makeup. It is also subject to international sanc-
tions, which affect its international relations. In addition, 
the COVID-19 pandemic had unique and unprecedented 
circumstances due to being widespread as well as its 
uncertainty and speed, which set it apart from other cri-
ses such as floods, earthquakes or even contagious dis-
eases such as cholera. There was no predetermined tool 
or formula for controlling such a crisis, and responsi-
ble institutions alone could not succeed in managing 
the situation; agile and practical strategies needed to be 
adopted. Public awareness of the dangers of a crisis at 
the right time can be an excellent way to save the lives of 
those in trouble. Therefore, social participation through-
out the country was essential [53].

According to the information provided regarding the 
development and evolution of Iran’s health innovation 
ecosystem from 1980 to 2020 (Fig.  2), this ecosystem 
has undergone stages of growth and development from 
the birth stage to integration and consolidation over four 
decades. It has been shaped by extensive collaboration 
networks across the country, consisting of various actors, 
including governmental and legislative institutions and 
private and public healthcare sectors such as hospitals, 
clinics, medical complexes, laboratories, pharmaceutical 
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companies, pharmacies, universities, research and devel-
opment centres, accelerators, startups and knowledge-
based companies, among others. In the first half of 2020, 
with the emergence of the COVID-19 pandemic, the 
development trajectory of this ecosystem was disrupted, 
and the conditions of the ecosystem underwent a signifi-
cant change, leading to an imbalance and a shift towards 
a recessionary state. This state change has bifurcated the 
development trajectory of the ecosystem, creating a but-
terfly effect, and transitioning from the edge of chaos to 
either a state of revitalization or decline is contingent 
upon the correct diagnosis and response by ecosystem 
actors to reorganize, establish interorganizational sys-
tems, and create new collaborative and interactive net-
works (Fig. 4).

Stage 2
Analysing Iran’s health innovation ecosystem at the edge 
of the COVID‑19 chaos
The edge of chaos is a narrow transition zone between 
order and chaos that facilitates the emergence of new 
behavioural patterns, such as innovation and self-organ-
ization [54]. Being at the edge of chaos is an essential fea-
ture of CAS for innovative ecosystems, as it indicates that 
the ecosystem is in conditions where it can rapidly transi-
tion to a new state. Additionally, not only is the edge of 
chaos the optimal operational point for a CAS, but it also 
signifies that a CAS exists only at such tipping points. 

Changes in a CAS also lead to the emergence of co-evo-
lution within its environment. Co-evolution at the edge 
of chaos means that agents evolve together and simulta-
neously adapt to increase their fitness, creating a dynami-
cally changing adaptation landscape.

If the state of the ecosystem and the strange attractor 
are unknown and unfamiliar, the change may manifest 
as an unexpected outcome. It is also possible that there 
are factors that allow the ecosystem to react quickly to 
environmental changes and optimize its performance. 
The presence of an ecosystem at the edge of chaos is also 
defined as the capacity for action of the system, indicat-
ing that ecosystems without this capacity suffer from 
inertia, leading to their failure [55]. In other words, when 
systems operate at a tipping point (the edge of chaos) and 
undergo evolution, a small and relatively insignificant 
change can cause the system to transition into a com-
pletely different state rapidly [56]. This can signify the 
difference between success and failure. Different evolu-
tionary states are regions in the strange attractor known 
as basins of attraction. A basin of attraction is a configu-
ration where a system tends to persist. Strange attractor 
properties used by altering the environment to maintain 
the system in an optimal state or to bifurcate it into a new 
state. Therefore, understanding the variables or influen-
tial factors and how they change is utilized for compre-
hending the mechanisms of ecosystem evolution. Strange 
attractors, tipping points (edge of chaos) and bifurcations 

2000-2009 2010-20191990s1980s

• Establishment of Tehran
University of Medical Sciences’
Drug Development Center

• Production of Iran’s first
biotechnology drug

• Collaboration between the
National Institute of Genetic
Engineering and Biotechnology
and the Iranian Red Crescent in
drug production

• The Birth of the Health Innovation
Ecosystem

• Theoretical discussions,
publication of articles and journals,
and organizing seminars and
conferences

• Training Iranian
researchers and scientists in
collaboration with foreign
governments

• Formation of Iran’s first
circle of pioneers in
biopharmaceuticals and
biotechnology

• Creating a mechanism to
encourage technology and
innovation supply in high-tech
companies

• Establishment of Behyaar Sanaat
Sepahan Co in providing
radiotherapy and radiography
solutions (2003)

• Establishment of a diverse and extensive set of key actors in Iran's health innovation
ecosystem, including: 31 specialized science and technology parks, 146 incubators, and 739
research centers under the supervision of the Ministry of Health and Medical Education

• With 19,300 faculty members from research institutions and medical universities
• Publication of 37,450 scientific articles and 1,589 patent applications
• Iran's position in global rankings in 2013: 9th in biomedical engineering, 9th in applied

microbiology, and 13th in biotechnology
• Achieving the second rank in the production of biotechnology products in Asia
• Ranking 14th globally in stem cell research
• Commencement of the annual exhibition of Iranian-made laboratory equipment and materials

"ILE" (since 2012)
• Establishment of the Iran Biotechnology Fund "IBT" (2015)
• Establishment of the medical accelerator company "PersisGen Par Co" (2016)
• Provision of mid-term incentive loans at low interest rates up to $120,000 to domestic buyers

of Iranian-made laboratory equipment and materials
• Allocation of $85 million in low-interest loans to finance innovative medical projects
• Support for 1,100 active knowledge-based companies and startups in the health sector
• Average life expectancy in Iran is 76.2 years (a 25-year increase since 1980)

• Establishment of multiple
companies in the field of
biopharmaceutical
production

• Launching the "FYDP"
national development
program by the Ministry of
Health and Medical
Education

• Implementation of the health
transformation plan (HTP)

• Creation of a decentralized
network of provincial healthcare
institutions managed by the
Ministry of Health and Medical
Education (MOH)

• Adoption of policies to support
medical innovation supply
through high tariffs on imports of
similar foreign products

• Iran’s medical equipment market valued at over $2.5 billion
• With more than 1,000 medical equipment manufacturers
• Iran's pharmaceutical market valued at over $4.5 billion
• 97% of the country's consumable drugs are produced domestically
• 15% increase in the share of domestic products in Iran's pharmaceutical market
• Production of three drugs "AryoTrust" (for breast cancer treatment), "Cinnovex" (for MS

treatment), and "Zytux" (for combating cancer and autoimmune diseases) among the top 10
best-selling drugs in 2017

• Manufacture of "Omid" (a 6-megawatt linear medical accelerator)
• Manufacture of "Sayyad," the first Iranian cargo inspection system
• Manufacture of a cochlear planting system named "TAPPS+"
• Manufacture of the robotic surgical system "Sina"

Fig. 3 The trajectory of excellence in Iran’s healthcare innovation ecosystem from 1980 to 2020
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are essential features of chaotic systems for innovation 
ecosystems, as the evolving chaotic innovation ecosys-
tem may quickly diverge into different states. In addition, 
planners and managers may be confused about what is 
happening. This is the very state that Iran’s health inno-
vation ecosystem was experiencing in early 2020. The 
sudden state change of ecosystem due to the COVID-19 
crisis created imbalances and led to the emergence of 
gaps between the ecosystem’s components. The phase 
transition at this tipping point can lead to either failure or 
success, depending entirely on choosing the right strat-
egy in dealing with the appropriate strange attractor that 
can guide the ecosystem towards the basin of attraction 
that ensures its survival. In these circumstances, the eco-
system orchestrators recognized that using social partici-
pation in the form of the social innovation project EHHB 
was the strange attractor that the ecosystem needed on 
the edge of chaos.

The nationwide EHHB programme was designed by 
the Ministry of Health and Medical Education with 
a neighbourhood- and family-centred approach to 
inform and control the pandemic. The main objective 
of introducing this idea in the first half of 2020 was to 
expand the network of collaboration and increase inter-
action among stakeholders in the country’s healthcare 
ecosystem without vaccines, medications and sufficient 
resources to control the pandemic. In this regard, they 
employed all national capacities, especially NGOs, to 

assist the Ministry of Health and Medical Education 
in controlling COVID-19 by entrusting control to local 
communities by establishing coordination and man-
aging active units in neighbourhoods (health bases in 
urban areas/health houses in rural areas) and engag-
ing other stakeholders, such as the Red Crescent, as 
an appropriate strategy for disease control at the com-
munity level. The approach to engaging the public in 
this plan involved selecting a health ambassador for 
each household and a neighbourhood health interme-
diary for every 40 households (ambassadors chosen 
from NGOs), with a focus on mobilizing community 
resources and improving the social, economic and cul-
tural conditions of the community. Figure  5 illustrates 
the state change of Iran’s health innovation ecosystem 
on the edge of chaos by the aid of EHHB programme in 
the first half of 2020 on the basis of a state space pro-
cess model derived from chaos theory.

For example, in the city of Kouhdasht, a district of 
Lorestan province with a population of more than 
89 091 individuals, 89 care teams, 90 monitoring teams 
and 23 support teams were deployed, involving a total 
of 434 personnel. Due to some patients lacking the abil-
ity and conditions to visit medical centres, doctors and 
nurses provided healthcare services at the patients’ 
homes. Additionally, by forming 14 care teams from 
NGOs, they disinfected people’s homes. On this basis, 
the county centre was divided into seven blocks, each 
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assigned to health centres and NGOs located in that 
block. Prior to implementing the EHHB plan, approxi-
mately 30–40 residents of Kouhdasht were hospital-
ized daily, but after implementing this plan, the number 
decreased to an estimated 3–8 individuals per day, 
alongside a reduction in COVID-19-related mortality 
in the region.

Stage 3
The dimensions and structure of Iran’s health and treatment 
network based on the EHHB plan
The EHHB plan is a prominent example of inter-organ-
izational system coordination, bottom-up planning, 

optimal use of available resources and the creation of 
collaborative networks in the healthcare ecosystem. 
The dimensions of the EHHB plan, extracted from open 
codes (micro concepts and themes), are summarized in 
the form of principles, policies and strategies in Table 2.

The important task of planning and coordination for 
public education to enhance people’s knowledge and 
skills in dealing with COVID-19 is entrusted to the Cen-
tral Committee, under the responsibility of the Provincial 
Medical University. The EHHB programme relies on local 
resources and the extensive participation of community 
organizations and the public. It has entered the imple-
mentation phase through support, care and supervisory 
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Fig. 5 The state change of the innovation ecosystem in Iran’s healthcare sector at the edge of chaos in the first half of 2020 (on the basis 
of the state space process model derived from chaos theory) (author compilation)

Table 2 Dimensions of the EHHB programme extracted from open codes

Principles Policies Strategies

• Involvement of NGOs
• Neighbourhood- and family-centric approach
• Alignment with the healthcare network system
• Mobilizing public participation
• Adherence to infection control measures
• Provision of active services and care
• Promoting interdisciplinary collaboration
• Utilizing innovative technologies

• Providing essential healthcare services (in-
person/remote)
• Early identification of COVID-19 and individu-
als at high risk of exposure (households/work-
places)
• Home/non-home quarantine and care for at-
risk groups
• Development of outpatient treatment
• Improving the quality of inpatient care

1. Strict monitoring of health protocols and law 
enforcement
2. Widespread, targeted and intelligent PCR 
testing
3. Active case finding, quarantine and intelligent 
tracking
4. Education, information dissemination and cul-
tural promotion
5. Protection of vulnerable groups, including older 
adults and those with underlying conditions
6. Smart and targeted determination 
and announcement of restrictions
7. Strengthening outpatient treatment processes 
and minimizing hospitalizations
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teams. These teams have created special collaborative 
and interactive networks that utilize information and 
communication technology tools, including telephone 
systems, internet portals, verbal screening and the Mask 
app to develop interorganizational systems. These net-
works helped facilitate the transition of the health inno-
vation ecosystem from the tipping point and existing 
gaps in various layers and acted as a strange attractor.

• Support teams: with a focus on NGOs, public par-
ticipation and the collaboration of household health 
ambassadors and community health intermediar-
ies, they were responsible for distributing public and 
organizational assistance to vulnerable and high-risk 
populations.

• Care teams: with the participation of NGOs, two-
person teams consisting of household health ambas-
sadors and community health intermediaries respon-
sible for identifying infected individuals and caring 
for people in close contact with infected individuals 
were formed.

• Supervisory teams: with the focus on environmental 
or professional healthcare experts as the team lead-
ers and volunteers from the Red Crescent and NGOs 
(groups of 4–5 people), they were responsible for 
monitoring service centres, procuring and distribut-
ing food supplies and overseeing the existing indus-
trial and trade units in the neighbourhood.

• Telephone systems: The telephone hotline system 
was responsible for guiding and educating people 
about prevention and personal care, necessary care 
for pregnant mothers, mental health, healthy nutri-
tion during the COVID-19 pandemic and providing 
information about specialized centres.

• Internet portals: the internet portal allowed individu-
als to self-assess COVID-19 symptoms and receive 
guidance on further actions if they experienced 
positive symptoms. If they had an electronic health 
record or were under the care of a relevant health-
care provider, they were contacted. After reassess-
ment, necessary instructions were given, and the 
process of care and treatment was explained in detail.

• Verbal screening and follow-up: this was conducted 
by every healthcare provider or health monitor as 
soon as they were informed of a positive COVID-19 
test result for any individual in their covered popu-
lation (either 700 rural residents or 2500 urban resi-
dents) through the electronic health record system. 
They contacted the affected individual to ensure 
compliance with isolation or home quarantine meas-
ures and provide health recommendations according 
to the communicated guidelines. They would also 
inform the contact tracing coordination team to pre-

vent the possible spread of the disease by tracking 
close contacts of suspected and probable individuals 
across the city.

• The Mask app: by installing this app on their smart-
phones, patients receive their COVID-19 test 
results through the Mask app. In addition, individ-
uals could receive instructions on prevention, care, 
personal protection, living with coronavirus and 
caring for a patient with COVID-19 through the 
app.

The first step in implementing the programme was 
to establish regional divisions and organize human 
resources according to the predetermined execution 
teams. This was planned on the basis of the levels of pri-
mary healthcare provisions in rural and urban areas. All 
cities were divided into regions on the basis of defined 
population criteria, and one person was designated as 
the responsible individual for each part. Ideally, they 
were stationed at selected comprehensive health service 
centres for COVID-19, taking on the responsibility of 
managing the programme. In small cities, each region is 
considered to have an average population of 40 000 peo-
ple, while in larger cities, it was estimated to be 80  000 
people per region. In metropolitan areas, the figure is 
set at 120 000 people per region. In the first half of 2020, 
approximately 11  134  290 health ambassadors at the 
household level and 280 619 neighbourhood health con-
nectors were collaborating in implementing the EHHB 
plan.

In the designated area, organization and planning were 
carried out for the activities of operational committees 
and execution teams with joint management and par-
ticipation of NGOs and selected comprehensive health 
service centres. In rural regions, organization and plan-
ning are carried out with a focus on rural comprehensive 
health service centres and health houses, with the par-
ticipation of NGOs. Furthermore, efforts were made to 
involve residents and volunteers from the same village in 
providing services to rural communities (Fig. 6).

Statistics have shown that in areas where the pro-
gramme was fully implemented, the screening speed was 
twice as high as that in other areas. Health ambassadors 
played a significant role in adhering to COVID-19 health 
protocols, producing masks, assisting those in need and 
emphasizing intelligent physical distancing in communi-
ties, leading to noticeable impacts (Table 3).

Three key points of the EHHB plan analysis have been 
identified on the basis of the perspective of complexity 
and chaos theory that the Iranian healthcare ecosystem 
has utilized to embrace complexity and transition from 
a chaotic situation and has contributed to the success of 
the plan.
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 i. Acknowledging complexity through identifying 
and analysing gaps

 Observing the noticeable changes in the state of 
the health innovation ecosystem (Table  1/Feature 
1), the Iranian health network has realized that due 
to the unknown nature of the virus and its spread 
rate and mechanism, the current processes and 
systems are not aligned with the increasing volume 
of COVID-19 cases and related mortality rates. It 
has led to an increase in the density of requests for 
COVID-19 testing (PCR) and hospital admissions, 
far beyond the capacity for acceptance and care, 
adding complexity to pandemic planning and con-

trol. By describing the states, trends and changes in 
the short-term time frame (first half of 2020), the 
agents analysed at the micro-level and by identify-
ing patterns and relationships between states, gaps 
that may be involved in the emergence or change of 
these states have been identified (Table  2/Feature 
2). The identified gaps in different layers of the eco-
system were as follows:

– Artefact: The lack of suitable vaccines or medica-
tions, severe shortages of disinfectants, masks and 
diagnostic tests (PCR). Innovation is needed to 
quickly address these shortages and alleviate the 
pressure they cause.
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Fig. 6 Iran’s healthcare network structure during the COVID-19 pandemic based on the EHHB initiative 

Table 3 Achievements of the social innovation project EHHB for the health innovation ecosystem in Iran (based on: Ministry of Health 
and Medical Education, 2020; additionally, Iranian official newspapers and websites)

• The chain of virus transmission cut off by increasing adherence to health protocols and active tracking and monitoring by at least 80% in 1 month 
and 90% in 3 months

• Hospitalization rates reduced by at least 30% in 1 month and 50% in 3 months

• Mortality rates reduced by at least 10% in 1 month and 40% in 3 months

• Supportive coverage provided for at-risk groups by 50% in 1 month and 90% in 3 months
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– Activities: The roles and behaviours within Iran’s 
healthcare innovation ecosystem at the discussed 
tipping point could not guide the ecosystem 
towards crisis transition. Therefore, defining new 
roles and corresponding activities was essential. In 
other words, various types of complex nonlinear 
relationships need to rapidly emerge in different 
stages of interactive activities among ecosystem 
actors.

– Actors: Given the development trajectory of the 
health innovation ecosystem in Iran (Fig. 3), actors 
with diverse natures, internal processes and levels 
of evolution/maturity were present in this ecosys-
tem. However, the acute crisis had such extensive 
dimensions that without the addition of new actors, 
including non-specialists (NGOs and public par-
ticipation), transitioning from the situation would 
have been extremely difficult, if not impossible.

 The outcomes of these gaps were the need for new 
actors in the health network (Fig.  4: bifurcation) 
and routine changes based on the conditions cre-
ated by the pandemic (Fig.  4: path dependency). 
Therefore, if timely and effective communication 
had been utilized to engage public participation in 
pandemic control, it could have assisted the exist-
ing system in recovering from the butterfly effect 
(bifurcation) and guiding the ecosystem from reces-
sion (Fig. 4) at the tipping point (Table 1/Feature 4) 
towards resilience and equilibrium. Recognizing the 
optimal functioning of the innovation ecosystem at 
the edge of chaos requires a correct understanding 
of its capacities during times of state change.

 ii. Embracing complexity and establishing a highly 
interactive management system

 During the gap analysis, a governance structure 
was developed for the programme. This structure 
kept the programme on track and ultimately made 
its success possible. For precise and coordinated 
implementation of the plan, coherence in plan-
ning and execution coordination was crucial. All 
decision-making and actions were taken within the 
framework of the national categorization (minister 
of health and medical education, minister of com-
munications and information technology, etc.), 
provincial level (governor-general, presidents of 
the medical universities, director-general of the 
Red Crescent, etc.), county level (governor, head 
of the health and treatment network in the county, 
mayor, etc.), regional level (mayor of the region, 
head of the regional health centre, Red Crescent 

representative, etc.), district level (district mayor, 
head of comprehensive health services centre, Red 
Crescent representative) and neighbourhood level 
(technical supervisor of health base, health house 
manager, representative of NGOs organizations). 
These decisions and actions were implemented fol-
lowing the national healthcare network system.

 iii. Adaptability to complexity and emphasis on flex-
ibility to maintain the dynamism of the ecosystem

 To ensure the successful implementation of the 
EHHB initiative and manage the project’s com-
plexity (Table 1/Feature 3), committees established 
to plan within the framework of their assigned 
responsibilities. These committees utilized the 
capacity of public mobilization, NGOs, and team 
collaborations to maintain the dynamism of the 
ecosystem and ensure desirable implementation 
of the programmes. To enhance compatibility, 
the operational committees were divided into two 
categories: county level and neighbourhood level. 
The county operational committees were divided 
into four specialized committees to manage pro-
grammes logically and efficiently at the county 
level.

 • Home/Non-home Support and Quarantine 
Committee: Responsible for mobilizing public 
and institutional assistance, this committee col-
laborated with all stakeholders, especially house-
hold health ambassadors and neighbourhood 
health intermediaries. Under the supervision of 
the Neighbourhood Operational Committee, 
they identified relevant households and distrib-
uted resources. The support and care teams were 
the operational actors of the committee, and the 
primary responsibility of the committee lay with 
NGOs.

• Tracking and Care Committee: This committee, 
in collaboration with the Neighbourhood Opera-
tional Committee, planned necessary measures 
for tracking and monitoring suspected, potential 
and infected individuals through electronic health 
record systems, neighbourhood health intermedi-
aries, household health ambassadors and NGOs. 
They were responsible for active case finding, con-
ducting COVID-19 tests on site, requesting home 
care teams (if necessary), disinfecting homes and 
training household members. The care teams 
(including at-home care) were the operational arm 
of this committee in the neighbourhoods, and the 
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responsibility for the committee lay with the Med-
ical Sciences Universities.

• Public Training Committee: This committee 
had a crucial duty to plan and coordinate pub-
lic training programmes to enhance people’s 
knowledge and skills in dealing with COVID-19, 
relying on the EHHB programme and utilizing 
all local resources and extensive NGO partici-
pation. This was implemented through support, 
care and supervisory teams, and the responsibil-
ity for this committee lay with the Medical Sci-
ences Universities.

• Monitoring and Oversight Committee: This com-
mittee was responsible for ensuring the accurate 
and systematic implementation of planned pro-
grammes (focussing on enforcing restrictions 
and health protocols) in each neighbourhood. 
They utilized checklists on the basis of strategies, 
programmes and relevant indicators to plan and 
carry out continuous monitoring and reporting to 
higher authorities.

The neighbourhood-level operational committees 
ensured necessary coordination among support teams, 
care teams and supervisory teams, providing the needed 
support for implementing programmes at the com-
munity level. Through the implementation of short-
term-designed programmes and the establishment of 

collaborative and interactive networks at macro-levels 
(operational, training and monitoring committees) and 
micro-levels (support, care and supervisory teams), 
as well as the creation of interorganizational systems 
through the interaction of these networks and ICT tools 
(telephone system, internet portal, verbal screening), an 
example was created for interpreting a sequence of long-
term ecosystem changes (Table 1/Feature 5).

The innovative EHHB initiative acted as an attractor 
(Table 1/Feature 6) for the health innovation ecosystem, 
and agents calibrated on the basis of it (Fig.  4: Adapta-
tion), allowing for the ecosystem to continue its devel-
opment path with a novel configuration at higher levels 
(Fig. 4: Emergence).

Discussion
Although implementing the EHHB initiative outlines 
three critical factors for successfully managing complex 
projects described above, there are potential threats that 
could undermine future success. Threats can arise from 
a lack of understanding about how different components 
of complex development (such as EHHB) interact, the 
amplification of small events through feedback loops (the 
butterfly effect) and the emergence of unforeseen cir-
cumstances in an unplanned manner within the ecosys-
tem. In such a case, complex developments can quickly 
transition from success to failure. The sustainability 
threats we have observed for the EHHB initiative within 

Table 4 Observed sustainability threats

Sustainability threats Description

Training prioritization In the development of complex systems, there is a great need for recognizing and understanding the neces-
sity of training. However, in practice, sufficient attention is not usually paid to training. Iran’s health innova-
tion ecosystem has achieved success in the EHHB project by prioritizing training and active participation 
of stakeholders and beneficiaries in its process. However, for future success, it is essential that education 
must be a continuous part of interorganizational system maintenance. That is, education is a local behaviour 
which has impacts on the entire project and ecosystem and improves functions and performance

Ensuring continued collaboration In developing complex systems, the best approach is for all individuals and key stakeholders to reach 
an agreement and harmonize with each other. In this approach, the focus is generally on developing 
features or capabilities on the basis of ecosystem needs. However, when the expected functionalities 
of the ecosystem are delayed, and stakeholders are waiting for the promised features, they may become 
disappointed and hinder the necessary teamwork for development

Continuous supply of financial resources Continuous supply of financial resources is a key factor in successfully developing of an interorganizational 
project. The health innovation ecosystem, through successful execution and balanced allocation of budget 
to various parts of the project, including operational factors, equipment and information technology costs, 
using primary financial resources (given the pandemic crisis and emergency conditions created), effectively 
controlled costs. However, after passing the tipping point, financial resources began to decline. Therefore, 
one of the ongoing tasks of ecosystem management is to seek financial resources to maintain operations 
and future development

Preventing the prevalence of temporary 
or unusual methods for problem-solving

When a problem arises during the development of a complex project, some actors may find temporary 
or alternative solutions to continue the work. Although these solutions may be helpful in the short term, 
if these methods are constantly and improperly accepted in interorganizational systems, they will cause 
further problems and widespread inconsistencies in the ecosystem. Therefore, preventing the prevalence 
of temporary methods and promoting permanent and standard solutions for existing issues is essential 
for optimizing and improving processes
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the Iranian health innovation ecosystem are not unique 
and exist for the most complex systems. The identified 
threats and brief explanations of their impacts in the case 
study of this research are presented in Table 4.

Overall, the innovation ecosystem in the healthcare 
sector of Iran is evolving and developing. It requires reg-
ulation and coordination to connect various actors within 
the ecosystem to different roles and enable innovation 
development, particularly in paradigms such as person-
alized medicine, preventive and self-healing approaches, 
Internet of Things (IoT)-based wearable devices and the 
development of artificial intelligence algorithms and deep 
learning for disease detection. This alignment aims to 
enhance collaboration among these different components 
to advance healthcare innovation. Of course, the above 
issues are just examples of innovative medical paradigms, 
and the medical industry is constantly evolving and pro-
gressing. Furthermore, there is another importance for 
paradigms related to the development of innovative tech-
nologies, transformation in organizational structures and 
market policies.

Moreover, collaboration within an ecosystem leads 
to complexities arising from the interconnected net-
work of interacting stakeholders and their diverse influ-
ences and constraints. Therefore, complexity paves the 
way for the successful implementation of interorganiza-
tional systems. The innovation ecosystem faces various 
challenges in successfully managing complex interor-
ganizational system projects, including the need to align 
different processes related to institutions and their inter-
actions with other ecosystem actors. Therefore, a small 
or seemingly insignificant unexpected event can disrupt 
the project and lead it toward failure (butterfly effect). 
By recognizing and embracing complexity, along with 
similar approaches identified in the case study of EHHB, 
we believe that the likelihood of success significantly 
increases in such projects.

Strengths and limitations of the study
Our research stands out for its innovative use of an 
ecosystemic approach and using complexity and chaos 
theory to analyse the health innovation ecosystem’s per-
formance and proposing transitioning from the tipping 
point strategies. It uniquely identifies disruption with-
out needing to pinpoint causes, focusing on short-term 
changes and long-term implications. The study delves 
into consequences through complex adaptive systems 
outcomes, emphasizing the role of collaborative networks 
and ICT-based interorganizational systems in navigating 
crises and fostering healthcare innovation evolution. Our 
limitation in this research was the impossibility of con-
ducting interviews with individuals who had benefitted 

from the EHHB project services. This was due to the lack 
of accurate records about these individuals. If these inter-
views were possible, we could add more criteria (such as 
culture, social capacity, and so forth) to our analyses. In 
the future, studying counterfactual scenarios that explore 
what would have happened in the absence of the EHHB 
programme will provide a baseline for comparison and 
help to establish a causal link between the programme 
and the observed outcome. Additionally, future research 
in the areas of leadership, technology and cultural adap-
tation can deepen our understanding of the innovation 
ecosystem in the healthcare sector and enhance its effec-
tiveness in addressing the evolving needs of society in the 
field of health.

Conclusions
Five principles for managing the complexity of the 
healthcare ecosystem are presented below, derived from 
the lessons learned from Iran’s healthcare innovation 
ecosystem and the EHHB initiative. These lessons focus 
on embracing the complexity of an ecosystem and lead to 
actions that make a difference between success and fail-
ure for an interorganizational system.

Utilizing gap analysis to reach an agreement or a shared 
understanding
This principle ensures that the initial conditions for 
a complex project have been defined. Gap analysis has 
three main objectives: (1) identifying needs, (2) pin-
pointing current shortcomings, especially in technol-
ogy and (3) aligning perceptions and viewpoints of key 
stakeholders within the ecosystem. Additionally, gap 
analysis can be used as a tool for mutual learning among 
agents in a complex interorganizational project. By 
doing so, awareness and understanding among agents 
about current conditions and project goals increase, 
and coordination and synchronization among them are 
facilitated. Thus, gap analysis provides a solid founda-
tion that encompasses the progress of other aspects of 
the project. Without this foundation, the likelihood of 
project success is low. In the tipping point (the edge of 
chaos) that occurred in Iran’s healthcare innovation 
ecosystem, the key actors, having an awareness of each 
other’s needs and constraints, were able to implement 
a plan that addressed the expectations and needs of the 
entire ecosystem. In developing complex systems, reach-
ing agreement and harmonization (adaptation) among 
all individuals is crucial and necessary. Furthermore, it 
appears that gap analysis provides a tool for achieving 
consensus in critical areas of the ecosystem, which is a 
vital starting point for developing a complex innovation 
ecosystem and controlling butterfly effects.
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Development of a collaborative and interactive 
management system that involves ecosystem top‑level key 
actors
This principle emphasizes the intentional introduction of 
complexity in ecosystem development. In such projects, 
no single agent possesses the necessary comprehensive 
knowledge to execute the project independently. Estab-
lishing a management system that promotes interaction 
among team members ensures that differences and ten-
sions are openly acknowledged, facilitating collaborative 
consensus building within the network. This governance 
structure empowers network members to address their 
divergences, engage in negotiations and adapt their posi-
tions as needed. Solutions often emerge through inter-
actions among network members. Project collaboration 
networks are most effective when tensions arise from 
interactions, negotiations and collaborations among 
members. However, these interactions may not occur 
spontaneously, and ecosystem orchestrators must create 
conditions to foster them. Although this approach may 
introduce some complexity and unpredictability to the 
project, learning through collaborative networks leads to 
better solutions with fewer surprises.

Sustaining flexibility to regulate the butterfly effects
This principle ensures that for identified risks, antici-
pated contingencies are in place. In complex ecosys-
tem developments, numerous small or large events can 
significantly impact a programme (sensitivity to initial 
conditions). Complex projects can quickly spiral out of 
control and unexpectedly lead to undesired outcomes. In 
a complex interorganizational system such as the EHHB 
initiative, it is highly unlikely that the project will be 
implemented exactly as planned. Therefore, orchestra-
tors must maintain project flexibility and ensure that col-
laborative teams know that issues and changes will arise. 
Instead of spending excessive time analysing the causes 
of every problem, which may sometimes be too min-
ute to identify, project teams need to be proactive. They 
should anticipate future challenges, seek to comprehend 
the unknown aspects of each project and develop contin-
gency plans accordingly.

Prevent emergency solutions from becoming standard 
operating procedures
This principle prevents the adoption of emergency solu-
tions that jeopardize integrating a complex interorganiza-
tional system across an ecosystem. Emergency solutions 
refer to configurations that actors implement to address 
deficiencies and inefficiencies in collaborative networks. 
These solutions are typically temporary measures and 
often indicate inefficiencies and vulnerabilities within the 

network. This commonly occurs when the core processes 
encounter issues or constraints, and instead of address-
ing the problem at its root, temporary and alternative 
measures employed. However, if these emergency solu-
tions become standard practices, they may have a negative 
impact on ecosystem performance and efficiency, leading 
actors to rely on these temporary solutions rather than 
utilizing the ecosystem’s core capabilities. Therefore, this 
guideline emphasizes the importance for project teams to 
recognize and address issues and deficiencies seriously and 
actively work towards improving and enhancing ecosystem 
capabilities to eliminate the need for emergency solutions.

Prediction of future threats to sustainability 
with a continuous supply of financial resources
This principle emphasizes the need for continuous budget-
ing in innovative and complex interorganizational project 
development within innovation ecosystems. Long-term 
budget provisions are a crucial component of interor-
ganizational system development and foster trust among 
ecosystem stakeholders. Budget provisioning should be 
continuous throughout the entire project lifecycle. Frag-
mented and unstable budgets create doubt and diminish 
confidence in the project’s success. Therefore, financial 
provisions for interorganizational projects should encom-
pass both pre-implementation and post-implementation 
operational phases, with a well-defined budget manage-
ment plan in place.
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