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Abstract Health care and rescue system resilience is the multifactoral sum of
technology, humans, information, processes, and management. The coronavirus
(COVID-19) pandemic has been a catalyst for transformation globally and tested
the resilience of health care and rescue systems in many ways. The relevant use
of technology has been acknowledged as one important element in developing
resilience, but there are still very few empirical studies that have studied the role
of technology in supporting system-level resilience. This chapter examines how
information system solutions have advanced system resilience during the COVID-
19 crisis through a literature review and empirical case study of the Finnish health
care and rescue sector. According to the results of this study, the use of different
technology solutions and digital services in health care and rescue has increased
during the pandemic, as the crisis has accelerated the development of an information
system (IS) for data sharing as well as experiments on Al and robotics. However, in
developing IS solutions, several challenges arise that are specific to the health care
and rescue sector that need to be taken into account: strict legislation, the privacy of
health data, and the fact that implementation of a digital service cannot compromise
patient care.
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Introduction

Healthcare systems are one of the most critical systems in societies (European
Observatory on Health Systems and Policies, 2020) constituting a solid foundation
for daily life. In a crisis, situations are solved with ad hoc solutions causing complex
networks of a human- technology mixture (Bakos, 2020). There may be signals of
a sudden crisis, but the preparedness and resilience to shocks of health systems
vary (European Observatory on Health Systems and Policies, 2020; Thomas &
Rutter, 2008). Resilience can be seen as the ability of an individual, system, or
organization to survive crises or shocks (Huey & Palaganas, 2020; Tariverdi et al.,
2019) and actions to prepare for, adapt and respond to, and recover from stressful
conditions or disruptive events, e.g., a natural disaster, pandemic, cyberattacks,
economic crisis, conflicts, mass migration, or terrorist attacks (Linkov et al., 2013;
Crowe et al., 2014; Ceferino et al., 2018; Landeg et al., 2019; Lo Sardo et al., 2019;
Zhao et al., 2019; Hundal et al., 2020). A resilient organization needs the ability
to prioritize and identify problems and respond proactively to crises, resilience
concerns systems/leadership, organization culture, training and simulation, cross-
domain communication, and a cooperative approach. The focus of this chapter is
organization-level resilience. Health care and resilience are considered from diverse
approaches, e.g., systems that support health infrastructure resilience (Atallah
et al., 2018). Healthcare resilience is affected by both the interdependencies of
hospital departments and services and by critical lifelines and infrastructure, such as
transportation, supply chains, power and water networks, and internal and external
communications systems (Cimellaro et al., 2018; Tariverdi et al., 2019; Zhao et
al., 2019). However, in the context of health care, the resilience debate has been
focusing more on the individual level and human factors, leaving room for studies
that focus on system and organization level resilience, especially from the aspect of
technology in supporting resilience.

The chapter construes a more comprehensive picture of resilience, and the crucial
triangle of technology, adoption, and information management (IM). In the best-
case scenario, technology solutions and information communication technology can
support healthcare and rescue personnel in their daily work, enable supply chain
management, ensure healthcare financing with efficient processes, and produce
transparent processes for governance and service delivery (Otto et al., 2015) to
advance healthcare system resilience.

The theoretical framework of the chapter leans on Ristvej and Zagorecki’s clas-
sification of an information system (IS) in crisis management (CM), namely, early
warning systems, geographical information systems, training applications, decision
support systems, and document and data sharing tools. An IS has four specific
functions: data collection, data storage, data processing and analysis, or data transfer
and distribution (Ristvej & Zagorecki, 2011). While the focus here is on crisis
management and technology, crisis management is considered through the lens of
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IM, and ISs are considered to support certain functions in the organization (e.g.,
human resources compared with patient flows, patient appointment systems) or
technology applications in the healthcare/hospital and rescue context (pilot projects,
e.g., patient monitoring or pandemic infection tracking). This chapter examines this
subject through a literature review and a qualitative empirical study focused on
the Finnish healthcare (hospital context) and rescue services during the COVID-19
crisis; we seek answers to the questions of how IS solutions have advanced system
resilience during the COVID-19 crisis and how these solutions have affected the
operations of the healthcare and rescue agencies. The three following classification
elements are considered in the empirical part of this chapter: training applications
for personnel, decision support systems in pandemic operations, and document and
data sharing tools between the actors.

Information systems and different applications in health care and rescue are not
only a technical development but also a mindset, a way of thinking, an attitude,
and a commitment for networked, global thinking, to improve health care locally,
regionally, and worldwide by using information and communication technology
(Eysenbach, 2001). Thus, we are especially interested in identifying the role of
IS in applications and tools in healthcare system resilience during the COVID-19
crisis, and we are also interested in taking a broader view of the phenomenon as a
complex mixture of human operators, hardware, and software, where information
management plays a crucial role, as stated by Bakos (2020).

The chapter continues with a brief introduction to resilience, technology, and
information technology (IT). After reviewing the literature, the chapter describes
data as a resource potential, the challenges of data utilization, and barriers to
data and information exchange between institutions. After the theoretical approach,
examples of digital technology solutions and innovations are introduced, and
empirical insights are provided of technology support in a healthcare and rescue
system case from Finland during the COVID-19 crisis. The chapter ends with a
discussion and conclusion section that calls for interaction and cooperation between
human technology and regional, national, and global data sources and practice
models.

Resilience, Technology, and Information Management
in a Healthcare and Rescue System

Resilience can be seen as the ability of an individual, system, or organization to
survive crises or shocks (Huey & Palaganas, 2020; Tariverdi et al., 2019). The
resilient organization also needs the ability to prioritize and identify problems and
respond proactively to crises (Cimellaro et al., 2018; Falegnami et al., 2018). The
resilience of systems can be influenced by leadership (Mansour et al., 2012; Deutsch
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etal., 2016), organization culture (Huey & Palaganas, 2020), training and simulation
(Cimellaro et al., 2018; Huey & Palaganas, 2020; Hundal et al., 2020), procedures,
and cross-domain communication and cooperation (Linkov et al., 2013; Cimellaro
et al., 2018).

Health and resilience are considered from diverse approaches, e.g., systems that
support health infrastructure resilience (Atallah et al., 2018). The resilience of the
healthcare system can be seen, in other words how quickly and at what capacity
health care can produce and provide healthcare services to the entire community
in the event of a shock. Disruptive events in healthcare systems often lead to
an unexpected increase in the number of patients or reduction in the number of
healthcare providers (Lo Sardo et al., 2019). Both the interdependencies of hospital
departments and services and critical lifelines and infrastructures affect healthcare
resilience (such as transportation, supply chains, power and water networks, and
internal and external communications systems) (Cimellaro et al., 2018; Tariverdi et
al., 2019; Zhao et al., 2019). The resilience of healthcare systems can be measured
and defined by economic losses during the crisis, casualties, recovery time, patient
waiting time, bed capacity, and quality of service and care (Cimellaro et al., 2018;
Crowe et al., 2014; Low et al., 2017; Tariverdi et al., 2019; Hundal et al., 2020).

Considering the practical infrastructure level, transportation, power and water
networks, internal and external communication systems in organizations, and crucial
supplies like oxygen, blood, medical equipment, and medication supplies are subject
to technological reliability (Cimellaro et al., 2018; Tariverdi et al., 2019; Zhao et al.,
2019). All these functions produce fragmented data. Technology platforms are one
way to unify outspread data and information. At best, platforms can integrate and
offer real-time data, enabling operational flexibility and response, and supporting
decision-making in changing situations (Vecchi et al., 2002; Cimellaro et al., 2018).

Data per se is not valuable but has to be transformed into understandable
information that brings some value to the recipient. It is said that “healthcare
is undergoing a data revolution” (Panesar, 2019) and data is a crucial resource,
as highlighted by the COVID-19 pandemic in the healthcare sector, for example.
Increasingly, real-time data analysis to create predictive modeling during the crisis
supports the mitigation of risks (Mensah et al., 2015; Lo Sardo et al., 2019;
Hundal et al., 2020). Despite data being a potential resource, the challenges of data
utilization culminate in unintegrated information systems or non-syncretized data,
formulating barriers for data and information exchange between institutions (Liapis
etal., 2015). Challenges in healthcare informatics were identified (e.g., Guah, 2004)
nearly 20 years ago, yet the same stumbling blocks still exist. Besides technology
solutions, technology absorptive capacity and the management of information
and knowledge are needed as well (Bose, 2003; Raymond et al., 2017). Table 1
describes some operational guidelines for crisis management in healthcare and
rescue organizations and the role of information management.
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Table 1 Operational guidelines for CM in healthcare and rescue organizations (Wang & Wu,

2021)

Precrisis phase

Crisis phase

Postcrisis phase

Keep alert to detect potential | Identify Review and correct action
threats competency/knowledge planning
Prepare CM plans requirements Gradually resume activities
Plan pandemic prevention Assemble CM team Institutionalize and
routes Define specific internalize lessons learned
Check inventory of reserve responsibilities from the crisis
medical supplies Convene response consensus
Launch awareness campaigns | meetings

Reduce the risk of exposure to

contagion

Contain nosocomial

infections

Protect the safety of
healthcare workers

Strict separation among zones
of risk

Patient risk stratification

Deploying Digital Technology and Innovations in Practice
in a Crisis

National and global collaboration and communication as well as open innovation
(OI) practices between different organizations are needed to succeed in a crisis
situation (e.g., government, education, and research institutions) (Patrucco et al.,
2022). Innovations need a place to happen, and cooperative innovation processing
with several actors can produce quick solutions in a shock or disaster situation.
Digital innovations are almost never made in isolation but need a cooperation
group or innovation ecosystem around them (e.g., Iyawa et al., 2016). Different
innovation clusters like FabLabs (fabrication laboratory, often digital) have played
a crucial role in problem-solving COVID-19 initiatives, e.g., using 3D printing
for equipment production (Abbassi et al., 2021). However, in the public sector,
innovation management is not an easy task, although many innovations are designed
for the public sector, mostly by private sector actors. The structures of public
organizations are still very bureaucratic and hierarchical. The information flows
between organization levels may be slow, and understanding of the innovation
and the knowledge problem behind it is lacking. In other words, the value of the
innovation is not identified or recognized (Jalonen, 2013).

Regarding innovation and technology solutions, an evaluation process is needed
to optimize the utilization of new technology in the organization. One example
for evaluation is the activity checklist made by Kaptellin et al. back in 1990
that considers human and technology in addition to environment issues: means
and ends, i.e., what the technology is for and how it helps humans to operate;
social and physical aspects of the environment which integrates technology with
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them; learning, cognition, and articulation, i.e., internal or external activities that
support technology utilization; and development, which frames the comprehensive
development and transformation view (Kaptellin et al., 1999).

New research and analyzing methods for the healthcare and rescue research
have been developed to understand epidemiology, for example, or to produce
different scenarios such as environmental risks. To mention a few, next-generation
sequencing technology (NGS) is not only intended for the analysis of samples or
monitoring diseases, but it also affects the personnel’s operational practices by
creating easy-to-use automated workflows (Iyawa et al., 2016). Stratuscent (2021)
has helped to build resilience during COVID-19 with its technical solution for
scent detection, NOZE, a digitized sense of smell that can be integrated with
several products. Another solution for air sensoring is Konikore (Koniku, 2021).
These solutions can be used for monitoring the risk level of the airborne virus or
for identifying some diseases or some safety-threatening issues (e.g., in travel or
logistics) (Koniku, 2021; Stratuscent, 2021). High technology is fabulous, but let’s
keep our feet on the ground at the health and rescue operational level.

Operating clinical services in remote mode made a rapid leap at the beginning
of the COVID-19 pandemic, globally enabling new health IT, on the one hand with
organized trials and pilots, and on the other hand with new established practices
with new IT in operations as well as knowledge sharing. Regardless of the name of
the digital source (e.g., e-health, health apps, health platforms, or telemedicine),
the functions around the solution are more relevant: individual level monitoring
and data collection for healthcare or rescue staff, provision of health services
to customers, remote communication and evaluation or monitoring the situation
between customer and personnel, or wider data and information documentation
platforms for information sharing at local, national, or global level (e.g., Iyawa et
al., 2016).

At the very beginning of the COVID-19 situation, the Sheba Medical Center
in Israel used InTouch Telepresence robots and the Hospital District of Helsinki,
and Uusimaa (HUS) in Finland used the Murffi robot to communicate with and
monitor patients remotely, allowing better communication between staff and patient
to provide care with minimal physical contact and minimized virus infection. The
robots were controlled from another room by doctors, nurses, and pharmacists
(Wetzler, 2020; Kahri, 2021; Oborn et al., 2021). Cardmedic digital flashcards have
been used in the UK for patient communication by phone, tablet, or computer,
allowing the sharing of vital information and questions with the patient (Orlikowski
& Scott, 2021). Remote monitoring and examination tools for COVID-19 include
TytoCare to listen to the patient’s heart and lungs as well as examining the throat and
ears, and EarlySense to measure continuous heart rate and respiration rate through a
sensor placed under the mattress of the bed. Both TytoCare and EarlySense sensors
can be taken home by the patient, which saves hospital bed capacity (Wetzler, 2020).

During the COVID-19 pandemic, digital innovations have created new ways to
support care work around the world. For example, the challenges of communicating
with patients while using personal protective equipment (PPE) and staff’s fear of
contamination have contributed to the use of digital technologies in hospitals.
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In Finland alone, there are over 50 Finnish start-ups or growth companies with
innovative health and health technology solutions to tackle among other things the
pandemic in healthcare and other healthcare service challenges, e.g., diagnostics and
test manufacturing, remote operations, or platforms (HealthCapitalHelsinki, 2021).
There are multiple ISs and huge amounts of different data that could be used and
analyzed by healthcare and rescue actors. The challenge is how interoperable the
ISs are and how to deliver real-time knowledge, for example, to support decision-
making in crisis situations.

Support and Benefits of IT When Operating During a Crisis:
Empirical Insights from Finland

In an acute crisis situation, the role of information management has been critical.
At the beginning of the COVID-19 pandemic, several challenges occurred related
to information management, not only at national and local levels but also at
international level. The biggest city area (Greater Helsinki) as well as other smaller
regions in Finland had challenges to see the comprehensive operational picture;
however, after half a year, the structure of knowledge acquisition for the operational
picture had improved, becoming more systematic, faster, and established in daily
practices. The challenging issue is the huge amount of data, how to identify the
relevant data in a crisis situation (e.g., KPMG, 2021).

Massive improvements were made very soon in gathering the data and in
sharing timely status data at national level. Thus, the pandemic crisis has improved
data acquisition and sharing practices tremendously in a short time window. The
pandemic shock forced information management teams to develop operational
picture systems rapidly, e.g., to control the inventory situation, treatment equipment,
number of hospital beds, and human resources. Even though the analysis and
reports have advanced during the pandemic, the information systems do not
currently eliminate the manual work of analysis and reporting in Finnish institutions.
Although the pandemic was an unknown, data was at the core of all decisions and
public recommendations that led to actions. Only the future will show what kind
of disaster information management model will be formulated from the current and
functional operation models in Finland.

In Finland, the COVID-19 e-system for national symptom testing was organized
by the biggest university hospital, HUS, to ensure clear and sufficient capacity for
the testing system. In the first phase, a symptomatic individual made an electronic
symptom assessment so as to avoid physical contact, and the application guided the
person to the next steps, e.g., testing. However, at municipality level, the information
systems occasionally crashed when reserving a test, inflicting congestion in the
service. Citizens had a big role in utilizing digital services, simultaneously reducing
the workload of the healthcare professionals at the beginning of the pandemic. In
the Finnish online service, Omaolo, nearly 330,000 symptom checks were made
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during 60 days by citizens, which can be considered a great figure considering that
Finland only has 5.53 million habitants. Similarly, the UK healthcare system has
put into operation a digital online symptom checker (NHS 111 online) (Chambers et
al., 2019); Singapore has the COVID-19 Symptom Checker (Singapore, 2021), and
Japan the Stop COVID-19 Symptom Checker (Tokyo Government, 2021). However,
symptom checkers have received criticism on both the reliability of the identification
of the patients’ symptoms and forwarding to medical care (Mansab et al., 2021),
since in a crisis situation the reliability of the digital solution must be at the highest
level.

In order to achieve a deeper understanding of the role of IS in crisis management
in Finland during the COVID-19 pandemic, we carried out an empirical case study
in one of the healthcare and rescue system districts in Finland. The Pirkanmaa
Hospital District is a joint municipal authority owned by 23 municipalities. Tampere
University Hospital (TAYS) is the hospital that provides services to hospital districts
serving nearly 1 million inhabitants in the catchment area (TAYS, 2021a). We
gathered the data through a series of facilitated workshops in which over 100
healthcare and rescue professionals participated during autumn 2021. The empirical
data gathering focused on the themes of IS solutions and practices, as well as IS
development targets in organizations. Questions were addressed as to what kind of
IS works in a crisis, which practices are functional in coordination and cooperation,
what kind of data and information production supports decision-making, and how
geographical information can be integrated into regional information. All workshop
participants were encouraged to have open dialogue instead of being guided by the
selected theoretical framework. Some of the identified results are described below.

The use of different e-health services in health care has increased during the
pandemic. The other example from TAYS is OmaTays, established in 2017, a digital
service between customers or patients and TAYS. OmaTays is a service to manage
functions from patient booking of an appointment or doctor’s appointments to
laboratory requests, offering an easy way to reschedule, ask questions, or attend
a remote consultation. In May 2020, there were 45,000 application users, while by
spring 2021, this number had grown to 100,000 users. The exhilarating speed of
adoption can partly be explained by the COVID-19 pandemic. A new service in
the OmaTays application was released in spring 2020, i.e., a COVID-19 tracking
enquiry for those that were exposed to the COVID-19 virus and for people who
tested positive for COVID-19. Over 50,000 coronavirus enquiries were filled in
by citizens during the first year after the pandemic became active in the Tampere
restriction area (Pasanen, 2021).

TAYS has also developed the TAYS TABU application to assist, for example,
COVID-19 situation analysis at TAYS. TABU is a reporting visualization tool
that allows staff, through one user interface, to read and analyze multiple data
from various data collection databases. Further, it offers various user groups
different reports to help them in their daily routines, supporting decision-making
and developing operations (TAYS, 2021b).

TAYS aims to be the most digital university hospital in Finland in the future.
They have been actively developing and implementing digitalization widely in their
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organization. In a case study where the participants represented the municipalities of
Pirkanmaa Hospital District, especially healthcare personnel involved with human
resources, it became evident that the comprehensive knowledge and information
management process, i.e., data collection, data storage, data processing and data
analysis, or data transfer and distribution needed restructuring from strategic goal
setting to implementation. The process should be shared with common under-
standing by the personnel, described in detail, and process and operating models
should be adopted and be accepted by all the users. In the case organizations, the
present data is gathered and to some extent analyzed. However, the purpose of data
collection is unclear to the personnel and thus can lead to neglect or unintended
mistakes, for example, in data collection.

However, information technology is only a tool. In the case study, technology
challenges often appeared because of the personnel’s lack of competence to utilize
the information systems. On the other hand, the remote services were implemented
quickly; technological interaction between health professionals and customers
became the new normal and was learnt through practice. For example, the shift
to remote working and social distancing during COVID-19 improved and helped
the adoption of different kinds of digital services by both the professionals and
customers, such as remote doctor’s appointments or the tracking enquiry system.
By the middle of the pandemic, the responsiveness to rapidly changing situations
and, for instance, action proposals, had improved, and learning by doing had
consolidated routines in healthcare operations (KPMG, 2021).

Overall, ICT applications enable improvements in healthcare availability and
in the quality and efficiency of services. Such tools and solutions include elec-
tronic patient databases, health network pages, personal wearable and portable
communication systems, and various e-health services. These tools and solutions
can be used as an aid in the prevention, diagnosis, and treatment of diseases
and to support the delivery of high-quality, cost-effective, and customer-oriented
services. In a crisis, a comprehensive operation picture of the crisis is valuable, and
technology applications can support the decision-making processes and priorities of
the operation chain. The other benefit is benchmarking and utilizing data sources
from other regions nationally and globally.

Conclusions

The COVID-19 pandemic is a public health crisis where decision-makers are under
pressure to respond quickly and to prove their capability to meet public health
needs (El-Jardali et al., 2020). Various preparedness plans and models for crisis
management have been made and anticipated by Finnish municipalities, hospital
districts, and individual hospitals, as well as other authorities. As Dwight D.
Eisenhower once said, “In preparing for battle I have always found that plans are
useless, but planning is indispensable” (Eisenhower, 2021). As Maritsa and Kalemis
point out, “many of the current healthcare systems and organizations are ruled



44 H. Viyrynen et al.

over hierarchical conceptualizations governed by order and rules, thereby agonize
to achieve immediate respond [sic] to the complex system pressures” (Maritsa &
Kalemis, 2020). However, the crisis management and decision-making processes
of healthcare systems and organizations have to respond to these pressures and
have now been dynamically developed in the midst of a pandemic in terms of these
processes, models, and new services.

The aim of the chapter was to analyze how IS solutions have advanced system
resilience during the COVID-19 crisis and how these solutions have affected the
operations of the agencies involved. The literature revealed that resilience can be
defined as the ability of a system or organization to absorb and recover from shocks
such as natural disasters, conflicts, or pandemics (Cimellaro et al., 2018; Hundal
et al., 2020). Critical infrastructure, cooperation, cross-domain communication,
organizational culture, and training affect healthcare resilience (Linkov et al., 2013;
Cimellaro et al., 2018; Tariverdi et al., 2019; Huey & Palaganas, 2020). Information
management involves knowledge sharing, data validation, and dissemination whose
efficiency affects the outcome of the crisis. The efficiency of knowledge sharing
and management is influenced by communication templates and models, situation
awareness, and organizational culture (Bakos, 2020; Maritsa & Kalemis, 2020). It is
important to notice the impact and importance of digital technologies during a crisis,
in addition to resilience and knowledge management. Digital technologies, such as
telemedicine and e-health, enable organizations to respond to the crisis (Gkeredakis
etal., 2021), and during COVID-19, a number of digital innovations have been made
in health care to promote remote communication, monitoring, and examination.
Innovation, collaboration, and e-health solutions are the key components of recovery
in times of crisis (Wetzler, 2020). During a crisis like COVID-19, organizations
cooperate with stakeholders and across boundaries to produce new ways of creating
knowledge, data sharing, and innovation (Gkeredakis et al., 2021).

It seems that complicated and interdisciplinary cooperation is needed when
reforming an information system. Pioneers that have boldly developed technological
solutions are already ahead of others in adapting their operations in the crisis. The
cases of the robots presented here have reduced the demand for patient rooms,
minimizing the risk of infection and consumption of protective equipment. The
functions of the operation are guided by the analysis of the infection situation
regionally, nationally, and globally. The health professionals have learned to identify
the most relevant data from the huge amount of data and information they receive
(KPMG, 2021), and, as practice has shown in the COVID-19 situation, learning has
taken place “by doing,” using technology solutions rather than training applications.
Multidisciplinary cooperation is essential to create a real-time and comprehensive
operation picture and to optimize the available human and economic resources. For
instance, when robots are accepted as a partner and personnel have learned to utilize
them in crisis operations, based on these results, robots provoke positive emotions
among both personnel and patients.

However, sometimes a coincidence affects how to work in a crisis. One example
comes from the case where a surgical hospital was modified into a COVID-19
hospital and the existing robot solution on the market, the Elisa Telecommunications
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and HUS Murffi robot, was piloted in the medical nursing of COVID-19 patients. A
wider standpoint in technology utilization is needed. Now, new concepts of existing
technology solutions and application utilization in other sectors are needed. For
example, several robotic solutions exist in manufacturing operations that could be
converted for health care and rescue operations. A coincidence may also happen
via contact networks. Knowledge sharing between network contacts is an efficient
way of learning, both for technology utilization and best operation practices. It is
important to obtain integrated geo-information and regional information as well as
integrated ISs to design an operational crisis information management system.

Resilience and the capability to react to shocks in health care or rescue and in
the wider national context are worth ensuring and organizing. For example, not
an easy thought, foreign investments in innovations or companies may consider
how resilient operations in a certain region or country are (e.g., Le, 2021). In
addition to lockdowns in society because of pandemics, a low level of investment,
employability, or, on the other hand, a lack of employees (e.g., in health care) due to
the crisis will affect the economy, leading to economic shock (Buchetti et al., 2021;
Thomson et al., 2021).

According to the systematic literature review specified in the case of COVID-
19, the use of different technology solutions and digital services in health care
and rescue has increased during the pandemic. The crisis has accelerated the
development of digital applications and data sharing as well as experiments on
artificial intelligence (AI) and robotics in health care and rescue. IS applications, for
instance, enable improvements in the availability of health care and in the quality
and efficiency of services. However, in developing IS solutions, several challenges
specific to the healthcare sector and rescue need to be taken into account: strict
legislation, the privacy of health data, and the implementation of a digital service
cannot compromise patient care. Patrucco et al. (2022) confirm that, even though
there is an increased use of innovation policies promoting open innovation during
the crisis, there is little evidence of consistency between the policy strategy used
pre-COVID and during the crisis for each country. However, there is an increased
use of four types of innovation policy instruments, i.e., those entailing formal
consultation with stakeholders and experts, fellowships and postgraduate loans and
scholarships, networking and collaborative platforms, and dedicated support for
research infrastructure.

Although this chapter describes some experiences of healthcare resilience, the
examples are only taken from a narrow group of countries, and there are many
more excellent examples of technical solutions on the market and in the operational
environment. Healthcare resilience and e-health solutions or robotics in health care
merit deeper examination. Multi-professional cooperation is needed in research
and innovation for preparing for the future and to solve challenges (Oborn et al.,
2021); for example, the established virtual labs and Innovation Centers for Social
and Health Care are brilliant spaces for developing new innovations and healthcare
practices in preparation for a crisis. The purpose of these innovation cooperation
platforms is to promote collaboration and innovations between start-ups, the
healthcare industry and research partners, clinicians, and academia (Wetzler, 2020;
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Oborn et al., 2021; Sote Virtual Lab, 2021). Further, besides technology solutions,
the softer side, namely, human-technology interaction, the capability to utilize
technology, and engagement of the personnel, is worthy of consideration.
Management models are not the only areas that have to prove their capability,
logistics, material arrangements, and other infrastructure also matter, including how
these elements and processes need to function in crisis events (Gkeredakis et al.,
2021). Usually, disaster protocols are planned based on readiness, response, and
recovery (Farazmand, 2009; Maritsa & Kalemis, 2020). When making an aftermath
analysis of this pandemic crisis, these models will require thorough iterations.
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