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Abstract
Aim Hospitals noticeably struggle with maintaining hundreds of IT systems and applications in compliance with the latest IT
standards and regulations. Thus, hospitals search for efficient opportunities to discover and integrate useful digital health
innovations into their existing IT landscapes. In addition, although a multitude of digital innovations from digital health startups
enter the market, numerous barriers impede their successful implementation and adoption. Against this background, the aim of
this study was to explore typical digital innovation barriers in hospitals, and to assess how a hospital data management platform
(HDMP) architecture might help hospitals to extract such innovative capabilities.
Subject and methods Based on the concept of organizational ambidexterity (OA), we pursued a qualitative mixed-methods
approach. First, we explored and consolidated innovation barriers through a systematic literature review, interviews with 20
startup representatives, and a focus group interview with a hospital IT team and the CEO of an HDMP provider. Finally, we
conducted a case-study analysis of 36 digital health startups to explore and conceptualize the potential impact of DI and apply the
morphological method to synthesize our findings from a multi-level perspective.
Results We first provide a systematic and conceptual overview of typical barriers for digital innovation in hospitals. Hereupon,
we explain how an HDMP might enable hospitals to mitigate such barriers and extract value from digital innovations at both
individual and organizational level.
Conclusion Our results imply that an HDMP can help hospitals to approach organizational ambidexterity through integrating and
maintaining hundreds of systems and applications, which allows for a structured and controlled integration of external digital
innovations.

Keywords Digital innovation . Digital health . Hospital innovation . Innovation barriers . Organizational ambidexterity

Introduction

Digital transformation massively affects the value creation,
value proposition, and customer interaction models of compa-
nies and entire branches. This also applies to the healthcare
sector. Here, digital technologies have huge potential to en-
hance healthcare quality and reduce costs but face a multitude
of adoption barriers (Agarwal et al. 2010; Pousttchi 2017;
Pousttchi et al. 2019a). Healthcare is a complex, regulated

and fragmented sector. Digital technologies diffuse from mul-
tiple directions (Chan et al. 2004; Fichman et al. 2011; Gleiss
et al. 2021) and aim to improve the healthcare performance
(Lapāo 2019), allow for new businessmodels (Menvielle et al.
2017), or possibly reshape the relationship between patients
and healthcare providers (Brucher et al. 2018). Thus, they
provide new ways and tools for the detection, diagnosis, and
therapy of diseases as well as transforming entire processes of
and around healthcare (Gimpel and Röglinger 2015; Pousttchi
et al. 2019b). Altogether, innovative and disruptive technolo-
gies might conceivably revolutionize the entire healthcare sec-
tor with remarkable consequences for providers, patients, and
other stakeholders (Christensen et al. 2017)—and there are yet
technologies to follow which might help hospitals to become
“smarter” (Bogdan 2018; Williams 2019). However, practical
insights indicate that hospitals noticeably struggle with the
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massive changes around (Dash et al. 2019; Eddy 2020).
Hospitals have to manage a plethora of (partly critical) IT
systems and applications and need to comply with the latest
standards and regulations for IT and patient security.
Therefore, it is challenging to simultaneously manage the
existing IT systems and continuously explore new technolo-
gies. To find a remedy for this problem, hospitals might con-
sider integrating technologies from digital health startups,
which are seen as one important driver of technology diffusion
in healthcare (Chowdhury 2012; Villegas 2019).

Against this background, the aim of this paper is to explore
how a hospital data management platform (HDMP) might
support hospitals to leverage innovative capabilities by inte-
grating digital technologies. We refer to the concept of orga-
nizational ambidexterity (OA) and pursue a qualitative mixed-
methods approach with three major steps and results: (1) To
explore and validate typical DI barriers in hospitals, we con-
ducted a literature review on innovation barriers in hospitals
with follow-up interviews with 20 representatives from digital
health startups. (2) To assess the mitigating effects of the
HDMP, we conducted a focus group session with a hospital
IT team and the CEO of the HDMP provider. (3) To theorize
on the potential impact of DI in hospitals, we conducted a
case-study analysis of 36 digital health startups and applied
the morphological method to synthesize our findings from a
multi-level perspective. The rest of the paper is structured as
follows. In the next section, we provide background informa-
tion on the referred theory and the HDMP project. Then we
describe our methodical approach, before we present and an-
alyze our findings in the subsequent section, where we assess
how an HDMP might help to overcome barriers and leverage
possible effects through the integration of digital innovations
in hospitals. Finally, we provide a conclusion and outlook.

Background

Related work: Digital innovations in hospitals

The healthcare sector is undergoing a massive digital transfor-
mation these days as progress in the field of digital health
illustrates (Agarwal et al. 2010). In this context, digital health
means the usage of ICT in healthcare (Gersch and Wessel
2019) and affects organizations at all dimensions of digital
transformation, namely value creation, value proposition,
and customer (i.e., mostly patients) interaction (Pousttchi
2017) as shown in Fig. 1.

In terms of value creation, digital technologies can help
healthcare service providers to implement completely new
processes or organizational structures (Bygstad et al. 2017;
Denner et al. 2018). Hence, they can likewise improve treat-
ment and reduce costs (Ghosh et al. 2018). For instance, sen-
sors and machine-learning-based algorithms can help to detect

diseases or disorders (Shen et al. 2013; Hussainy et al. 2017).
In terms of value proposition, digital health paves the way for
entirely new services or business models (Thambusamy and
Palvia 2011), both for traditional healthcare providers and
new tech players which enter the promising market. For in-
stance, healthcare providers can offer telemedicine services
for remote diagnoses and consultation (Miscione 2007), elec-
tronic health records (EHR) (Xie et al. 2019), or mobile de-
vices and applications for the patients (Gurtner 2014). In terms
of customer interaction, healthcare service providers can ex-
ploit these applications and devices for new forms of patient
interaction and data generation to address patients’ expecta-
tions and needs, such as on-demand healthcare solutions
(Gleiss 2020).

A crucial factor is the successful implementation of digital
innovations, which implies the carrying out of new combina-
tions of digital and physical components to develop novel
products (Yoo et al. 2010). In contrast to the plethora of re-
search in the field of digital innovation (e.g., Yoo et al. 2012;
Hund et al. (2019), comparatively few contributions examine
the healthcare sector (Kohli and Melville 2019). Vom Brocke
et al. (2007) designed a clinical process mapping methodolo-
gy to support information systems innovation in a healthcare
context that requires the integration of relevant stakeholders.
In line with this, Scheplitz et al. (2019) have highlighted the
critical role of healthcare information systems in digital inno-
vation projects regarding processes, information flows, appli-
cations, and IT infrastructures. Especially, such information
infrastructures seem crucial for the successful implementation
of digital innovations (Grisot et al. 2013). Other contributions
have explored success factors and reasons for failure of digital
innovation projects in healthcare (e.g., Schubert 2004; Teoh
2010; Przybilla et al. 2018; Scheplitz et al. 2019). Further
research focuses on the general diffusion of digital innova-
tions in healthcare (Chan et al. 2004; Greenhalgh et al.
2004), especially by harnessing new digital technologies
(Brown et al. 2014; Fernández 2017) such as telemedicine
(Steinhauser 2019) or big data (Ambigavathi and Sridharan
2018). Altogether, startups bear the potential to revolutionize
entire industries and might also play an important role in in-
novating healthcare (e.g., Chowdhury 2012; Mandl et al.
2015; Christensen et al. 2017; Garbuio and Lin 2019).
Digital technologies in hospital care require collaborative in-
novation among multiple actors both within and beyond hos-
pitals; therefore, peripheral actors such as clinicians or tech-
nology providers can bring in resources for both innovation
and value creation (Aanestad et al. 2019). Particularly, living
labs can foster frugal digital innovation based on open collab-
oration of different actors and stakeholders (Sahay et al.
2018). In addition, although incumbent firms can benefit from
collaborating with startups (Kohler 2016; Islam et al. 2017),
research has not sufficiently explored such opportunities for
healthcare service providers such as hospitals.
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Organizational ambidexterity of healthcare
organizations

Hospitals need to manage hundreds of (partly critical) systems
and applications that are used simultaneously and routinely
(Bradley et al. 2012). Consequently, IT managers in hospitals
are busy with the smooth run, maintenance, and support of their
IT landscape, which makes it complicated to continuously
search for and implement new digital applications. They rather
focus on exploiting their existing digital technologies than ex-
ploring new digital innovations to integrate. This dilemma is
broadly covered by the concept of organizational ambidexterity
(OA), which was introduced by Duncan (1976). He refers to an
organization’s ability to implement dual structures for manag-
ing the balance of alignment and adaptation as he found that
organizations forfeit innovativeness and—in the long-run—
competitiveness if they only concentrate on improving their
efficiency. Over time, this concept has rooted in the consensus
that OA implies the ability of a firm to simultaneously explore
and exploit technologies (O’Reilly and Tushman 2004). Only
those companies that are able to conduct both explorative and
exploitative action are capable of incremental and radical inno-
vation (Gibson and Birkinshaw 2004; Rothaermel and
Alexandre 2009). Further research has extended this under-
standing of ambidexterity as a continuous and simultaneous
balance of such activities in trade-off situations, while manag-
ing and harnessing these trade-offs helps improving the firm’s
performance (Rothaermel and Alexandre 2009; Wolf 2019)
both on an organizational and individual level (Wolf and
Lüttenberg 2020), as shown in Fig. 2.

Although there is plenty of theoretical research on OA,
only a few contributions have applied this concept for study-
ing a company’s sourcing strategy. Accordingly, companies
need to source new technologies both internally and externally
to remain innovative and competitive at the same time
(Rothaermel and Alexandre 2009; Raisch and Birkinshaw
2008), and digital infrastructures can be foundational for

ambidextrous innovation processes (Montealegre et al.
2019), especially in healthcare settings (Abraham and
Junglas 2011).

Only a few contributions have adopted the notion of OA in
the context of healthcare. Tarafdar and Gordon (2007) illustrate
from a resource-based view how OA enables healthcare com-
panies to recognize the strategic importance of innovation, and
apply appropriate long-term evaluation criteria for projects.
Bodwell (2011) demonstrates how OA is positively related to
quality, andKwak et al. (2016) show that process ambidexterity
in healthcare organizations enhances team activities and
performance. Burgess et al. (2015) examine the contextual
and personal circumstances that enable middle managers to
forge compromises between exploration and exploitation.
Koster and van Bree (2018) found that OA in a hospital
strengthens collaboration through increased interdependency,
albeit hospitals rather switch between innovation and
exploitation instead of being continuously ambidextrous. In
contrast, Kizito and Kahiigi (2018) reveal how ambidextrous
structures can be implemented by profound IT governance.

Altogether, organizations can take huge advantage of
implementing dual structures to explore and exploit digital in-
novation and technologies likewise. In this context, externally
integrated innovations can play a crucial part in the future in-
novativeness and competitiveness of healthcare organizations.
Thus, the question remains how hospitals can remove barriers
to extract advantage from digital health innovations by ap-
proaching ambidextrous structures. Against this background,
we seek to explore how an HDMP can support such endeavors.

The “health engine” project in a German hospital

We accompanied the implementation of the “Health Engine,”
a hospital data management platform (HDMP), at a large hos-
pital group in northern Germany. The hospital group has nine
hospitals (with a total capacity of 2200 beds and 6700 em-
ployees) and runs 150 merely interoperable applications (50

Fig. 1 Dimensions of digital
transformation (Pousttchi 2017)
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applications with patient data). The HDMP has been developed
by the Swiss software company “the i-engineers” and is widely
used by Swiss hospitals. The HDMP is a healthcare-specific
data-warehouse architecture with three tiers for comprehensive
enterprise information management in hospitals. The database
tier contains a performant and reliant Oracle database with PL/
SQL, the object-oriented data model follows a clinical logic
(structures and processes) and is compliant with IHE, HL7,
and DICOM. The application tier provides processing mecha-
nisms through a Java-based Spring Boot microservice frame-
work that includes a REST backend interface (for clients and
apps) and components for communicating with external ser-
vices, peripheral systems, file storages, and the database tier.
Here, the HDMP provides several APIs. The client tier provides
the front-end user interface based on HTML5 and Angular,
which also allows for mobile applications.

The implementation entails three major tasks. First, a clear
data model for the HDMP repository needs to be defined, both
semantically and syntactically. This is important, as future
changes might be more effortful. Ideally, the data model con-
tains a master patient index (MPI), which allows for a cross-
sectoral harmonization of patient and case records. Second,
each system has to be connected separately, which requires
manual mapping of the data attributes in the databases and
communication servers, and programming of the interfaces
between the systems and the HDMP. At this, the hospital
and the provider had to work closely together. Third, the sys-
tems legacy data has to be replicated in the HDMP for
mirroring. For instance, the integration of a bed sensor system
to monitor patients’ vital data took 14 person-hours, while the
HIS integration took several weeks. Once implemented, the
HDMP can be configured to retrieve and transfer data from
and to many healthcare-related application and information
systems in real time, such as HIS, PACS (picture archiving
and communication system), as well as generic enterprise sys-
tems, such as ERP systems or office applications.

Furthermore, graphical user interfaces (GUI) can be pro-
grammed for the staff or patients, combining data from differ-
ent sources. At this level, basic functions can be integrated
(e.g., print, PDF converting, text recognition, search, signa-
ture, recording). What is more, various data can be stored,
managed and archived (e.g., patient, staff, or medical data),
which allows for complete data backups. Thus, data is ar-
chived redundantly and completely owned and accessible by
the hospital. Figure 3 provides an overview of the HDMP
architecture and the interfaces. The technical and semantical
integration of all resources enables the design of personalized
applications (including authorization and access manage-
ment). For instance, a patient portal can be developed and
attached. Consequently, the HDMP structure can be mapped
onto the hospital-specific processes and organization struc-
tures. As the HDMP is compliant with international healthcare
standards (DICOM, HL7, IHE), digital communication with
external stakeholders (e.g., healthcare service providers, insur-
ances) is facilitated.

Methodical approach

To address and frame our research question, we apply a
mixed-methods approach consisting of three phases: explora-
tion, consolidation, and synthesis (see Fig. 4).

(1) The exploration phase answers the purpose of identify-
ing barriers for digital innovations in hospitals. At this
phase, we first conducted a systematic literature review
to gather a representative coverage (Cooper 1988;
Webster and Watson 2002) by an abstract and keyword
search in relevant scientific databases (AISel, IEEE,
EBSCOhost, ScienceDirect, Springer, Wiley) for the
expression “(“barrier*”) AND (“digital*” OR
“technolog*”) AND (“hospital*” OR “clinic*” OR

Fig. 2 Service ambidexterity
framework (Wolf 2019)
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“*health*),” resulting in 952 potentially relevant papers.
We then selected those contributions with a clear rela-
tion to our research question by reading the abstracts and
removing duplicates (n: 56) and full texts of the remain-
ders, which led to a total of 27 relevant research papers.
We analyzed these papers to derive and define typical
barriers for hospital innovation through an inductive
coding method following the guidelines from
Mayring (2000). Second, we sought for validation
of the identified barriers from the supply side (i.e.,
digital health startups). Here, we conducted standard-
ized, structured telephone interviews with represen-
tatives from 20 startups (e.g., CEOs, sales agents).
Then we specifically posed open-ended questions to
elaborate on their experiences with business contacts
and negotiations with hospitals (Patton 2015, p. 638).
Each interview took 20–30 min, the answers were
protocolled, coded, and specifically assigned to the
barrier types. Altogether, we identified six superordi-
nate barrier types (technological, organizational, be-
havioral, financial, legal, and structural) as a basis for
the following two phases.

(2) The consolidation phase serves a dual purpose: For one
thing, we sought for validation of the identified barriers
from the demand side (i.e., hospitals). For another thing,
we aimed to assess the mitigating role of an HDMP in
this context. Thus, we conducted a three-hour focus
group interview for evaluation (Patton 2015, p. 697)
with three participants: the hospital CIO (who is in
charge of all digital health projects in the hospital facil-
ities), one of his employees, and the CEO of the HDMP
provider. Then we elaborated on the participants’ views
and experiences of integrating innovations in hospitals
and discussed how the HDMP could mitigate the iden-
tified barriers from the exploration phase. The responses
were protocolled and assigned to these barriers. As a
result of the consolidation phase, we could both substan-
tiate the barriers and assess if and how an HDMP can
mitigate them.

(3) In a final synthesis phase, we aimed to explore the po-
tential benefits of digital innovations in hospitals once
barriers are mitigated or overcome. Here, we first elab-
orated on impact potentials by conducting a qualitative
comparative case-study analysis with 36 digital health

Fig. 3 Architecture of the HDMP “Health Engine” (see appendix for abbreviations)

Fig. 4 Research design
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startups from a regional healthcare cluster (see Table 1).
Case studies are fruitful to explore and conceptualize
barely explained, complex phenomena from empirical
data (Benbasat et al. 1987). For a careful and purposeful
case selection, our sample focuses on typical group
characteristics of digital health startups with a deliberate
balance of homogeneity and variation to identify and
illuminate important group patterns (Patton 2015, p.
428; Yin 2009).

We applied complementary concepts to these cases to un-
derstand, analyze, and compare the innovative capacity and
impact potential of each case. Here, we refer to business-
related concepts, as resource-based view (Barney 2001), pro-
cess and value creation (Porter 1985; Hammer and Champy
1993), digital transformation (Pousttchi et al. 2019a), and
stakeholder value (Donaldson and Preston 1995). We also
applied health-related concepts such as healthcare cycles
(Fiechter and Meier 1998; Bergman et al. 2011; Knöppler
et al. 2016) or interoperability models (Sunyaev et al. 2010).
In this way, we derived and determined the scopes of benefi-
ciaries, impact areas, and impact causes for each innovation.

Finally, we condensed our findings into conceptual arti-
facts. Specifically, we first applied the morphological method
to arrange and categorize our findings within the barriers and
impact potentials. This method is a highly systematic ap-
proach for structuring multi-dimensional problems and in-
volves the identification and definition of a problem’s essen-
tial characteristics as well as the assignment of their relevant
instances. The aggregate of all characteristics and instances is
represented by a morphological box, which allows for struc-
tured analysis and comparison of complex phenomena
(Zwicky 1966; Ritchey 2013). Hereupon, we conceptualized
our findings into a more generic framework from a multi-level
perspective to emphasize the relationships. Multi-level re-
search enables an integrated understanding of phenomena that
unfold across levels in organizations and systems. Micro phe-
nomena are embedded in macro contexts and macro phenom-
ena often emerge through the interaction and dynamics of
lower-level elements (Burton-Jones and Gallivan 2007).

Results: Barriers for digital innovation
in hospitals and the mitigating role of an
HDMP

Exploration phase: Identifying barriers for digital
innovation

Digital innovations often face a multitude of barriers, especial-
ly in healthcare. Within this sub-section, we present and dis-
cuss the findings of our exploration phase, consisting of a

literature review and 20 interviews with digital-health startup
representatives. Altogether, we aggregated all barriers into six
superordinate barrier types: technological, organizational, be-
havioral, financial, legal, and structural barriers. For each bar-
rier, respective insights from the interviews are referred to by
“#” and their number (as per Table 1).

Technological barriers The available literature discusses tech-
nological barriers on different levels ranging from the IT
Infrastructure of a country to functionality problems of the
service (Akhlaq et al. 2016; Gajarawala and Pelkowski,
2020. As McLachlan et al. (2019) point out, one issue is a
lack of interoperability among new and legacy systems (due
to missing APIs). This claim is supported by one startup,
which mentioned that it is often difficult to connect their tech-
nologies with the core systems of hospitals (#6). Low
compatibility might be another critical barrier, particularly if
the offered service does not work on available devices or OS
(Gagnon et al. 2012). Furthermore, not all healthcare facilities
can provide the required network access (Harst et al. 2019),
which was confirmed by the startups (e.g., #27). A lack of
data often leads to poor data integrity and quality, which in
turn adds up to a low reliability and a poor foundation for
superior data-based services (Frederix et al. 2019). One
startup has faced troubles in gaining the required information
that make their innovations work at all (#15). Functionality
problems imply difficulties in bringing proof of the technical
feasibility, system efficiency, or technological capabilities
(Frederix et al. 2019). The overall technological complexity
refers to implementation and maintenance of digital services
(Lim and Anderson 2016; Harst et al. 2019). The complexity
is highly dependent on the level of required integration within
the hospitals’ systems in terms of required data (semantics and
syntactics), available APIs, and workflow alignment, which
often have to be harmonized with existing systems. Given the
variety of systems throughout hospitals, some of the inquired
startups prefer the provision of a web-based service over
connecting to the core systems of a hospital via APIs, if pos-
sible (e.g., #6).

Organizational barriers Other barriers originate from
processes and structures at the organizational level. For
instance, Stamatian et al. (2013) studied barriers resulting
from workflow deficiency. Such deficiencies affect decision-
making processes that exclude the actually concerned user
groups (MacNeil et al. 2019). Additionally, there can be a lack
of integration in the clinical work, resulting in more work for
the users instead of reducing the workload (Palacholla et al.
2019; Graetz 2020). Issues around physicians include that
they simply have no time for non-patient related concerns
(Stamatian et al. 2013; Nohl-Deryk et al. 2018). This claim
belongs to the barriers most mentioned by the startups (#2, #4,
#6, #12, 14, #22, #24). Hierarchical deficiency includes
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missing top-management support, low change management,
and scattered key players that operate independently within
the organization causing unclear roles and responsibilities
(Mason et al. 2017; Mohamadali and Zahari 2017a; Harst
et al. 2019). The startups confirmed that such opacities are a
major barrier for them (#2, #4, # 26) and so are long decision-
making processes (#2, #26). At last, there are also cultural
barriers which evolve around the issue of differences in
adopting and accessing digital resources (Lim and Anderson
2016; Otto and Harst 2019). Especially, a cultural resistance
toward (technology-induced) changesmight hamper the adop-
tion or implementation of digital innovations and requires
adequate change management approaches (Lluch 2011).

Behavioral barriersMany barriers occur on an individual, i.e.,
staff or patient-related, level. According to Frederix et al.
(2019), such individual barriers include the attitude toward
technology or devoid intrinsic motivation and knowledge.
Following Gagnon et al. (2012), a negative attitude toward
new technologies often stems from a lack of incentives or,
especially in terms of elderly patients, low perceived useful-
ness and confidence in technology in general (Gagnon et al.
2012; Frederix et al. 2019). Plus, some startups experience a
mistrust toward their technologies, such as AI (#15).
Furthermore, available research states missing acceptance of
digital health innovations (Holden and Karsh 2010), particu-
larly due tomissing or wrong information.Fear turns out to be
another barrier in healthcare, especially fear of more

transparency about the medical processes, which results in a
loss of control and strengthens the patient’s position
(Stamatian et al. 2013; Nohl-Deryk et al. 2018; Harst et al.
2019). Fear and doubts also arise from missing social contact
when switching to digital solutions such as online consulta-
tions (#36). Low motivation to explore new technologies is
another identified barrier (Stamatian et al. 2013; #4), and so is
knowledge, where a lack of business education of healthcare
professionals often leads to ignorance toward anticipated
healthcare benefits (Malekzedath et al. 2018). This was con-
firmed by a startup stating that the benefit of the innovation
was not recognized (#4). In line with that, Apathy and
Holmgren (2020) identify knowledge barriers resulting from
insufficient training opportunities for employees on new
technologies.

Financial barriersMonetary problems concerning digital inno-
vations range from verification issues to missing public funds.
Lim and Anderson (2016) stated that the missing proof of RoI
is a risk for healthcare providers, and thus a market-entry
barrier for startups. A similar problem is the uncertain
refundability of digital innovations (Vannieuwenborg et al.
2015; Lim and Anderson 2016; Frederix et al. 2019;
Soobiah et al. 2020). Among others, Desveaux et al. (2019)
identify the problem of few public funds and missing govern-
mental financial support for digital innovations (Ajami and
Arab-Chadegani 2013; Mason et al. 2017; Mohamadali and
Zahari 2017; Malekzadeh et al. 2018; Harst et al. 2019). This

Table 1 Overview of analyzed cases (digital health startups)

No. Core value proposition No. Core value proposition

1 app to diagnose deep vein thrombosis 19 chatbot application for patient care

*2 system to monitor and control the usage of disinfection agents 20 health IS for small hospitals with a digital patient record

*3 mobile app for the patient–nurse communication 21 wearable and app to record and analyze palsy patients’ moves

*4 software for automating cancer medication plans *22 app for directly booking consultation appointments

5 software to automate the documentation of medical reports *23 app and cloud to securely store medical data

*6 mobile app to support patients with chronic diseases *24 app for automatic individual therapeutic exercise plans

*7 mobile app for gait pattern analysis to prevent falls 25 software to detect accounting errors for medical services

8 platform for patient pathway automation *26 sensor-based UV rays to kill germs

9 app to capture patient-related outcome measures *27 sensor-based adhesive wearable to monitor patients

10 platform and apps for gynecology wards and patients *28 gamification-based platform to support therapeutic exercise

11 health IS plugin to modify or personalize the user interface (UI) *29 healthcare data management and transfer platform for patients

*12 mobile app for nurses to automatically record services *30 ML-based system for the prognosis of genetically determined diseases

13 platform for psychological online seminars and consultation 31 smart exoskeleton to support the lower back of caregivers

*14 platform for hospitals to find suitable after-care providers *32 mobile app for an acoustic feedback of a movement’s intensity

*15 device and app to record, archive and analyze long-term ECG *33 P2P technology for secure end-to-end video councils

16 device for insulin injection and app for blood-glucose analysis 34 video system to include therapeutic exercises in daily routine

*17 technology for 3D imaging from ultrasound 35 website to enroll doctors for relevant training courses

18 cyber-physical robotics system to support surgeries *36 monitoring system to support individual home-based aftercare

* representatives of marked startups also participated in a telephone interview
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problem was also stated by the interviewed startups (e.g., #3,
#26). Costs are a barrier, because high implementation costs
often represent a deterrent, and the amount of lifecycle costs is
sometimes difficult to estimate (Gagnon et al. 2012; #4). Plus,
there is a general lack of (external) financial incentives for the
introduction and use of digital innovations in healthcare
(Nohl-Deryk et al. 2018).

Legal barriersData security and privacy issues are relevant for
both users and providers. Patients’ concerns about the usage
of their data are increasingly rising (Gagnon et al. 2012; Nohl-
Deryk et al. 2018). If these two barriers are unclear or ad-
dressed insufficiently, trust in these services decreases
(Zaidan et al. 2011). Plus, healthcare providers have to ensure
legal compliance of their IT systems, especially in terms of the
General Data Protection Regulation (GDPR) and the patient
security law (Blobel and Ruotsalainen 2019). Also, there are
reliability concerns about the performance or testing proce-
dures of new innovations and their compliance with legal
requirements (Vannieuwenborg et al. 2015; Palacholla et al.
2019). Altogether, there are several difficulties in understand-
ing and implementing legal requirements. Moreover, differ-
ences in legislation at federal and state levels even increase the
legal complexity (Apathy and Holmgren 2020).

Structural barriers On a more generic level, structural barriers
can hamper the implementation and diffusion of digital innova-
tions in healthcare. Owing to the very nature of health systems,
healthcare providers face strict regulation (Ajami and Arab-
Chadegani 2013; Zakaria and Mohd Yusof 2016; Apathy and
Holmgren 2020). Such structural barriers are oftentimes beyond
a hospital’s sphere of influence and include issues of standard-
ization, certification, approval, and cooperation. Hence, the use
of new technologies often rather becomes a burden than an
improvement (Graetz 2020). At the same time, existing regula-
tory guidelines or measures can be unclear and unbalanced.
Plus, actors in the healthcare system only make slow progress
in comprehensive standardization, which results in IT incom-
patibility, media disruptions, poor processes, and insufficient
usability of staff or patient applications (Ajami and Arab-
Chadegani 2013; Nohl-Deryk et al. 2018). Furthermore,
certification and approval processes (e.g., clinical evidence,
certification marks, marketability) can hamper the introduction
of new technologies (Anderson 2007). While missing certifica-
tion excludes the technology’s usage directly, missing approval
complicates the billing mechanisms for digital services—par-
ticularly, if the healthcare service is paid by an insurance (Harst
et al. 2019). Additionally, the startups stated poor cooperation
between the healthcare providers and other stakeholders in the
healthcare system (e.g., payers, medical associations) as an ad-
ditional barrier (e.g., #29, #33).

Altogether, barriers arise at different levels and can either
stem from shortcomings of individuals such as staff or patients

(behavioral), of the hospital as a social system (organizational,
financial, technological, legal), or of the healthcare system at
large (legal, structural). We condensed all identified and ag-
gregated barriers into a morphological box (see Fig. 5).

Consolidation phase: Mitigating barriers through an
HDMP

In a second step, we sought to explore to what extent the
implementation of an HDMP can mitigate some of the iden-
tified barriers. Thus, we conducted a focus group interview
with the hospital CIO, one of his employees, and the CEO of
the HDMP provider. We present and discuss the findings in
this sub-section.

With respect to technological barriers, the HDMP can mit-
igate all barriers except a lack of network access according to
the interviewees. Once implemented and configured properly,
the HDMP can access, compute and transfer all relevant infor-
mation systems, applications and databases, and thus might
solve issues regarding interoperability, compatibility, and data
retrieval. What is more, the hospital is able to provide only such
data that is required by the startup, and thus enhance function-
ality and reduce technical complexity. In terms of organization-
al barriers, the HDMP can employ the IT systems to optimally
support the actual processes and thus reduceworkflow deficien-
cy of new technologies to be integrated. Particularly, the med-
ical controlling unit has integrated access to data from different
sources relevant for billing processes. If new technologies work
more seamlessly, cultural resistancemight diminish as well. For
instance, the medical staff agreed with the bed sensor system as
the vital data was integrated in the GUI of the used systems.
However, the HDMP might probably not mitigate hierarchical
deficiencies. It might help to shorten decision-making process-
es, but not in terms of technology sourcing.

This is different with behavioral barriers: If new technol-
ogies are integrated user-friendly, work seamlessly, and pro-
vide added value, the staff’s attitude, acceptance, and motiva-
tion might rise to use these technologies. Especially, if the
technologies are intuitive or help improve healthcare services,
fear or knowledge gaps might become less important. These
effects could be observed in a project in which patients have
been equipped with wearables where the medical staff could
manage and monitor the health-related data. Contrarily, the
HDMP might hardly help to mitigate all financial barriers,
albeit some financial risks and costs might be indirectly alle-
viated through a simpler integration of new technologies,
which allows easy testing and piloting. Hence, the RoI, costs,
and incentives of new innovations are rather unconcerned,
while refundability and the acquisition of public funds for
new digital therapies and diagnostics might be accelerated
through a faster and simpler integration.

The HDMP might help hospitals to mitigate some legal
barriers. While issues with security and privacy might even
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increase through the high degree of interconnectedness, a sin-
gle point-of-failure architecture, and data redundancy, legal
compliance and data reliability might be enhanced through a
comprehensive documentation and the data sovereignty of the
hospital. In terms of structural barriers, the HDMP might
only help indirectly. Clinical trials might be conducted and
documented more seamlessly (at least from a technical point
of view). However, this does not affect the decision processes
about certification and approval. In addition, although the
HDMP is compliant with common standards in healthcare, it
will not solve standardization problems within the entire
healthcare system on a national (or supranational) level.
However,, cooperation with other stakeholders might be
facilitated.

Altogether, digital technologies can be attached and tested
far more easily than before, without rearranging the entire IT
landscape or being dependent on access to certain information
systems or databases. Accordingly, hospitals can more seam-
lessly explore the potentials of innovative technologies by
leaving their routine processes unaffected. However, the
HDMP mainly addresses internal barriers (i.e., technological,
organizational, behavioral) if implemented, configured, and
introduced appropriately, while rather external barriers (i.e.,
financial, structural, legal) are more difficult to approach tech-
nologically. Altogether, hospitals might come closer to attain
a state of OA by leveraging their innovation capacities.
Figure 6 consolidates the assessed effects of the HDMP on
all identified barriers.

Synthesis phase: Conceptualizing the impact of DI in
hospitals

Once barriers are mitigated, digital innovations might impact
hospitals in various ways. Hence, we conducted a multiple
case-study analysis (with 36 digital health startups) to explore
and conceptualize the potential impact of such innovations. As
a result, we specified three different impact dimensions: ben-
eficiaries, areas, and causes. We outline and discuss these
dimensions in the following. For each impact dimension, orig-
inal cases are referred to by “#” and their number (as per
Table 1).

Impact beneficiaries At least three stakeholder groups would
benefit from integrating digital innovations. First, this in-
cludes the patients who can become safer, healthier or more
satisfied. For instance, an app for automatic individual thera-
peutic exercise plans can improve the recovery (#24), and a
mobile app to support patients with chronic diseases (#6) can
increase satisfaction. Likewise, the usage of a system to re-
cord, archive, and analyze long-term ECG (#15) might even
leverage all three effects at once. Second, the staff might also
benefit from digital innovations. Here, some innovations en-
hance their work processes in terms of efficiency (#5: software
to automate the documentation of medical reports), others in
terms of effectivity, such as precision (#18: cyber-physical
robotics system to support surgeries). This might in turn in-
crease staff satisfaction. Third, the hospital as an organization
might benefit in several ways. From a healthcare perspective,
many innovations can help to enhance the healthcare service
quality through better treatment or diagnoses (#27: sensor-
based adhesive wearable to monitor patients). From a business
perspective, such innovations might improve financial viabil-
ity (#25: software to detect accounting errors for medical ser-
vices) or competitiveness through integrating cutting-edge
technologies (#30: ML-based system for the prognosis of ge-
netic diseases). From a marketing perspective, the innovations
can raise patient loyalty and reputation (#29: healthcare data
management and transfer platform for patients). From a more
technological point of view, such innovations can enhance
security or legal compliance (#5: software to automate the
documentation of medical reports).

Impact areas Digital innovations can affect different areas
within the hospital. These include various value creation pro-
cesses within the hospital supply chain. For one thing, this
includes the support processes: Some startups assist the pro-
cesses of ICT (#33: P2P technology for secure end-to-end
video councils), administration (#20: health IS for small hos-
pitals with a digital patient record), marketing and customer
communication (#23: app for directly booking consultation
appointments), or procurement (#35: platform to enroll doc-
tors for relevant training courses). For another thing, this in-
cludes processes of indirect healthcare. In addition, digital
innovations can facilitate various tasks in terms of admission,

Fig. 5 Morphological box of typical barriers for digital healthcare innovations

29J Public Health (Berl.): From Theory to Practice (2022) 30:21–35



supply and discharge (#8: platform for patient pathway auto-
mation), anamnesis (#9: app to capture patient-related out-
come measures), care (#3: mobile app for the patient-nurse
communication), and hygiene (#2: system to control the usage
of disinfection agents). Generally, different phases of direct
healthcare might be concerned, from prevention (#7: mobile
app for gait pattern analysis to prevent falls) to diagnosis (#1:
mobile app to diagnose deep vein thrombosis), treatment
(#13: platform for psychological online seminars and consul-
tation), aftercare (#36: monitoring system to support individ-
ual home-based aftercare) to rehab (28: gamification-based
platform to support therapeutic exercise). What is more, the
innovations support the hospital staff (i.e., medical, care, ad-
ministrative, management) in their daily tasks of planning,
execution (#31: smart exoskeleton to support the lower back
of caregivers), decision-making (#4: software for automating
cancer medication plans), and documentation (#12: mobile
app for nurses to automatically record services).

Impact causes Furthermore, we explored the underlying
processual and technological causes that entail the above-
mentioned impact. Generally, work improvement for staff
can stem from six impact causes. Some innovations result in
a workload reduction or time savings (#19: chatbot applica-
tion for patient care; #12: mobile app for nurses to automati-
cally record services), others allow for more simplification or
usability (#11: health IS plugin to modify or personalize the
UI). Additionally, some innovations target emotional factors
by improving the work environment (#26: sensor-based UV-
technology to kill germs) or collaboration at large (#10: plat-
form and apps for gynecology wards and patients). In addi-
tion, the innovations exploit basic IT potentials (Pousttchi
et al. 2019a) such as automation (#24: app for automatic indi-
vidual therapeutic exercise plans), parallelization (#15: device
and app to record, archive and analyze long-term ECG) or
time and space override (#34: video system to include thera-
peutic exercises in daily routine). Mostly, a combination of
different digital transformation (DT) causes and elements

(Pousttchi 2017; Pousttchi et al. 2019a) is required to leverage
the above-mentioned effects.

Among the DT causes, we find processing power, min-
iaturization, cyber-physical systems (CPS), internet of
things (IoT), advanced data-processing techniques, artifi-
cial intelligence (AI), and human-computer interaction
(HCI). For instance, a mobile app for acoustic feedback
on a movement’s intensity (#32) requires local processing
power to steer the technology and a compact device with
proper sensors (CPS), connectivity (IoT), and human in-
volvement (HCI). Plus, the gathered data needs to be proc-
essed, transferred, and analyzed (AI). Among the DT
elements, the digital innovations enable ubiquity, teleme-
try, contextualization, identification, and the exploitation
of data. For instance, healthcare data management and
transfer platform for patients (#29) is accessible at any time
and from any place (ubiquity), enables the remote control
of connected devices and processes such as admission
preparation (telemetry), and allows for individual treat-
ment (contextualization) and authorization management
of patients and doctors (identification). All services are
built on the exploitation of administrative and medical da-
ta. Figure 7 synthesizes our findings within impact benefi-
ciaries, areas and causes by means of morphological boxes.

On that basis, we drew on multi-level theory and consid-
ered the organizational impact on the hospital and the individ-
ual impact on staff and patients from a different perspective
(Poole and Van de Ven 1989), which helped us to recognize
three further worthwhile findings:

(1) At least two different levels are affected from integrating
digital innovations into a hospital’s value creation. On a
micro level, this includes the patients and individual staff
members. On a macro level, this includes the hospital as
an organization. This conceptualization might be ex-
panded by other stakeholders such as external companies
(e.g., startups, suppliers, cooperation partners) on a mac-
ro level and their staff members on a micro level. Plus,

Fig. 6 Assessed effects of the HDMP on digital innovation barriers in hospitals
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one could examine the implications beyond hospitals
(e.g., healthcare market and system).

(2) Impact causes and areas apply to both levels. For exam-
ple, individual time savings might ultimately imply time
savings at an organizational level, and a patient can use
IoT-based devices or CPS, which in turn might enhance
patient monitoring andmanagement for the hospital in its
entirety. The same applies to impact areas. For instance,
a digital innovation might likewise enhance decision-
making on both an individual (e.g., decision support
tool) and an organizational level (e.g., decision coordi-
nation tool).

(3) Thus, we can assume several interdependencies between
both levels. For instance, an improved healthcare service
quality by the hospital might implicate an increased pa-
tient healthiness and satisfaction, which in turn improves
the hospital’s reputation, competitiveness, and patient
loyalty. Similarly, increased staff effectiveness and effi-
ciency might positively affect the hospital’s overall per-
formance. Altogether, even if the HDMP might help to
mitigate (especially technological) barriers, the socio-
economic interdependencies still have to be evaluated
carefully. Figure 8 condenses our findings into a concep-
tual framework.

Fig. 7 Set of morphological boxes for impact of digital innovations on hospitals

Fig. 8 Multi-level framework of
digital innovation impact on
hospitals
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Conclusion

The starting point of our research endeavor was the notion that
hospitals often lack a strategic approach of integrating innovative
digital technologies to improve their value-creating capacities,
while a multitude of digital innovations from digital health
startups enters the promising healthcare market. Against this
background, we sought to explore how hospitals could more
easily integrate digital healthcare innovations through an
HDMP in order to approach OA. Our results are threefold:
First, we provide a systematic overview of literature-based and
practically validated barriers for digital health innovations in hos-
pitals. Second, we provide an assessment of how an HDMP
might help mitigate such barriers. Third, we conceptualized the
potential impact of the integration of digital innovations in hos-
pitals from a multi-level perspective. Our findings reveal that an
HDMP helps hospitals to raise their innovative capacities
through ambidextrous structures. Especially, it can help to miti-
gate technological (connect or integrate new technologies), orga-
nizational (workflows and culture), and behavioral barriers (as
acceptance and motivation). However, such a platform alone
cannot solve all problems of sourcing digital technologies, par-
ticularly in terms of externally induced barriers, such as legal or
structural ones. Thus, there might be complementary and less
technology-oriented approaches to surmount barriers for innova-
tion (e.g., change management).

As a contribution to research, we added another puzzle piece
into the emerging field of digital health by applying a socio-
technological lens to the healthcare domain. Therefore, we pro-
vide a systematic understanding of potential barriers and impact
potentials of integrating digital innovations in hospitals.
Additionally, we show how an HDMP might help hospitals ap-
proach OA and extract advantages from new technologies by
overcoming such barriers. The conceptual framework provides
a first structured overview of potential innovative capacities of
digital health projects in hospitals at both organizational and
individual levels, including generalized assumptions of the rela-
tionships. As a contribution to practice, we sensitize about bar-
riers digital innovations typically face, present a solution to mit-
igate such barriers, and provide an overview of potential benefits
to capture. Thus, healthcare practitionersmight employ this over-
view to systematically evaluate their IT landscapes and the po-
tential benefits of new technologies.

By its qualitative nature, our research entails several limita-
tions.While the identified literature-based barriersmight be com-
prehensive and inherently logical, other researchers might have
coded and derived other items and classes. The same applies to
the impact types, which result from the deductively selected and
applied concepts as well as the selection of considered cases.
Furthermore, the assessment of the mitigated barriers is a subjec-
tive view on the observed clinic group in our case. Hence, these
findings are only partly generalizable. We see two avenues for
future research. From a technological standpoint, research could

design options that promote interoperability among existing and
new technologies. From a socio-technological standpoint, re-
search could zero in on the interplay of different actors atmultiple
levels, which hamper or foster digital innovations in hospitals.
Especially, the interdependencies and relationships among all
levels should be elaborated, both qualitatively and quantitatively.
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