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Abstract

The digitalization of national healthcare systems is a complex and context-sensitive process that requires systematic analysis to identify
both current progress and areas needing further development. Traditional assessments often rely on secondary data, which can overlook
operational-level implementation challenges that constrain effectiveness and remain invisible to policymakers. To address this gap, we
collected primary qualitative data from healthcare professionals in Austria, Bulgaria, and Hungary. Using the Theory of Constraints
(TOC) thinking processes, we analyzed the implementation of national digital health initiatives and their perceived impact on service
quality. Our findings reveal distinct systemic bottlenecks in each country and support the development of targeted policy recommen-
dations based on TOC frameworks from operations research. By applying TOC in a cross-national qualitative study, we contribute to
the literature on healthcare digitalization and demonstrate that national cultural factors shape both the nature of the constraints and the

pathways to effective digital transformation.
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1. Introduction

A core policy objective of the European Commission
(EC) is to ensure equitable access to adequate and afford-
able healthcare across member states (European Commis-
sion, 2019). Nevertheless, recent research highlights per-
sistent disparities in healthcare accessibility within the Eu-
ropean Union (EU) (Majcherek et al., 2023). The study un-
derscores the potential of digital health solutions to add sub-
stantial value, particularly in contexts where conventional
healthcare services are either ineffective or inaccessible.
Digital health encompasses a broad spectrum of technolo-
gies, including telemedicine, wearable devices, electronic
medical records, mobile health applications (mHealth), and
advanced healthcare software systems (WHO, 2017). The
integration of these technologies can play a pivotal role
in enhancing the efficiency, accessibility, and quality of
healthcare delivery, while also contributing to cost reduc-
tion and improved health outcomes (Agarwal et al., 2010;
Chaudhry et al., 2006; Davidson et al., 2018). However,
the digital transformation of healthcare systems faces nu-
merous challenges, both within the EU and globally.

The complexity of digitalization in healthcare stems
from the wide range of clinical applications, stringent reg-
ulatory environments, high risks, and culturally specific
factors that vary across countries (Lee, 2017; Sermontyte-
Baniule et al., 2022). Successful implementation depends
on the coordinated efforts of multiple stakeholders, includ-
ing healthcare providers, regulators, insurers, medical pro-

fessionals, and patients, as well as governmental support
for innovation. Because digitalization necessitates integra-
tion across primary, secondary, and tertiary care, as well
as between healthcare and social services, national insti-
tutional frameworks introduce further complexity (Klecun
et al., 2019). Additionally, national governments differ in
their innovation strategies and investment priorities, as re-
flected in the European Innovation Scoreboard (EIS) (Eu-
ropean Commission, 2022). The EIS reveals a pronounced
divide within the EU: Innovation Leaders and Strong In-
novators are predominantly located in Northern and West-
ern Europe, while Southern and Eastern European countries
tend to be Moderate or Emerging Innovators. While the per-
formance gap between Innovation Leaders and Strong In-
novators is minimal, Emerging Innovators lag significantly
behind (European Commission, 2023).

Prior research on healthcare digitalization has pre-
dominantly focused on single-country case studies, often
descriptive in nature and relying heavily on secondary data
sources. These studies provide valuable accounts of im-
plementation practices, benefits, and outcomes. For in-
stance, Bogumil-Ugan and Klenk (2021) compare Austria
and Germany and reveal that even among Innovation Lead-
ers, differing institutional and political dynamics shape dig-
ital health implementation. However, the existing body
of literature remains fragmented and under-theorized. No-
tably absent are comparative studies that analyze digital
health adoption across countries with divergent innovation
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capacities and institutional settings. In addition, very few
studies apply established theoretical frameworks to diag-
nose system-level barriers and propose targeted interven-
tions. Most scholarship lacks explanatory depth, particu-
larly when it comes to understanding how cultural, regula-
tory, and operational factors interact with national digital
health strategies. These limitations have important impli-
cations for healthcare policy and practice. Without theo-
retically grounded and comparative insights, policymakers
lack robust evidence to guide the implementation of digi-
tal health initiatives (Currie and Seddon, 2014). As a re-
sult, digital health strategies may fail to account for contex-
tual constraints, leading to inefficient investments, uneven
adoption, and limited improvements in healthcare delivery
(Kierkegaard, 2015). Furthermore, the absence of cross-
country analyses makes it difficult to identify transferable
lessons across health systems, potentially exacerbating re-
gional disparities in digital health adoption.

To address these gaps, this study examines the health-
care digitalization trajectories of three EU countries with
contrasting innovation performance: Austria (a Strong In-
novator), and Hungary and Bulgaria (both categorized as
Emerging Innovators). We employ a qualitative research
design based on 15 semi-structured interviews with health-
care professionals from these three countries. This primary
data collection enables rich, context-sensitive insights into
how digitalization is experienced by medical practitioners
across diverse national settings, capturing both perceived
benefits and operational constraints. The interviewees rep-
resent a range of clinical specializations, ensuring a com-
prehensive understanding of healthcare digital transforma-
tion dynamics. Theoretically, we apply the Theory of Con-
straints (TOC), a systems-thinking methodology from op-
erations management that focuses on identifying and alle-
viating bottlenecks that hinder performance. In healthcare,
such constraints may include policy inefficiencies, limited
resources, or fragmented digital systems.

Our investigation is guided by the following research
questions:

What is the current state of healthcare digitalization in
Austria, Hungary, and Bulgaria?

To what extent does digitalization improve the quality
and efficiency of healthcare services?

What are the key barriers hindering optimal digital
healthcare transformation in these countries?

Addressing these questions is critical for both aca-
demic and policy communities. By bridging the gap be-
tween theory and practice, we offer a nuanced understand-
ing of how institutional and cultural factors shape digital-
ization outcomes in healthcare. This is especially relevant
for Emerging Innovator countries, where misalignment be-
tween top-down digital strategies and operational realities
may exacerbate inequality in healthcare access and perfor-
mance.

Our contribution is threefold: First, we provide a
cross-national comparison of healthcare digitalization, an
underdeveloped area in literature. Second, we apply TOC
to a new empirical domain, digital health systems, ex-
tending its relevance beyond manufacturing and traditional
healthcare operations. Third, by relying on first-hand pro-
fessional insights, we surface barriers and solutions that re-
main invisible in secondary-data-based studies. These in-
sights have theoretical implications for digital transforma-
tion frameworks and practical relevance for national policy
design within the EU health innovation agenda.

For policymakers within the EU, especially those
working in health ministries and innovation agencies, our
findings provide comparative evidence on how national
contexts and innovation capabilities shape the trajectory of
digital health transformation. For healthcare administrators
and practitioners, particularly in emerging innovator coun-
tries, the study offers valuable insights into overcoming sys-
temic constraints and leveraging digital tools to improve
service delivery. For scholars and theorists in operations
management and health digitalization, this study provides
a rare empirical application of TOC across diverse cultural
and institutional settings, supporting both theory-building
and refinement. Ultimately, this research supports the EU’s
broader strategic goals of reducing health inequalities, fos-
tering innovation-driven growth, and improving the quality
and accessibility of healthcare throughout the Union.

2. Theory

The TOC originated from the work of Goldratt, who
initially introduced it through a scheduling software solu-
tion known as Optimized Production Technology. How-
ever, it gained broader recognition following the publica-
tion of the influential business novel “The Goal”, which
prompted growing scholarly interest in the late 1990s (Gol-
dratt, 1990; Goldratt and Cox, 2016). TOC offers a struc-
tured yet intuitive approach to process improvement, em-
phasizing that many organizational systems are limited by
a small number of critical constraints or bottlenecks that re-
strict their ability to meet goals effectively. Atits core, TOC
suggests that systems are typically governed by one primary
limiting factor at a given time. Addressing this constraint
has the greatest potential to improve system performance.
To evaluate progress toward organizational objectives, Gol-
dratt proposed three key operational metrics:

(1) Throughput—the rate at which the system gener-
ates financial value through sales;

(2) Inventory—the total capital tied up in items or re-
sources intended for sale or use;

(3) Operating expense—the ongoing costs incurred to
transform inventory into throughput (Goldratt, 1990; Gol-
dratt and Cox, 2016).

Constraints can be physical, such as limited staff,
equipment, or space, or policy-related, stemming from out-
dated procedures, rigid rules, or ineffective management
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practices. While physical constraints are generally more
visible and easier to address, policy constraints often have
a deeper, systemic impact. Removing policy-related limi-
tations tends to yield more significant and sustainable im-
provements than merely adding resources (Dettmer, 1997;
Goldratt and Cox, 2016). To guide continuous improve-
ment, TOC introduces the Process of Ongoing Improve-
ment (POOGI), a five-step cyclical method:

(1) Identify the constraint: Determine the key limi-
tation that restricts system performance. This may be a
tangible resource or an embedded policy or rule that lim-
its throughput.

(2) Exploit the constraint: Maximize the performance
of the constraint using current resources without major in-
vestments or structural changes. In the case of policy con-
straints, adjustments may involve rethinking and replacing
ineffective procedures.

(3) Subordinate other processes: Align all other sys-
tem operations to support the constraint. This means adjust-
ing activities of non-constraint areas, so they do not outpace
or interfere with the performance of the limiting factor.

(4) Elevate the constraint: If prior steps don’t suffi-
ciently resolve the bottleneck, take more substantial actions,
such as investing in new equipment, redesigning work-
flows, or reorganizing staffing, to increase the capacity or
efficiency of the constraint.

(5) Repeat the process: Once a constraint is resolved,
another will inevitably emerge.

TOC emphasizes the importance of continuously
scanning for new limitations and restarting the improve-
ment cycle. Additionally, previously helpful policies may
themselves become constraints over time and must be re-
evaluated in light of evolving circumstances (Goldratt,
1990; Goldratt and Cox, 2016).

This methodology has been widely adopted across
various domains as a means of fostering systemic improve-
ment and ensuring strategic focus on the most impactful
barriers to success. The overarching objective of any TOC
intervention is to increase throughput (i.e., the rate at which
the system generates value) and/or reduce inventory, with
a secondary focus on lowering operating expenses. This
shift in measurement reframes how efficiency and success
are understood in operational contexts.

TOC was later extended to address policy constraints,
limitations embedded not in physical resources, but in de-
cision rules, mental models, or systemic assumptions. This
development introduced the Thinking Processes, a suite
of cause-effect logic tools designed to diagnose, envision,
and implement organizational change. The Thinking Pro-
cesses are built around three fundamental questions: What
to change? What to change to? How to cause the change?

These questions are addressed through tools such as:

(1) The Current Reality Tree (CRT), which maps sys-
temic cause-effect relationships to identify core problems;
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(2) The Evaporating Cloud (EC), which explores con-
flicts and proposes innovative solutions (“injections”);

(3) The Future Reality Tree (FRT), which models the
anticipated outcomes of proposed changes.

Together, these tools facilitate the systematic analysis
and resolution of both operational and strategic constraints.

In summary, TOC has matured into a robust theoret-
ical and practical framework that enhances the internal ef-
ficiency and adaptability of a wide range of systems (Rah-
man, 1998; Watson et al., 2007). Its integrated approach,
linking performance measurement, process optimization,
and strategic thinking, makes it uniquely suited to address
the complex challenges faced by contemporary organiza-
tions.

Application of TOC in Healthcare Research

The TOC has gained traction in the healthcare sec-
tor as a process improvement strategy for managing opera-
tional bottlenecks and enhancing service delivery. A recent
systematic literature review by Datt et al. (2024) provides a
comprehensive overview of TOC’s applications across var-
ious healthcare settings, summarizing 36 studies conducted
between 1999 and mid-2021. TOC tools such as the Five
Focusing Steps (FFS), Thinking Process (TP) logic trees,
Drum-Buffer-Rope (DBR), and Throughput Accounting
(TA) have been effectively applied to improve patient flow,
reduce waiting times, increase resource utilization, and im-
prove scheduling efficiency in traditional healthcare envi-
ronments (e.g., emergency departments, operating rooms,
and outpatient clinics). Reported outcomes include reduc-
tions in appointment delays (up to 70%), length of stay, and
staff overtime, alongside improvements in service capacity
and financial performance.

Healthcare studies tend to report physical constraints
more frequently, although TOC traditionally emphasizes
policy constraints, defined as rules or institutional assump-
tions that hinder system performance. Commonly cited lim-
itations include shortages in hospital beds, staffing, clinical
space, and medical equipment. This trend reflects the per-
vasive issue of underfunding and resource scarcity across
many national healthcare systems (World Health Organiza-
tion, 2021). Nonetheless, policy constraints remain highly
relevant, particularly inefficiencies in authorization proto-
cols, billing systems, interdepartmental patient handovers,
and scheduling mechanisms. According to TOC principles,
policy constraints often represent the most accessible levers
for systemic improvements.

Much of the literature focuses on ambulatory care
(e.g., emergency room services) and specialty outpatient
care (e.g., non-overnight treatments by medical special-
ists). A small subset of the literature addresses ancillary,
non-clinical services, such as insurance claims processing
and appointment scheduling systems (see Appendix Table
14 for a summary of the literature review). Despite these
contributions, none of the reviewed studies applied TOC
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to digital systems or technologies such as electronic health
records (EHR), telehealth platforms, digital diagnostics, or
Artificial Intelligence (Al)-based clinical workflows. Al-
though Mabin et al. (2018) briefly referenced the opti-
mization of an electronic health record system, digital in-
frastructure itself is not treated as a system constraint or
area of process redesign. This disconnect between TOC
literature and digital health innovation suggests a signifi-
cant opportunity for further exploration. While TOC has
demonstrated value in optimizing traditional healthcare op-
erations, its potential role in digital healthcare transforma-
tion remains largely unexplored. The current study seeks to
address this gap by applying TOC frameworks to analyze
digitalization efforts across three European healthcare sys-
tems, Austria, Bulgaria, and Hungary, with the goal of iden-
tifying system-level constraints, proposing context-specific
solutions, and demonstrating how TOC can be adapted to
complex, digitally mediated healthcare environments.

In addition to applying TOC, this study incorporates
Hofstede’s cultural dimensions as an exploratory analytical
lens to better understand how national culture may shape
both the emergence of constraints and the perceived fea-
sibility of solutions (Hofstede, 2011). Integrating Hofst-
ede’s framework is theoretically meaningful for two rea-
sons. First, it complements TOC by offering a context-
sensitive explanation for why similar digitalization chal-
lenges may manifest differently across countries not just in
technical terms, but in terms of stakeholder perception, or-
ganizational behavior, and resolution. Second, it allows us
to explore the validity of TOC tools in diverse institutional
and cultural environments, where values and norms influ-
ence how constraints are interpreted and addressed. This
approach extends TOC’s applicability by showing how its
implementation must be attuned to the socio-cultural real-
ities of national healthcare systems, where both authority
structures and motivational orientations shape the dynam-
ics of change.

3. Methods

In contrast to prior research on healthcare digitaliza-
tion, we utilized primary data for our analysis. We gathered
qualitative data from 15 practicing medical doctors in Aus-
tria, Bulgaria, and Hungary (5 from each country) through
semi-structured interviews. We used theoretical sampling
of front-line clinicians and interviewed until country-level
thematic saturation, as commonly suggested in qualitative
research to increase reliability (Ligita et al., 2020). Each
interview lasted approximately 30 minutes and was con-
ducted in the local language of the respective country. To
gain a comprehensive understanding of the industry, we
conducted interviews with doctors from various specialties,
including dentistry, internal medicine, pain medicine, radi-
ology, and others.

After collecting the data, we transcribed all interviews
using voice-to-text software Cockatoo (2025; Cockatoo

Inc., Scottsdale, AZ, USA) and manually reviewed them
for transcription errors. We then manually translated all
interviews conducted in German, Bulgarian, and Hungar-
ian into English. Cross-language validity (i.e., equivalence
of the original and the English language interview trans-
lations) was ensured by the choice of interviewers: Inter-
viewer 1, who conducted the German and Bulgarian in-
terviews speaks both languages at native proficiency and
knows both countries’ cultural and medical context due to
her nationality. Similarly, Interviewer 2, who conducted
the Hungarian interviews, speaks Hungarian at native pro-
ficiency, was born and raised in Hungary and has work ex-
perience in the Hungarian healthcare environment. There-
fore, both emic (culture-specific) and etic (universal) con-
cepts for achieving translation equivalence suggested in the
seminal article of Triandis (1976) have been addressed by
the choice of interviewers. Our further analysis was con-
ducted in English.

Two researchers with backgrounds in qualitative aca-
demic research in international business and healthcare
acted as coders in this study. Before the coding exercise, the
two raters aligned on the coding processes and discussed to
clarify any ambiguities. English transcripts were then read
and organized into open codes by two researchers, which is
a common first step when starting qualitative data analysis
(Yin, 2015). Then, both researchers compared their open
codes, discussed differences and agreed on a common list
of 582 open codes. Following this, six emerging coding cat-
egories were created inductively based on a joint discussion
of the two researchers:

(1) Financial Context: financial costs or savings;

(2) Human Resources: changes in employment
or tasks of human workers (including doctors and
paramedics);

(3) Infrastructure: physical or software infrastructure,
hardware, medical equipment, including digital infrastruc-
ture provided by the government;

(4) Internal Processes: processes of providing medical
care, including appointment scheduling, status, anamnesis,
diagnosis, treatment, and follow-up;

(5) Patient Satisfaction: medical professionals’ opin-
ion about patients’ satisfaction with digital health solutions;

(6) Service Quality: opinion about efficiency, accu-
racy, timeliness, and general quality of medical services
provided by the healthcare system in general.

Afterwards, each researcher independently assigned
the common list of open codes to category codes. Krippen-
dorff’s Alpha was employed to assess the inter-rater relia-
bility of the rating scheme (Krippendorff, 2018). This sta-
tistical measure is particularly suited for studies with multi-
ple raters and different levels of measurement. It is a mea-
sure that accommodates different numbers of raters, sample
sizes, and missing data, making it appropriate for numerous
study designs (Krippendorff, 2018).
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In the present case, each rater independently provided
ratings. The rated data were then input into the web-based
statistical package K-Alpha Calculator (Marzi et al., 2024).
The analysis provided a reliability coefficient for the cod-
ing scheme, indicating the extent of agreement among raters
beyond chance. The resulting Krippendorft’s Alpha coeffi-
cient is 0.938 (95% CI: [0.915, 0.959]; CI, confidence in-
terval), recalling that the threshold for a satisfactory level
of this coefficient is 0.80, as suggested by Krippendorff
(2018).

Next, both researchers individually assigned a senti-
ment tag of ‘positive’, ‘neutral’, or ‘negative’ to all open
codes in each of the six categories mentioned above. Krip-
pendorff’s Alpha was calculated again with the same proce-
dure as described above. The resulting Krippendorff’s Al-
pha coefficient for the sentiment coding is 0.878 (95% CI:
[0.841, 0.911]). Afterwards, the researchers agreed on dif-
ferences in the coding. Tables 1,2,3 present the number and
relative frequency of these tagged codes for each country:

Table 1. Relative frequency and the number of open codes
assigned to topics, by sentiment, based on Austrian

interviews.
Austria Positive ~ Neutral Negative
Financial context 30%(7)  35%(8) 35%(8)
Human resources 45%9)  35%(7) 20% (4)
Infrastructure 74% (29) 18%(7) 8% (3)
Internal processes ~ 74% (28)  24% (9) 3% (1)
Patient satisfaction 40% (10) 40% (10) 20% (5)
Service quality 69% (36) 8% (4) 23%(12)
Sum 60% (119) 23% (45) 17% (33)

Table 2. Relative frequency and the number of open codes
assigned to topics, by sentiment, based on Bulgarian

interviews.

Bulgaria Positive ~ Neutral Negative
Financial context 4% (1)  31%(8) 65% (17)
Human resources 0% (0) 57% (4)  43% (3)
Infrastructure 21% (16) 55% (41) 24% (18)
Internal processes  16% (3) 47% (9) 37% (7)
Patient satisfaction  13% (3)  22% (5) 65% (15)
Service quality 79% (22) 14%@4) 7% (2)

Sum 25% (45) 40% (71) 35% (62)

Reliability of the coding procedures was established
by two coders independently and fully coding the data.
Additionally, each interview was coded by both the inter-
viewer (who is most familiar with the context and possi-
ble non-verbal elements of the interview) and the other re-
searcher (who is proficient in qualitative coding and health-
care terminologies but does not have an interviewer bias).
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Table 3. Relative frequency and the number of open codes

assigned to topics, by sentiment, based on Hungarian

interviews.
Hungarian Positive Neutral  Negative
Financial context 56% (14)  20% (5) 24% (6)
Human resources 85% (17) 10%(2) 5% (1)
Infrastructure 73% (46) 19% (12) 8% (5)
Internal processes  43% (16)  30% (11) 27% (10)
Patient satisfaction  71% (10)  14% (2) 14% (2)
Service quality 69% (33)  19%(9) 13%(6)
Sum 66% (136) 20% (41) 14% (30)

To identify national-level constraints, we used the sen-
timent tables to select, for each country, the thematic area
with the highest proportion of negative sentiment. These
country-level constraints were then further analyzed using
TOC thinking processes. For each country, we constructed
a CRT beginning with a core problem statement and iden-
tifying related Undesirable Effects (UDEs) based on recur-
ring negative-sentiment open codes in the interview data.
The UDEs were connected to the core problem using ex-
plicit “if-then” logic to ensure internal causal consistency
in line with standard TOC practice (Kendall, 2005).

To strengthen the robustness of this step, we trian-
gulated the qualitative identification of UDEs and core
constraints with a quantitative mapping of all negative-
sentiment open codes to the formulated UDEs. This al-
lowed us to assess whether the qualitatively identified
core constraint was also supported by a high number of
participant-reported negative experiences relative to alter-
native UDEs. An overview of the UDE selection process is
presented in Appendix Table 15.

After identifying the core UDE in each country, we
used the EC to formulate the central conflict underlying the
constraint and to derive actionable policy “injections”. We
then used the FRT to map, again through “if-then” logic,
how the proposed policy interventions could resolve the
core problem while also alleviating other non-core UDEs.
In this way, the Five Focusing Steps and TOC Thinking
Processes were used sequentially to identify the main na-
tional constraint, select the highest-leverage UDE, formu-
late a solution, and assess the broader expected effects of
the proposed interventions.

4. Results

In Austria, the core problem was framed as “Financ-
ing digitalization is a burden of progress”. Six UDEs were
identified:

UDE 1: Digitalization raises privacy concerns that
hinder adoption.

UDE 2: Over-reliance on digital creates “risk of sys-
tem downtime”.

UDE 3: Cost and complexity of digitalization might
create regional disparities in healthcare quality.
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Table 4. Tabular representation of the current reality tree of Austrian healthcare system digitalization.

Logical steps leading to core problem

Related UDE

Connection rationale

1. Digital gap is arising in quality of service UDE 3: Cost and complexity of digitalization might create

regional disparities in healthcare quality (Core Constraint)

UDE 5: Digitalization marginalizes non-digital

populations’ access to healthcare

2. Digitalization increasingly seen as
negative, slowing down progress

UDE 2: Over-reliance on digital creates “risk of system

UDE 1: Digitalization raises privacy concerns that hinder
adoption

Perception of “digital danger”
Complexity increase might hinder
efficiency increase

downtime”

UDE 4: Constant digital change increases operational

costs

UDE 6: Digitalization requires funds that might take

resources from other needed areas

3. Financing digitalization is burden of
progress (core problem)

UDE, Undesirable Effect.

Table 5. Tabular representation of the evaporating cloud of Austrian healthcare system digitalization.

Core problem

UDE 3: Cost and complexity of digitalization might create regional disparities in healthcare quality

Solution to core problem
Requirements of the solution

2. Increase regional autonomy to create

regionally relevant solutions

Injection
tackle differences

1. Decrease the creation of regional disparities

INJ1: Include regional compensation budget to

Equalize regional disparities
1. Increase focus on underperforming regions
2. National plan to identify and tackle
underperforming areas
INJ2: Inject more regional planning into national
digitalization plan

INJ, Injection.

UDE 4: Constant digital change increases operational
costs.

UDE 5: Digitalization marginalizes non-digital popu-
lations’ access to healthcare.

UDE 6: Digitalization requires funds that might take
resources from other needed areas.

The Austrian CRT with the UDEs is presented in Table

In Austria, UDE 3 (“cost and complexity of digital-
ization might create regional disparities in healthcare qual-
ity”’) emerged as the core UDE. This choice was supported
by both the CRT logic and the quantitative mapping of
negative-sentiment codes to UDEs. Using the EC, we
framed the Austrian solution as reducing regional dispar-
ities in digital healthcare. The central conflict lay between
greater regional autonomy and the need for national coor-
dination. We therefore proposed two policy injections: a
regional compensation budget at county or city level and
stronger regional planning within the National Digitaliza-
tion Plan (Bundeskanzleramt Osterreich, 2023). The Aus-
trian EC is presented in tabular form in Table 5.

The Austrian FRT showed how these two policy pro-
posals could reduce the financial burden of digitalization
and mitigate several non-core UDEs. The full FRT is pre-
sented in Table 6.

In Bulgaria, the core constraint was identified as de-
creased patient satisfaction. Although “Financial Context”
and “Patient Satisfaction” appeared with the same propor-
tion of negative sentiment in the Bulgarian interviews (both
65% negative codes, see Table 2), we selected decreased pa-
tient satisfaction as the core constraint because it is the most
actionable, high-leverage bottleneck at the level of care de-
livery. This choice is also consistent with the core TOC
principle of identifying the factor that most directly limits
the system’s goal and throughput. In the healthcare con-
text examined here, throughput can be understood as pa-
tient load, that is, the system’s ability to effectively serve
patients without avoidable delays, dissatisfaction, repeated
contacts, or inefficient use of clinical capacity. Decreased
patient satisfaction signals breakdowns in communication,
coordination, and discharge processes that can disrupt pa-
tient flow, increase complaints and rework, and reduce the
system’s effective capacity to manage patient load. By con-
trast, although financial context is clearly important, it op-
erates more as a structural background condition rather than
as the immediate operational bottleneck most directly con-
straining throughput. In a state-funded system, increas-
ing resources is typically a macro-level policy decision and
often constrained by fiscal possibilities. By contrast, pa-
tient experience can be improved through process redesign
and communication- and coordination-focused quality im-
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Table 6. Tabular representation of the future reality tree of Austrian healthcare system digitalization.

Injection
differences

INJ1: Include regional compensation budget to tackle

INJ2: Inject more regional planning into national
digitalization plan

Logical steps to solution
importance to catch up

2. Localized plan increases perception of “digital safety”
3. Investment in digitalization seen as desired

Solution

1. Financial incentives to providers based on need and

1. Non-digital population less neglected with more
local action
2. Localized plan increases perception of “digital
safety”
3. Investment in digitalization seen as desired

Financial burden on digital progress lifted

provement that is frequently cost-neutral or cost-saving
(e.g., discharge communication interventions and broader
patient-experience improvement programs) (Becker et al.,
2021). Moreover, patient satisfaction is not merely an “out-
come”; it is closely linked to clinical effectiveness, safety,
and utilization, meaning that improving experience can re-
duce avoidable complications and readmissions, pressures
that themselves intensify the costs of healthcare (Doyle et
al., 2013). Finally, the direction of dependence is asymmet-
ric: while additional funding does not automatically trans-
late into better patient experience without changes in deliv-
ery, better patient experience has been empirically associ-
ated with stronger financial performance (e.g., lower costs
and higher revenue), making it a viable choice as a core
constraint through which “financial context” can improve
(Giese et al., 2024).

We identified the following UDEs that contribute to
this core problem:

UDE 1: Telemedicine is not supported legally.

UDE 2: Lack of nationwide digitalization creates re-
gional differences in quality of care.

UDE 3: Cost of digitalization is taken by doctors.

UDE 4: Inconsistent data access hinders collaboration
between doctors.

UDE 5: Dual documentation reduces efficiency.

In Hungary, the core constraint was internal processes,
defined as “digitalization does not increase process perfor-
mance”. UDEs resulting in this constraint are:

UDE 1: Incompatibility of statewide and private dig-
ital systems slows down adoption.

UDE 2: Technical challenges increase risk of down-
time due to information technology (IT) problems.

UDE 3: Limited digital personalization challenges
digital success in different medical areas.

UDE 4: User-unfriendliness of digital systems hinders
efficient care.

UDE 5: Resistance to change slows down implemen-
tation at a different pace.

These CRTs for Bulgaria and Hungary are presented
in Tables 7,8.

Based on these CRTs, the core UDE for Bulgaria was
“dual documentation reduces efficiency”, while in Hungary
it was “user-unfriendliness of digital systems hinders effi-
cient care”.
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In Bulgaria, we proposed replacing dual documenta-
tion with a fully digital standard documentation system.
This led to two policy recommendations: a digital authenti-
cation system for doctors and patients, and nationwide stan-
dardization of documentation systems. The Bulgarian EC
and FRT can be found in Tables 9,10.

In Hungary, the proposed solution was to improve the
usability of digital systems. The central conflict was be-
tween keeping interfaces simple for clinicians and introduc-
ing new functionalities to improve care. We proposed two
policy responses: first, automated and user-hidden func-
tions for non-value-added administrative tasks (e.g., per-
sonal data synchronization, data retrieval, and duplicate
data entry); second, government-led integration of a single
best technological solution to reduce the experimentation
burden on physicians. The Hungarian EC is shown in Ta-
ble 11.

The Hungarian FRT showed that these policies could
address the usability constraint and also mitigate the re-
maining UDEs. The resulting FRT from Hungary is shown
in Table 12.

To enhance the applicability of our policy recommen-
dation, we have additionally conducted a feasibility anal-
ysis of the suggested policies. All policies were deemed
feasible, although with different implementation costs, time
frames, risks and potential to risk mitigation. A detailed
feasibility-analysis is presented in Appendix C.

Using the TOC methods presented above, we success-
fully analyzed the current state of healthcare digitalization
in Austria, Bulgaria, and Hungary. Although the digital
healthcare systems of these EU countries are somewhat har-
monized, we discovered that the necessary interventions
for further progress are very different based on the current
healthcare situation in each country. Our findings show that
the specific barriers to digitalization, and the necessary in-
terventions, are deeply shaped by local institutional, finan-
cial, and operational contexts.

5. Discussion

This study examined the digitalization of healthcare
systems in Austria, Hungary, and Bulgaria, three EU mem-
ber states with comparable healthcare funding levels but
differing degrees of digital maturity. Guided by three re-
search questions, we explored: (1) how digitalization levels
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Table 7. Tabular representation of the current reality tree of Bulgarian healthcare system digitalization.

Logical steps leading to core problem Related UDE Connection rationale

1. Patient visit creates less value UDE 5: Dual documentation reduces efficiency (Core Government system is not digitalized
added Constraint)

2. More visits are needed per patient UDE 4: Inconsistent data access hinders collaboration

between doctors
UDE 1: Telemedicine is not supported legally

3. Digital treatment not viable UDE 3: Cost of digitalization is taken by doctors
4. Decreased throughput of the UDE 2: Lack of nationwide digitalization creates Government does not support equalizing
system regional differences in quality of care digitalization

5. Decreased patient satisfaction

(core problem)

Table 8. Tabular representation of the current reality tree of Hungarian healthcare system digitalization.

Logical steps leading to core problem Related UDE Connection rationale
1. Valuable face-to-face time is spent with UDE 2: Technical challenges increase risk of downtime
non-value-adding digital problems due to IT problems

UDE 4: User-unfriendliness of digital systems hinders
efficient care (Core Constraint)
UDE 5: Resistance to change slows down

implementation at a different pace

2. Non-digital resource management is not UDE 1: Incompatibility of statewide and private digital

changing with digitalization systems slows down adoption

3. Resources are not allocated based on need, UDE 3: Limited digital personalization challenges System throughput is not
but quickest gains digital success in different medical areas changing at an even speed

Different medical areas
digitalize at an uneven speed
4. Digitalization does not increase process

efficiency (core problem)

IT, information technology.

Table 9. Tabular representation of the evaporating cloud of Bulgarian healthcare system digitalization.

Core problem UDE 5: Dual documentation reduces efficiency
Solution to core problem Standard digital documentation
Requirements of the solution 1. Digital administration system 1. Standardization of documentation
2. Ministry of Health creates digital 2. Nationwide standard digital system
reimbursement system
Injection INJ1: Digital authentication of patients and INJ2: Standardize documentation system based on other
doctors countries’ example

Table 10. Tabular representation of the future reality tree of Bulgarian healthcare system digitalization.

Injection INJ1: Digital authentication of patients and doctors INJ2: Standardize documentation system based on other

countries’ example

Logical steps to solution 1. Enables telemedicine 1. More value added per visit with less administration
2. More value added per visit with less administration 2. Increased throughput of the system
3. Cost of digitalization is compensated by savings on
administration
4. Enables multi-doctor consultations
5. Reduces time spent per visit
6. Decreases regional access inequalities
7. Increased throughput of the system
Solution Increased patient satisfaction

g @8 IMR Press
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Table 11. Tabular representation of the evaporating cloud of Hungarian healthcare system digitalization.

Core problem

UDE 4: User-unfriendliness of digital systems hinders efficient care

Solution to core problem

Requirements of the solution

2. Simple interface with only necessary functions

1. Doctor can use it effectively without much training

User-friendly digital systems

1. Increases efficiency and quality of care
2. Integration of new technology with keeping
working standards of care

Injection INJ1: Automated and hidden functionalities not directly INJ2: Integrate only one (best) solution for
related to value added care necessary new technology
Table 12. Tabular representation of the future reality tree of Hungarian healthcare system digitalization.
Injection INJ1: Automated and hidden functionalities not directly INJ2: Integrate only one (best) solution for necessary

related to value added care

new technology

Logical steps to

solution 2. Time for personalization

3. Time for non-digital resource management

Solution

1. Face-to-face time spent only with value adding

1. Technical challenges managed before deployment
2. Compatibility issues managed in backend
3. Less resistance in need-to-digitalize medical areas
4. System throughput change is agile

Process efficiency increasing with digitalization

vary across countries, (2) whether digitalization enhances
healthcare service quality, and (3) what systemic barriers
hinder optimal digital transformation.

Our first contribution lies in adopting a comparative,
cross-national lens that integrates cultural and institutional
dimensions. While EU membership ensures shared pol-
icy frameworks, our findings show that national culture
and administrative structures shape both the pace and na-
ture of digital transformation. Applying the TOC allowed
us to move beyond surface-level explanations, diagnos-
ing context-specific bottlenecks and aligning policy strate-
gies with national realities. This constraint-driven approach
stands in contrast to generic reform prescriptions and em-
phasizes the importance of strategic focus.

Second, we demonstrate the value of TOC not only
as a conceptual framework but as a practical tool for iden-
tifying and addressing core system inefficiencies. TOC
posits that any complex system is limited by a few criti-
cal constraints, and removing these allows for dispropor-
tionate gains in system performance. Our analysis revealed
distinct national bottlenecks: centralized documentation in-
efficiencies in Bulgaria, regional disparities in Austria, and
usability limitations in Hungary. Rather than assuming un-
derperformance stems from broad resource shortages, TOC
helped us localize the problem and solutions within each
system’s structure (see Table 13).

Our TOC-based diagnoses also intersect meaning-
fully with Hofstede’s cultural dimensions (Hofstede, 2011).
While all three countries operate under a shared EU regu-
latory umbrella, Hofstede’s cultural dimensions reveal key
national differences that influence both the nature of sys-
tem constraints and the level at which change can be most
effective. The power distance dimension explains how au-
thority is perceived and where decision-making power re-
sides. In high power distance countries like Bulgaria (score
70), constraints often emerge from centralized governance,
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and top-down national reforms are needed to remove them.
In Austria (score 11), a low power distance context, bottle-
necks appear more locally, requiring bottom-up or region-
ally adaptive solutions. Hungary (score 46), with a mod-
erate power distance, benefits from mid-level, collabora-
tive interventions, such as co-development between gov-
ernment actors and IT professionals. Integrating TOC with
this cultural dimension allows for a more accurate under-
standing of where constraints originate and how they should
be addressed.

A second and equally important cultural factor is moti-
vation for achievement and success, captured by Hofstede’s
masculinity vs. femininity dimension. This dimension re-
flects whether societies are driven by competition and per-
formance (masculinity) or by quality of life and cooperation
(femininity). Hungary scores very high on this scale (88),
indicating a competitive, achievement-driven culture. Such
environments may foster faster digitalization, as institutions
seek to outperform peers through early adoption of innova-
tion. Austria, with a similar but slightly lower score (79),
also shows relatively high digital maturity. In contrast, Bul-
garia’s much lower score (40) may signal a cultural environ-
ment less motivated by competitive implementation, poten-
tially slowing innovation diffusion.

While causality cannot be established, the link be-
tween power distance and achievement motivation and dig-
italization levels in our sample is notable. These cultural in-
dicators, when combined with TOC’s constraint logic, help
explain not only what the core problems are, but also why
they persist and what measures are best suited to resolve
them.

To assess the perceived effects of digitalization on ser-
vice quality, we analyzed coded sentiments from physicians
across the three countries. In Austria and Hungary where
digitalization is more advanced, physicians expressed sig-
nificantly more positive views (60% and 66% of open
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Table 13. List of digital health challenges and respective proposed policy recommendations with projected outcomes in Austria,

Bulgaria and Hungary.
Country Constraint Core problem Proposed actions Projected outcome
Austria  Financing digitalization is Cost and complexity of INJ1: Include regional compensation Financial burden on
a burden of progress digitalization might create budget to tackle differences digital progress lifted
regional disparities in healthcare INJ2: Inject more regional planning into
quality national digitalization plan
Bulgaria Decreased patient Dual documentation reduces INJ1: Digital authentication of patients Increased patient
satisfaction efficiency and doctors satisfaction
INJ2: Standardize documentation
system based on other countries’
example

Hungary  Process efficiency is not User-unfriendliness of digital INJ1: Automated and hidden Process efficiency

increasing because of
digitalization

systems hinders efficient care

functionalities not directly related to increasing with

value added care digitalization
INJ2: Integrate only one (best) solution

for necessary new technology

codes, respectively) compared to Bulgaria (25%). How-
ever, when isolating “service quality” as a theme, satis-
faction levels were relatively stable across countries. This
suggests that while digitalization enhances overall percep-
tions of healthcare, it does not necessarily resolve more in-
grained concerns about care quality. Physicians generally
agreed that digitalization facilitates improved service deliv-
ery, even if its implementation is incomplete or uneven.

A particularly salient finding was the consistent neg-
ativity surrounding the financial context in all three coun-
tries. This aligns with EU-wide concerns about healthcare
financing (European Observatory on Health Systems and
Policies, 2023). Yet interestingly, physicians in Hungary
and Austria were less critical of financial constraints than
their Bulgarian counterparts despite comparable levels of
national healthcare funding. This suggests that strategic
allocation of resources, particularly toward resolving key
constraints, may be more important than increasing overall
spending.

To strengthen the practical relevance of our find-
ings, we conducted a country-specific feasibility analysis.
This assessed implementation costs, timelines, and poten-
tial risks for each recommended action. For example, Bul-
garia’s core issue, the dual documentation mandate, can be
addressed relatively cheaply and quickly with political will.
In contrast, Austria’s regional disparities require more com-
plex financial mechanisms, and Hungary’s usability chal-
lenges demand co-design with clinical stakeholders. Ap-
pendix C summarizes these insights using TOC’s logic of
constraint effecting the solution and then respectively re-
sulting in expected outcome.

Ultimately, our findings highlight that digitalization is
not simply about deploying new technologies. Itis about re-
designing systems to relieve their most pressing constraints.
TOC provides a structured way to identify those constraints,
prioritize interventions, and match solutions to a country’s
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cultural and institutional capacity for change. This analyti-
cal synergy between constraint-based thinking and cultural
sensitivity offers a novel contribution to digital health liter-
ature.

One limitation of this study is its reliance on a rela-
tively small set of qualitative interviews, which may limit
the generalizability of findings. While this limits the statis-
tical generalizability of the findings, the research design pri-
oritizes analytical depth and contextual richness, which is
characteristic of a qualitative inquiry. In this sense, the find-
ings should be interpreted as exploratory, offering a founda-
tion for future research that should incorporate quantitative,
large-scale data to provide a more comprehensive analy-
sis of persistent digital healthcare challenges. Additionally,
further cross-country investigations into the cultural and in-
stitutional factors influencing adoption could offer further
insight into observed disparities.

6. Conclusion

In conclusion, this study shows that advancing digital
healthcare requires more than technical fixes. It demands
a strategic understanding of systemic constraints, institu-
tional complexity, and cultural fit. TOC, when integrated
with cultural and institutional analysis, offers a powerful
framework to guide more effective and context-sensitive re-
forms. We hope this approach can inform both policy and
future research in international healthcare innovation.

Availability of Data and Materials

The interview data are not publicly available because
sharing the underlying transcripts and recordings could
compromise participant confidentiality. However, access
may be granted to editors or reviewers upon legitimate re-
quest where this can be done without breaching these obli-
gations.
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Table 14. List of scientific articles applying the theory of constraints in healthcare.

Authors Year  Paper type Research method Country Healthcare Summary of findings
context context category
Ahmad et al. 2010  Theoretical Conceptual Malaysia ~ Ambulatory care ~ The paper proposes a novel approach combining System Dynamics and the Theory of Constraints for
capacity planning in the emergency department of a government hospital, aimed at improving service
delivery and reducing patient waiting times in a Malaysian context.
Rawson et al. 2016  Theoretical Literature review USA Diagnostic care  The paper concludes that process improvement techniques, originally developed for manufacturing, can
significantly enhance the efficiency and effectiveness of healthcare services, particularly in radiology.
It emphasizes the importance of these techniques for radiologists in adapting to changing healthcare
dynamics and improving patient care.
Young 2005  Theoretical Conceptual analysis UK Healthcare system The article explores the strategic role of simulation modeling in healthcare, proposing the use of
as a whole industrial process philosophies like Lean Thinking and the Theory of Constraints to improve healthcare
delivery systems, and suggests potential synergies between these philosophies and established
simulation methods.
Sadat et al. 2013  Theoretical Conceptual (system not Healthcare system  The paper provides a theoretical framework for applying the Theory of Constraints to publicly funded
dynamics model)  applicable as a whole health systems, proposing a system dynamics model to guide improvements in resource allocation and
system performance.
Motwani et al. 1996  Theoretical Conceptual paper not Healthcare system The paper suggests that management philosophies traditionally used in manufacturing, such as the
applicable as a whole Theory of Constraints (TOC) and Business Process Reengineering (BPR), can be effectively applied to
improve performance in service organizations, including those in the healthcare sector.
Boaden 2009  Theoretical Conceptual UK Healthcare system  The paper summarizes that in the field of healthcare, various quality improvement methods and tools,
as a whole such as PDSA, SPC, Six Sigma, Lean thinking, TOC, and Mass Customization, have been evaluated
and applied with varying degrees of success, emphasis, and integration. The effectiveness of these
methods depends significantly on their implementation and alignment with the specific goals and
contexts of healthcare organizations.
Kemperandde 2013  Theoretical Conceptual not not applicable The paper provides a conceptual framework and practical guidance for implementing measurement
Mast applicable plans and methods for process flow improvement in services and healthcare, focusing on operational
performance metrics and improvement techniques.
Womack and 1999  Empirical Case study diverse not applicable The study found that the application of the Theory of Constraints in healthcare settings resulted in

Flowers

overall positive outcomes. Implementations of TOC led to significant improvements in productivity
and timeliness of care without necessarily requiring high investments. This suggests that TOC can be
an effective approach to addressing the chronic problems faced by healthcare systems globally.



https://www.imrpress.com

4!

Ss3id NI

Table 14. Continued.

Authors Year  Paper type Research method Country Healthcare Summary of findings
context context category
Pergher et al. 2016 Empirical Single case study Brazil Specialty The study successfully integrated the Current Reality Tree (CRT) from the Theory of Constraints and
outpatient care Process Failure Mode and Effects Analysis (PFMEA) to diagnose and improve the efficiency of the
radiotherapy service authorization process in a large Brazilian hospital, enhancing service speed and
quality.
Garza-Reyeset 2019  Empirical Single case study Mexico Ambulatory care The article demonstrates that the simultaneous application of lean thinking and Theory of Constraint
al. methods can effectively improve the transport and logistics performance of Emergency Medical
Services, as evidenced by a detailed case study in the EMS system of the Red Cross in Monterrey,
Mexico.
Leskeld et al. 2016 ~ Empirical Single case study Finland Specialty The article concludes that the adoption of new healthcare technologies, such as a non-invasive
outpatient care treatment for Dupuytren’s disease in the Finnish healthcare system, is influenced by a complex
interplay of stakeholder incentives and systemic constraints, highlighting the need for a comprehensive
analysis of these factors to facilitate effective technology adoption.
Gupta et al. 2015 Empirical Single case study USA Inpatient care The paper applied marketing orientation and theory of constraints in a public healthcare setting.
Increasing throughput from the TOC logic corresponds to the customer and competitor orientation
construct of MO. Suggests that TOC mediates the relationship between MO and business performance
Ahmed 2019  Theoretical Conceptual UK, USA not applicable The paper presents a theoretical integration of the DMAIC approach of Lean Six Sigma and the Theory
of Constraints to improve healthcare performance, focusing on reducing costs, errors, and inefficiencies
while enhancing patient satisfaction and loyalty.
Kosieradzka et 2022  Empirical Single case study Poland Specialty The study found that the application of a TOC/Lean-based systematic hybrid approach significantly
al. outpatient care improved patient access to hyperbaric oxygen therapy services, reduced patient waiting times by about
90%, and enhanced financial performance of the healthcare provider, while also demonstrating
resilience during the COVID-19 pandemic.
Taylor and 2012 Empirical Single case study USA Ambulatory care The paper provides an empirical analysis of a regional West Texas hospital’s emergency department,
Nayak using the Theory of Constraints and Goldratt’s Thinking Process to identify and propose solutions to
core problems affecting efficiency and revenue, with a focus on improving patient triage and service
utilization.
Taylor and 2002 Empirical Single case study USA Ancillary The study found that applying Goldratt’s Theory of Constraints to the claims processing system in a
Sheffield non-medical healthcare setting can significantly improve the efficiency of claim processing, reduce the backlog of

service

unpaid claims, and enhance overall operational effectiveness, resulting in higher revenues and more
effective resource allocation.
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Table 14. Continued.

Authors Year  Paper type Research method Country Healthcare Summary of findings
context context category
Grida and Zeid 2019  Empirical Simulation Egypt Inpatient care The findings of the article can be summarized as follows: Applying the Theory of Constraints and
modelling system dynamics modeling in a medium-sized hospital in Egypt led to a 6% improvement in patient
throughput and a 30% decrease in the waiting list without increasing resources, and with a 40% increase
in doctor availability, the system throughput improved by 13% with an 88% decrease in the waiting list.
Breen et al. 2002  Theoretical Conceptual analysis USA, UK Specialty The paper provides a theoretical exploration of applying the Theory of Constraints in healthcare
outpatient care settings, demonstrating how identifying and managing constraints can lead to improved efficiency and
service quality in healthcare systems.
Schaefers etal. 2007  Theoretical Theoretical not not applicable The article proposes a new measurement system for healthcare organizations, integrating the Theory of
framework applicable Constraints (TOC) to shift focus from traditional financial and quality metrics to a more
comprehensive, goal-oriented approach emphasizing improved health outcomes.
Hertz and 2009  Empirical Simulation, Canada Specialty The article presented a mixed integer programming model and a Tabu Search algorithm to optimize
Lahrichi modelling outpatient care nurse-patient assignments in home care, effectively balancing nurse workloads and reducing travel
times, as evidenced by tests on historical data.
Cox 2021  Empirical Literature review USA Ancillary The study concludes that implementing the Theory of Constraints in primary care clinics, specifically
non-medical through improved appointment scheduling and execution, can significantly reduce costs and enhance
service the quality and timeliness of healthcare. The paper suggests that a well-designed and executed Provider
Appointment Scheduling System can lead to more efficient and effective healthcare delivery in primary
care settings.
Bauer et al. 2019  Empirical Single case study Brazil Ambulatory care  The paper presents a case study in a Brazilian hospital’s emergency department, demonstrating how the
Theory of Constraints (TP-TOC) can be applied to diagnose problems, optimize healthcare operations,
and improve service quality.
Cattaneo and 2016  Empirical Case study Italy Hospital as a The study found that applying the Theory of Constraints, specifically the Thinking
Bassani whole Process-Three-Cloud Approach, effectively identified and addressed various logistical, cultural, and
informational conflicts in hospital management. This approach facilitated strategic and organizational
changes in the hospital’s new surgical block and material flow logistics.
Umble and 2006  Empirical Multiple case UK Ambulatory care  The study found that implementing buffer management in the Accident and Emergency departments of
Umble studies three NHS hospitals led to significant improvements in patient processing times and reduced waiting

times, without requiring additional resources. This resulted in increased capacity in the A&E

departments, improved patient satisfaction, and boosted staff morale.
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Authors Year  Paper type Research method Country Healthcare Summary of findings
context context category
Groop et al. 2017  Empirical Single case study Finland Home care The paper demonstrates the application of the Theory of Constraints in improving Espoo’s home care
system in Finland, focusing on better caregiver resource allocation and efficiency, with the broader goal
of enhancing system performance while considering various stakeholder needs and constraints.
Bacelar-Silvaet 2021 Empirical Monte Carlo Portugal Ambulatory care  The paper demonstrates how applying the Theory of Constraints in an Emergency Department through
al. simulation, game a simulation game can significantly improve operational efficiency and patient flow, using existing
resources more effectively.
Bacelar-Silvaet 2024  Empirical Case study Brazil Diagnostic care The study found that applying the Theory of Constraints in an ophthalmology imaging practice
al. significantly improved patient throughput by 64% in a few weeks, using existing resources and with
little to no additional expense.
Boonmee etal. 2020  Empirical ~ Simulation and case  Thailand Specialty The study found that adding one technician to Room 3 and replacing the radiation machine in Room 2
study outpatient care with a model used in Room 3 could increase the number of patients served by 12.32%. This
improvement plan also showed a benefit-cost ratio of 1.89 and a payback period of 2.80 years,
indicating its economic viability.
Patwardhan et 2006  Empirical Single case study USA Specialty The paper demonstrates the application of the Theory of Constraints to improve the Evidence-based
al. outpatient care  Practice Center (EPC) process by identifying and addressing the core constraint of partners’ inability to
effectively articulate their needs, leading to the creation of more useful EPC reports.
Wu et al. 2009  Empirical Simulation China Specialty The paper presents a methodology for optimizing resource allocation in the outpatient department of a
outpatient care Chinese hospital by combining process analytic methods and bottleneck theory, using a GERT model
and Flexsim simulation. The study aimed to improve patient service levels by efficiently allocating
resources to bottleneck areas.
Bisogno et al. 2017  Empirical Discrete event Italy Specialty The study demonstrated that the theory of constraints (TOC), particularly through its ‘drum-buffer-rope’
simulation outpatient care (DBR) techniques adapted for goods (DBRG) and services (DBRS), can effectively improve patient
flows in healthcare settings by optimizing patient throughput and minimizing time in the system.
Groop et al. 2010  Empirical Case study Finland Home care The study finds that assessing health technologies based on their impact on organizational constraints,

as per the theory of constraints, can lead to improved throughput and, consequently, cost reduction in
healthcare settings. This approach is presented as more pragmatic and suitable for ICT evaluation in the
healthcare sector.

PDSA, Plan-Do—Study—Act; SPC, Statistical Process Control; TOC, Theory of Constraints; EMS, Emergency Medical Services; MO, Market Orientation; DMAIC, Define-Measure—Analyze—Improve—
Control; COVID-19, Coronavirus Disease 2019; TP, Thinking Process; NHS, National Health Service; GERT, Graphical Evaluation and Review Technique; ICT, Information and Communication

Technology.


https://www.imrpress.com

Table 15. Qualitative and quantitative choice rationale of UDEs.

Country # of UDE (core problem italics) Supporting interview quote Choice rationale
negative
open
codes
BG 5 UDE 1: Telemedicine is not ~ “Telemedicine as part of a medical examination, it isnot ~ Legal barriers limit digital
supported legally legal, it is not regulated.” (Gynecologist) care and force extra
in-person visits, reducing
patient satisfaction
BG 18 UDE 2: Lack of nationwide “The discharge summary in Bulgaria is still in paper Uneven rollout of national
digitalization creates form, not available electronically, so the patient can’t systems creates “digital
regional differences in see what tests were done in the hospital” (General deserts” and systematically
quality of care practitioner) lower satisfaction in
lagging areas.
BG 15 UDE 3: Cost of “...we pay for the software we use in healthcare. For Providers’ budget
digitalization is taken by me, it’s 500 leva (Bulgarian currency) and it has constraints and shifting
doctors become an annual subscription fee for me to maintain digitalization costs onto
and update the software.” (General practitioner) them slows adoption and
satisfaction gains.
BG 7 UDE 4: Inconsistent data “But beyond [my own examination], if the patient Poor data sharing between
access hinders collaboration continues their journey, we have no way of knowing doctors adds admin time
between doctors what happens. Without the patient coming and telling  and repeat visits, lowering
us, “I went somewhere, did something.”” (General efficiency and satisfaction.
practitioner 2)
BG 17 UDE 5: Dual documentation “Even though everything is done electronically now, the Dual documentation (paper
reduces efficiency paper still needs to be signed. It remains, the paper is + digital) lengthens visits
not going away” (General practitioner 2) without added value,
frustrating patients and
staff.
AT 5 UDE 1: Digitalization raises  “People don’t like to give their data away. I don’t think Privacy concerns reduce
privacy concerns that hinder he will have much success with it [digitalization], adoption; privacy-robust
adoption because people have become very cautious about giving systems are more expensive
out data” (Internal medicine) to deploy.
AT 3 UDE 2: Over-reliance on ~ “Of course, every now and then there is a system failure ~ No outage backups risks
digital creates “risk of where we have to do everything with pen and paper care unavailability during
system downtime” again. And that takes forever. So that’s really terribly  failures; backups are costly
inefficient.” (Traumatologist) and rarely needed.
AT 9 UDE 3: Cost and complexity “Vienna, for example, has almost no patient curves that Federal fragmentation
of digitalization might create are digital” (Internal medicine) amplifies regional
regional disparities in inequalities in care quality,
healthcare quality especially in less affluent
areas.
AT 2 UDE 4: Constant digital “I think that the state generally provides extremely little ~ Frequent IT changes raise
change increases operational  support in the ancillary area [digital upgrades]. I think maintenance costs and
costs it’s also because the cliché is that the Doctor can afford disrupt workflows,
to introduce digitalization into his office himself.” reducing throughput.

(Internal medicine)
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Table 15. Continued.

Country #of UDE (core problem italics) Supporting interview quote Choice rationale

negative
open
codes

AT 7 UDE 5: Digitalization “[when a patient did not opt in for digital records] that is Funding gaps leave
marginalizes non-digital very difficult, because if something is abnormal, you underdigitalized regions

populations’ access to have to send them a letter, and it is always a question of ~ unsupported, even where
healthcare whether it will arrive or not. And some letters simply digital solutions are most
don’t arrive.” (Gynecologist) needed.

AT 7 UDE 6: Digitalization “There is none [funding] at all. So there were Upfront digital costs arrive
requires funds that might digitalization pots like that a few years ago, but that’s  before savings, temporarily
take resources from other actually not at all now. I don’t think the state has any  diverting funds and creating

needed areas money.” (Dentist 2) tensions.

HU 6 UDE 1: Incompatibility of “For example, we can send a [medical] image to [a No nationwide healthcare

statewide and private digital partner hospital] for neurosurgery so that they can file-sharing system
systems slows down assess whether the patient is neurosurgically suitable for increases redundant
adoption the procedure. And so we are connected. But it is an administration and costs,
individual judgement and not a nationwide system.” undermining efficiency.
(Radiologist)
HU 3 UDE 2: Technical “[Integration to the national digital system] is a lot of Outage vulnerability
challenges increase risk of ~ authentication, a lot of steps, a lot of passwords that we severely disrupts care
downtime due to IT don’t know how to do, and so unfortunately we have to delivery and efficiency
problems keep a double register for that. I have to keep the data in when IT fails.
another software, but that’s also extra time to upload to
[the national digital healthcare system]... and
sometimes the system does not work and we can not
work either.” (Dentist)

HU 7 UDE 3: Limited digital “There are certain specific situations, for example, Standardization vs.
personalization challenges ~ [dental] impressions that are not completely digital, for personalization limits
digital success in different example removable replacements. So there are digital efficiency gains in

medical areas situations where there is no suitable personalized some clinical areas.
solution yet, or there is rather lower quality of digital
treatment than analogue.” (Dentist)
HU 10 UDE 4: User-unfriendliness “I can only see, from the [national digital healthcare Poor usability prevents
of digital systems hinders system], somebody I have ever treated, so if there is,  digital tools from delivering
efficient care say, a general practitioner and I want to ask something efficiency improvements.
and he is not our patient or he has been to our
institution, I cannot see his various records. If his
findings were not done there, I don’t see them, there is
no big global system.” (Pulmonologist)
HU 4 UDE 5: Resistance to “Obviously, part of these [digital] solutions is that it Uneven adaptability across

change slows down
implementation at a different

pace

would reduce the turnover for major healthcare
providers and diagnostic providers. What we talked
about with respect to drugs would reduce the sales
volume of the drug distributors, so there are
countervailing interests from that point of view.” (Pain
medicine)

regions/professions creates
resistance where
digitalization is most
needed.

BG, Bulgaria; AT, Austria; HU, Hungary.
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See Table 14.

Appendix B

See Table 15.

Appendix C

Cl1. Feasibility analysis of policy recommendations
for Bulgaria

INJ1:
doctors

Actors: National Healthcare System Provider

Costs: Low (leverage existing IT infrastructure; low
maintenance)

Timeframe: Short-term

Risks: Digital exclusion (elderly/low-digital); Priva-
cy/security concerns

Mitigation: Assisted onboarding; Informed consent;
IT security via government servers

INJ2: Standardize documentation system based on
other countries’ example

Actors: National Healthcare System Provider

Costs: Medium (requires minor system redesign and
change management; using proven standards reduces costs)

Timeframe: Mid-term

Main risks: Clinician resistance; Interoperability/mi-
gration failures; Vendor lock-in

Digital authentication of patients and

&% IMR Press

Mitigation: Co-design with clinical users; Phased
rollout; Open standards/Application Programming Inter-
faces (APIs)

C2. Feasibility analysis of policy recommendations
for Austria

INJ1: Include regional compensation budget to
tackle differences

Actors: Regional governments

Costs: High (direct need of fiscal transfer in already
strained budgets)

Timeframe: Mid-term

Risks: Misallocation/inefficient spending; Weak ac-
countability of efficient use of funds

Mitigation: Need-based allocation formula; Tie fund-
ing to milestones

INJ2: Inject more regional planning into national
digitalization plan

Actors: Federal government

Costs: High (high transaction and administrative
costs)

Timeframe: Mid-term

Main risks: Fragmentation (regions diverge); Slower
decision-making; Conflicts over responsibilities

Mitigation: Regional flexibility within national stan-
dards; Clear governance + decision rights; Interoperability
requirements

C3. Feasibility analysis of policy recommendations
for Hungary

INJ1: Automated and hidden functionalities not
directly related to value added care

Actors: National Healthcare System Provider

Costs: Low (simple software features in existing sys-
tems)

Timeframe: Short-term

Risks: Automation hides errors; Usability changes
don’t match clinical workflows

Mitigation: Human override + logs; Usability testing
with clinicians

INJ2: Integrate only one (best) solution for
necessary new technology

Actors: National Healthcare System Provider

Costs: Medium (procurement and integration costs
can be higher; economies of scale apply)

Timeframe: Short-term

Main risks: Vendor/political resistance; lock-in;
“One-size-fits-all” mismatch; Transition disruption

Mitigation: Transparent evaluation criteria; Require
open APIs + data portability; Modular architecture; Transi-
tion support + parallel run during migration
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