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Abstract

Background: Driven by the advancements in artificial intelligence, the Internet of Things, and big data technologies,
smart hospitals have emerged as an effective framework for improving service quality, patient safety, and resource
efficiency. This study aimed to identify, extract, and classify indicators for assessing hospitals’ readiness for smart
transformation.

Materials and Methods: This scoping review was conducted in accordance with the PRISMA-ScR guidelines.
The Web of Science, PubMed, Scopus, IranDoc, Maglran, and SID databases were searched without date re-
strictions up to May 18, 2024. In addition, documents from the World Health Organization (WHO), the Pan Ameri-
can Health Organization (PAHO), and the European Union Agency for Cybersecurity (ENISA) were reviewed. Data
were extracted using a standardized form and analyzed through qualitative content analysis.

Results: Out of 2,120 retrieved records, five studies met the final inclusion criteria and were included in the
analysis. A total of 108 smart hospital readiness assessment indicators were identified and categorized into three
main domains:Infrastructure and Energy Management (44 indicators), Safety and Risk Management (18 indica-
tors), Information and Communications Technology (46 indicators).

Conclusion: The findings indicate that assessing hospitals’ readiness for smart transformation requires simul-
taneous consideration of technical infrastructure, safety, and information technology capabilities. The extracted
framework can serve as a foundation for designing localized assessment tools and planning hospital digital trans-
formation. Study limitations include the limited number of eligible studies and the heterogeneity of the reported
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Extended Abstract

Introduction: The Fourth Industrial Revolution is d
riving a shift toward “smart hospitals,” a paradigm shift
requiring multidimensional readiness—encompassing
infrastructure, technology, and governance—rather than
just isolated digital tools. Current research on this
transition remains fragmented, leaving healthcare lead-
ers without standardized metrics to guide investments or
benchmark maturity. This scoping review addresses this
gap by synthesizing international evidence to create a
unified framework of indicators, offering a rigorous
roadmap for strategic hospital planning and the
development of future assessment instruments.

Materials and Methods: This scoping review ad-
hered rigorously to the methodological framework pro-
posed by Arksey and O'Malley, refined by Levac et al., and
was conducted in accordance with the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses exten-
sion for Scoping Reviews (PRISMA-ScR) guidelines.

- Search Strategy and Information Sources: A
systematic literature search was conducted across six ma-
jor international and Iranian databases—PubMed, Scopus,
Web of Science, SID, Magiran, and Irandoc—covering all
relevant literature up to May 18, 2024. The search,
restricted to English and Persian peer-reviewed articles,
employed Boolean logic, MeSH terms, and a
comprehensive set of keywords related to smart
healthcare institutions. To ensure the inclusion of seminal
policy guidelines and technical standards, a targeted
manual search of grey literature was also performed
across the official web portals of key international entities,
including the World Health Organization (WHO), the Pan
American Health Organization (PAHO), and the European
Union Agency for Cybersecurity (ENISA).

- Eligibility Criteria: Studies were screened based on pre-
defined inclusion and exclusion criteria:

Inclusion Criteria:

1. Primary peer-reviewed empirical studies, policy
frameworks, technical guides, or validated audit tools
published by recognized entities or international
organizations (e.g., PAHO, ENISA).

2. Studies explicitly addressing the evaluation,
measurement, readiness assessment, or maturity
modeling of hospitals transitioning to smart/digital
environments.

3. Formulations providing explicit, operational
dimensions, criteria, or indicator checklists across
infrastructural, technical, clinical, administrative, or safety
domains.

4. Real-world acute  hospital  applications,
institutional frameworks, or health-system-level policy
implementations.

5. Full texts accessible in either English or Persian.
Exclusion Criteria:
1. Narrative  reviews, systematic  reviews,

editorials, letters to the editor, conference abstracts
without full proceedings, and opinion pieces.

2. Technical or engineering papers focused strictly
on isolated algorithmic derivations, hardware circuit
design, or theoretical network simulations devoid of
organizational or health-system readiness dimensions.
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3. Non-hospital settings (e.g., outpatient clinics,
community centers, independent nursing homes, home
telecare) that do not account for hospital-wide structural
complexity.

4, Outdated document revisions when superseded
by a newer official version, non-authoritative blog posts,
and news press releases.

- Screening and Quality Appraisal: Identified
bibliographic citations were imported into EndNote
reference management software to systematically
eliminate duplicate records. Screening was conducted in
two sequential stages: initial screening of titles and
abstracts, followed by in-depth full-text assessment
against eligibility criteria. Both screening phases were
performed independently by two investigators. Inter-rater
discrepancies were resolved through discussion or
consultation with a third independent senior reviewer.

To evaluate the methodological robustness of the included
primary empirical studies, two researchers independently
applied the Appraisal tool for Cross-Sectional Studies (AXIS,
2016). The AXIS tool incorporates 20 specific assessment
criteria, each scored dichotomously (1 for compliant, O for
non-compliant or unreported), while non-applicable items
were removed from the denominator. Calculated quality
ratios were stratified into four standardized bands: poor
quality (<0.50), moderate quality (0.51-0.65), good quality
(0.66-0.79), and high quality >0.80).

- Data Extraction and Synthesis: Data were extracted
using a standardized extraction form capturing author(s),
publication year, country of origin, implementation
setting/sample size, proposed assessment tool/method-
ology, key dimensions/metrics, and primary study
outcomes. Qualitative thematic content analysis was used
to synthesize the extracted indicators. Raw indicators
were subjected to iterative open coding, grouped
according to operational similarities and technical affini-
ties, and distilled into high-level sub-domains and
overarching core themes.

Results:

- Search Flow, Selection, and Methodological Quality: The
initial systematic search across the six electronic
bibliographic databases yielded an aggregate pool of
2,120 citations. Following import into reference
management software, 636 duplicate records were sys-
tematically identified and removed, leaving 1,484 unique
publications for primary evaluation. In the title and abstract
screening phase, 1,448 records were excluded due to lack
of direct alignment with hospital readiness assessment,
yielding 36 candidate articles for exhaustive full-text
evaluation.

Applying the predefined eligibility criteria resulted in
the exclusion of 31 full-text publications. The
predominant reasons for exclusion included
conceptual/narrative orientations lacking measurable
operational indices, purely engineering or algorithmic
simulations devoid of health-system evaluation
frameworks, and implementations outside inpatient
acute-care  environments.  Consequently,  five
empirical studies fulfilled the inclusion criteria by
providing validated tools, checklists, or multi-criteria
maturity  frameworks.  Methodological  quality
evaluation using the standardized AXIS tool
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demonstrated robust rigor across the evidence base,
with four studies achieving the highest quality tier
“high quality” and one study classified as “good
quality.”

- Thematic Architecture of the Tripartite Readiness Model:
Across the five empirical studies and the international
guidance documents, 123 initial operational measures
were extracted. Through an iterative qualitative content
analysis and four expert consensus sessions, redundant,
overlapping, and context-specific indicators were
harmonized into a consolidated framework comprising
108 operational indicators. These indicators converged
into a coherent, tripartite conceptual architecture
consisting of three interdependent macro-domains:

- Infrastructure and Energy Management (44 Indicators):
This domain represents the physical, structural, and
hardware foundation required to host digital technologies.
It encompasses computerized telemetry for hazardous
medical gases; uninterruptible power supply (UPS)
diagnostic alert mechanisms; automated emergency
power systems; energy-efficient LED fixtures; integration
between central air handlers and mechanical room
heat-recovery circuits; and digitalized facility routing maps
(BIM). It further integrates environmental indoor air quality
monitoring (e.g., CO2 sensors, automated HVAC
balancing), smart architectural assets (e.g, sensor-
equipped fire doors, interactive flooring, automated
shading, anti-microbial surfaces), automated sanitation
robotics, and automated internal logistics (e.g., automated
license plate recognition, smart nutrition tracking,
automated laundry workflows). The underlying hardware
network forms the core of this pillar, requiring
high-throughput data backbones (minimum 10 Gbps core,
1 Gbps desktop), pervasive clinical Wi-Fi, 5G distributed
antenna arrays, and cyber-physical sensory layers.

-Safety and Risk Management (18 Indicators): Addressing
institutional resilience and asset protection, this pillar
encompasses dual operational dimensions:

o Hazard Monitoring and Disaster Readiness:
Automated environmental and fire detection arrays in
server spaces, multi-source leak detection (water, gas,
HVAC), computerized hazard alerting algorithms,
automated emergency incident notifications directed to
crisis commanders, and automated failsafe protocols
governing emergency power and access/egress.

o) Data Center Physical, Environmental, and
Cyber Resilience: Dedicated server facility safeguards
against water, fire, dust, magnetic interference, seismic
events, and thermal loads; physical biometric and
role-based access control (RBAC); automatic
clean-agent suppression; intrusion detection systems;
and resilient multi-homed network redundancy to
guarantee operational continuity during crises.

- Information and Communications Technology (46 Indi-
cators): Serving as the cognitive engine of the smart hos-
pital, this pillar encapsulates data integration, clinical work-
flow digitization, and intelligent decision support:

o Interoperability and Health Information
Systems: Seamless Health Information Exchange (HIE)
integration connecting core web-based HIS, LIS, RIS, PIS,
and PACS, underpinned by longitudinal Electronic Health
Records (EHR) and secured  cloud/blockchain
repositories.

6 Iran South Med J 2026; 29(5): 337-351 [Open Access Policy]

o Clinical, Diagnostic, and Medication
Automation:  Closed-loop medication management
(automated demand forecasting, electronic prescribing,
smart dose tracking), Al-driven clinical decision support
systems (CDSS), big data predictive modeling, and
medical knowledge repositories.

o Advanced Patient and Clinical Interfaces:
Consumer-facing digital services (biometric patient
identification, online scheduling, smart queuing, interactive
chatbots, multi-point smart nurse call systems),
cutting-edge operative technologies (smart surgical instru-
ment tables, robotic telesurgery, AR/XR surgical guidance,
bedside clinical tablets), and enterprise administrative
intelligence dashboards offering 24/7 real-time operational
oversight.

The resulting conceptual framework illustrates that smart
hospital readiness is an emergent property derived from
the balanced, non-linear interaction of these three pillars,
wherein deficits in basic infrastructure or safety protocols
directly compromise the efficacy of advanced ICT
investments.

- Discussion: The findings of this scoping review
highlight that smart hospital readiness is a multifaceted,
non-linear  progression. The identified tripartite
architecture—encompassing Infrastructure and Energy
Management, Safety and Risk Management, and
Information and Communications Technology —empha-
sizes that institutional transformation extends beyond the
mere adoption of isolated technologies. The results
demonstrate that successful digital maturity is predicated
on the synergistic integration of these domains; for
instance, advanced ICT systems, such as Al-driven clinical
decision support, remain unsustainable without robust
physical infrastructure and stringent cybersecurity
frameworks. Furthermore, the synthesis underscores that
“soft” factors, including organizational governance and
staff digital literacy, are as critical as the technological
hardware. These findings fill a critical void in current
scholarship, which has largely been fragmented. By
categorizing 108 operational indicators, this study
provides a standardized benchmarking tool that enables
healthcare executives to shift from ad hoc investments to
evidence-based strategic planning, ensuring that invest-
ments in smart technology are matched with parallel ad-
vancements in structural resilience and operational agility.

-Conclusions: This scoping review synthesizes
international literature into a unified smart hospital
readiness framework, comprising three core domains, 15
sub-dimensions, and 108 operational indicators. The
findings show that digital transformation is a holistic,
non-linear process in which infrastructure, safety
management, and ICT function as an interdependent, sym-
biotic ecosystem rather than independent operational
silos. Advanced ICT applications rely heavily on resilient
physical foundations, while increased connectivity neces-
sitates stringent cybersecurity to safeguard patient privacy
and clinical continuity. Furthermore, the success of these
technical systems is intrinsically linked to “soft
infrastructure,” including staff digital literacy and
organizational governance..
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