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Abstract: With greatly improved diagnostic accuracy and the ability to make patient-centered clinical decisions,
artificial intelligence (Al) is at the heart of the revolutionary progress in imaging. With Saudi Vision 2030 digital
healthcare strategy, Al imaging technigues have emerged as a major advancement. But a significant portion of
healthcare organizations are plagued by IT governance challenges, interoperability issues, cybersecurity risks
and workforce development — obstacles — that can delay the adoption of Al solutions. That is why this qualitative
research has created a strategic IT management framework guiding healthcare organisation towards practical
sustainability with Al-augmented biomedical imaging. Based on academic literature, state health policy initiatives,
and experience with the healthcare setting in Saudi Arabia. Such conclusions are congruent with the pressing
need for a paradigm shift in healthcare system design, data governance and digital infrastructure, and ongoing
education for health care workers. The framework described here is designed to help health care practitioners
develop safe and scalable Al-driven imaging tools consistent with the Saudi Vision as part of a strategy of
healthcare transformation.
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l. INTRODUCTION Nonetheless, there are a large number of healthcare
organizations still not able to incorporate Al technology

» Background of the Study

With Al changing biomedicine we witness a new
frontier among these 2, where the tech is revolutionizing
diagnostics, optimizing and facilitating the clinical
process. In all the world over, radiology departments
across every department are leveraging Al-enabled
solutions for image analysis, Al-powered system tools
that expedite image interpretation, automate multi-
faceted patient care, and offer better quality care. This
is incredibly critical given that developments are
incredibly important even more so in high-data, time-
critical environments where there is much pressure on
health care professionals in terms of workload and time.
And Saudi Arabia is reaping the benefits of all that
progress as part of its Vision 2030 digital health
transformation. In the Kingdom, National Health
Information Exchange Programs, cloud technology, and
modern imaging technologies are widely prevalent.
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into their PACS, RIS, and HIS existing systems.
Fragmented IT governance structures, poor
interoperability of these systems, computer security
considerations and differences in the state of the
workforce preparedness are some of the barriers in
harnessing a mass audience for Al based imaging
technology. This underlines a requirement for processes
that have structure as they encapsulate the technical and
organizational aspects of Al-augmented processes. To
address some of the most challenging technologies
implementing or making use of Al and biomedicine in
the Kingdom of Saudi Arabia, this research provided
systematically comprehensive and inclusive solution to
meet the needs of IT management to facilitate the
adoption of Al and biomedicine in Kingdom technology.

> Problem Statement

However, despite significant development
potential with biomedical imaging, a lot of healthcare
providers in current Saudi Arabia find it difficult to
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integrate their existing digital resources. Among
hospital ~ challenges:  diverse IT  governance,
heterogeneous interoperability of the imaging facilities,
cybersecurity threats that pose security threats and
heterogeneity in preparedness due to staff. The
challenges prevent such institutions from taking full
advantage of the Al-powered imaging tools, irrespective
of national plans for fast digitalization. So they are
either undercapitalized or out of sync with the
organization, or meaningfully unable to scale without
having a defined strategic IT management framework to
adapt to a changing ecosystem.

» Research Gap

Most current attempts at applying Al to biomedical
imaging are in the area of clinical accuracy metrics or
algorithm results and the IT management structures
responsible for applying the technology in realistic
applications of those. Having explored the topic of
national digital health initiatives on multiple levels and
levels of governmental decision-making in Saudi Arabia,
there is little guidance on how the various hospitals
should respond to these challenges (governance,
interoperability standards, cybersecurity strategies,
workforce training in Al-enhanced imaging solutions).
This gap in such knowledge based approaches is filled
by this study providing a strategic model of IT
management that focuses on a context-specific national
context of the Saudi based healthcare organization-
based approach to the information technology (IT).

» Purpose of the Study

The objectives of this study is to provide a
strategic IT management structure which serves as the
critical foundation of IT Management of Strategy for the
successful embedding of secure utilisation of Al-based
Biomedical imaging based on Al in secure integration
Al technology into healthcare institution of Saudi
Arabia. The qualitative descriptive study adopts quality
descriptive technique to extract the perspectives of
academic experts, national digital health policy oriented
knowledge, information and analysis based on academic
resources that will be intermixed into national
framework of knowledge and analyze and link the
research to national digital health strategy of national as
well as the expert opinion on this topics for
identification in determining which factors will be
important to determine the important to be in place that
successful adoption of Al technology use-cases to Al in
real use cases in medical scenario.

» Significance of the Study

e It is critical that this analysis creates the analysis
scope for some of the same reasons, and it is also an
important milestone in the overall literature for the
consideration in alleviating the limited existing
literature on the deficit of IT management structures
that integrate new applications with Al emerging
applications. Secondly, it provides implementation
guidance that can help a range of actors overcome
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bottlenecks to advance in a transition to digitalised
solutions. Third, the model proposed aligns with
some of the broader aspirations in Vision 2030 that
aim to accelerate the modernization agenda against a
backdrop of contemporary technology-focused
advancements shared by modern medicine. The aim
of this study is to aid local and international
practitioners in preparing them with evidence-based
and flexible methodologies based on local context
relevance (i.e., local governmental and district
specific challenges—to implement and design
advanced informatics solutions). Fit within Saudi
Vision 2030. This framework is a continuation of the
Saudi Vision 2030, which involves transforming
health services modernization via implementing
systems change and analytics-based method to apply
new methods to invent with help of artificial
intelligence. This will lead to improved operational
effectiveness and patient care and will also
contribute towards a resilient ecosystem to meet our
future challenges as we adapt as we shift to Al-like
technologies.

» Scope and Limitations

This study addresses the high level strategic
dimensions of successful strategies for implementation
that will be further elaborated in the future, centering
around the formation of multiple usages which are
specifically aligned with the implementation of more
sophisticated modalities, encompassing case studies of
more advanced or less advanced modalities for
Augmented Reality Implementation to include multiple
scenarios of daily practice intertwined in the fibers of
primary care networks that have overtaken society at
large today. Governance constructs and an efficient way
to ensure functionality in the long run are key
component aspects of both and stringent security
protocols are in place as private data is shared with all
parties involved in the interaction and the interaction
occurs regularly, frequently and ideally, and
practitioners are always trying to push forward once
they start to feel the walls begin to emerge in front.

» Definition of Key Terms

e Artificial Intelligence (Al)

Computer-based systems created that can perform
actions commonly requiring human cognition resources
such as predicting patterns and decision making.

e Biomedical Imaging

Technologies utilized visualization internal bodily
structures for use in diagnostics clinical assessments
such as X-ray, CT, MRI, ultrasound.

e |T Management

Processes mechanisms established planning
executing securing maintaining information technology
frameworks utilized organization-wide basis.
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e Interoperability

Capacity enabling disparate software applications
communicate exchanging relevant data effectively
utilize shared information accordingly.

e Cybersecurity

Protective measures used prevent unauthorized
access attacks that compromise sensitive information
stored on digitally connected networks.

e Governance

Policies governing decision-making oversight
mechanisms shaping operational practices surrounding
technological influence exercised over respective
entities involved therein.

e Vision 2030

A vision by the country set forth with the specific
direction of revitalizing the economy by investing in
huge investments and stimulating innovation that are
intrinsically linked to newly established fields whose
activities are heavily dependent on methods of
digitalization adopted more broadly throughout sectors
in every industry that we currently encounter in our
common times.

1. LITERATURE REVIEW

» Introduction

Thus, the present chapter reviews the previous
literature with respect to the domain of Al biomedical
imaging, IT management of the medical domain, Saudi
Arabia electronicisation as well as systems-thinking
applications for digital tech integration use. It reviews
what has been written about Al in IT and across health
topics and studies of machine learning and health. It
also covers the system-based, biomedicine from
introduction until digitalization from Saudi Arabia. This
is to provide a theoretical and empirical basis of
developing a strategic IT management framework for
the integration of Al-enhanced imaging into Saudi
healthcare.

> Artificial Intelligence

Biomedical Imaging. Al is one of the
revolutionizing technologies in the field of
contemporary radiology. Contemporary algorithms
which provide medical alerts—alarm detection
algorithms that can rank patients by urgency,
mechanized process for the detection of patient
abnormalities, methods that are used to automate
medical measures, processes that can be run to make
medical decisions and other actions using machine
learning and Deep Learning such as identify abnormal
cases. And studies indicate consistently that Al can
increase diagnostic accuracy, reduce reporting time lags,
and improve workflow efficiency. But Al has to get that
high-quality data and solid integration and |IT
governance for this to work. Without them even cutting
edge Al approaches can’t deliver much value clinically.
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» IT Management in Imaging Environments in
Healthcare

Healthcare imaging applications comprise PACS
(Picture Archiving and Communication System), RIS
(Radiology Information System), and HIS (Hospital
Information System). IT plays a critical role in the
reliability and security of these type of systems, these
systems need coordinated IT management for
interoperability. There are several problematic aspects
in the literature: fragmented governance arrangements;
inconsistent data quality; cyber and security risks; and
disagreement and lack of agreement between technical
and clinical groups. This problems become a more
complicated issue once the Al components are
embedded in the imaging environment. As such, an
efficient IT governance effort needs to include
infrastructure readiness, data governance, system
integration, and user support for Al solutions to be
operating safely and effectively.

> Interoperability and Data Management

Interoperability is vital for Al technology, which
will make imaging technologies able to communicate
with algorithms are direct limited and depend on good
communication with other imaging data, patient's data
along with workflow. Standard formats and strong Ul
on unified metadata practices is required in their
opinion. Consequently, weak interoperability frequently
leads to data silos, loss of control over workflow and
error in Al outputs. A powerful data governance—
covering data quality, privacy and lifecycle
management—constitutes the key imperative, if Al
tools are to behave predictably and ethically.

» The Cyber Security of Al-Based Imaging Systems

The increased connectivity and security risks of
imaging systems and data sensitivity also mean that
cybersecurity threats are on the rise. There is, however,
evidence that cyberattacks on healthcare organisations
are prevalent and they are typically considered because
of their high value and complexity, including medical
data and clinical networks. Also, Al systems generate
vulnerabilities such as model modification, poisoning of
data and illicit access to training set. Thus,
cybersecurity strategies need to include network
security and access control measures, ongoing
monitoring and staff training.

» Workforce Readiness and Organizational Change
Al adoption in biomedical imaging cannot be
limited to technical improvements — it must be
integrated in  new environments through the
implementation of work by a ready, capable workforce.
These studies indicate that ongoing expertise
development, change management, and
interdisciplinary collaboration are a must-have as are
technical workforce, radiologists, technologists and
administrative staff in relation to cooperation. Without
a responsive workforce, uptake of Al could face
obstacles, misuse, or underutilization. For Saudi Arabia,
an integrated transition between Digital Health and
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Digital Health services will be required. Vision 2030 of
Saudi Arabia has outlined digital health and Al-assisted
imaging as an emerging application. National plans such
as Saudi Health Information Exchange (NPHIES),
National Digital Transformation Unit and the Ministry
of Health digital health strategy are emphasizing
interoperability, data governance and advanced
analytics. However, hospitals vary widely in terms of
their digital maturity, infrastructural readiness and IT
governance skills across the board, according to studies.
Consequently, it seems a need for an integrated
framework for sustainable and consistent Al-
integrations throughout the healthcare system.

» Systems Perspective in Technology Integration

In healthcare, the connection among technical,
human, and organizational elements could be seen
according to an approach from the General Systems
Theory (GST). System-based technology adoption
works best when organizations evaluate how changes in
one subsystem influence those in the others, research
suggests. For imagery-based Al innovation to be
successful it needs to be built on matching infrastructure
and processes and governance and human resources, to
a balanced and robust system.

» Al Used to Make Predictions About System
Bottlenecks

Al solutions can help analyze imaging workflows
or system logs and historical performance data to
uncover tendencies that could suggest potential
bottlenecks well in advance. Image processing times
and network traffic or inventory in particular are
monitored closely by artificial intelligence that can
anticipate when the problem will arise (e.g., delays,
system failure). Predictive analytics like these can guide
healthcare organizations in taking proactive measures—
resourcing redistribution, workflow changes, or
maintenance scheduling—before problems have an
effect on delivering patient care. Incorporating
predictive analytics into biomedical imaging systems
enhances implementation and emphasizes reliability of
Al-enabled imaging environments.

> Literature Review Summary

The literature confirms the growing importance of
Al in biomedical imaging and highlights critical
challenges surrounding IT governance, interoperability,
cyber security and workforce preparedness. Despite the
fact that global studies serve as a base from which to
build research, there is little direction in Saudi
Healthcare. The lack in understanding reinforces the
knowledge gap but also emphasizes a focus on an IT
management-strategy driven approach to secure,
scalable and sustainable imaging applications within Al
contexts.
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1. METHODOLOGY

> Introduction

This chapter presents the methodological approach
used to establish a strategic IT management framework
for implementing Al-enhanced biomedical imaging in
the Saudi Arabian health system. Because this research
aimed to explore experiences, perceptions, and
situational context rather than a quantitative study
correlating with numerical data, a qualitative
descriptive design methodology was selected. This
process has left many years of technical, organisational
and human experience on the impact of technological
change with respect to Al use in imaging settings.

» Research Design

The qualitative descriptive design was used to
translate expert-level findings and associated literature
into specific, straightforward, accessible data into a
descriptive, clear to follow, format. This is a design that
is appropriate when wanting insight into real-life,
actionable recommendations to resolve problems and
the practical implications for practice and what you can
bring into practice. It isn’t full of theoretical
interpretations and will instead communicate research
data simply and powerfully to healthcare CEOs and IT
providers.

» Data Sources
The study draws on three principal sources of
qualitative data:

e Academic Literature

Academic peer-reviewed papers, conference
reports, technical reports over topics like imaging Al
technology, IT governance and interoperability,
cybersecurity and digital health transformation.

e National Policies and Strategic Papers

Saudi Arabia’s Vision 2030, Ministry of Health
digital health strategy, NPHIES guidelines and other
national frameworks that drive digital transformation.

> Expert Perspectives

Perspectives derived from radiology, health
informatics, IT management, and digital transformation
workers among Saudi Arabia healthcare practitioners.
These views were drawn from informal consultations,
professionals'  discussions and  public  expert
commentaries.

> Data Collection Methods

e Data were Collected Using a Structured But Flexible
Process:

Key literature was extracted from academic
databases and published in professional sources. Saudi
national policy reports discussed the direction of digital
health in Saudi Arabia. Discussions and professional
conversations, alongside perspectives documented by
healthcare leaders, were collected from practitioners.
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And it is this multi-source approach that will have
ensured that the guide is rooted both in best
international practices and in that global knowledge
base.

> Data Analysis

A thematic analysis strategy was used to identify
common patterns and themes through all provided data
sources.

e The Analysis Involved:

Encountering and reading all materials gathered.
You are looking to understand the coding concepts, like
governance, interoperability, cybersecurity,
infrastructure and workforce readiness. Categorising
codes under larger themes. To create and present the key
thematic elements of the strategic IT management
framework introduced, identify and distill them. This
supported the paper to consider relevant interaction
factors influencing Al-based imaging integration. The
Tables: Why They Support the Study. The Themes and

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26feb552

Codes Table and the Coding Matrix also make the
analyses stronger by illustrating how the raw qualitative
material was processed coherently and, in doing so, how
arguments were organised and the themes arising from
the data were extracted into relevant categories. It is the
simplicity of these tables that increases the clarity of the
coding process, whereby coding takes place from initial
codes to categories, and finally to the five central
themes. These tables form an audit trail of the steps used
for generating a theme over a pattern, that supports the
trustworthiness of the findings. In addition to making
both chapters of methodology and results compelling,
structured, traceable depictions of the analytic process
— the sorts of reports assessors often turn to when
gauging the quality of qualitative research — are further
well-served by them. Table of Themes and Codes. A
Sample Coding Matrix. Neither of these can undermine
your qualitative descriptive study regarding Al-
Enhanced Biomedical Imaging Integration in Saudi
Arabia’s Healthcare System. Available through a direct
paste into Section 3 (Methodology - Data Analysis) or
Section 4 (Results).

Table 1 Themes and Corresponding Codes

Major Theme

Codes ldentified

Description

1. Fragmented IT Governance

* Lack of unified decision-making,

» Siloed Departments
* Inconsistent Policies

Governance structures operate independently,
causing delays and misalignment in Al adoption.

2. Interoperability Challenges

* PACS-RIS-HIS incompatibility
* Data silos* Outdated interfaces

Lack of standardization

Systems fail to communicate effectively, limiting
Al accuracy and workflow efficiency.

3. Cybersecurity Risks

* Vulnerable imaging networks

» Weak access controls
* Al model exposure

* Insufficient monitoring

Al introduces new security threats requiring updated
protection strategies.

4, Infrastructure Limitations

* Legacy hardware
* Slow networks
* Limited storage
* Low digital maturity

Technical capacity is insufficient to support Al
workloads.

5. Workforce Readiness Gaps

* Limited Al literacy
* Resistance to change
* Lack of training
* Role uncertainty

Staff feel unprepared to use or support Al-enabled
imaging systems.

6. Alignment With Vision 2030

* Digital transformation goals
* National interoperability standards
* Modernization initiatives

Al integration must support national health
modernization priorities.

7. Predictive Analytics &
System Optimization

* Al forecasting bottlenecks

* Workflow prediction

* Resource optimization

Al can predict system overloads and prevent
bottlenecks before they occur.

Table 2 (Sample Coding Matrix) A coding matrix shows how raw data — codes — categories — themes.

Raw Data Extract Initial Code Category Theme
“Our PACS and RIS don’t always communicate, System Data exchange Interoperability Challenges
so Al tools often miss key data.” incompatibility issues
“We don’t have a single committee overseeing Fragmented Governance Fragmented IT Governance
imaging and IT decisions.” decision-making gaps
“Al models could help us predict when the system Al forecasting Predictive Predictive Analytics & System
will slow down, but we don’t use them yet.” potential analytics Optimization
“Some of our imaging equipment is too old to Legacy hardware Infrastructure Infrastructure Limitations
support Al processing.” limitations
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“Staff are unsure how Al will affect their roles, so Role uncertainty Workforce Workforce Readiness Gaps
many are hesitant.” readiness
“We need stronger cybersecurity because Al Al-related Security risks Cybersecurity Risks
systems increase our exposure.” vulnerabilities
“Our hospital must align with Vision 2030 digital | National alignment Strategic Alignment With Vision 2030
health goals.” modernization
In addition to displaying rigor in your qualitative e Transparency
analyses, exhibit transparent coding methods. Build up Clear documentation of how data were collected
your methodology and results chapters. Speak to and analyzed.
reviewers who want to review your rigor in qualitative
analysis in a structured way. e Contextual grounding
Making sure the interpretations make sense given
» Trustworthiness of the Study the nuances of what is happening in Saudi Arabia’s
There were multiple strategies to be employed to healthcare system.

ensure credibility and trustworthiness:
The resulting framework is then ensured to be

e Triangulation reliable and contextually relevant through these steps.
The use of literature, policy documents, and
professional expertise added robustness to findings. » Visual Coding Tree (Text-Based)

Al-Enhanced Imaging Integration

' ! !

Fragmented Govemance Interoperability Issues Cybersecurty Risks
Lack of Stloed Data silos Outdated Weak Al Model
Unified Decision- and Poor Interfaces Access Vulnerabiliti
Policy Making Standards ' Controls es
Governance Gaps Data Exchange Issues Security Vulnerabilities
System

Performance Limitations

.

Final Themes Used in
Framework
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» Flowchart of Thematic Analysis Process (Text Based)
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1. Data Familiarization
Eeading literature,
policies, expert inputs

2. Initial Coding
Highlighting key ideas
and assigning codes

3. Code Grouping
Organizing codes into
categories

4. Theme Development
Identifying recurring
patterns

5. Theme Refinement
Merging, renaming,
validating themes

6. Framework Synthesis
Themes integrated into
final IT management
framework

» Ethical Considerations

This work was based on publicly available
literature, national documents and insights, which were
not identifiable, drawn from experts. No personal
information, confidential information or sensitive
organizational information were collected. The ethical
values including respect, accuracy, and responsible
reporting were observed throughout the study.

» Summary

In this chapter, qualitative research methods were
presented to investigate the drivers of Al-enhanced
biomedical imaging adoption in Saudi Arabia.
Incorporating a descriptive nature, thematic and
triangulation of data sources combined into analytical
study results led to development of a useful and down
to earth, pragmatic framework of strategic IT
management strategies based on the results of the
analyses.

NISRT26FEBS52

V. RESULTS

> Introduction

The oprincipal findings emerging from the
qualitative literature review, national digital health
strategies, and experts' perspectives are described in this
chapter. Key themes to be categorized on, addressing
both technical issues and challenges, along with
organisational and human issues, impact the extent of
Al-based biomedical imaging implementation within
the context of the Saudi Arabian Health System. This
research leads to a strategic IT management framework
in this paper that is based on these elements.

> Theme 1: Fragmented Models of IT Governance
Fragmented or inconsistent IT governance in
healthcare organisations is a common finding across
different sources of data. Independent decision making
across clinical, technical and administrative roles is
common for most hospitals. The siloed approach also
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breeds lag, misalignment and murky accountability in
the uptake of Al-linked imaging tools. Artificial
intelligence is expected to move beyond ‘one-off bets to
being part of a coherent digital program,’” so without
governance, some experienced Al projects fall through
the cracks as separate initiatives for Al.

» Theme 2: Interoperability Challenges with Imaging
Systems

Interoperability was identified as the single
biggest barrier to the integration of Al. Hospitals have
multiple stacks of systems, PACS, RIS, HIS, vendor-
specific Al platforms that don't talk to each other.
Inefficient integration, antiquated interfaces,
inconsistent data standards result in disconnected
workflows and an overall decline of Al accuracy. The
literature also shows that data formats must be
standardized, and interoperability must be maintained
by a robust interoperability engine.

» Theme 3: Cybersecurity Risks of Al-Driven Imaging
Environments

Al-driven imaging environments bring
cybersecurity threats repeatedly into focus. With better
connectivity and data-intensiveness, security became a
constant theme, in which imaging systems appeared in
a number of instances during the week. Al also exposes
a fresh set of vulnerabilities like unauthorized access to
training datasets, changes to the outputs of algorithms
or greater vulnerability to cyber attacks, experts said.
Based on the information, the most important aspect to
note is that most healthcare organizations do not have
an overall comprehensive cybersecurity strategy
designed based on the Al-enabled imaging system,
which proves to be an improvement area.

» Theme 4: Infrastructure Constraints and Digital
Maturity Gaps

Analysis revealed the high heterogeneity in health
infrastructure for the Saudi hospitals. Some hospitals
have strong advanced cloud infrastructure and cutting-
edge imaging equipment while others are working on
platforms ill designed for Al workloads. Storage
barriers, slow access to the network, and legacy
technology were typical barriers cited for the
implementation of Al. These voids highlight the
challenge of infrastructure modernization and
standardised measures of digital maturity.

» Theme 5: Workforce Readiness and Skills Deficit

Workforce capacity was identified as critical to the
influence of success in Al deployment. Not just
radiologists but IT and clinical managers aren’t used to
using Al instruments in a similar way. There were a lot
of professionals who were uncertain of how Al could
affect their work, if they were hesitant or resistant. The
findings emphasize the need for training and continuous
change in practice and the use of this kind of cross-
disciplinary work by staff to use Al-enhanced imaging
systems successfully.
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» Theme 6: Alignment with National Digital Health
Priorities

Based on review of national policies, evidence
indicated a strong synergy of Al-assisted imaging with
Saudi Arabia’s Vision 2030 digital health objectives.
Some of those efforts are under the umbrella of the
NPHIES, the National Digital Transformation Unit and
the Ministry of Health’s digital strategy, all of which
highlight interoperability, data governance and big data
analytics. But, the findings indicate hospitals have
various levels of operational ability to address these
national priorities. That has also created the urgency for
a common framework, aligning national strategy with
local delivery.

» Summary of Findings

The qualitative analysis identified six central
themes: Fragmented IT governance. Interoperability
challenges.  Cybersecurity  risks.  Infrastructure
limitations. Gaps in workforce readiness. Misalignment
between national strategy and organizational
capabilities. Taken together, these findings delineate
the dynamics of technical, institutional, and human
elements of an Al-empowered imaging integration. In
the subsequent chapters, the formation of the strategic
IT management framework is directly related to these
themes.

V. DISCUSSION

> Introduction

The chapter analyses the study findings through
General Systems Theory (GST). GST insists that
organizations are interconnected systems and that a
change in one area affects the rest of the system. Taking
a viewpoint of application allows us to understand, for
example, why it is that Al-based biomedical imaging
can’t be integrated on its own through technology alone
through this. Rather it needs coordinated efforts in
governance, infrastructure, data management,
cybersecurity and human resource supply. The text has
placed each primary result theme within context of the
literature review, connecting each major theme to the
framework of the systems-based understanding of the
imaging environment in the context of health care.

> Integration of Al-Based Imaging Systems

GST underlines that systems that work in nature
are extremely complex and depend on interdependent
subsystems. These subsystems are, in the Al-driven
imaging context; Technical infrastructure. Operational
workflows. Human competencies. Organizational
governance. Data and Cybersecurity Infrastructure.
Findings indicate that one of the weaknesses must
obstruct the overall imaging ecosystem. The best Al
algorithm, for example, fails if data in it doesn’t fit
together, if interfaces are out of date, or if staff is
undertrained. This is in line with GST’s basic axiom that
every system unit must be operating maximally in its
entirety for performance.
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» Fragmented governance constitutes Systemic
Weakness

It is well recognized that fragmented IT
governance makes it possible for healthcare
organizations in Saudi Arabia to make decisions about
imaging, IT, and operations in isolation of each other.
GST posits that, when subsystems fail to align towards
the same goal, this fragmentation creates instability in
the organization. Absence of unified governance:
Technical teams can decide to make upgrades without
consulting with radiology personnel. Al vendors can be
selected without evaluating the workflow impact.
Imaging-specific risks can be obscured in
cybersecurity-focused decisions. This disjunction
produces inefficiencies, delays and side effects. In the
context of systems-based system development,
governance arrangements which can be executed not
only within and among subsystems but also between
subsystems are critical.

» Interoperability — the ‘Gateway Between Systems’

Interoperability was a major barrier in the way of
Al integration. From a GST perspective interoperability
is the connective tissue of the imaging ecosystem.
Interoperability is the connective tissue of the imaging
ecosystem, where when systems can’t work together the
whole network becomes unstable. The results illustrate
that: Al systems require trustworthy high-quality data.
PACS, RIS, and HIS have to work together seamlessly.
Bad solutions disrupt workflow and compromise
accuracy among Al outputs. GST describes that in the
system components it indicates whether information
free exchange among these elements is getting in the
system to stabilize and it is really clear if the system is
an attempt to equilibrate or not. Improving
interoperability is essential to a stable environment for
Al dependability.

» Cybersecurity as a System-Wide Protection against
Cyber threats

As imaging technology grew deeper and more
connected, cybersecurity threats became an important
issue. GST sees security not only as an independent
function (as was the way for many of its clients), but as
a security buffer around systems (as many different
organizations also consider this function) too. Al brings
new vulnerabilities, the findings say. The targets of
imaging data are high value. Too many of the companies
around the world don’t even have any security protocols
on Al-specific security. With an emphasis on the
systems approach one should have cybersecurity
practices that take into account all the parts that are part
of the whole in cybersecurity practices being there in
safety and risk-free way where the Al tools which must
not get put the organization's affairs at risk.

» Infrastructure Readiness and System Capacity

The research demonstrated a tremendous diversity
among the medical institutions for the digital
infrastructure. System capacity is required to ensure that
GST meets the system demand. If the infrastructure is
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either old or not enough, then all becomes strained. For
instance: Few physical boxes to store Al-produced data
sets. The transfer of pictures slows because of slow
networks. Old ecosystems that fail to power advanced
tasks, like Al workloads. These bottlenecks affect all
subsystems, from workflow to diagnostic. GST
recognizes human workforce as a critical subsystem
interacting with all subsystems. The findings show that
overall, while workforce readiness has indeed been
identified as being a crucial tool for Al adoption, we
find that an increased number of people working in
these fields feel either lack qualifiedness at work or
uncertainty about Al implementation. Some of the most
important topics include: Little knowledge in Al tools
for workers. Fear of job displacement. Little
collaborative working across the disciplines. The GST
states that human subsystems must adapt to the change
in the technology. The system will not deliver stability
or performance without proper training and buy-in.

> Alignment to National Digital Health Policies

Saudi Arabia’s Vision 2030, specifically, specifies
a clear national orientation to digital transformation.
GST, however, shows that coherence is attained only if
macro-level strategy gets followed up by proper micro-
level implementation. The research findings indicate:
Interoperability, data governance, Al adoption, and
policy development nationwide. Hospitals have vastly
varying degrees of readiness and capability. And we
need a single system to link national goals with the
realities of operating systems. GST demonstrates the
relevance that system-based alignment contributes to
better performance and less fragmentation in an
organization.

» Findings of this Study

Based on the findings of this study, a systems-
based framework was adopted based on the study. The
topics presented in this study show that Al-fuelled
imaging integration is a systemic issue and not just a
technical challenge. GST forms the framework for the
implementation of a strategic IT managing framework:
Aligns governance between subsystems. Strengthens
interoperability. Enhances cybersecurity. Modernizes
infrastructure. Builds workforce capacity. Aligns
organizational practice with national strategy. The
underlying framework within this chapter is informed
by a systems based view.

» Summary

These results of our survey are outlined in this
chapter in a theoretical light in the context of General
Systems Theory. The discussion emphasized the
intersectionality involving governance, infrastructure,
storage of data, security and workforce readiness of Al-
enabled imaging facilities. The study highlights as
interdependent subsystems of the need for a strategic
IT-management architecture that ensures secure,
scalable and sustainable Al deployment in Saudi
Arabia’s healthcare system. Conceptual Framework.
This research takes the conceptual framework, which
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consists of a system to formulate a comprehensive one
with the primary themes identified from the literature
review, findings obtained and discussion, which is able
to foster developing a structured model so as to plan
strategically the adoption of Al-assisted biomedical
imaging in health system in Saudi Arabia. The
framework aims to assist and empower the healthcare
providers, IT managers and decision makers to map
innovative technology development with organizational
readiness and legal demands and national digital health
priorities. The conceptual framework also positions
Strategic IT Management at the heart, with IT MNCs
connecting dots across: the governance, infrastructure
and IT, data, cybersecurity (hygiene), capabilities and
culture (people) of the organization. These constituents
dynamically co-act to determine the Al-enabled
imaging adoption, implementation level, and
sustainability.

» General Foundations of the Framework

e Introduction:

The chapter offers implications of the results of the
study in practice and defines a Strategic IT Management
Framework for facilitating Al-Enhanced Biomedical
Imaging Integration. The recommendations seek to help
Saudi Arabia health service providers improve
governance, interoperability, cybersecurity,
infrastructure, workforce and provider capability. This
framework integrates these components into a unified
systems-based framework to align the framework to
national digital health strategies and General Systems
Theory (GST).

VI RECOMMENDATIONS

» Implement Unified Imaging Informatics
Governance
In the healthcare industry, establishing centralized
governance should consist of all IT team members such
as radiologists, radiology technologists, cybersecurity
specialists, and administrative decision-makers. This
committee should have authority over:

Al adoption decisions.

System integration planning.
Data governance policies.
Workflow alignment.

Risk and compliance monitoring.

Adopting a common governance system offers a
shared governance model so that technical decisions are
not made in isolation, ensuring continuity among
subsystems.

» Strengthen the Interoperability Standards and
Integration Capabilities Implementation for all
hospitals will be to align their systems with an
interoperable data standard and to deploy state-of-
the-art integration engines for seamless PACS, RIS,
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HIS, and Al communication. Important actions are
implementation standards for, among others:

e Use of uniform imaging formats and metadata and
alignment with national health information exchange
systems.

e Regularly performing interoperability testing.

e We must replace old interfaces and legacy systems.
Greater interoperability will streamline workflow;
using Al tools you can furnish precise, nuanced data.

» Improving Cybersecurity Challenges for Al-Enabled
Imaging Systems These Al cyber risks will demand
adaptive cybersecurity strategies for these new Al-
led imaging systems.

Organisations need to:

e Implement strong access control systems that
provide powerful, secure access for organization.
Monitor imaging networks around the clock.

e Protect training datasets as well as Al models.

e Do regular vulnerability assessments.

e Provide training for cybersecurity development for
staff in imaging.

e An active security posture protects patient
information from external exposure, and provides
confidence in Al-facilitated imaging.

» Modernisation of Digital Infrastructure

High performance storage solutions are the
investments that the health sector must make to provide
Al workloads. Fast and stable networking. Clouds or
hybrid architectures that scale. Revamped imaging
equipment and servers. Updates to the infrastructure
which leads to zero downtime and ensures that the Al
tools work effectively.

» Staff Development and Building Cross-Departmental
Partnerships

The adoption of Al depends on a knowledgeable,
confident and flexible workforce. Potential approaches
include the ongoing education and mentoring of
radiologists, technologists and IT workers. Training
with an emphasis on Al basics and ethics. Cross-
departmental collaboration including clinical and
technical teams. Change management programs to
reduce resistance and uncertainty. The human
subsystem of the imaging ecosystem is reinforced by a
prepared workforce.

» A suitable strategy of digital transformation to the
healthcare industry should be adopted. Aligned more
effectively with national strategies such as Vision
2030, NPHIES, and Ministry of Health’s goals for
digital transformation.
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On that note, health organizations should:

Adopt national data standards

Participation in national interoperability efforts
Ensure Al regulatory compliance

Support national digital maturity benchmarks

This will ensure uniformity and enhance system-
wide advancement.

» Proposed strategic IT management model of the
project
Our proposed framework unifies the findings from
the study in their integrated systems-level framework. It
comes down to the premise that Al-driven imaging
demands the joint orchestration of multivisional,
interdependent systems.

e Framework Components

v" Governance Subsystem

Provides  oversight, decision-making, and
alignment through clinical, technical, and
administrative silos.

v Interoperability Subsystem
Integrating data from imaging systems, Al
environments and national health information networks.

v" Cybersecurity Subsystem
Protecting the imaging data, Al models, network
infrastructure against internal and external threats.

v Infrastructure Subsystem
Provides cloud support, high-tech hardware,
storage, and networking to cater to Al workloads.

v" Workforce Subsystem
Delivers the capability, training, and partnership
required to provide Al-enabled imaging.

v' National Alignment Layer
Links company activities to Vision 2030 and
national digital health strategy.

How does the Framework embody the principle of
General Systems Theory (GST)? The framework is
situated within GST that considers imaging
environments in healthcare as interconnected.
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e Each Subsystem Impacts the Other Subsystems:

v' Governance decisions inform the flows and
configuration of technical workflows.

v' Interoperability also influences both Al accuracy and
clinical efficiency. Thus everyone is shielded by
cybersecurity.

v' The capacity and performance of a system are
defined by infrastructure.

v' Workforce preparedness impacts uptake, confidence
and persistence.

The framework enables long-term digital
transformation by promoting system stability and
reducing the risks of catastrophic non-deliverance and
the risk of unwanted consequences, by interdependency
management, for a more stable and gradual digital
transformation.

This chapter offered recommendations and
operationalised a  systems-based strategic IT
management plan of action and an integrated strategic
IT implementation plan for integration of Al-driven
biomedical imaging in Saudi hospitals’ healthcare
system based on the new system concept.
Simultaneously, the framework also gives healthcare
leaders strategic guidance for governance consolidation,
interoperability development, cybersecurity
enhancement, asset modernization, and workforce
training. Coordinated organizational practices around
national priorities for digital health guarantee
successful, scalable, and sustainable Al adoption.

The Framework is supported within a Text-Based
Visual Diagram.
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= Digital Health Strategy
= NPHIES Standards

NATIONAL ALIGNMENT LAYER (Vision 2030)

= AT & Data Governance Eegulations

T

FRAMEWORK

STRATEGIC IT MANAGEMENT

T | Coordinates & Intesrates All Subsystams

GOVERNANCE
* Unified decision-making
* Imaging-IT—clinical alignment

* Policy, oversight, accountability

= AT literacy & training

* Cross-disciplinary collaboration
* Change management readiness

Supports & Enzbles T ‘L
INTER.OPERABILITY CYBEESECURITY INFRASTRUCTUEE
* PACS-FIS-HIS links * Threat monitoring * Storage & compute
* Data standards * Access controls * MNetwork performance Gunidas & Regnlatas |
* AT platform APIs * hodel/data protection * Cloundhybrid systems
T Supports & Enables
WORKFORCE

T | Feeds Back Into

* Clinical workflows
* Diagnostic decizion support
* Antomated imaging tasks

AL ENHANCED IMAGING ECOSYSTEM

National Alignment Layer — The top of that ladder
sets the direction: Vision 2030, NPHIES, national Al
policies. IT Management Guide (Center, Strategic IT
Management Framework). The “brain” which is the
brain of all of the subsystems. Core Subsystems (Middle
Layer)

e Governance

Draft operation regulation and compliance and
ethics policies and regulations. Interoperability.
Enables smooth exchange of systems and application
data. Cybersecurity. Provides protection of critical
information to imaging data. Infrastructure. Provides
basic software and equipment required for any program
to run imaging. Workforce. Build & support staff on the
usage of Al technologies & imaging. These are
constantly in dialogue like General Systems Theory
(GST). Artificial intelligence (Al): an Imaging

Ecosystem. The end—output of safe, efficient, Al-
enabled imaging workflows. The whole ecosystem
makes use of state-of-the-art algorithms and machine
learning-oriented platforms for best imaging practice
and diagnostic accuracy that enhance workflow
operations. Feedback Loops. The feedback loops in Al-
Enhanced Imaging Ecosystem are fed into Core
Subsystems & provide feedback to enhance Core
Modules for continuous growth/enhancement through
feedback mechanisms. A development cycle like this
will allow national frameworks to make the system as
modern and relevant to health care needs as technology
and global developments continue to evolve over time.
Future Directions. Technical parts can also be added to
that diagram which are still being developed like
technology for continued Al growth or patient
engagement software or data analytic applications. We
know from our research that the more advanced
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functions and the responses of the systems themselves
that remain developing would keep it above the curve in
healthcare innovations.

VII. CONCLUSION

It’s not just a graphical representation of how to
systematically create an entire imaging ecosystem, but
what it shows about the cohesiveness of multiple layers
/ subsystems. This understanding will, in turn, enable
the stakeholders to wade through the complexities of
their health technology, and are then able to contribute
in order to be able to operate toward the ultimate
achievement of Vision 2030 and its associated projects.

» Conclusion

Artificial intelligence is disrupting biomedical
imaging at a breakneck pace, creating new opportunities
to enhance diagnostic precision, optimize processes,
and enhance clinical decision making. In accordance
with a national agenda aiming at more digital
integration in Saudi Arabia (for instance, Vision 2030)
system integration into the image acquisition process
has become now a national agenda, one which cannot be
ignored. But adopting Al well, as this study illustrates:
more than just producing the newest algorithms or
imaging innovation is needed to drive successful
adoption of that technology. It depends on the tightly
coupled functions of various interdependent subsystems:
governance, interoperability, cybersecurity,
infrastructural capabilities, and workforce readiness
that are also of great significance in influencing how of
the imaging world. Utilizing a descriptive qualitative
methodology, the study analysed the academic literature,
the national approaches of digital health programs and
the expert advice from Al in imaging in the Kingdom of
Saudi Arabia, to identify key challenges and
opportunities. The results highlighted the basic
challenges created by fragmented IT governance,
different levels of interoperability, exposure to
cybersecurity risks, access infrastructure and the
workforce for implementation.

These challenges point to the need to have a
systematic, systems-level approach that can support
healthcare organizations in confronting the complexity
accompanying the introduction of the Al technology
that will be required to integrate it. Our Strategic IT
Management Framework informed in general system
theory gives us an action plan and framework for the
best management practices for using Al-based imaging
integration. Unified governance, data discipline
uniformity, robust cybersecurity and modernized
infrastructure, and talent development—this has
everything at its core for safe, scalable, and sustainable
exploitation of Al. It also aligns organizational policy
and practice with national priority on digital health,
whilst demonstrating hospitals are driving their own
future alongside the overall goals laid out by Vision
2030. Last but not least besides adding theory learnt in
the classroom and contributing to the provision of
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knowledge and guidance to practice in healthcare, the
study also shows a logical route to adopt Al in the
management of patients’ biomedical imaging including
Al in biomedical imaging. In the initiative to introduce
Al to modernize the Saudi healthcare system, our
framework will allow the Saudi leadership team to
analyse and decide about its use, minimize the risk of
using the systems for best results, and ensure a better
clinical utility of Al. And these actions are just a part of
an effort to deliver quality, efficient, patient-centered
care across the Kingdom of Saudi Arabia—reason that
Al-enhanced imaging is an essential tool to have.
Recommendations. Enhanced IT Governance for
Unified Imaging and Al.

However, a comprehensive governance structure is
needed. In order to achieve this, healthcare
organisations should form a unified governance
structure which may involve, but is not limited to,
radiology leaders, IT experts, cybersecurity teams as
well as hospital administration. This team is responsible
for deciding the right Al technology, the integration of
systems, data governance, and risk. By adopting an
integrated governance model to oversee each Al
deployment and initiative, you align them with national
digital health plans, clinical priorities, and company
strategies. Common-Displaying interoperability in
Imaging System Interoperability Practice Hospitals also
want their workflows to allow for the same standard sets
of shared data and standardization of using the same
data, and of newer integration tools such as PACS, RIS,
HIS, and Al platforms that are used to communicate
with one another, and should then be used together with
the necessary level of assurance placed on the
interoperability tool.

Ongoing interoperability testing, system auditing,
and the obsolescence of legacy interfaces will reduce
workflow fragmentation between applications of Al to
outputs of Al to produce a more accurate result. System-
wide consistent level support would also be facilitated
by NPHIES alignment and national interoperability
requirements. Tougher Cybersecurity for Al-Enabled
Imaging. Al also poses new security challenges, which
all will demand further definition of security protection
mechanisms and ways of doing things, which require
new methods of doing things. On the contrary,
healthcare providers have to be able to control access,
monitor the imaging networks in real time and have a
vulnerability analysis in a constant cycle. Al training
datasets and training algorithms have to be secured and
cannot be exploited. Cybersecurity training among
imaging personnel is integral for professional
development. Change the digital infrastructures of
digitization to relieve Al's burden.

To optimize Al-enhanced imaging powered by Al-
based imaging, in hospitals. Hospital need effective and
inclusive, scalable and high-performance digital
infrastructure of hospital facilities that are scalable,
high-performance with  cloud-based or hybrid
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infrastructure must be comprehensive, scalable and
extensive in hospitals in order to use-- Digital
architecture-based Al-based imaging that can take full
advantage of Al-based image data. For all these reasons,
investments should be concentrated on storage capacity,
network speed, processing capacity, imaging hardware
(storage, imaging equipment, cloud-based or hybrid
hardware, cloud/hybrid solutions, cloud-based/hybrid
architecture, imaging hardware capabilities in imaging
equipment) and development and strengthening the
capacity of the network. Anticipated new technology
modernization of the infrastructure will remove
bottlenecks in the system and ensure the ability of Al
tools to work efficiently. Competency among the
workforce will be maintained through iterative training.
The successful implementation of these technologies
depends on a workforce willing, able and flexible to
adopt Al.

Healthcare organisations should make ongoing
retraining regular for radiologists, technologists and
information technology personnel on the fundamentals
of AIl, Al integration into workflow, or how to
incorporate ethics principles into the way of practice at
an ethical level. Interdisciplinary collaboration between
clinical and technical teams must to be promoted to
ensure communication and to be able to battle any
opposition to change. Align Organisation practices with
national digital health strategy. It is therefore critical
for hospitals to ensure that the Vision 2030, digital
transformation vision of the Ministry of Health and
national interoperability requirements are closely
connected with the implementation of our internal
strategies. If they could mainstream a consistent
embedding process of digital maturity in their strategy
such as engaging with national healthcare digital
programming, the compliance with data governance
system, and general best practices of digital maturity
from the workplace, they could work towards
integrating to a more harmonized future. Al use policies
need to be transparent, ethical and accountable. Policies
for transparency, accountability, data privacy, ethical
Al based image design in the healthcare sector must also
be defined.

This means that there need to be
institutionalization of policies around transparency,
accountability, data privacy and ethical use of Al in
imaging that can be instilled within a healthcare setting.
Regulations should outline how the tools will be chosen,
assessed, controlled, tested and evaluated. The
caregivers would have similar trust and the same ethical
standards of care would also ensure to give trust to the
patients in the responsible & safe use of Al. “Good Al
is used — good usage of Al — the best usage of Al tools

is real-time and therefore being continuously monitored.

Introduce an evaluation process into hospitals in order
to scrutinize these algorithms, with a view on the
performance of these algorithms in patient outcomes,
user satisfaction, workflow efficiency, and impact on
service and patient safety. Regular reviews indicate the
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absence of the spaces of the organization,
environmental deficiencies and the need to fill them and
make it sustainable in the medium to long run are the
areas for improvement, hence needed to meet this kind
of monitoring for the sustainability of sustainability in
the medium and long term. Encourage Collaboration
with the Vendors, Investigators, and National
Governments Consult and cooperate with vendors,
investigators, and national authorities.

Collaborating with Al vendors, universities,
national digital health authorities to support the learning
and innovation that speeds up and accelerates the
progress of the acceleration of that learning and
innovation to improve and accelerate learning /
innovation in a short and long-term basis. Work together
to better ensure training, testing, research, and national
frameworks that are adapted to Saudi healthcare.
Following the strategy of IT Management Framework as
roadmap. This work will also provide a guiding frame
and blueprint for the development, deployment and
upkeep of Al-enabled imaging systems. An underlying
component on governance, interoperability,
cybersecurity as well as infrastructure, human resources,
and alignment, this framework lays the groundwork for
the safe, adaptive, and successful operationalization of
Al.
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