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ABSTRACT: Peripheral artery disease (PAD) affects 237 million people globally, leading to significant
morbidity and mortality. Traditional diagnostic methods are invasive, costly, and require specialized
expertise, emphasizing the need for more accessible, and accurate alternatives. This paper introduces
the DECODE cloud platform, an advanced tool that leverages cloud computing, machine learning, and
high-performance data visualization to enhance PAD diagnosis and treatment. The platform integrates
modules for peripheral artery segmentation, reconstruction, and comprehensive data warehousing,
supporting 2D and three-dimensional (3D) rendering visualization. It enables the simulation and
optimization of drug-coated balloons, enhancing clinical decision-making through robust data
analytics. The evaluation metrics demonstrate the platform's efficacy: the multiplanar visualization
module achieved a performance score 94%, and the 3D rendering module scored 89%, with both
modules attaining perfect scores in best practices and search engine optimization. These results
highlight the DECODE platform's capacity to provide scalable, noninvasive diagnostic solutions,
setting a new standard in digital health technologies for PAD. This study underscores the
transformative potential of integrating advanced visualization and computing techniques in medical
diagnostics.

KEYWORDS: Digital health technologies, peripheral artery disease, cloud computing, medical
imaging visualization, noninvasive diagnostics

1. Introduction older, emphasizing the disease's burden on elderly
populations [2]. In the United States, PAD affects 8-10
million individuals, with projections suggesting that this

circulatory disorder characterized by the narrowing of . 1.0 014 rise to 19 million by 2050 [3]. The global
peripheral arteries, which leads to reduced blood flow t0  pAD market valued at USD 445 billion in 2022, is
the limbs[1]. This reduction in blood flow can cause ’ .

Peripheral artery disease (PAD) is a globally prevalent

' e _ ) expected to reach USD 9.15 billion by 2031, growing at a
symptoms such as leg pain or claudication during physical | ompound annual growth rate (CAGR) 8.35% [4, 5]. This
activity, and slow or non-healing wounds on the feet or

toes. In more advanced stages, PAD can result in critical
limb ischemia, leading to severe pain at rest, and in some
cases, the need for amputation. This condition
significantly impacts mobility and quality of life and poses
serious health risks. Worldwide, PAD is estimated to affect Traditional diagnostic methods, such as digital
approximately 7.4% of individuals in high-income subtraction angiography (DSA) and magnetic resonance
countries and 5.1% of those in low-income countries. In  angiography (MRA), provide high-resolution imaging of
Europe, particularly in high-income regions, the arterial structures and are considered the gold standard

prevalence is higher than 10% among people aged 65and ~ for PAD diagnosis. However, DSA is invasive and

economic growth underscores the increasing demand for
effective diagnostic and therapeutic solutions for PAD.
Early and accurate diagnosis of PAD is essential to
mitigate its high morbidity and mortality rates.
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involves catheterization and contrast injection, which
poses risks such as bleeding, infection, and radiation
exposure. While MRA is noninvasive and avoids ionizing
radiation, it is expensive. Both methods are resource
intensive, rely on advanced infrastructure and expertise,
underscoring the need for cost-effective, scalable, and
noninvasive diagnostic alternatives [6].

Recent advancements in cloud computing and
machine learning are revolutionizing healthcare by
offering innovative solutions to the challenges posed by
traditional diagnostic methods for PAD [7, 8]. Cloud-
based platforms are transforming the way health data are
managed, enabling secure storage, rapid processing, and
sophisticated analysis of vast datasets [9]. These platforms
facilitate real-time diagnostic insights, which are crucial
for timely and accurate medical decision-making.
Moreover, the integration of advanced visualization
techniques, such as multiplanar and three-dimensional
(3D) rendering, within cloud platforms enhances the
ability to examine complex anatomical structures in detail.
This synergy between cloud technology and machine
learning in medicine improves diagnostic accuracy and
supports personalized patient care by allowing the
continuous and scalable application of advanced analytics
and visualization across diverse clinical settings.

In this work, the DECODE cloud platform is presented,
which addresses the complexities of PAD diagnosis and
treatment by integrating cutting-edge data processing,
analysis, and visualization capabilities. The platform
supports the simulation and optimization of drug-coated
balloons (DCBs), which are increasingly used in PAD
treatment. Through robust data analytics, the DECODE
platform enhances clinical decision-making, allowing
users to upload, process, and analyze extensive datasets,
perform image reconstruction, and utilize computational
modeling and machine learning techniques to accurately
predict disease progression, assess treatment outcomes,
and tailor personalized therapeutic strategies for PAD
patients. The platform’s ability to integrate these advanced
technologies positions it as a pivotal tool in improving the
diagnosis and management of PAD, aligning with the
projected growth and evolving needs of the global PAD
market.

2. Related Work

The YORwalK app was developed to promote exercise
and track walking ability in PAD patients; however, its
effectiveness requires further validation through direct
patient feedback and clinical trials [10]. TrackPAD, a
mobile intervention for supervised exercise therapy (SET),
demonstrated promising initial results; however, it faced
limitations due to a small sample size and short follow-up
period, necessitating larger, long-term studies [11]. A

smart step trial encountered challenges in maintaining
participant engagement and measuring adherence,
particularly in low-resource settings [12]. Another study
highlighted the need for better disease literacy and SET
support
constrained by a small sample size [13]. A mobile app
designed for supervised home-based exercise therapy
aimed to facilitate remote interventions; however, it

in mobile interventions; however, it was

involved minimal patient interaction, compromising data
quality and requiring further development for effective
supervision [14]. Research exploring machine learning
(ML) and artificial intelligence (AI) applications to
improve PAD outcomes emphasized critical issues such as
data interoperability, algorithm bias, and the need for
extensive validation [15]. An intelligent oscillometric
system for PAD detection achieved high accuracy;
however, it did not account for the effects of age,
necessitating further validation across diverse age groups
[16]. A smartphone app compared with motivational
interviewing (MI) for increasing walking distance and
weight loss in PAD patients found MI to be more effective;
however, the study faced limitations, including a small
sample size, app usage variability, and lack of an iOS
version [17]. The HOBBIT-PAD platform was introduced
to promote exercise among PAD patients; however, it is
currently available only on Android and requires further
evaluation by healthcare providers [18]. Moreover, a
comprehensive review of SET’s role in managing PAD
emphasized the potential of digital health technologies for
home-based interventions. However, despite their
promise, these technologies suffer from low participation
rates and require optimization and evaluation of long-
term outcomes [19].

These studies underscore the potential of digital health
technologies for PAD management but emphasize the
need for larger, more comprehensive studies and further
validation. Our research seeks to address these limitations
by developing the DECODE cloud platform, which
includes multiple modules: a PAD segmentation and
reconstruction module, a data warehouse module, and a
multiplanner reconstruction module featuring 2D and 3D
WebGL visualization. On the basis of RESTful APIs [20],
the DECODE cloud platform enables scalability and
modular integration, offering a comprehensive approach
to enhance diagnosis, data management, and visualization
in PAD treatment, ultimately improving patient outcomes
with robust and scalable solutions.

3. Materials and Methods
3.1. Data Provider

The DECODE cloud platform relies on a data provider
to ensure the availability and accessibility of medical data
essential for simulations, optimizations, and treatment

smartphone-enabled exercise program introduced in the planning [21].
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Figure 1, the data provider functions as a critical bridge
between the platform's core modules and various
analytical tools. It integrates data from diverse sources,
including medical databases, patient records, imaging
systems, and research studies, harmonizing these into a
unified repository for analysis and visualization.
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Data
warehouse

Data
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Access management Data
control el converters
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Data Provider '\ _

Data quality
control engine

Figure 1: Data Provider Architecture within the DECODE Cloud
Platform.

To maintain accuracy, the data provider continuously
updates the platform with real-time data, enabling
informed decision-making on the basis of the latest
medical insights. The process cleaning,
normalizing, and structuring raw medical data to ensure
consistency and reliability. Quality control measures are
implemented to identify and rectify any inconsistencies,
enhancing the platform's reliability [22].

includes

Security and privacy are prioritized through strict
authentication and authorization protocols, allowing only
authorized users to access sensitive data. The data
provider supports advanced analytics, enabling the
extraction of insights from complex datasets, which
informs clinical decisions. As the platform scales, the data
provider ensures optimal performance through efficient
data retrieval and caching strategies, maintaining
responsiveness even with large datasets.

3.2. DECODE Cloud Platform Layers

The DECODE cloud platform is a transformative
solution designed to revolutionize the treatment of PAD
via DCBs. By enhancing DCB simulation and
optimization, the platform integrates advanced
technologies and innovative research methodologies to
improve treatment outcomes and patient care [23]. The
conceptual multilayer hierarchical framework of the
DECODE cloud platform, which provides a

comprehensive overview of its architecture, is illustrated
in Figure 2.

Frontend Layer

Ul and Frontend Platform Service, 3D-anabled Visual

Backend Layer

Data Management Module, Data Warehouse, Computational
Modeling Tools, and Machine Learning Algorithms

Workflow Layer

Workflow engine, Data Quality Control Engine, Docker Engine,
and REST AP| Manager

Sacurity Layer

SSLITLS Encryption, User Access Management, Authentication
Server, and Access Confrol Module

Hardware Layer

DECODE Cloud Platform Layers

1 Core Infrastructure, Networking Components, Storage
Solutions, Processing Units

Figure 2: The DECODE Cloud Platform's Multi-Layered Hierarchical
Framework.

3.2.1. Front-End Layer: User-Centric Interactions

The front-end layer provides clinicians with intuitive,
user-friendly tools for interacting with complex medical
data. These components enable seamless access to
advanced visualization and analysis functionalities,
enhancing clinical decision-making and improving the
overall user experience.

3.2.2. Back-End Layer: Computational Core

The back-end layer forms the computational backbone
of the platform. It incorporates advanced machine
learning  algorithms for automated diagnostics,
computational modeling tools for simulating and
optimizing PAD-specific interventions, and scalable data
management modules for handling large, multi-modal
datasets. Delivered as SaaS, this layer ensures high-
performance processing and accurate, data-driven
therapeutic strategies for PAD management.

3.2.3. Workflow Layer: Seamless Integration and
Management

The workflow layer acts as a central hub for
coordinating platform operations. Functioning as
Platform-as-a-Service (PaaS), it includes a workflow
management module to streamline data processing, a data
quality control engine to ensure dataset accuracy, and a
Docker engine and REST API manager [25] to facilitate
efficlent containerized application management and
secure API interactions. This layer ensures seamless
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Figure 3: Comprehensive Architecture and Service Distribution of the DECODE Cloud Platform.

integration and operational consistency across the
platform’s processes.

3.2.4. Security Layer: Robust Data Protection

The layer implements advanced data
protection measures, including secure socket layer (SSL)

and transport layer security (TLS) protocols for encrypting

security

data in transit, ensuring that sensitive patient information
during transfer
platform's components. In addition, the layer employs the
JSON Web Token (JWT) API framework for robust user
authentication and authorization, allowing granular

remains confidential between the

access control on the basis of user roles and ensuring that
only authorized personnel can access specific data and
functionalities within the platform.

3.2.5. Hardware Layer: High-Performance Infrastructure

The hardware layer, categorized as infrastructure as a
service (IaaS), consists of high-performance components
designed for optimal efficiency and reliability. It includes
multicore dedicated servers for parallel processing, and
the storage infrastructure combines SSDs for rapid data
access and HDDs for cost-effective long-term storage,
while GPUs are employed to expedite computationally
intensive tasks such as image rendering and machine
learning model training. By classifying the DECODE
cloud platform's layers according to cloud computing
service models, this study elucidates how the platform
leverages cloud technology to provide scalable, accessible,

and secure services for stakeholders, thereby opening new
possibilities in PAD treatment and fostering collaboration
among healthcare professionals.

3.3. Distribution of the DECODE Cloud Computing Services
to Stakeholders

The DECODE cloud platform’s architecture, as
illustrated in Figure 3, is strategically designed to
distribute its computing services efficiently across a
diverse range of stakeholders, including clinicians,
researchers, and developers. This distribution model
ensures that each stakeholder can fully utilize the
platform’s capabilities to achieve their specific objectives
in the management and treatment of PAD.

At the forefront of this distribution strategy are end-
user services, which are tailored to meet the needs of
clinicians and medical professionals. These services are
through interfaces and  visual
representation modules, such as WebGL for 3D rendering,
multiplanar visualization (MPV), holographic, and VR/AR
technologies. These tools enable users to interact directly
with patient data, provide detailed analyses and facilitate
informed decision-making in real time. Front-end services,
accessible via progressive web applications (PWAs) [26],
form the primary touchpoint for end-users, offering an

delivered user

intuitive and seamless experience.

Research and development services are critical aspects
of the platform’s distribution strategy. These services
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support researchers and developers by providing access to
advanced modeling tools, ML algorithms, and robust data
processing capabilities. These tools are integrated within
backend services, allowing researchers to conduct
complex simulations, analyze clinical data, and develop

new treatment methodologies.

The workflow and integration services within the
DECODE platform are designed to increase operational
efficiency and promote seamless collaboration among
internal teams [25]. These services, which are managed by
components such as the workflow manager and the REST
API engine, orchestrate the flow of tasks and data across
the platform modules, ensuring seamless integration of
the components. By automating critical processes such as
data quality control and enabling smooth integration
between various analytical tools, the platform ensures a
streamlined approach to patient care.

Finally, the infrastructure services layer provides the
necessary computational resources that underpin the
platform's operation [27]. This layer includes essential
hardware components such as I/O ports, memory units,
CPUs, GPUs, and networking equipment, as well as
software components and operating systems. These
resources are crucial for handling the platform's
computational demands, ensuring that it remains
responsive and capable of scaling to meet the growing
needs of its users.

4. Visual Representation Modules

The implementation architectures for the MPV and 3D
rendering modules within the DECODE cloud platform
are illustrated in Figure 4. These modules are integral for
providing detailed and interactive visualization of

medical imaging data, which are specifically tailored for
diagnosing and treating PAD.

4.1. Multiplanar Visualization
4.1.1. Design and Implementation

The MPV module enables the reconstruction and
visualization of 3D anatomical structures from 2D image
slices, which are typically obtained from modalities such
as computed tomography (CT) and magnetic resonance
imaging (MRI) [28]. The implementation of the MPV
module is centered around PWAs, ensuring seamless
access and interaction across various devices and
platforms. The MPV module is implemented via modern
web technologies, including React [29] and Cornerstone.js
[30], ensuring a responsive and user-friendly interface.

These services are accessible via a PWA, which ensures
seamless functionality across various devices without
requiring installation. A service worker is employed to
manage background tasks, such as caching and retrieving
data. This enhances the performance and reliability of the
PWA, allowing for offline access and faster loading times
[26]. Cached data are stored in Cache Storage, ensuring
that frequently accessed information is readily available.

The module uses IndexDB for local storage, allowing
the browser to store large amounts of structured data [31].
This is essential for managing the vast datasets involved
in medical imaging. The data are retrieved via GET
requests and processed in JSON format, ensuring
compatibility and ease of manipulation. The frontend
platform services interact with the visualization
components to render multiplanar views of the DICOM
images. Users can navigate through different planes (axial,
sagittal, and coronal) to examine specific regions of

Visual Representation

Multiplanar
Visualization Module

f Frontend
: Platform Services

Service .

. ' worker —
S PN-\ IndexDB
'- Cache

storage

Modules

3D Rendering
Module [Tt

Web

service II 1 '
:

| '

.

Cloud DB

Software defined
storage

Figure 4: Implementation Architecture for Multiplanar Visualization and 3D Rendering Modules within the DECODE Cloud

Platform.
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interest. This functionality is crucial for accurate diagnosis
and treatment planning.

The MPV module is built via a robust architectural
framework designed to facilitate a smooth transition from
data wupload to advanced visualization. The key
components of this framework include metadata and
image information retrieval, DICOM tool activation, and
DICOM image loading functionalities, which are crucial
for efficient user experience and functionality.

Enhanced DICOM tools, including tools for
magnification, angle measurement, and windowing, are
integrated into the MPV module to complement the PWA
paradigm. These tools leverage the capabilities of the
Cornerstone
functionalities and compatibility with various image
sources. DICOM image loading is managed through the
Cornerstone setup, incorporating robust success and

failure handling mechanisms.

library, which provides expanded

4.1.2. User Interaction and Visualization

The PWA approach enables seamless DICOM store
connectivity, allowing users to search for and load specific
studies for detailed analysis. Interactive viewers control
support zooming, panning, and resetting, improving user
engagement and interaction. The functionality of reference
lines and planes is tailored to create spatial relationships
within the MPR views, facilitating the alignment and
comparison of DICOM images. This integration of
reference lines involves constructing 3D lines and planes
and coordinating transformations to convert 3D patient
points to 2D pixel coordinates [32].

By leveraging these advanced technologies and
methodologies, the MPV module within the DECODE
platform offers a comprehensive and robust solution for
the visualization and analysis of complex medical data.

4.1.3. 3D Rendering Module

The 3D rendering module of the DECODE cloud
platform is designed to provide high-fidelity, interactive
visualizations of complex medical imaging data. This
module leverages advanced WebGL technology to
transform 2D CT image slices into detailed 3D
representations, enhancing the ability of clinicians to
assess and plan treatments with precision [33].

4.1.4. Design and Implementation

The 3D rendering module is crucial for enhancing the
diagnostic capabilities for PAD by providing a
comprehensive view of the anatomical structures. The
web service, represented by a cloud-based architecture,
handles the computational demands of rendering and
data processing. This setup ensures scalability and
efficient resource utilization, which are critical for
handling large medical datasets.

The backend services of the 3D rendering module are
powered by the Django framework [34], which is known
for its robustness in managing heavy computational tasks.
Django coordinates the processing and storage of medical
imaging data, ensuring seamless integration with the
front-end components. This integration is essential for
providing a responsive and interactive user experience.

The core rendering functionalities are implemented
using vtkjs [35] and itkjs [36], JavaScript libraries
specifically designed for medical image processing and
visualization. These toolkits provide extensive capabilities
for 3D graphics, enabling the creation of interactive and
detailed visualizations. The use of these libraries ensures
that the rendered images are accurate and high-quality,
which is crucial for effective diagnosis and treatment
planning.

The processed data are stored in a cloud database,
ensuring secure and scalable data management. In
addition, software-defined storage solutions are utilized
to handle dynamic storage requirements, providing
flexibility and efficiency. This approach ensures that the
platform can manage large volumes of data efficiently
without compromising performance or security.

The 3D rendering module follows a systematic
workflow, beginning with the input of volumetric data
composed of multiple CT slices. These data undergo a
hardware estimation process to ensure the optimal
allocation of computational resources, promoting efficient
data handling and processing.

4.1.5. User Interface and Controls

The module's user interface is designed for seamless
interaction, offering controls for panning, zooming, and
rotating the 3D models. These controls are essential for
exploring volumetric data from various angles and
perspectives, ensuring that clinicians can thoroughly
inspect anatomical structures. In addition, interactive
widgets enable users to adjust visualization parameters
such as color mapping and opacity, allowing customized
views that highlight different tissues and structures as
needed [37].

By integrating these advanced technologies and
methodologies, the 3D rendering module within the
DECODE cloud platform significantly enhances the
visualization and analysis of peripheral artery CT images.
This module supports clinicians in making informed
decisions, ultimately improving patient outcomes and
advancing the use of CT and angiography in the diagnosis
and treatment of PAD.
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Figure 5: DECODE Cloud Platform Home Interface.

4.2. Evaluation Metrics

To assess the effectiveness and quality of the visual
representation modules of the DECODE cloud platform,
an evaluation was conducted via Google’s Lighthouse tool
[38]. Lighthouse is an open-source tool designed to
evaluate the performance, accessibility, and best practices
of web applications. These metrics were selected to ensure
that the platform meets the critical demands of healthcare
applications, which require efficiency, inclusivity, and
adherence to industry standards.

The evaluation focused on two core modules of the
DECODE platform: the MPV module and the 3D
rendering module. Each module was tested to determine
its performance in several key areas:

e Performance: This metric evaluates the speed and
responsiveness of the platform, which is crucial for
real-time medical imaging applications where delays
can impact clinical decision-making. For example, high
performance ensures seamless interaction with large
datasets, enabling rapid diagnosis and analysis.

e Accessibility: This parameter evaluates whether the
modules are usable by individuals with different types
of disabilities, including visual, auditory, motor, or
cognitive impairments. The evaluation ensures that the
modules comply with international accessibility
standards, such as the web content accessibility
guidelines (WCAGs), which are designed to make web
applications more accessible to all users.

e Best Practices: This metric assesses the platform's
compliance with modern web development standards,
including security and resource optimization. In
healthcare, where sensitive patient data are involved,

adherence to these best practices ensures robust and
reliable performance.

e Search Engine Optimization (SEO): SEO is used to
ensure that the platform's content is well structured
and easily indexable, contributing to the user

experience, which aids in the dissemination of research

findings and platform awareness among broader

medical communities.

These
comprehensively assess the visual representation
capabilities of the DECODE platform, ensuring that it
provides a reliable, accessible, and high-performing tool
for clinicians and researchers involved in the diagnosis
and treatment of PAD.

evaluation criteria were chosen to

5. Results

The DECODE cloud platform was developed and
evaluated to enhance the diagnosis, analysis, and
treatment planning for PAD through its sophisticated
visualization and data management capabilities. The
platform integrates multiple modules, such as datasets,
image processing, computational tools, segmentation
tools, 3D reconstructions, and visual representations, each
designed to handle specific aspects of medical imaging
and data processing, as detailed in Figure 5.

The MPV module, depicted in Figure 6, was
instrumental in facilitating the detailed exploration of 2D
DICOM images across multiple planes. This module's
advanced capabilities enable to obtain
comprehensive views of the anatomical structures of the
PAD. The implementation of a PWA provided seamless
access across various devices, significantly enhancing the

clinicians

platform's usability.
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Figure 7: User Interface for 3D Rendering of Medical Imaging Data in the DECODE Cloud Platform.

The MPV module is accessible via the RESTful API
endpoint/api/visualization/mpv/, which allows for efficient
integration and data retrieval. This API endpoint supports
various functionalities, including the collection of DICOM
images, metadata retrieval, and real-time updates. The
interactive tools for zooming, panning, and navigating
through different planes (axial, sagittal, and coronal) are
seamlessly integrated through this API, enabling the
precise examination of specific regions of interest. These
capabilities ensure that clinicians can interact with the
visualization data dynamically, facilitating real-time
adjustments and increasing diagnostic accuracy. The
robust architecture of the MPV module, combined with its
API-driven approach, ensures that the visualization tools
are both scalable and adaptable to different clinical

requirements. This integration not only improves the
efficiency of data handling and processing but also
ensures that the visualization remains consistent and
reliable across various use cases and devices. Thus, the
MPV module, with its advanced interface and RESTful
API support, significantly enhances the diagnostic process
and treatment planning for PAD.

The 3D rendering module, accessible via the RESTful
API endpoint/api/visualization/3d-rendering/, is a critical
component of the DECODE cloud platform. This endpoint
facilitates efficient data retrieval and interaction, enabling
real-time updates and dynamic adjustments. Figure 7
shows the user interface for this module, highlighting its
robust functionality and features that
significantly enhance the analysis and treatment planning

interactive
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Table 1: Performance Metrics for Multiplanar Visualization Module and 3D Rendering Module in the DECODE Cloud Platform obtained by

Google’s Lighthouse tool

Metrics (%) Multiplar;iizlijsalization 3D Rendering Module
Performance 94 89
Accessibility 90 90
Best Practices 100 100
Optimizaon 100 &

for PAD. The user interface allows users to upload and
render volumetric medical imaging data seamlessly. It
includes a variety of controls for manipulating 3D
visualization, such as gradient adjustment, scalar unit
specification, resolution settings, and sample distance
control. These controls enable users to tailor the rendering
process to highlight specific anatomical features,
facilitating a more precise examination of the imaging
data.

Interactive features such as volume clipping, rotation,
zooming, and panning are integrated into the interface,
allowing users to explore the 3D models from various
perspectives. The presence of checkboxes for enabling or
disabling visibility, context visibility, handle visibility, and
various handle controls (face, edge, corner) further
enhances the flexibility and customization available to the
user.

5.1. Evaluation of Visual Representation Modules

The performance metrics for the DECODE cloud
platform's MPV module and 3D rendering module are
summarized in Table 1. These metrics provide a
quantitative assessment of the platform’s capabilities
across several key areas.

The MPV module demonstrated exceptional results,
with a performance score 94%, indicating a highly
responsive user experience. The module also scored 90%
in accessibility, underscoring its commitment to
inclusivity by meeting essential accessibility standards. In
addition, the module achieved perfect scores (100%) in
both best practices and SEO, reflecting its adherence to
modern web development standards and its content's
discoverability via search engines.

The 3D rendering module also performed strongly,
with a performance score 89%. While slightly lower than
the MPV module, this score still indicates a high level of
efficiency, particularly given the complex computations
required for 3D rendering. The module matched the MPV
module with an accessibility score 90% and perfect scores
100% in both best practices and SEO, confirming its robust
design and compliance with industry standards.

6. Discussion

The DECODE cloud platform represents a significant
breakthrough in the diagnosis, analysis, and treatment
planning for PAD. Leveraging cutting-edge cloud
computing and advanced data visualization technologies,
the DECODE platform surpasses the capabilities of
current state-of-the-art (SoTA) solutions. It is the first
platform specifically designed to integrate high-
performance data processing, 3D medical imaging, and
computational modeling into a unified system tailored for
PAD. This integration allows for precise simulation of
treatment interventions, such as drug-coated balloons,
and provides clinicians with real-time, data-driven
insights to optimize therapeutic strategies. Compared
with  other  cloud-based platforms, such as
teleophthalmology systems [39] and the BioData Catalyst
(BDC) [40], DECODE has demonstrated significant
advancements in terms of functionality and adaptability.
While tele-ophthalmology systems excel in scalable image
storage and annotation and BDC specializes in managing
large-scale genomic datasets, DECODE uniquely
integrates segmentation, 3D visualization, and real-time
analysis to address PAD-specific clinical workflows.
Furthermore, it mitigates common challenges observed in
cloud-based solutions, such as inefficient handling of large
datasets, access control, and vendor conformity, by
employing tailored optimization techniques and ensuring
robust security, scalability, and compliance with
healthcare standards.

The DECODE platform overcomes the limitations of
the SoTA by integrating comprehensive data management
and advanced visualization tools. The MPV module's
robust design and high performance underscore its
effectiveness in medicine. The module's ability to provide
detailed 2D and 3D views of anatomical structures
significantly enhances diagnostic and treatment planning.
The 3D rendering module's performance metrics also
highlight its strengths in providing high-fidelity
visualizations crucial for PAD treatment. The module's
slightly lower performance score than the MPV module
can be attributed to the complex computations required
for rendering detailed 3D models. However, its
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accessibility score and perfect scores in best practices and
SEOs indicate that it remains an invaluable tool for
clinicians.

While the performance metrics highlight the platform’s
robustness, several limitations must be acknowledged.
One notable challenge is scalability, as the platform's
current architecture may encounter bottlenecks when
handling significantly larger datasets or accommodating
simultaneous users over extended periods. Such scenarios
could impact real-time processing and responsiveness,
particularly in high-demand clinical settings. In addition,
the reliance on high-performance GPUs and advanced
cloud infrastructure poses a limitation, potentially
restricting platform adoption in resource-constrained
environments where access to such resources may be
limited.

Future work will prioritize optimizing the platform
architecture to increase scalability and explore cost-
effective hardware alternatives, thereby ensuring broader
accessibility and adoption in diverse healthcare settings.
In addition, the planned development of a 3D
segmentation and reconstruction module will focus on the
precise delineation of anatomical structures, specifically
targeting the segmentation of the peripheral artery with
intima and adventitia thickness. This enhancement will
enable detailed 3D reconstructions, improve the analysis
of vascular health and support the personalization of
treatment strategies. By accurately modeling these critical
arterial layers, the module will provide clinicians with
deeper insight into disease progression, plaque buildup,
and potential treatment outcomes, ultimately contributing
to more precise and effective clinical interventions. The
integration of a virtual reality (VR) module will further
enhance the platform by offering immersive visualization
tools to improve spatial understanding of complex
anatomical structures, supporting preoperative planning,
applications,
Challenges such as ensuring hardware compatibility,
optimizing real-time performance, and maintaining
compliance with healthcare data standards will be actively
addressed to maximize the impact of these innovations.
These advancements position the DECODE platform as a
versatile and comprehensive solution that not only

educational and patient engagement.

surpasses existing SoTA solutions but also sets a new
benchmark for cloud-based technologies in PAD
diagnosis and management.

7. Conclusion

The DECODE cloud platform represents a
transformative advancement in the diagnosis, analysis,
and treatment of peripheral artery disease (PAD). By
leveraging the capabilities of cloud computing and high-
performance data visualization, the platform addresses
the significant limitations of traditional diagnostic

methods, offering a noninvasive, cost-effective, and
scalable solution. The DECODE platform's comprehensive
modules, including a data warehouse and multiplanar
reconstruction with 2D and 3D rendering visualization,
enable detailed and
presentation of medical imaging data. The evaluation
metrics underscore the platform's high performance and
user accessibility. The multiplanar visualization module

interactive processing and

achieves a performance score 94, an accessibility score 90,
and perfect scores 100 in best practices and search engine
optimization (SEO). Similarly, the 3D rendering module
scored 89 in performance, 90 in accessibility, and 100 in
best practices and SEO, demonstrating the platform's
robust design and compliance with industry standards.
Our work highlights the transformative potential of
integrating cloud computing in medical diagnostics,
paving the way for further research and development in
this critical area of healthcare.
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