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Abstract

Background: Teleradiology has evolved from a niche solution for after-hours coverage to a
foundational component of modern radiology practice, accelerated by technological innovation and
globalized healthcare demands. The convergence of cloud computing, artificial intelligence (Al), and
sophisticated data networks is fundamentally reshaping how medical images are stored, analyzed, and
interpreted across geographical and institutional boundaries.

Aim: This narrative review aims to critically synthesize contemporary evidence (2010-2024) on the
technological, operational, and professional trends transforming teleradiology.

Methods: A comprehensive literature search was conducted across PubMed, IEEE Xplore, Scopus, and
the Journal of Digital Imaging archives.

Results: The transition from on-premise Virtual Private Networks (VPNs) to scalable, vendor-neutral
cloud platforms enables unprecedented flexibility, disaster recovery, and multi-institutional
collaboration. These trends facilitate the emergence of global radiology reading networks, 24/7
subspecialty coverage, and integrated diagnostic hubs. However, critical challenges persist regarding
data sovereignty, cybersecurity resilience, inconsistent regulatory frameworks, liability attribution in
Al-assisted reads, and the potential erosion of the traditional radiologist-patient-clinician triad.
Conclusion: Teleradiology is undergoing a profound paradigm shift from a simple image transmission
service to a complex, Al-enhanced, cloud-hosted ecosystem. Future success requires robust
international data governance frameworks, standardized Al validation protocols, and a redefinition of
radiologist roles within distributed diagnostic networks to ensure these technological advancements
translate into equitable, accurate, and secure patient care.

Keywords: cloud-based teleradiology, artificial intelligence in radiology, diagnostic imaging networks,
radiology workflow optimization, telemedicine regulation

Introduction
The discipline of radiology has been inextricably linked with technological advancement since its
inception. Teleradiology, the electronic transmission of radiographic images from one location to
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another for interpretation and consultation, represents a pivotal chapter in this ongoing evolution.
Initially conceptualized in the late 20th century as a solution for providing after-hours emergency
coverage to rural or underserved hospitals, teleradiology has matured into a sophisticated, integral
component of contemporary diagnostic imaging services (Bashshur et al., 2016). Its growth has been
catalyzed by a confluence of factors: persistent shortages of subspecialist radiologists in certain regions,
the economic pressures of maintaining 24/7 in-house coverage, the increasing complexity of cross-
sectional imaging, and, most significantly, a series of disruptive technological innovations (Lundberg
et al., 2010).

The current transformation of teleradiology moves beyond its original premise of basic connectivity.
We are witnessing a paradigm shift from a model focused on simple image transmission—using point-
to-point connections or virtual private networks (VPNs)—to one characterized by integrated diagnostic
ecosystems. This new paradigm is built upon three interconnected technological pillars: cloud
computing infrastructure, advanced artificial intelligence (AI) algorithms, and high-fidelity, secure
global data networks (Pesapane et al., 2018). Cloud technology has liberated image data from the
confines of institutional firewalls and proprietary Picture Archiving and Communication Systems
(PACS), enabling vendor-neutral archiving, universal access, and scalable computing power.
Simultaneously, Al, particularly deep learning, is no longer a futuristic concept but a clinical reality,
augmenting the radiologist’s workflow from image reconstruction and noise reduction to detection,
quantification, and even preliminary reporting (Langlotz et al., 2019; Lamb et al., 2022).

This narrative review argues that the convergence of these trends is not merely enhancing existing
teleradiology practice but is fundamentally redefining the radiologist’s role, the economics of imaging
services, and the very geography of expertise. It creates opportunities for global subspecialty networks,
real-time collaborative tumor boards, and democratized access to high-level diagnostic interpretation.
However, it also introduces profound challenges related to data security and sovereignty, professional
liability in Al-augmented workflows, regulatory heterogeneity across jurisdictions, and the potential
disruption of traditional hospital-based radiology departments (Herington et al., 2023).

The Ascendancy of Cloud-Native Architecture

The infrastructure underlying teleradiology has undergone a revolutionary shift, moving from client-
server models to elastic, service-oriented cloud architectures. This transition is the bedrock upon which
modern remote radiology services are built.

From VPNs to Vendor-Neutral Archives (VNAs) and Cloud PACS

The first generation of teleradiology relied on dedicated telephone lines, integrated services digital
network (ISDN) connections, and, later, VPNs to create secure tunnels between a sending facility and
a remote radiologist’s workstation. This model was inherently point-to-point, complex to scale, and
often locked into proprietary hardware and software (Santos et al., 2023). The advent of cloud-based
Vendor-Neutral Archives (VNAs) and full Cloud PACS solutions has disrupted this paradigm. These
platforms store imaging studies in standardized formats (primarily DICOM) within secure,
geographically distributed data centers managed by third-party providers (Amazon Web Services,
Google Cloud, Microsoft Azure). The advantages are multifold: scalability (storage and compute
resources can be elastically provisioned), accessibility (studies can be accessed from any DICOM-
compliant viewer via a web browser or thin client, with appropriate authentication), disaster
recovery (inherent data redundancy), and cost transformation from capital expenditure (CapEx) to
operational expenditure (OpEx) (He et al., 2023). For teleradiology groups, this means they can onboard
new client hospitals without deploying physical infrastructure, and radiologists can work seamlessly
from any location with robust internet connectivity (Kalyanpur et al., 2023).

Interoperability and Integration

A core promise of the cloud is enhanced interoperability. Cloud platforms facilitate the aggregation of
imaging data with other elements of the electronic health record (EHR), such as laboratory results,
pathology reports, and prior clinical notes, into a unified diagnostic workspace. Application
Programming Interfaces (APIs) allow for the integration of third-party analytics and Al tools directly
into the reading workflow (Kohli et al., 2017). This moves teleradiology beyond a simple image review
station towards a diagnostic intelligence platform, where contextual clinical data and computational
aids are presented in concert with the images.

Security, Privacy, and Compliance

The migration to the cloud intensifies concerns about data security, patient privacy, and regulatory
compliance (e.g., HIPAA in the USA, GDPR in the EU). Reputable cloud providers invest in security
measures—encryption both in transit and at rest, sophisticated identity and access management, and
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continuous threat monitoring—that often exceed the capabilities of individual hospitals (Li et al., 2023;
Majhi et al., 2022). However, the model introduces shared responsibility: while the cloud provider
secures the infrastructure, the teleradiology service remains responsible for configuring access controls,
auditing logs, and ensuring business associate agreements are in place. Furthermore, data
sovereignty laws, which mandate that citizen data be stored within national borders, can complicate the
use of global cloud data centers, requiring careful architectural planning (Jalali et al., 2019; Nifakos et
al., 2021). Figure 1 represents a conceptual comparison between legacy VPN-based teleradiology
systems and contemporary cloud-native, Al-integrated platforms, highlighting scalability,
interoperability, and workflow intelligence.

Legacy VPN-Based System Modern Cloud-Al Platform

On-Premise
PACS Server

Hospital A Hospital A Hospital B Global Network

¢ Limited Scalability e Scalable & Interoperable

» Siloed Systems e Al-Assisted Analysis

* Basic Image Transfer e Advanced Workflow

Figure 1. Conceptual comparison between legacy VPN-based teleradiology systems and
contemporary cloud-native, Al-integrated platforms, highlighting scalability, interoperability,
and workflow intelligence.

The Integration of Artificial Intelligence into the Teleradiology Workflow

Artificial intelligence, specifically deep learning for computer vision, is transitioning from a research
topic to a practical tool within the teleradiology environment, acting as a force multiplier for the remote
radiologist.

Al as a Workflow Orchestrator

Before a radiologist even opens a study, Al can optimize the workflow. Algorithms can perform
automated study prioritization (triage), flagging studies with potential critical findings like intracranial
hemorrhage, pulmonary embolism, or pneumothorax for immediate review (Chilamkurthy et al., 2018).
This is particularly valuable in high-volume nighttime teleradiology services. Al can also
conduct protocoling and image quality control, ensuring the correct examination was performed and
checking for artifacts that might degrade diagnostic accuracy.

Al as a Detection and Quantification Assistant

This is the most prominent application. Al models act as concurrent or pre-read assistants, highlighting
regions of interest. In chest CT, algorithms can detect and segment lung nodules, measure their volume,
and track growth across serial studies with superhuman consistency (Ardila et al., 2019). In neurology,
tools can quantify brain volume loss, identify acute ischemic stroke, or segment meningiomas. In
mammography, Al supports breast cancer detection, potentially reducing perceptual errors (McKinney
et al., 2020). For the teleradiologist, especially one covering a broad range of subspecialties, these tools
provide a valuable "second look," reducing cognitive fatigue and minimizing the risk of overlooking
subtle findings.

Al-Enhanced Reporting and Communication

Natural Language Processing (NLP) is being integrated to assist with reporting. This includes structured
report generation, where the radiologist's dictation is parsed into standardized data elements,
and context-aware reporting, where the Al suggests relevant differential diagnoses based on the findings
and patient demographics embedded in the study metadata (Cochon et al., 2018). Furthermore, Al can
facilitate communication by automatically extracting key images and findings to generate concise
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summaries for referring physicians, bridging the gap between the remote radiologist and the point of
care.

Validation, Liability, and the Human-AlI Partnership

Critical questions remain. The performance of Al algorithms is highly dependent on the training data,
and real-world generalizability can be problematic. Robust, independent clinical validation in diverse
practice settings is essential before reliance (Park & Han, 2018). The liability framework is undefined:
who is responsible if an Al misses a critical finding that a radiologist also misses? Is it the radiologist,
the Al vendor, or the teleradiology group that integrated the tool? Establishing a "human-in-the-loop"
paradigm where the Al is an assistant and the radiologist maintains final diagnostic authority is the
prevailing ethical and legal stance, but this requires radiologists to develop new skills in Al oversight
and understanding algorithmic limitations (Geis et al., 2019).

Table 1: The Evolving Teleradiology Technology Stack: From Legacy to Cloud-Al Integration

PACS.

(AWS, Azure, GCP),
web-based access.

Component Legacy/First-Generation | Contemporary Cloud- | Impact on
Model (Pre-2010s) Al Integrated Model | Teleradiology Service
(2020s)
Infrastructure | On-premise servers, point- | Cloud-hosted Enables rapid scaling,
to-point VPNs, proprietary | VNA/Cloud PACS reduces IT overhead,

facilitates universal
access, and improves
disaster recovery.

Data Access

Client-server; requires
specific workstation

Zero-footprint web
viewers; DICOM

Allows radiologists to
work from any location;

images.

messaging, cloud-based
collaborative review
sessions, and virtual
tumor boards.

software and VPN streaming via HTTPS; | simplifies deployment
connection. mobile-responsive. for client hospitals.
Workflow Manual study distribution; | Al-driven triage & Improves turnaround
basic worklists. prioritization; time for critical cases;
integrated clinical data | provides clinical context
(EHR via APIs). for more accurate reads.
Interpretation | Limited CAD (e.g., for Embedded Al Acts as a concurrent
Aid mammography); standalone | algorithms for reader, reduces
tools. detection, perceptual errors, and
segmentation, and enables advanced
quantification across analytics (e.g., tumor
multiple modalities. volumetry).
Reporting Dictation/transcription; Structured reporting Enhances report
free-text reports. templates, NLP- consistency, facilitates
assisted draft data mining, and
generation, and improves
automated key image communication with
selection. referrers.
Collaboration | Phone calls, emailed Integrated secure Fosters subspecialty

consultation and second
opinions within the
platform, strengthening
the diagnostic chain.

Service Delivery Models and the Globalization of Radiology Expertise

The technological enablers of cloud and Al are giving rise to new organizational and economic models
for delivering radiology services, challenging traditional geographic and institutional boundaries.

The Consolidation of Nighthawk and Subspecialty Networks

The classic "nighthawk" model, providing after-hours preliminary reads, is being transformed. Large
teleradiology firms now offer 24/7 final interpretations, leveraging time-zone differences to create
follow-the-sun reading networks that maximize radiologist productivity and provide consistent daytime
coverage to clients worldwide (Agrawal, 2022). More significantly, subspecialty teleradiology
networks are emerging. A small community hospital can now access world-class expertise in pediatric
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neuroradiology, musculoskeletal oncology, or cardiac MRI on-demand via a cloud platform. This
democratizes access to sub-specialization, potentially improving diagnostic accuracy for complex cases
(Nobel et al., 2022).

The Integrated Diagnostic Hub

A more advanced model is the creation of centralized "reading hubs." These are facilities where
radiologists, supported by Al tools and data analysts, provide interpretation services for a network of
multiple hospitals, often owned by the same health system or in a strategic partnership. The hub
consolidates expertise, standardizes protocols and reports, and achieves economies of scale. It
represents a shift from radiology as a hospital department to radiology as a managed service (Larson et
al., 2020; Recht et al., 2020).

Globalization and Cross-Border Radiology

Cloud platforms effortlessly cross political borders, enabling true global radiology services. A hospital
in Asia can subcontract overnight reads to a group in North America, while a European clinic can seek
a subspecialty second opinion from an expert in Australia. This raises complex questions: Which
country's medical licensure and malpractice liability laws apply? How is quality
assurance standardized across different training and practice cultures? How are reimbursement and
billing handled internationally? While technology enables this model, a consistent regulatory and legal
framework is largely absent, creating a patchwork of bilateral agreements and ad-hoc solutions (Hanna
et al., 2020; Ranschaert et al., 2015).

Persistent Challenges and Critical Considerations for Sustainable Practice

The promises of cloud-based, Al-enhanced teleradiology are tempered by significant and unresolved
challenges that must be addressed for sustainable growth.

Regulatory and Legal Fragmentation

The regulatory landscape is a major impediment. Requirements for radiologist licensure, credentialing
at client hospitals, malpractice insurance coverage, and adherence to local quality standards vary
dramatically by state and country. The lack of reciprocity or streamlined processes for teleradiology
licensure creates administrative burdens (Rosenkrantz et al., 2020). Liability in Al-assisted reads is a
legal gray area. Furthermore, billing compliance is fraught with complexity, with payer rules differing
on whether the professional component can be billed separately from the technical component when
services are rendered remotely and across state lines.

Data Governance and Cybersecurity Threats

While cloud providers offer robust security, the attack surface expands. Teleradiology platforms are
high-value targets for ransomware attacks, as encrypted imaging data can cripple hospital operations.
Ensuring end-to-end encryption, rigorous access controls, and comprehensive audit trails is non-
negotiable (Kruse et al., 2017). Data governance policies must clearly define data ownership,
permissible uses (e.g., for Al training), and protocols for data deletion.

Professional Identity and the Erosion of the Clinical Triad

A subtle but profound risk is the alienation of the radiologist from the clinical team. The traditional
model fostered consultation and collaboration. Remote interpretation, especially when outsourced to a
geographically and institutionally disconnected third party, can reduce the radiologist to a transactional
image processor. This undermines the radiologist’s role as a consultant physician and can lead to poorer
communication of critical results and less effective participation in multidisciplinary care (Henwood et
al., 2016; Rubin et al., 2020). Technology must be deployed to bridge, not widen, this gap through
integrated communication tools and virtual participation in clinical meetings.

Economic Pressures and Workforce Implications

The efficiency gains from Al and global networks could be used to exacerbate radiologist burnout
through expectations of ever-increasing productivity (measured in studies per hour) rather than to create
capacity for more complex consultation and patient-facing activities. There is also concern that the
commoditization of imaging interpretation could depress professional fees and impact the financial
viability of traditional radiology practices, particularly in rural areas (Wallace, 2022).

Table 2: Critical Challenges in Modern Teleradiology and Proposed Mitigation Strategies

Challenge Specific Issues Potential Proposed Mitigation

Domain Consequences Strategies

Regulatory & Multi-state/national Service restriction; Advocacy for

Legal licensure requirements; | legal exposure for interstate/license
inconsistent malpractice | providers; compacts; development

WWW.DIABETICSTUDIES.ORG 311


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. S7 2024

laws; unclear Al administrative burden of standardized
liability; complex billing | stifling growth; teleradiology service
compliance. payment denials. agreements; clear
contractual allocation of
Al-related liability;
investment in dedicated
billing compliance
expertise.
Data Security & | Risk of Catastrophic service Implementation of zero-
Governance ransomware/cyber- disruption; regulatory trust security
attacks; data sovereignty | fines and loss of trust; architectures; use of
conflicts; ambiguous legal challenges over sovereign cloud regions;
policies for secondary data location; ethical transparent patient data
data use (Al training). breaches in data use policies and, where
utilization. required, explicit
consent for Al training.
Quality Difficulty standardizing | Diagnostic variability; | Establishment of
Assurance & QA across global potential for lower international
Professional networks; ensuring quality in unregulated | teleradiology
Standards consistent subspecialty markets; algorithmic accreditation standards
training levels; verifying | bias leading to (e.g., by ACR, ESR);
Al algorithm disparities in care. mandatory radiologist
performance in diverse credential verification;
populations. rigorous, ongoing local
validation of Al tools.
Professional Radiologist isolation Suboptimal patient care | Mandatory embedded
Integration & from referring clinicians; | due to lack of clinical communication tools
Communication | breakdown in critical context; delayed (chat, video) within
results communication; | treatment for urgent platforms; protocols for
perception of radiology | findings; de- direct radiologist-
as a commoditized professionalization of | clinician contact for
service. radiology. complex cases; fostering
virtual participation in
tumor boards.
Workforce & Burnout from "reading Radiologist attrition, Management focus on
Economics widget" productivity errors; financial value (accuracy,
pressures; potential unsustainability of consultation) over
devaluation of hospital-based volume; fair pricing
professional fees; impact | practices; reduced models that reflect
on local radiology job access to local cognitive labor + tech
markets. expertise. overhead; hybrid models
that preserve local
radiologists for
procedural and clinical
work.
Conclusion

Teleradiology stands at an inflection point. The trends of cloud migration and Al integration are not
passing fashions but represent a fundamental and irreversible digitization of the diagnostic imaging
value chain. The potential benefits for patient care are immense: faster access to expertise, reduced
diagnostic error through cognitive support, and more personalized, quantitative imaging analytics.
However, realizing this potential in an equitable, secure, and professionally sustainable manner requires
deliberate and collaborative action.

The future of teleradiology must be guided by principles that prioritize patient-centricity over pure
efficiency. This means designing systems that ensure the remote radiologist is an integrated member of
the care team, with seamless communication channels and access to holistic patient data. It necessitates
arobust ethical and regulatory framework developed through international cooperation among
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professional societies, legislators, and technology providers. This framework must clarify licensure,
liability, data rights, and establish minimum quality standards for global practice.

Furthermore, the profession must proactively redefine the radiologist’s role within this new ecosystem.
The role will evolve from pure image interpreter to master of the diagnostic cockpit—orchestrating Al
tools, synthesizing multimodal data, and communicating actionable insights. This requires new training
in data science, Al literacy, and tele-consultation skills. Finally, economic models must evolve to
reward diagnostic accuracy, clinical consultation, and improved patient outcomes, rather than merely
incentivizing throughput.

In conclusion, the journey from dial-up image transmission to Al-augmented cloud platforms
encapsulates the dynamic nature of modern medicine. By navigating the associated challenges with
foresight, ethics, and a commitment to the core values of the profession, teleradiology can transcend its
origins as a coverage solution. It can mature into the backbone of a more intelligent, accessible, and
collaborative global radiology service, ultimately fulfilling the promise of technology to deliver better
health outcomes for all.
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