RESEARCH PAPER

Transformative Advances in Radiology: A Systematic Review of
Subspecialty Innovations and Their Influence on Patient-Centered

Care
Esra Salam Mohamed Ali!, Fayea Yahya Fayea Aseery?, Bahaa Mohamed Elsayed
Mahssoub?’, Azza Ali Hassan Doush?, Najla Hussien’, Asma Mohammed Aldughays®,
Shahad Mohammed Al Qadi’, Arwa Ali Ghaithan® Noura Gazi Alsalem®, Wasmiah Faleh

Alarjani'’, Waad Raied Alghamdi'!, Alhuraysi Ibtisam Mofareh H.!2
"Lecturer, Inaya Medical Colleges, 23597756
2Radiologic Technologist
3Radiology Specialist, Raniah General Hospital, Taif, 11MM0029602
“Radiologic Technology Intern, Radiology Department, King Khalid Hospital
SRadiologic Technology Intern, Najran University
Radiologic Technology Intern, Radiology Department, King Khalid Hospital
"Radiologic Technology Intern, Radiology Department, King Khalid Hospital
8Radiologic Technology Intern, Radiology Department, Armed Forces Hospital, Najran
°Radiologic Technology Intern, Radiology Department, King Khalid Hospital
Radiologic Technology Intern, Radiology Department, King Khalid Hospital
'"Najran University
12Radiographer Specialist, Armed Forces Hospital Southern Region

Received: 22nd Apr, 2026 | Revised: 27th Apr, 2026 | Accepted: 2nd May, 2026 | Available Online: 10th May, 2026

ABSTRACT

Background: Radiology has experienced a paradigm shift that has been influenced by artificial intelligence (AI), new
forms of imaging, subspecialty convergence, and an increasing focus on patient-centered care. These advancements
have all re-established the diagnostic, interventional and communicative aspects of the contemporary radiological
practice.

Objective: This systematic review systematically summarizes the evidence related to transformative innovations in
radiology subspecialties and assesses their overall impact on clinical outcomes, workflow, radiologist productivity
and patient experience.

Methods: Structured literature search was performed with the help of peer-reviewed articles and institutional reports
published in 2020-2026. PubMed/PMC, MDPI, The Lancet Digital Health, the American Journal of Roentgenology,
the Journal of the American College of Radiology, and other professional organizations were used as the sources.
There were 33 sources that were included.

Results: The findings indicate that there are significant improvements in Al-assisted image interpretation, protocol
automation, photon-counting CT, large language model-based report generation, low-dose imaging, interventional
innovation and patient engagement. At the same time, the following critical challenges were revealed such as
workforce attrition, health equity disparities, barriers of implementation, and patient safety concerns.

Conclusions: Radiology is at a crossroad of technological capability and ethical responsibility, fair access, and
sustainability of workforce. The future success will be based on combined multidisciplinary models which will bridge
innovation with patient-centered values.
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Large Language Models; Interventional Radiology; Health Equity
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1. Introduction

Radiology is given a central place in the contemporary
medicine, in which it is the main means through which
structural, functional, and molecular data about the
human body are obtained, decoded and relayed to
clinical teams. The field has evolved throughout its
history of over 100 years and is in a constant state of
adjustment to the introduction of new imaging
modalities, such as traditional X-ray and ultrasound,
magnetic resonance imaging (MRI), computed
tomography (CT), positron emission tomography
(PET) and others. Nonetheless, the rate of change
experienced over the past ten years has been more than
ever, propelled by breakthroughs in computational
capabilities, an increase in imaging volume
exponential in size, changing patient demands, and
systemic demands on healthcare provision. What has
emerged is a field that is going through a deep
reinvention that embraces all aspects of radiological
practice- both the physical infrastructures of imaging
suites, and the philosophy of the field toward the
people it serves.

Radiology today is no longer determined by the
quality of the images obtained and the accuracy of its
interpretation. It is more and more considered in
relation to larger factors: how fast the diagnosis is,
how accessible the imaging services are to different
populations, how legible the radiology report is made
to the patient and non-specialist clinician, how risky
the radiation exposure is, and how the workforce
delivering these services will be sustained. These
increased requirements have triggered the advent of a
range of technological and organizational innovations
that span the entire spectrum of radiology practice,
including diagnostic imaging and report generation,
minimally invasive interventional procedures and
patient communication approaches. The interplay of
these innovations forms a more competent and
complex landscape than any time ever in the history of
the specialty (Avakian, 2026).

Artificial intelligence is at the centre of this change.
Algorithms in machine learning, deep neural
networks, and large language models (LLMs) have
infiltrated most aspects of radiology. Al technology
can now be used to help in image acquisition, quality
control, detection of lesions, generation of
differentials, and summarization of reports. Their

inclusion in clinical processes has resulted in
quantifiable improvements in turnaround times,
diagnostic reliability, and efficiency of radiologists.
But these advantages are accompanied by valid fears
of algorithmic bias, lack of transparency in decision
making, legal accountability and the loss of the
cognitive authority of the radiologist to make
diagnostic judgements. The profession is proactively
bargaining on the extent to which the Al augmentation
needs to be and how human and machine sharing of
responsibility in the diagnostic process ought to be
(Obuchowicz, 2025).

In addition to Al, there has been an increase in the rate
of sub specialization of radiology. Each of the
previous categories has formed a unique pattern of
innovation, is the focus of specific research
communities, unique training programs, and an array
of increasingly complex technological toolsets. These
subspecialties do not develop in a vacuum; instead,
they are being influenced by common factors such as
the  consolidation of radiology  practices,
reimbursement pressures as well as the increased trend
toward value-based care. The convergence of the
depth of subspecialty and systemic pressure provides
opportunity and vulnerability to the profession
requiring institutional and policy level responses
(Rad365, 2025).

Patient-centered care has become an organizing
principle that requires radiology to move out of the
back-room clinical service that radiology has been,
and be closer to the patient. A gradual shift towards
transparency in the delivery of imaging services,
understandable descriptions of diagnoses, and the
active role of patients in their care pathways is
expected by them. This has been accelerated by digital
health literacy and the spread of patient portals that
enable direct access to reports and images, which have
increased this expectation among the radiology
community on how they communicate the findings
and interact with the people they serve. In this regard,
the change of radiology is not only technological but,
in fact, relational, and the identity and role of the
specialty in the new healthcare ecosystem have to be
reimagined (Glenning, 2025).

This review is an amalgamation of existing evidence
in these overlapping areas. It is organized in such a
way that it describes in detail subspecialty-level
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innovations, the implications they have on workflows,
how they impact patient experience, and systemic
challenges that restrain their potential. This review is
done by looking at the integration of AI, more
advanced technologies in imaging, developments in
the subspecialties, the workforce, the role of health
equity, and future directions- providing a state-of-the-
field perspective of patient-centered radiology as well
as a future-oriented model of patient-centered
radiology.

2. Methods

2.1 Literature Search Strategy

A systematic literature searches and structured
narrative search was done in major academic
databases such as PubMed/MEDLINE, Embase,
Cochrane Library and Google Scholar. Specific
searches were conducted in publisher databases such
as MDPI, Elsevier, Springer, Oxford Academic and
The Lancet Digital Health. The following keywords
and combinations were used to search databases:
"radiology artificial intelligence," subspecialty
radiology innovation, patient-centered radiology,
radiology workflow automation, radiology report
generation, interventional radiology advances,
photon-counting CT, low-dose imaging, radiology
workforce, and health equity radiology. Refining and
expansion of searches were done through the use of
the Boolean operators (AND, OR). The publication
date filters limited the results to January 2020 to April
2026.

2.2 Inclusion and Exclusion Criteria

The inclusion criteria were: (1) the publications had to
be peer-reviewed journals, institutional reports of
established professional organizations or reputable
clinical journals; (2) had to discuss innovations,
challenges, or patient-centered outcomes in one or
more radiology subspecialties; (3) had to discuss
clinical, workflow, or patient-centered implications;
(4) and had to be available in full text in English.
Editorials, single case reports without extended
generalizability as well as articles that reported only
on non-radiology imaging situations were excluded.
There were 33 sources that passed the end inclusion
criteria.

2.3 Data Extraction and Synthesis

Extraction was done in thematic domains based on
predetermined domains: Al and imaging technology,
subspecialty innovation, radiology workflow, patient
engagement and communication, health equity,

workforce dynamics, and implementation challenges.
An approach to narrative synthesis was embraced in
areas that were heterogeneous in terms of study
design. In cases where quantitative data were
accessible and similar, results were combined to be
presented in tabular and graphical format. The
evaluation of quality of evidence was through the
hierarchy of study design and the timeliness of the
publication.

3. Artificial Intelligence in Radiology: Foundations
and Clinical Impact

3.1 Overview of Al Integration

The rapid uptake of artificial intelligence in radiology
is coming not only out of experimental prototype to
clinical deployment but also at an unprecedented pace
that not many in the profession would have predicted
ten years ago. Convolutional neural networks (CNNs)
and other deep learning systems when trained on large,
annotated collections of imaging data have achieved
performance  competitive  with  state-of-the-art
radiologists in very limited, specific tasks, such as the
classification of chest X-rays, the detection of diabetic
retinopathy, or pulmonary nodules on CT. It has led to
an institutional infatuation with implementing Al
technology as clinical decision-support systems to be
used on top of the current radiology infrastructure,
with hundreds of algorithms being approved by
regulatory bodies like the U.S. Food and Drug
Administration (FDA) and the European CE marking
authority as of 2026. The magnitude and pace of such
regulatory action are indicative of an actual shift to
research-to-routine clinical implementation, but
significant concerns regarding actual performance in
the field and post-market monitoring are still poorly
tackled (Bhandari, 2024).

Radiological Al tools can be broadly divided into
various categories: image acquisition optimization,
image quality enhancement, computer-aided detection
(CAD), automated segmentation, generation of
differential diagnoses, automated report writing, and
triage and prioritization of workflow. All these
categories deal with a unique pain point within the
radiology pipeline, the integration of these categories
is transforming what radiologists do, how they use
their cognitive resources, and what clinical teams and
patients expect of the specialty. The notion of the Al-
enhanced radiologist, a medical worker whose
interpretation abilities are not substituted but enhanced
with the help of algorithms, has become the most
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common paradigm of interpreting the role of Al in
clinical radiology, but its application should be
implemented attentively and continuously proved on
the site level (Hartsock, 2026).

The radiology Al commercial and regulatory
environment has come of age significantly but is not
even. Institutions are struggling with the issue of
determining, certifying, and overseeing Al tools in a
setting in which the evidence base is lagging behind
the rate of commercial availability. A non-
homogeneous supplier base, the inability of Al
platforms and traditional PACS/RIS systems to work
together, and the unavailability of standardized
performance  standards pose  implementation
challenges that dampen interest rates in Al
implementation in most real-world environments.
These regulatory issues are becoming known as the
main obstacles to scaling Al-driven enhancements to
the entire spectrum of radiological practice (Siddiqui,
2026).

Detection Accuracy

Subspecialty
—— Diagnostic
~—— Interventional
—— Emergency
—— Pediatric

Neuroradiology

Evidence Matury orkflow Impact

Patient Safety Improveme Clinical Adoption

Figure 1. Radar chart of comparison between Al
performance measures in five key radiology
subspecialties (Diagnostic, Interventional,
Emergency, Pediatric, Neuroradiology) based on
the measures of detection accuracy, workflow
measure, clinical adoption, patient safety measure,
and evidence maturity.

3.2 Al in Diagnostic Imaging

The most noticeable and well-established successes of
Al in diagnostic imaging have been realized. Chest
radiography is the best-investigated field, and several
FDA-approved algorithms have a high sensitivity in
detecting such critical diseases as pneumothorax,
pleural effusion, pneumonia, and pulmonary nodules.
The screening Al of mammography has been shown to
lower false-positive rates and workload of radiologists
involved in the double-reading programs, and

prospective trials in several countries have shown
clinical benefit and efficiency in terms of resources.
The neuroimaging Al has had a specific effect on the
acute stroke pathway with automated detection of
large vessel occlusions and intracranial hemorrhage on
CT imaging demonstrating a reduction of time-to-
treatment in emergency clinical environments and
having a direct implication on patient neurological
outcome (Almutairi, 2025).

In addition to detection, Al-based segmentation and
volumetric measurement technology is even changing
the nature of oncologic imaging practice on a
fundamental basis. Automated tumor segmentation
allows accurate and reproducible volumetric
measurement, which is more consistent than the
human hand-marked tumor boundaries, especially of
complex three-dimensional lesions where inter-
observer reliability has been a major issue in the past.
This can be directly applied in the treatment planning,
response assessment and longitudinal observation of
various cancers. Likewise, Al body composition
analysis based on regular CT scans is becoming useful
in surgical risk prediction, predicting treatment
tolerability, and long-term prognosis - retrieving
clinically actionable information in the imaging data
that would otherwise remain unexploited (Gupta,
2026).

Al augmentation has also been of great benefit to
cardiac imaging. Clinical uses of automated
quantification of left ventricular ejection fraction,
detection of abnormal regional wall motions, and Al-
assisted reporting of cardiac MRI studies are currently
under clinical use at state-of-the-art centers. The
synergistic opportunities of a combination of Al with
the use of advanced hardware platforms, including
photon-counting CT, allow performing highly detailed
quantitative cardiac analysis with a simultaneous
change in the radiation dose towards the lower. Al
applications to echocardiographic and cardiac MRI
have been shown to identify small functional
abnormalities, which might be overlooked during
routine examination, and now offer new opportunities
of subclinical disease diagnosis and risk stratification
in large-scale screening programs (Christensen et al.,
2025).

3.3 Protocol Automation and Workflow
Optimization

Perhaps one of the most effective yet relatively less
prominent uses of Al in radiology is protocol
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automation the implementation of machine learning
and natural language processing to make the process
of selecting, scheduling and executing imaging
protocols based on clinical suggestion easier. The
(historically) unmatched source of inefficiency and
inaccuracy in radiology practice, the disparity between
the request made by a referring clinician and the
imaging study best suited to a particular clinical
situation is dealt with by protocol automation.
Conventional systems of protocol choice are based on
clinical indications as determined by radiologists or
technologists, which is time-consuming, and which is
hard to scale due to the constant increase in the number
of imaging referrals in all healthcare environments
(Hadi et al., 2026).
The artificial intelligence-based protocol automation
engines process free-text clinical referrals, electronic
health record (EHR) data and previous imaging history
to suggest or automatically designate suitable imaging
protocols with little or no human oversight. These
systems have shown a decrease in the rate of protocol
changes, a decrease in unnecessary or unnecessary
imaging and a decrease in the technologist preparation
time. Incorporated into integrated radiology
information system (RIS) and picture archiving and
communication system (PACS) settings, protocol
automation helps to create a more reliable and
effective imaging process, starting with order entry
and continuing with image acquisition and reporting,
and downstream benefits of scheduling efficiency and
patient throughput (Philips, 2020).

Workflow triage is a similar, but different Al
application with significant clinical application which
is beginning to enter the mainstream deployment.
Worklist prioritization systems powered by Al analyze
images that come in real time and label the studies that
have wurgent findings, including pneumothorax,
pulmonary embolism or intracranial hemorrhage, so
that the radiologist can be prioritized to review them
first before the less urgent cases. This ability is
especially useful in busy and after-hours coverage
facilities where radiologist time needs to be
strategically allocated. Triage Al systems continue to
report significant improvements in report turnaround
time on critical findings, and downstream effects on
emergency management decisions and patient
outcomes, which are starting to be quantified in
prospective studies (Friebe, 2025).

4. Radiology Report Generation: From Dictation to
Language Models

4.1 Evolution of Radiology Reporting

Radiological findings are largely transmitted within
the clinical teams through the radiology report and the
radiology report to patients themselves is becoming
more popular. Previously, radiologists dictated
reports, human typists transcribed reports, and voice
recognition software generated reports, which,
although reliable, brought a lot of variability to report
structure, length and terminology as well as clinical
usefulness. Heterogeneity of conventional radiology
reports has been known to be an impediment to
effective clinical communication, synthesis of
evidence in a systematic manner and quality
measurement. One of the most significant events in
modern practice is the use of Al in radiology report
generation and post-processing, which has the
potential of converting the report into a variable,
dictation-based document into a structured and action-
oriented clinical communication tool (Mamdouh,
2025).

The current radiology Al reporting devices are based
on two main technological methods, which are
automated report generating tools on the basis of the
imaging data and large language model (LLM) report
processing. Structured preliminary reports based on
imaging studies may be generated with little or no
direct human intervention by automated generation
tools, which are typically based on multimodal deep
learning architectures that are a combination of visual
and language model components, which are often
referred to as vision-language models (VLMs). By
reviewing and validating these reports by a radiologist,
dictation time is significantly cut and a uniform
framework of structure to findings and impressions is
presented. The best systems combine the results,
impressions and evidence-based clinical suggestions
into logical, practical reports that meet the
conventional structured reporting guidelines that have
been created by profession organizations such as the
Radiological Society of North America (Tran, 2026).

The tools based on LLM fill a complementary role in
the reporting ecosystem: they do not generate reports
based on imaging data, instead refining and
transforming the current radiology reports to aid their
usefulness, accessibility, and interoperability in usage
across clinical settings. They have been used in report
summarization to be referred to a clinician,
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terminology simplification to help communicate with
patients, extract structured data elements to be used in
quality registries, cross-clinical-specialty translation,
and simplification of the technical language to talk
directly to primary care patients. With the advent of
high-performance general-purpose LLMs, radiology-
specific applications of the LLM have started to
evolve much faster, with several of them currently in
the limited deployment process with institutional
validation programs in progress at large academic
medical centers (Alabed, 2025).

100
== Standard Report
=== simplified Report (LLM)
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Figure 2. Bar chart of patient understanding scores
(scale 0-100) of standard versus LLM-simplified
radiology reports in five categories of report: chest
CT, brain MRI, musculoskeletal MRI,
mammography and abdominal CT.

4.2 Clinical Impact of Structured and Simplified
Reporting

Structured radiology reporting has been shown to have
clinical advantages in a variety of subspecialties and
in different clinical situations. Use of structured
reports, characterized by uniform section headings,
use of controlled terminology and systematic
organization of presentation of major findings have
been linked to greater levels of referring clinician
satisfaction, reduced time to clinical decision-making,
and less often follow-up communication between
radiologists and clinical teams. Structured reporting

Comprehension Score (0-100)

templates, based on the multidisciplinary tumor board
requirements, have enhanced comprehensiveness and
actionability of the imaging reports in oncologic
imaging, eliminating information gaps that once
required further imaging or clinical evaluation
(RSNA, 2024).

The streamlining of reports to be understood by the
patients has become one especially dynamic area of
research. A meta-analysis and systematic review
article in The Lancet Digital Health compared patient,
public and clinician ratings of the simplification of
radiology reports generated by LLM across a range of

studies. Results showed that LLM-simplified reports
were often rated as easier to read and understand, more
accurate and of clinical use by both patients and
clinicians, still, significant issues with factual errors,
unsuitable reassurance and missing nuances were
reported. All these findings help to highlight the need
to keep radiologists in control of the Al-generated
patient-facing communication since any errors in the
simplified reports may directly impact patient
understanding, emotional reaction, and further care-
seeking behavior (Alabed, 2025).

In addition to enhancing patient communication, the
utility of reports among non-radiologist clinicians -
especially those in primary care, emergency medicine,
and nursing - is also being enhanced with the use of
LLM tools because these clinicians are often not
subspecialty trained to fully understand more complex
radiological results. Smart report organization, a
computerized creation of impression targeted to the
specialty where the radiologist is referring to, and
embedded evidence-based clinical advice in the
radiology report are viable innovations that would
increase the communicative worth of the radiology
report as a clinical decision-support tool. Such
advances essentially rebrand the radiology report as
not just a passive report of the findings but a dynamic
aspect of the clinical management pathway
(Mamdouh, 2025).

5. Advanced Imaging Technologies

5.1 Photon-Counting Computed Tomography

The most recent hardware development in CT is
photon-counting computed tomography (PC-CT),
which is the most important development in CT
hardware since the advent of multidetector CT in the
late 1990s. In contrast to traditional energy integrating
sensors which read the total energy deposited by the
X-ray photons in a sensor element, photon-counting
sensors record each photon and count its energy. This
basic difference in architecture of detection allows a
number of simultaneous performance advantages that
could not be obtained with earlier technology in
detectors: higher spatial resolution, better contrast-to-
noise ratio, a reduction in electronic noise, the removal
of beam-hardening artifacts, and even spectral CT
imaging without special dual-energy acquisition
protocols (Rao, 2025).

Clinical implications of PC-CT cut across the board of
almost all the subspecialties in diagnostic radiology. In
neuroradiology PC-CT has a high spatial resolution,
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which allows a detailed visualization of inner ear
anatomy, fine bony structures of the skull base, and
intracranial vascular anatomy at spatial resolutions
that were previously inaccessible to CT, so that some
anatomical evaluations previously done by MRI, like
inner ear anatomy, no longer require it, and more
diagnostic modalities are made available to patients
with PC-CT can be used in cardiac imaging with the
ability to assess the condition of the coronary arteries
by a very large margin with a significantly lower dose
of radiation than under standard protocols in CT
angiography, in addition to giving spectral data that
can be used to describe the composition of the plaque
and the perfusion of the myocardium. In oncologic
imaging, PC-CT has a better contrast sensitivity and
spectral properties, which are used to characterize
lesions and provide a more reliable method, to
differentiate  benign and  malignant tissue
characteristics (Gupta, 2026).

PC-CT in clinical practice is in its infancy and systems
are currently implemented in major academic centers,
mainly with high volumes. Published clinical
assessments are respectively restricted to retrospective
and early prospective investigations, although the
reproducibility of the results of different centers gives
a growing confidence in the clinical use of this
technology. With better manufacturing processes and
lower cost of acquisition, PC-CT will likely take the
path of diffusion of earlier innovations of CT and be
widely used in clinical practice in the next ten years-
fundamentally changing the quality of CT diagnostic
services (Rao, 2025).

5.2 Low-Dose Imaging and Radiation Safety

T

his decrease in the radiation dose to patients whilst
preserving the quality of the diagnostic images has
been a longstanding and ethically necessary objective
of radiological practice ever since the concept of
ALARA (As Low As Reasonably Achievable) was
introduced. Al has become the most potent tool of the
present day in terms of developing low dose imaging
and it becomes possible to obtain high quality
diagnostic images with radiation doses that would
have been seen as inadequate to allow sufficient
clinical interpretation. The use of Al-based image
reconstruction algorithms and, in particular, deep
learning reconstruction (DLR) models have shown an
ability to reduce noise and preserve detail at 50-80%
of dose levels, with a decline in diagnostic

information, relative to other iterative reconstruction
algorithms (Clement David-Olawade, 2025).

In addition to CT, low-dose strategies based on Al are
implemented in various modalities. In nuclear
medicine, Al-based image enhancement algorithms
facilitate clinically sufficient PET and SPECT
imaging at significantly lower radiopharmaceutical
doses, and have a direct impact on pediatric patients
and on patients who need regular surveillance
imaging. Al-assisted dose monitoring and real-time
exposure optimization tools are being incorporated
into the procedural platforms in fluoroscopy and
interventional radiology, to reduce cumulative
radiation dose to patients and procedural staff during
complex image-guided procedures. Of special concern
in these developments is in pediatric radiology where
the increased radio sensitivity of developing tissues
has made dose optimization a critical clinical concern
(Shabbir, 2025).

Individualization of imaging guidelines is another
valuable complementary aspect of the low-dose
agenda. Artificial intelligence (Al) systems, which are
able to assess patient-specific parameters, such as
body habitus, clinical indication, history of previous
imaging, and diagnostic goals, can be able to
customize acquisition protocols in order to provide the
lowest amount of dose required to perform the
particular diagnostic task. This is in contrast to the
traditional population-averaged protocols and is a
significant step towards optimization of protocols in
radiation protection practice. Such systems spread
throughout the imaging networks can help decrease
the cumulative exposure of population radiations by
medical imaging at a scale which has real implications
to the people (Clement David-Olawade, 2025).

» ~O- ChestcT
-0 Abdomen & Pelvis

Mean Radiation Dose (mSv)

2015 2017 2019 2021 2023 2025
Year

Figure 3. Line chart of the average CT radiation
dose (mSv) trends of the five clinical indications
(chest, abdomen/pelvis, cardiac, head and spine)
during the period 2015 to 2025, demonstrating the
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dose reduction trends in relation to AI
reconstruction adoption.

6. Subspecialty-Specific Innovations

6.1 Interventional Radiology

The changes in interventional radiology (IR) are much
more than a simple continuation of the incremental
technology improvement- it is a general increase of the
clinical presence and therapeutic aspiration of the
specialty. Recent innovations in catheter technology,
embolic agents, ablative platforms and intravascular
navigation systems have allowed IR practitioners to
develop minimally invasive treatment options to
conditions that previously had to undergo open
surgery, significantly lowering the morbidity of the
procedure, hospitalization and postoperative recovery
in patients with a wide range of vascular and non-
vascular indications. The specialty has experienced an
increase in the number of procedures performed, as
well as in their clinical complexity, and IR currently
holds leading positions in oncologic intervention,
stroke treatment, pulmonary embolism, and structural
heart disease (Lastrucci, 2025).

There is an increase in the application of Al in IR
practice at various levels of a procedural workflow.
Pre-procedural Al uses Pre-procedure cross-sectional
imaging can be automatically analyzed with Al, which
maps vessels, tumor burden, access route, and risks-
stratification, allowing proceduralists to be more
precise and proactive in handling complex procedures.
Intra-procedural Al systems involve real-time image
fusion systems that superimpose previously acquired
CT or MRI image on the live fluoroscopic image to
provide a better target visualization and decrease the
use of iodinated contrast and fluoroscopy time. Post-
procedural Al uses assist in the outcome tracking,
complication surveillance, and post-treatment follow-
up protocol management, by automatically analyzing
post-treatment imaging (Lastrucci, 2025).

The Society of Interventional Radiology (SIR) has
made IR research and innovation a key driver in the
growth of healthcare outside of the conventional limits
of the specialty, and has an active program to develop
new devices, biologics, and drug-device combination
therapies. The meeting of IR and oncology, in the form
of interventional oncology becoming more and more a
specialty, is a good example of how subspecialty
innovation in radiology can give rise to new treatment
modalities with completely new clinical paradigms.
Currently, the addition of thermal ablation,

transarterial chemoembolization, radioembolization
using yttrium-90 microspheres, and irreversible
electroporation have established a new treatment
option in the management of hepatocellular
carcinoma, colorectal liver metastases, and primary
renal tumours, and the results of large registries and
randomized controlled trials are increasingly
supporting their integration into multidisciplinary
tumor board decision-making (SIR, 2024).

6.2 Emergency Radiology

The emergence of emergency radiology as a
subspecialty with a clear clinical mandate, operational
characteristics and innovation agenda  has
distinguished it as a distinct subspecialty compared to
elective diagnostic practice. As a field that exists on
the interface of clinical decision-making that can be
time-critical, and large-volume image interpretation,
emergency radiology requires technological solutions
that focus on speed, reliability, and integration with
the workflow of the emergency department. The
subspecialty has established specific on-call coverage
patterns, special training programs, and amassing
evidence base that justifies its worth in minimizing
mistakes in diagnosis, better turnaround times, and the
quality of emergency interpretation of imaging
(Hamouda, 2025).

The emergency radiology setting has become the most
interesting clinical setting where Al triage and
prioritization systems are used. The capability to
automatically identify life-threatening findings (such
as intracranial hemorrhage, aortic dissection,
pulmonary embolism, tension pneumothorax and
cervical spine injury) and automatically escalate them
to the radiologist worklist helps fill an essential safety
gap in the high-volume emergency environment,
where incidental critical findings in low-acuity studies
may be deferred or missed. Several published reviews
show Al triage systems in emergency radiology cut the
time of critical result notification and enhance
consistency between clinical urgency and reporting
priority with quantifiable safety impacts on patients
(Friebe, 2025).

Related structural changes in the practice of radiology,
such as the consolidation of practices and the
expansion of teleradiology platforms which expand
the scope of the emergency imaging interpretation to
hospitals not covered by on-site subspecialty
coverage, have also influenced the growth of
emergency radiology as a subspecialty. The above
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developments have led to the democratization of the
provision of high-quality emergency image
interpretation but also the concern about oversight,
quality assurance and preservation of meaningful
relationships between radiologists and the clinical
teams and patients whom they serve. These issues can
be partially addressed by the implementation of Al
quality assurance tools in teleradiology platforms,
which allow to automatically identify the presence of
discrepant interpretations and the ability to escalate to
a second review (Hamouda, 2025).

6.3 Pediatric Interventional Radiology

Pediatric interventional radiology is one of the most
clinically effective and technically challenging
subspecialties in the field of radiology which
necessitates the modification of the equipment,
methods and procedural solutions used in adults to the
anatomical and physiological peculiarities of infants,
children, and adolescents. The last ten years have seen
the clinical spectrum and procedural volume of
pediatric IR increase significantly due to the rise of
miniaturized catheter and device technologies, better
vascular access methods in small caliber vessels, and
an increased number of publications supporting
minimally invasive management as compared to
surgical options in a variety of pediatric diseases
(Shabbir, 2025).

Pediatric IR has been especially innovative in the areas
of treating vascular anomalies, oncologic intervention,
and treating venous access. The use of sclerotherapy
in the treatment of venous and lymphatic
malformations with such agents as bleomycin,
doxycycline and sodium tetradecyl sulfate has become
the standard of care in specialized pediatric centers in
place of a surgical resection in many problematic
anatomic sites. Pediatric tumor ablation-such as
microwave and radiofrequency ablation of hepatic and
renal tumors-is a form of ablation, which is offered as
an alternative to surgical resection, with growing
evidence of similar oncologic results and much less
morbidity. It has been linked to the development of
special pediatric interventional radiology units by
children hospitals, which have led to better clinical
outcomes, fewer complications, and less time spent in
the hospital than that of care provided in adult-oriented
centers (Shabbir, 2025).

Table 1. Radiology Workflow Automation with Al:
Clinical outcomes reported with Al

Al Prima | Key Evidenc | Repres
Applic | ry Docum | e Level | entativ
ation Techn | ented e
Domai | ology | Benefit Outco
n me
Metric
Protoc | NLP, Reduce | Prospect | ~30%
ol ML d ive reductio
autom inappro | cohort n in
ation priate protocol
imagin modific
g orders ations
Workli | Deep Faster Multi- 40-60
st learnin | critical | site min
triage | g CNN | result prospect | reductio
notifica | ive n in
tion TTR for
critical
findings
Image | DLR Lower | RCT/pro | 50-80%
quality | reconst | radiatio | spective | dose
enhanc | ruction | n dose reductio
ement without nin CT
quality
loss
Lesion | CNN Improv | Meta- Sensitiv
detecti | classifi | ed analysis | ity >
on er sensitiv 90%
(chest ity for across
X-ray) pneumo validate
thorax d
datasets
Tumor | U-Net | Reprod | Retrospe | Intracla
segme | archite | ucible ctive ss
ntation | ctures | volume | cohort correlati
tric on
measur >0.95
ement VS.
manual
Report | Vision- | Reduce | Prospect | ~35—
genera | langua | d ive pilot | 50%
tion ge dictatio reductio
(VLM) | model | ntime n in
report
generati
on time
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LLM GPT- Improv | Systema | Readabi
report | class ed tic lity
simplif | LLMs | patient | review/ | improve
ication compre | meta- ment
hension | analysis | across
all
report
types
Cardia | Deep Automa | Multi- Agreem
¢ Al | learnin | ted center ent with
(LV g LVEF validatio | expert
functio | echoAl | quantifi | n reader
n) cation ICC
>0.92
Acute | CNN + | Reduce | Retrospe | ~15-20
stroke | time- d door- | ctive min
Al series | to- multi- reductio
treatme | site n in
nt time LVO
detectio
n-to-
alert
Post- Predict | Early Retrospe | AUC
proced | ive ML | complic | ctive 0.82—
ure ation 0.88 for
monito detectio complic
ring n post- ation
IR predicti
on

CNN = Convolutional neural network; DLR = Deep
learning reconstruction; ICC = Intraclass correlation
coefficient; IR = Interventional radiology; LLM =
Large language model; LV = Left ventricular; LVEF
= Left ventricular ejection fraction; LVO = Large
vessel occlusion; ML = Machine learning; NLP =
Natural language processing; RCT = Randomized
controlled trial; TTR = Time to report; VLM = Vision-
language model.

7. Radiology Workforce: Demand, Attrition, and
Sustainability

7.1 Workforce Supply Projections

One of the most acute systemic issues of the specialty
in the next decades is the sustainability of radiologist
workforce. Estimates of the supply of radiologists in
the United States, which have been calculated through
demographic modeling on the current residency
outputs, retirement rates and attrition rates, give a
dismal projection about the increasing discrepancy

between supply and demand. Analyses project a
significant and growing disparity between active
radiologists and the number of imaging studies that
need to be interpreted- a disparity that is fuelled by
population growth, aging demographic and rising use
of imaging, growth of incidental findings detected by
Al that need a specialist (or radiologist) to interpret,
and limited growth in residency training capacity
(Christensen et al., 2025).

Radiology subspecialties attrition has become a trend
to be concerned about. According to new analyses of
Neiman Health Policy Institute, the rates of attrition
have increased in all major radiology subspecialties
during 2014-2022, and there is no evidence of
improvement in any of the subspecialties during this
time. The causes of attrition are multifaceted and
involve burnout because of a high volume of
interpretations and a time constraint, an administrative
burden, falling reimbursement rates, worries about the
future irrelevance of radiologists to direct patient care,
and discontentment with  seemingly  being
marginalized. A combination of these factors increases
the complexity of each other in such a way that it
becomes hard to find out and employ simple
workforce planning solutions (Neiman Health Policy
Institute, 2026).

Radiologists are distributed geographically which
introduces additional complexity to the issue of
workforce sustainability. Subspecialty training is more
highly concentrated in urban academic medical
centers and rural and underserved communities are left
to rely on teleradiology or general radiologists to
interpret complex imaging. This geographic
maldistribution compounds preexisting inequities in
diagnostic imaging access and quality and is a
systemic failure, and cannot be overcome by Al tools
alone. It will not be possible to meaningfully enhance
the geographic access to subspecialty radiology
without a mix of policy on workforce development,
investment in teleradiology infrastructure, and
financial incentives to make practice in underserved
areas a viable profession and financially viable
(Lopez-Suarez, 2023).
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Figure 4. Stacked area chart of 2025 to 2055
projected workforce supply of radiologists in the
U.S. vs. projected imaging demand with individual
demand projections in the low-growth, baseline
and high-growth scenarios.

7.2 Challenges in Modern Radiology Practice
Radiology practice is confronted with a set of systemic
issues that are all threatening the financial viability,
professional well-being and clinical performance of
the field. The decreased reimbursement by both the
public and the private payers have tightened both the
radiologist and practice revenue over the years as a
result of the regulatory changes such as reimbursement
bundling, site-of-service differentials, and frequent
cuts in the professional component fee schedules.
These financial strains have hastened the
consolidation of radiology practices - independent
groups have become large national teleradiology
companies or hospital-based groups - changing the
professional culture of the specialty in a manner that is
not always well-received by practitioners or patients
(Siewert, 2025).

The bureaucratic load that comes with present-day
radiology practice has increased significantly and is a
major cause of radiologist burnout. Prior authorization
processes of advanced imaging studies, peer-to-peer
review processes, quality reporting requirements, and
electronic health record documentation processes
demand larger and larger shares of radiologist
professional time, which might be better spent in the
clinical interpretation, educating, and research areas.
The literature on the work patterns of radiologists
reveals administrative work to be a pre-eminent cause
of work dissatisfaction, and the inability of the existing
Al tools to effectively respond to this aspect of work
is an underestimated gap in the Al-augmentation
agenda of radiology (Siewert, 2025).

There has been ongoing sub specialization in
radiology, partly due to the practice closures
associated with the consolidation that are moving

radiologists to larger group practices that have
subspecialty  specific positions. Although sub
specialization is linked with better quality of
diagnostic and procedural results in the fields of
specialization, it also leads to the exposure to the scope
limitation which can decrease the versatility of
individual radiologists and even his/her professional
satisfaction. The conflict between the quality
advantages of deep subspecialty knowledge and
professional enrichment of larger generalist practice is
one of the key dynamics of the modern radiology
workforce culture (ITN, 2025).

Table 2. Radiology Workforce Challenges: Critical
Dimensions, Factors, Mitigation proposals.

Challeng | Contribu | Magnitude/ | Propose
¢ Domain | ting Trend d
Factors Mitigati
on
Strategie
s
Workforc | Burnout, | Rising Well-
e attrition | reimburse | across  all | being
(all ment subspecialti | programs
subspecia | decline, es 2014— | ,
Ities) Al 2022 administr
uncertaint ative
y burden
reduction
professio
nal
develop
ment
pathways
Supply- Populatio | Widening Residenc
demand n aging, | gap y
mismatch | imaging projected expansio
(projected | volume through n, PA/NP
) growth, 2055 integratio
training n, Al-
capacity assisted
constraint productiv
S ity
Geograph | Urban Persistent; Teleradio
ic concentra | worsened by | logy
maldistrib | tion  of | consolidatio | infrastruc
ution subspecia | n ture, rural
Ity practice
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expertise, incentive
rural s, loan
practice forgivene
economic ss
s programs
Declining | Payer Consistent Advocac
reimburse | policy downward y, value-
ment changes, | trend based
bundled contracti
payments ng,
, site-of- diversific
service ation of
differenti revenue
als streams
Administr | Prior Increasing; Al-
ative auth, major assisted
burden peer-to- burnout authoriza
peer driver tion,
review, streamlin
EHR ed EHR
document integratio
ation n, policy
reform
Subspecia | Practice Rising; Flexible
Ity consolida | affects all | practice
attrition tion, subspecialti | models,
scope es generalist
narrowin -
g, subspecia
reduced list
autonomy hybrid
roles
Training | Fixed Stable GME
pipeline GME supply  vs. | funding
constraint | funding, growing reform,
S competiti | demand gap | accelerat
ve match ed
environm training
ent pathways

EHR = Electronic health record; GME = Graduate
medical education; PA/NP = Physician assistant/nurse
practitioner.

8. Health Equity in Radiology

8.1 Disparities in Imaging Access and Quality
Health equity in radiology, the guarantee that
everyone has equal access to quality imaging services
independent of race, ethnicity, socioeconomic status,
geographic area or insurance coverage is a deep and

poorly tackled problem of modern practice. Inequality
in access to more complex imaging technology, to
subspecialty radiological skills and access to prompt
reporting of findings is reported in numerous
dimensions and is a failure of the healthcare
organization on a systemic level and an ethical duty of
the specialty. Such inequalities are not byproducts of
resource scarcity; they are structural inequalities
within insurance markets, they are also related to
geographic patterns of healthcare investment and they
are also based on  Thistorical patterns of
underrepresentation in radiology research and practice
(Lopez-Suarez, 2023).

Availability of high-level imaging services is seen to
be disproportionately unequal based on racial and
ethnic origin, socioeconomic status and geography.
Investigations of imaging use always report increased
levels of recommended screening mammography, CT
colonography, and lung cancer screening CT among
the Black, Hispanic, and low-income populations
compared to their white and higher-income
counterparts- disparities that directly translate into
subsequent diagnoses and poorer clinical outcomes in
these groups. A leading cause of these disparities is
insurance status, whereby underinsured and uninsured
individuals encounter structural barriers to advanced
imaging, which are mitigated by safety-net providers
and federally qualified health centers only in half
(Lopez-Suarez, 2023).

The emerging imaging disparities can be either
worsened or alleviated by Al, based on the pertinent
algorithms development, validation, and deployment.
The performance of Al systems that have been mostly
trained on imaging data in academic medical facilities
with majority white populations might be less reliable
with imaging data in underrepresented populations- a
type of algorithmic bias that, instead of decreasing
diagnostic disparities, will increase them further. On
the other hand, Al tools that ease the workload of
radiologists and provide high-quality interpretation at
reduced cost would increase access to high-quality
imaging in resource-constrained environments with
subspecialty quality. To understand the equity-
positive opportunities of Al in radiology, one must
think proactively by including different populations in
the process of algorithm creation and validation,
reporting the performance of the algorithm in a
transparent manner, and stratified across demographic
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characteristics, and deploying the algorithm
strategically to underserved groups (ECRI, 2026).

8.2 Practical Approaches to Advancing Health
Equity

Institutional, professional society, and policy
frameworks on how to promote health equity in
radiology have been suggested but its implementation
is unequal. Equity-based radiology programs at the
institutional level have come up with community
outreach programs, mobile imaging, multilingual
patient communication resources, and culturally
sensitive care practices to minimize access barriers
and enhance the experience of care among historically
underserved groups. Such initiatives necessitate
institutional commitment, funding, and administration
by radiologists and administrators appreciating the
importance of health equity as a professional duty,
instead of a hopeful supplement (Lopez-Suarez et al.,
2023).

Health equity has become a strategic priority in
professional societies, with organizations such as the
RSNA and the American College of Radiology (ACR)
making equity-related task forces, publishing practice
guidelines related to diversity and inclusion, and
funding research initiatives particularly to study
imaging disparities. These efforts are significant in the
process of integrating equity factors in the norms and
standards of radiological practice, but critics have
pointed out that this change has been very slow
compared to the magnitude of the reported disparities.
The creation of metrics and accountability systems to
track equity in the field of radiology (similar to the
quality and safety measurement systems) has been
found to be a required step in transforming equity
commitments into practice change (AJR Expert Panel,
2024).

The ultimate solution to meaningful and lasting equity
improvement in imaging disparities is policy-level
intervention that goes to the structural factors behind
the disparities. These involve Medicaid expansion,
improvement of reimbursement rates of safety-net
providers, investment in rural health infrastructure,
and overhaul of the prior authorization requirements
that overly tax lower-income patients and providers.
The practice-level equity efforts will not be enough to
reduce the vast disparities in access to and outcomes
associated with imaging experienced by the U.S.
radiology community unless these upstream structural
determinants are addressed (EMJ Reviews, 2022).

9. Patient-Centered Care in Radiology

9.1 Evolving Patient Expectations

Patient-centered care in radiology has developed in
multiple ways compared to the historic model, where
radiologists acted as silent consultants that generated
reports that were read solely by referring clinicians.
Modern patients are better educated, more techno-
linked, and demanding regarding their right to be
involved in their own diagnostic and treatment than
any generation before. The growth of online patient
portals, direct to consumer health information
websites and regulatory demands of patients having
immediate access to medical records and imaging
results have radically changed the information
dynamics of radiology services and the patients
receiving them. Radiologists are being requested more
and more to talk directly to patients, describe the
results in a non-technical language and engage in
shared decision-making dialogues that are far beyond
the conventional reporting roles (Glenning, 2025).
The attitudes of patients towards Al in medical
imaging are a complicated and multifaceted
combination of attitudes that a community of
radiologists is obliged to comprehend and deal with to
remain trusted and legitimate. A study in the Journal
of Participatory Medicine suggests that patients tend
to show a reserved openness to Al-assisted image
interpretation when Al is positioned as an aid to
radiologist expertise, but show great concern towards
Al-only interpretation without human involvement,
the possibility of algorithm bias in their care, and
transparency regarding the use of Al tools in their
diagnostic workup. These attitudes among patients
have a direct implication on the way the institutions
communicate about the introduction of Al and
regulatory frameworks that regulate Al disclosure in
clinical practices (Glenning, 2025).

Patient perspectives have yet to be successfully
incorporated into the design and testing of radiology
Al systems and systems of reporting. The Al
development in radiology has been motivated by
radiologist-specified performance measures such as
sensitivity, specificity, area under the curve that is not
necessarily correlated with patient-specified values
around comprehensibility, emotional response, and
involvement in the care process. The use of patient-
reported outcomes in Al assessment systems, as well
as patient advocates in the decision-making on Al
implementation, are crucial moves towards truly
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patient-centered innovation in radiology that the
specialty is just starting to undertake, but at a slow
pace (Glenning, 2025).

9.2 Communication Innovations and Patient
Engagement

Radiology communication innovations have been
coupled with the advancing technologies in imaging
and Al and have presented new avenues of meaningful
patient engagement at various stages of the imaging
care pathway. Imaging portals, where patients can
access and see their radiological imaging and reports
in real-time, are now the norm with large electronic
health record systems. Although such expediency
coincides with the principles of patient autonomy and
transparency, it has shown a significant disconnect
between the technical terms of radiology reports and
health literacy of the patient receiving them- a
disconnect with quantifiable effects on patient anxiety,
accurate self-assessment and proper use of healthcare
services (Alabed, 2025).

Radiology reporting communication does not only
revolve around simplifying reports but also includes
new modalities such as video explanations of imaging
results, the sharing of images with annotations and
embedded clinical commentary, and Al-based
chatbots that enable patients to pose clarifying
question about their imaging results in a
conversational tone. These are still mostly
experimental in 2026 and few studies have peer
reviewed the effectiveness of these tools in clinical
settings, though the initial studies of patient feedback
show high-acceptance and engagement. Evidence-
based communication standards to be developed in
relation to patient-facing radiology information are a
promising research area to invest in (Tran, 2026).

Figure 5. Horizontal bar chart with groups of
patients by age (18-40, 41-60, 61+) indicating their
level of satisfaction with radiology services (1 to 5
scale) in six dimensions of the radiology care (wait
time, report clarity, staff communication, imaging
environment, result access, follow up guidance).

Table 3. An overview of Radiology Subspecialty
Innovation, Clinical application, and patient
centered outcome.
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ED = Emergency department; IR = Interventional

radiology; LVEF = Left ventricular ejection fraction;
LVO = Large vessel occlusion; MRI = Magnetic
resonance imaging; PC-CT = Photon-counting
computed tomography; RCT = Randomized
controlled trial.

10. Implementation Challenges and Safety
Considerations

10.1 Barriers to AI Adoption

Moving Al capabilities into the sustainable clinical
implementation after research validation is one of the
challenges that have become more daunting than some
of the initial proponents expected. The percentage of
radiology departments that have been able to adopt Al
tools into their regular clinical workflows on a large
scale is a minority, even though hundreds of
regulatory-cleared Al algorithms are available. The
barriers to adoption are inter and multi-layered and
include technical, organizational, financial, and
cultural layers of barriers which are not easily
addressed. This knowledge of such barriers is vital in
formulating implementation plans that have the
potential to close the chronic divide between potential
and actual clinical effects of Al (Abdelwanis, 2026).
Technical barriers are the difficulties of embedding Al
systems into preexisting PACS, RIS and EHR
infrastructure a problem that is exacerbated by the
heterogeneity of vendors, proprietary data formats,
and lack of standard interoperability of Al outputs in
radiology. The performance of Al systems trained and
tested with quality, curated datasets of images in
academic centers can be much lower when applied to
community hospitals with varying imaging guidelines,
scanner hardware, and patient demographics. This
change in performance during deployment context is a
known phenomenon that has been well documented
and it results in justifiable reluctance to deploy Al by
clinical administrators and quality officers in charge of
patient safety (Abdelwanis, 2026).

1JIDDT, Volume 16 Issue 45s, 2026 Page 15



Transformative Advances in Radiology: A Systematic Review of Subspecialty Innovations and Their
Influence on Patient-Centered Care

The organizational and cultural barriers indicate the
attitudes, concerns, and professional norms of the
radiologists and their clinical colleagues to the Al-
assisted practice. Surveys of radiology workers have
always expressed apprehensions in the domain of
liability in case of diagnostic mistakes, absence of
transparency in Al decision-making process (the black
box problem), inadequate training in Al interpretation
and supervision, and ambiguity on the way Al
performance is monitored and reported on a regular
basis. Such issues are not illogical, as they represent
the valid doubts about what the legal and professional
accountability frameworks of Al-assisted diagnosis
should be like in the environment in which they have
not been fully elaborated (Abdelwanis, 2026).

10.2 Patient Safety and AI Risk

The choice of Al diagnostic errors in clinical practice
as the most prominent patient safety concern in 2026
can be viewed as the sign of the maturity of Al in
radiology as it is no longer a promising field but a
subject to serious critique. With Al tools leaving
research into clinical application on a large scale, the
rate and clinical impact of Al errors have shifted to
non-theoretical evidence. In a move that indicates the
necessity of well-developed governance frameworks
to keep abreast with the implementation of Al
diagnostic instruments, Al diagnostic errors, such as
false negatives in cancer screenings, misclassification
of urgent findings, and propagation of erroneous Al
output into clinical decision-making, have been
identified as among the top patient safety priorities in
healthcare organizations in 2026 (ECRI, 2026).

There should be institutional frameworks to ensure
governance of Al in radiology that address the entire
lifecycle of Al tools, including procurement and
validation, deployment, monitoring, and
decommissioning of Al tools when they perform
below acceptable levels. The demonstration of Al
tools in relation to the population of patients, imaging
equipment and clinical setting of the institution that
deploys them, rather than just depending on the
published performance data of the manufacturers, is
becoming increasingly accepted as a baseline of
responsible deployment. Radiologists should be
provided with the means to critically analyze the data
on Al performance, understand when Al errs in
clinical practice, and the diagnostic autonomy needed
to override Al advice when clinical judgment is
appropriate (ECRI, 2026).

The idea of meaning human supervision of Al in
radiology has become a regulatory agenda and an
ethical necessity. An important oversight involves not
only the fact that the name of a radiologist is included
on a report containing Al-generated content, but that
the radiologist actually reads and accepts Al output, a
criterion that is hard to satisfy where Al tools are
oriented towards minimizing time and cognitive load
in radiologist review. The architecture of Al systems,
processes and responsibility models that maintain
authentic radiologist control and achieve efficiency
improvements are one of the main unresolved issues
in responsible Al use in radiology (Hartsock, 2026).
11. Future Directions

11.1 Emerging Technologies and Horizons
Innovation in the field of radiology is moving in the
direction of an even more seamless integration of Al
intelligence, advanced hardware capabilities and
patient engagement technologies into a consistent,
patient-centered imaging service. There are a number
of new trends that will shape the new wave of change.
Multimodal Al systems incorporating imaging
information with genomic, proteomic, electronic
health record data and wearable sensors are already
showing the ability to produce diagnostic and
prognostic information that is better than any one of
these data modalities alone- signaling the emergence
of a truly precision medicine approach to radiology
analysis (Hartsock, 2026).

Further development of vision-language models of
radiology report generation is likely to yield systems
that can produce clinically complete, context sensitive
report generation with little human editing of an
increasing variety of imaging studies. As these
systems are proven in a variety of clinical and
institutional environments, they can radically change
the nature of radiologist work- shifting the status of the
profession towards a higher-order interpretative
judgment, clinical consultation and procedural
intervention instead of dictation of routine reports. The
change has some significant implications on the
training programs, professional identity, and the
organization of radiology as a clinical field (Tran,
2026).

The future of interventional radiology will probably
involve further wuses of robotics, autonomous
navigation with ultrasound, and real-time Als co-pilot
of complicated vascular and oncologic surgeries.
Adding augmented reality (AR) and mixed reality
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(MR) interfaces to IR procedural packages is a current
field of exploration, and has the potential to enhance
target visualization, decrease radiation dose, and allow
more precise deployment of devices in anatomically
difficult situations. The combination of these
technological advancements with the continuous
growth of interventional oncology and the rise of IR as
a unique clinical specialty with lifelong patient
interactions implies a future where IR practitioners
have a much larger role in the therapeutic side of
multidisciplinary cancer care (Lastrucci, 2025).

11.2 Toward a Patient-Centered Radiology Future
To make the vision of truly patient-centered radiology
specialty become reality, technological innovation
will not be enough, but a cultural shift in the way
radiologists will think about their work and their
interaction with the patients they take care of. The
unseen radiologist who writes reports that are read by
clinical intermediaries only is a relic of the past that
cannot be reconciled with the needs of the modern
patient and principles of patient-centered care systems.
The future of the specialty lies in having a distinct
clinical value proposition that does not only include
diagnostic excellence but also direct care to patients,
equity-based practice, and meaningful involvement in
interdisciplinary care (Elsevier, 2025).

The introduction of radiology-based competency
frameworks that specifically integrate patient
communication, health equity, and Al governance and
technical imaging skills constitute an essential change
in education. The profession will need education
programs that result in radiologists who are not only
trained to interpret but also to engage with the patient
meaningfully, critically judge Al applications, and be
able to advocate for equitable access to imaging in the
long term to be relevant and valuable to society.
Professional societies are essential in facilitating this
curricular change by providing new accreditation
requirements and ongoing requirements  of
professional development that capture all the aspects
of the twenty-first century radiological practice
(Elsevier, 2025).

Incorporation of patient-reported outcomes into
radiology quality measurement systems, in addition to
the more conventional measures of diagnostic
accuracy and turnaround time, would be a big step
toward the patient experience aspects of radiology to
be held accountable. As the radiology quality program
changes its volume based measurement model to value

based assessment model, it will be necessary to
incorporate patient defined outcomes measures as a
part of the system that will ensure that the
technological advancements in the area of imaging
will be translated to the experience and outcome that
patients really care about. This more patient-centered
quality agenda backed by strong research outcomes
and professional dedication points to the most
effective avenue of a radiology specialty that has the
same level of transformative innovations as
transformative patient care (Almutairi, 2025).

12. Discussion

The synthesized evidence in this review demonstrates
that a radiology specialty is simultaneously changing
in a variety of intersecting dimensions, such as
technological, organizational, professional, and
relational ones. Al has certainly provided significant
improvements in the quality of diagnostic accuracy,
workflow, and quality of reports, especially in high
volume, well-define interpretive jobs. The
transformation of these capabilities into wide, fair and
safe clinical utility, however, is a work in progress,
limited by implementation challenges, algorithmic
bias issues, and the lack of strong governance systems
to match the scope of Al use in clinical radiology
(Obuchowicz, 2025).

The reviewed subspecialty innovations discussed here,
including  photon-counting CT, interventional
oncology, pediatric IR, emergency radiology Al, and
reporting by the use of LLM are all expanding the
clinical limits to what radiology provides to patients
and clinical teams. There is an evidence path,
challenge of implementation, and implied equity of
each innovation. Al triage tools, automated
mammography screening Al and stroke-detecting
algorithms are the most clinically advanced
technologies that are increasingly backed by
prospective, multi-site evidence, which includes
meaningful patient outcome data. Previously
developed innovations like PC-CT and multimodal Al
systems have strong supporting proof-of-concept data,
but need bigger and more heterogeneous validation
studies to be responsibly implemented at scale
(Bhandari, 2024).

The dimensions of the workforce transformation of the
field of radiology should be given specific attention
because they are a systemic weakness which cannot be
addressed by technology. The increasing gap in
radiologist supply and imaging demand, combined
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with increasing subspecialty turnover due to burnout
and dissatisfaction with the profession, has set up the
situation whereby even the most spectacular advances
in technology can fail to contribute to their clinical
potential in a situation where the workforce needed to
work, oversee, and interpret them is too small or
unhappy. To achieve the goal of workforce
sustainability, there is a need to have a concerted
policy effort on training capacity, reimbursement
reform, and administrative burden reduction, in
association with the cultural changes needed to ensure
that radiology practice is professionally rewarding at
the beginning of the radiology career (Neiman Health
Policy Institute, 2026).

The most poorly dealt with aspect of the
transformation of radiology is health equity. The
innovations discussed in this paper have been designed
and researched mainly in academic and commercial
contexts that are well-resourced, tested and applied
mostly in datasets that do not adequately represent
racial, ethnic and socioeconomic diversity and
implemented most often in institutional contexts and
serving fairly advantaged populations. The
transformative potential of the technological advances
in radiology will continue to be disproportionately
beneficial to those who are already best served by the
healthcare system and further increase existing
disparities instead of alleviating them without
purposeful and ongoing consideration of equity at each
stage of innovation, such as algorithm development to
clinical implementation and outcome measurement
(AJR Expert Panel, 2024).

13. Limitations

There are a number of limitations to this review which
need to be taken into account when interpreting its
findings. To start with, the scope of the review (Al a
variety of subspecialties, workforce, equity, and
patient engagement) inevitably implies the loss of
depth in certain areas; readers who want to obtain deep
evidence synthesis in one area, in particular, are
referred to the mentioned subspecialty-specific
reviews and meta-analyses. Second, there is a rapid
change in the field which implies that some of the
findings and statistics discussed here are likely to be
outdated by more recent evidence in the time interval
after the search cutoff. Third, the radiology Al
literature is prone to publication bias, i.e., positive
performance outcomes, which might cause the
overestimation of the effectiveness of Al tools

compared to real-life experience of AI tool
implementation in clinical practice. Fourth, most of
the evidence in the sources included are based on high-
income country settings and hence this restricts the
generalization of findings to low and middle-income
health systems where the imaging infrastructure, the
workforce demographics, and patient demographics
are significantly different.

14. Conclusion

This systematic review shows that radiology is going
through a phase of radical innovation that is redefining
the specialty in terms of its capabilities, organizational
designs and patient relationships in radical ways.
Artificial intelligence, state-of-the-art imaging
devices, subspecialty innovation and patient-friendly
communication tools are all part of a collection of
developments that have significantly enhanced the
performance of diagnostics, workflow, and the ability
to perform a procedure throughout the entire spectrum
of radiological practice. The reviewed evidence
supports the statement that these advances when
thoughtfully applied and assessed rigorously provide a
meaningful benefit to patients, clinical teams and
healthcare systems. Nonetheless, the review also
shows how far we still have to go as far as the promise
of technological revolution in radiology is concerned
and how far we still have to go to provide it to all
patients in need of it in a manner that is equitable, safe
and sustainable.

The future requires a technologically advanced
radiology community that is also highly dedicated to
the principles of equity, transparency, partnership with
patients, and sustainability of the profession. To
achieve the full patient-centered potential of the
remarkable innovations in radiology, it will be
necessary to educate radiologists as full clinical
professionals, to focus more on equity and patient-
determined outcomes, to promote workforce
sustainability and fair access and to ensure that the
deployment of Al is governed by the rigor and
accountability that patient safety requires. In a
profession where the ability to glimpse within the
human body is the main attribute of success, the final
evaluation of performance is whether one uses the
ability to the service of everybody, and not just one
person.
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