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ABSTRACT

Over the past few decades, radiology has become an increasingly
important part of diagnosis and healthcare delivery in general, and
correspondingly the burden on radiologists continues to increase with
greater imaging volumes and stringent reporting turnaround time
expectations, resulting in radiology reporting delays and errors. To bridge
the gap, teleradiology has played an important role over the past two
decades, but given the mismatch between the dramatically increased
utilization of radiologic imaging and the relatively constant number of
trained radiologists entering practice, additional solutions are necessary.
Teleradiology and Artificial Intelligence have exceptional synergies from
the perspective of both being technology enabled healthcare delivery
mechanisms that address the same fundamental issue of radiologist
shortages. These synergies lead to a multiplier effect in terms of
Teleradiology enabling Artificial Intelligence algorithms to be deployed
at scale globally over a short time frame to rapidly achieve greater
impact than either solution can individually. This article will review the
opportunities whereby Artificial Intelligence can further enhance
Teleradiology practice, as well as explore the challenges that exist at this
time that may potentially delay this process of integration.
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Introduction

Over the last two or three decades there has been a
significant increase in imaging utilization in healthcare.
The quantum of medical imaging that is performed has
increased in proportion with a) advances in diagnostic
imaging capabilities, with higher speed and higher
resolution imaging b) an increase in clinical indications
and applications that utilize medical imaging such as
stroke, heart disease and cancer c¢) an increase in the
overall population d) an increasing dependence by
emergency staff on medical imaging in the acute setting
as part of the triage process ( this last in particular leads
to significant increase in after-hours emergency imaging).

Unfortunately, the availability of trained radiologists has
not increased in proportion to the above trends, resulting
in a growing mismatch between the number of radiologic
images needing to be interpreted and the number of
radiologists available to interpret them. This in turn has
set in motion a set of related trends namely a) delays in
reporting, which may either delay urgent care in the
emergency setting or stretch into weeks from the time the
outpatient radiologic examination is performed b)
diagnostic reporting errors which occur due to radiologist
overwork, particular at the end of a long shift or due to
the need to complete the report in a short time frame c)
radiologist fatigue and burnout, which are increasingly
being reported in the literature 1-4.

Since the beginning of the millennium, teleradiology has
been providing a solution to global radiologist shortages.
It is today an essential part of the telehealth
armamentarium, and is arguably (one of) its most evolved
avatars. It has established impact in many areas, notably
in the emergency setting wherein it allows images to be
transported to the location of the radiologist to ensure
immediate interpretation. In this setting, the use of a
global model ensures that the radiologist is well rested
and working during his/her workday to support the
hospital in the middle of its night 5-8. In another version,
teleradiology enables quality healthcare access to rural
populations which are deprived of onsite radiologist
services 712, In the setting of complex and rare diseases
requiring subspecialist analysis, teleradiology facilitates
image transfer to the rare breed of subspecialist
teleradiologists 13.14,

Today, coupled with Artificial Intelligence 1519,
teleradiology promises a long-term solution to the
crippling radiologist shortages that diminish the impact of
the dramatic technologic advances that imaging science
has made, such as ultrafast and ultra-high-resolution
Computed Tomography (CT) and Magnetic Resonance
Imaging (MRI), Digital radiography, Doppler sonography
and Positron Emission Tomography (PET) imaging.

The aim of this article is to review the current literature
and discuss the opportunities whereby Artificial
Intelligence can further enhance Teleradiology practice,
as well as explore the challenges that exist at this time
that may potentially delay this process of integration.

Methodology
This is a review article that draws on our own perspective
and experience as a global teleradiology service

provider with twenty years background in providing
international teleradiology services, and now currently
engaged in developing and integrating artificial
intelligence within its workflow, combined with a review
of the literature published on the subject, which includes
publications based on our experience on the subject.

OPPORTUNITIES-

While Teleradiology has certainly made a significant
impact on addressing radiologist shortages over the past
two decades by increasing the reach of the radiologist,
the continuing increase in imaging volumes currently
exceeds the capacity of teleradiology to meet its
demands. While teleradiology leverages time zone
differences and reporting efficiencies in order to enhance
radiologist productivity, ultimately its benefits are finite
and limited and the workload is distributed among the
same cohort of radiologists. In this scenario, Artificial
Intelligence (Al) offers the potential of a paradigm shift
in terms of leveraging technology to further increase and
even multiply the productivity of radiologists 17.

There are multiple synergies between Teleradiology and
Al related to a) both are information technology (IT)
enabled and data driven b) both address the issue of
radiologist manpower shortages c) both simultaneously
enhance radiologist quality as well as productivity d)
both diminish costs in the long term.

Given these synergies, it is evident that the combination
of Teleradiology and Al can powerfully disrupt the
existing framework of delivery of radiology reporting
services, with positive impact on patient care outcomes.

Opportunities for integration of Al into Teleradiology
workflow exist in multiple clinical scenarios:

Emergency Radiology: Artificial Intelligence algorithms
today can be transformational in meeting the dual
challenges of turnaround time and quality which are the
cornerstone of emergency radiology 8.

The areas where Al can help improve Emergency
Radiology workflow include

a) Triage/Prioritization — by highlighting positive
examinations within a busy worklist, an Al algorithm
can facilitate the timely interpretation of emergency
radiology examinations 19-23,
Quality Enhancement — by identifying subtle
anomalies which may be missed in the rapid pace
of emergency radiology analysis and bringing them
to the attention of the radiologist, error can be
avoided 24,
c) Detection of complications, such as Midline shift in
the setting of intracranial hemorrhage or right heart
strain in the setting of pulmonary thromboembolism
can ensure that such life-threatening complications
are appropriately escalated within instants of the
scan being performed.
Report Generation: multimodal large language
models are today under investigation for their
potential role in image analysis and report
generation which can be of particular value in the
emergency setting where radiologists are under
time pressure and often become backlogged and
where such assistance can be extremely valuable 25,
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e) Communication Workflow enhancement — by
identifying critical findings within the report text,
Natural language processing (NLP) models and
Large Language models (LLM) can ensure that these
are communicated in a timely manner 26.27,

An array of Al models today addresses common
emergency conditions, including neurologic conditions such
as  acute  cerebrovascular  events, intracranial
hemorrhage, thoracic emergencies such as pneumothorax,
pleural effusion, pulmonary thromboembolism, aortic
dissection and congestive heart failure as well as

abdominal emergencies such as bowel obstructions,
abdominal visceral injuries, free intraperitoneal air and
intra-abdominal  fluid  collections.  Musculoskeletal
emergencies such as fractures, dislocations and soft-tissue
injury are another area where Al has a potential role in
assisting radiologist detection and triage 28-3¢ (Figure 1-

6).

These algorithms can be applied to any form of
emergency digital imaging, including plain radiographs,
CT scans and even ultrasound scans.

Figure 1. Al algorithm (MammoAssist, TeleradTech) demonstrating a focus of microcalcification, a feature of early breast

cancer detected on Mammography.

Figure 2. Al algorithm (NeuralAssist, TeleradTech) demonstrating midline shift an indication of poor outcome on a
noncontrast CT of the brain CT in a patient with subdural hematoma.

e

Figure 3. Al algorithm (NeuralAssist, TeleradTech) demonstrating a small right convexity sulcus subarachnoid hemorrhage
on a noncontrast CT scan of the brain performed in the setting of trauma.
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Figure 4. Al algorithm (NeuralAssist, TeleradTech) demonstration of hyperdense middle cerebral artery sign on a
noncontrast CT scan of the brain performed in the setting of acute stroke.

Figure 5. Al algorithm (PEAssist, TeleradTech) demonstrating bilateral pulmonary thromboembolism on a CT Angiogram

of the chest performed in a patient with difficulty breathing.

Figure 6. Al algorithm (TeleradTech) demonstrating Type B Aortic Dissection on a CT Angiogram of the chest performed

in a patient with acute onset of chest pain.

In elective or outpatient radiology, artificial intelligence

algorithms can contribute significantly to improved

workflow, throughput and productivity. This is particularly

vital in two settings, namely

a) Screening, which involves mass interpretation of
large volumes of radiologic examinations such as
chest radiographs for detection of asymptomatic
pulmonary tuberculosis or mammograms for early
detection of breast cancer. Such screening programs
typically result in a significant percentage of normal
studies and artificial intelligence algorithms can

b)

greatly assist in the binary decision making of
abnormal versus normal examinations, with the
former being escalated for additional radiologist
review 37-41,

High volume diagnostic imaging modalities such as
MRI spine for degenerative diseases of the spine, or
chest CT for early lung cancer detection. In oncologic
examinations, artificial intelligence algorithms help
to estimate quantitative parameters which assist in
confirming disease progression or response to
therapy 4249,
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CURRENT STATUS-

While in the elective environment, the integration of an
artificial intelligence algorithms into the reporting
workflow has already made impact in terms of increasing
radiologist productivity, in the emergency setting, where
the timelines are extremely stringent, artificial
intelligence is yet to make significant impact in terms of
increasing radiologist productivity. Where Al does add
value currently in the emergency setting is in quality
enhancement and positive study triage.

Some of the challenges which we currently face in the
integration and deployment of artificial algorithms in the
teleradiology environment include

1.  From a practical workflow standpoint, the display
of the Al output in the viewer of the teleradiologist
constitutes the main challenge. Although there is
potential for this to progress rapidly in coming
years, at this time, the integration between various
Al vendors and Teleradiology reporting workflows
are still a work in progress. The integration of Al
into Teleradiology workflow typically requires an
aggregator platform to allow for seamless
reporting workflow. Given the profusion of
available Al algorithms for many clinical
indications, the next stage of Al will essentially be
related to consolidation of these technologies
within a narrower range of aggregator platforms
and workflows 50,

2. Infrastructure — Unlike routine Picture archiving and
communication system (PACS) which functions in a
Central Processing Unit (CPU) environment, Al to be
effective requires a Graphics Processing Unit
(GPU) type infrastructure which comes at a
significantly higher cost 51,

3. Data integrity and Security — As Al solutions are
often cloud based, it is necessary to explore the
security of the data in the process of establishing
connectivity with  the Al «cloud and the
Teleradiology workflow 52,

4. Regulatory challenges — Ensuring that Al algorithms
are certified by regulatory agencies such as the
FDA and others is a prerequisite. Currently the

majority of Al algorithms are in a state of
‘clearance’ as opposed to formal approval 53:54,
5. Billing and reimbursement — The billing practices and
reimbursement for radiology Al are still in evolution.
While in unregulated markets, these may vary based
on market economics, in the highly regulated regions
of the world, the reimbursements need to be
incorporated within currently existing complex billing
structures 55.56,

Conclusion
*  Successful integration of artificial intelligence
into teleradiology requires capture of clinical
data within the workflow to enable effective Al
training ond validation to enhance the
performance of Al algorithms.

* ltis essential that radiologists collaborate closely
with Al developers as this will lead to the
development of more clinically relevant
algorithms as well as the rapid and seamless
integration of Al into teleradiology practice.

*  Another important requirement is to ensure a
process for continuous Al model training through
radiologist feedback. The process for providing
feedback should be efficient and should not slow
down the reporting process.

The integration of Artificial Intelligence  with
Teleradiology represents an idea whose time has come.
This presents a scenario in which Al algorithms can be
deployed at the largest possible scale, by making them
available to radiologists at a global level, where they
can have maximum impact. Teleradiology being data-
rich can in parallel enable the rapid training of Al
algorithms while eliminating the issues of regional
population bias. While challenges exist, these are
temporary and once the obstacles are overcome, the
practice of radiology and healthcare in general will be
forever transformed.
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