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Medical imaging data has been at the frontier of artificial in-
telligence innovation in medicine with many clinical applica-
tions. There have been many challenges, including patient
data protection, algorithm performance, radiology work-
flow, user interface, and IT integration, which have been ad-
dressed and mitigated over the last decade. The Al products
in imaging now fall into three main categories: triage artifi-
cial intelligence (Al), productivity Al, and augmented Al, each
providing a different utility for radiologists, clinicians, and
patients. Adoption of Al products into the healthcare system
has been slow, but it is growing. It is typically dictated by re-
turn on investment, which can be demonstrated in each use
case. It is expected to lead to wider adoption of Al products
in imaging into the clinical workflow in the future.
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Artiﬁcial intelligence has become the new buzzword
to signify innovation in the digital world with its
myriad of use cases in the world of manufacturing, mar-
keting, security, banking, education, and healthcare. With-
in healthcare, diagnostic imaging was seen as the low
hanging fruit to enable artificial intelligence algorithms to
thrive, given the immense amount of imaging data avail-
able for training. In fact, many companies have invested
considerable amounts of funding to make artificial intelli-
gence (Al) in imaging a reality and to gain global recog-
nition and success.

With almost a decade of experience in the world of arti-
ficial intelligence in imaging, these companies encountered
and overcame many challenges as they tried to penetrate
healthcare organizations. Some challenges, however, are
still unresolved. The challenges involved many domains
including algorithm performance, patient data protection,
radiology workflow, user interface (UI), clinical use cases,
IT challenges, and return on investment (ROI).

The first few years of Al in imaging were dominat-
ed by challenges in the performance of the algorithms.
The algorithmic challenge was not only to have a high
enough sensitivity for a given algorithm’s clinical indi-
cation but to maintain high specificity. While sensitivity
to find acute conditions was critical, it typically came at
the expense of specificity, particularly for the low preva-
lence findings such a pneumothorax or acute intracranial
hemorrhage. For a radiologist, highlighting several false
positive cases to detect a positive case was an unwelcome
interference in the daily workflow of the already busy
radiologist. In institutions where radiologists were not
immediately available to read all the studies, these Al re-
sults were sometimes available to interns and residents
in the intensive care unit or in the hospital wards. These
practitioners were sometimes misled by the false positive
findings, which occasionally led to medical confusion.
As time progressed, this issue was minimized, although
not completely resolved, by using larger data sets for
training and also by providing confidence levels of the
algorithm results, reminding the user that the algorithm is
not a binary assessment of pathology but, like the trained
radiologist, there are confidence levels of finding that
should be considered.

The issue of the generalizability of an algorithm be-
came a hot topic for a while. Would an algorithm have the
same performance on varied, unseen data, as compared
to the training data sets? While this problem was a key
area of concern in the early stages of Al imaging, creat-
ing skepticism in the early phases of deployment, it was
a relatively easily surmountable problem. As there were
a limited number of medical imaging device manufactur-
ers, imaging protocols were relatively similar across the
field and patient ethnicity had little impact on the images
themselves. If the training set was robust, the algorithm
should be generalizable across institutions. Over time,
clinician skepticism around this issue has been dramat-
ically curtailed.
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The second concurrent challenge was the radiologist
workflow. As busy physicians manage the workload of
cases, any additional clicks that are required limit the
workflow of the radiologist and must be justified [1].
Many companies installed a widget on the radiologist
workstations with a Ul designed to attract the radiolo-
gist to look at the positive cases. Often the widget went
unaddressed, given the extra clicks it required. Thus, Al
algorithms were installed but were often underused. Im-
provements such as re-organizing the PACS worklist to
prioritize the positive cases detected by the algorithm did
improve the utility of the Al for acute findings. Another
option was to create a secondary capture series within the
study such that the algo-
rithm results became ful-
ly incorporated into the
case and saved on PACS.
While this procedure was
fully integrated into the radiology workflow, it created its
own challenges as the Al results, which were not 100%
accurate, became part of the permanent medical record of
the patient. In addition to making the Al imaging results
available, making the text results available either by PDF
or within the radiology dictation system were addition-
al attempts to make the results accessible in a workflow
amenable to the radiologist. Yet, despite these various at-
tempts, only a small percentage of institutions paid for
commercially available imaging Al products.

Over time, it became clear that while the Al product
performance, workflow, and Ul were extremely import-
ant, the clinical use cases were critical in determining the
viability of a commercial Al product. The clinical use
cases were grouped into one of three general categories.
The first use case was the triage model. The algorithms
identified positive acute urgent results to ensure that
those cases were read more quickly by the radiologist,
and that the radiologist did not miss even subtle positive
cases. At first glance, this protocol seemed the most natu-
ral fit for AL In addition, regulating such a triage product
with the U.S. Food and Drug Administration (FDA) was
a relatively simple process. As such, many companies
followed this protocol, although most of those companies
struggled to produce significant revenue from findings,
such as intracranial hemorrhage and pneumothorax.

The first real success in the world of acute pathology
is stroke imaging, where every minute counts as patients
with large vessel occlusion (LVO) are directed to the
neurovascular suite for intervention [2]. In fact, the first
Al product to receive new technology add on payment

IMAGING DATA IS A PRIME OPPORTUNITY
TO USE ARTIFICIAL INTELLIGENCE TO IMPROVE
RADIOLOGIST PRODUCTIVITY AND SENSITIVITY
TO FACILITATE IMPROVED PATIENT MANAGEMENT.

(NTAP) was for detection of LVO on head computed to-
mography (CT) angiograms. What further made the use
of Al in stroke imaging unique, was that the results of
the algorithm was available not only to the radiologist on
call but simultaneously to the stroke team on call via an
application on the phone. This usage was a game chang-
er because it enabled a measurable decrease in time to
interventional procedure for large vessel occlusion that
led to improved clinical outcomes and decreased length
of hospital stays. As such, many hospitals in the United
States currently deploy Al solution for stroke imaging.

Another well-received Al product was the detection of
incidental pulmonary embolism, as the product showed
that many small peripheral
pulmonary emboli were of-
ten missed by radiologists
evaluating non-acute oncolo-
gy patients whose routine CT
scans could take several days to analyze. In select insti-
tutions, pulmonary care teams also had an application to
alert them about patients with large pulmonary emboli
who might need interventional thrombectomy [3].

The second use case in which many companies cre-
ated commercial Al products was radiology productivi-
ty. The time of a radiologist, especially with the critical
shortage of trained radiologists, is expensive. There is
also increasing burnout of radiologists who often feel the
stress of never-ending daily workloads. Al products that
can identify small findings, measure them accurately, and
compare them to prior exams are most useful for a radiol-
ogist’s productivity. These types of products also act as
a safety net to radiologists and administrators who fear
missing findings that could have potential medical and
legal ramifications. These companies often focus on pul-
monary nodules and breast imaging as fields where this
use case is particularly suited. Yet, while some of these
companies are successful, most radiology centers do not
use them. Typically, the reason cited is financial. Most
radiologists or radiology departments do not want to pur-
chase these tools as an added expense, particularly if the
system seems to work sufficiently without that monetary
investment [4]. In some cases, radiologists lure fellow
radiologists to their facilities with these types of added
workflow enhancements, as the competition for radiolo-
gists in the current market is fierce.

In addition to providing a second reader safety net for ra-
diologists, there is another emerging use case of using imag-
ing Al as a companion to the non-radiologists who analyze
X-rays such as in the emergency department (ED), acute

129



REVIEW

IMAJ - VOL 26 - FEBRUARY 2024

130

care facilities, or inpatient settings [5]. Often, the clinical
workflow does not include the radiologist reporting X-ray
images immediately due to the volume of X-rays obtained.
As such, chest X-rays and skeletal X-rays get evaluated by
non-radiology clinicians such as ED doctors, general physi-
cians, and other subspecialists seeing the patient. Having Al
tools to detect fractures and to provide a variety of common
chest X-ray findings may be quite useful in those settings.

The most recent of the use cases has been termed Al
augmentation. This term refers to Al tools that empower a
radiologist to provide more detailed reports without adding
significant additional time and effort by the radiologist, typ-
ically focusing on chronic conditions that are unaddressed
by a radiologist who is focused primarily on the acute clin-
ical indication. Findings such as osteoporosis and chronic
vertebral body compression fractures often go unreported
and, as these findings are typically clinically silent, they
are severely undertreated. As the number of CT scans has
grown exponentially in the last 20 years, many patients in
the 40-to-70-year age range get a CT scan for some clini-
cal indication [6]. Abdominal pain, renal colic, cough, and
trauma are some of the many acute clinical indications
that often result in a CT scan. While osteoporosis can of-
ten lead to a devastating hip fracture, bone mineral density
and chronic vertebral body compression fractures go un-
addressed in most CT reports. The cohort with the highest
likelihood of hip fracture often go unreported. Yet, osteo-
porosis treatment and management can significantly reduce
the number of elderly who present with hip fractures. Using
Al powered tools to highlight such chronic findings has the
potential to empower radiologists to decrease the burden of
such chronic diseases by directing patients to appropriate
clinical management. By getting patients the preventative
treatment early in their disease process, we can decrease
the impact of those chronic diseases which in the case of
osteoporosis would mean fewer hip fractures [7].

Another example is cardiovascular disease, which is the
number one cause of death worldwide. It has been well es-
tablished in the cardiology literature that coronary artery
calcifications are a better risk predictor for a future cardio-
vascular event than any of the risk calculators used in clin-
ical practice [8]. A standard coronary artery calcium score
was established using electrocardiogram-gated non-contrast
chest CT. The technique was designed to evaluate the coro-
nary artery calcium using Agatston units, although it is only
used and reimbursed in certain clinical circumstances. With
improved image acquisition in the newer CT scans, the ef-
fect of cardiac motion has decreased. In addition, Al tools
have been developed that can identify, segment, and measure

the coronary artery calcium, excluding the densities creat-
ed by cardiac motion on standard non-contrast CT. Using
this tool, all patients can be opportunistically screened for
cardiovascular disease on a CT scan they obtained for an-
other clinical indication. Few radiologists mention these cal-
cifications. Some state that there are coronary calcifications
without committing to severity while even fewer analyze the
amount, which has high inter-reader variability. Even if there
is a mention of coronary artery calcium in the radiology re-
port, often patients do not get the preventative cardiology
and clinically recommended treatment because cardiologists
treat patients based on cardiac risk categories that are highly
correlated with calcium score categories, something not in-
herent in the radiology lexicon and therefore not present in
the radiology report. Augmentative Al can change that para-
digm so that these patients are identified by the appropriate
calcium category to provide the referring physicians with the
information they need to direct patients to the appropriate
guidelines based preventative healthcare management [9].

At the Society of Cardiovascular Computed Tomog-
raphy conference in 2023, the cardiology department at
Belinson Hospital, Petah Tikvah, Israel, part of Clalit
Health Services, presented a poster showing results from
their study, which highlighted the use of a commercially
available Al product to measure coronary artery calcium
on non-contrast CT scans. Of the 326 patients who met
the inclusion criteria for the study, ages 30-75 with access
to EMR information, the authors found that 101 patients
(31%) had severe coronary artery calcium (score of >
400) but had no prior history of cardiovascular disease.
Those patients were directed to a dedicated preventative
care cardiology clinic. In addition, they found that 88 pa-
tients (27%) had moderate amounts of coronary artery
calcium (27%) and directed those patients to their prima-
ry care physicians for further evaluation and treatment.

In the sphere of IT integration, the first hurdle was pa-
tient data protection and HIPAA compliance. However,
that concern was allayed using anonymization tools en-
abling vendors to access the medical images and relat-
ed information images for the Al algorithms but without
the patient identifying data. Whether using on premise
solutions for the more conservative institutions or cloud-
based integration for the more innovative institutions,
this constraint should no longer be a limiting factor.

The newest hurdle for broader imaging Al adoption is
the IT departments at institutions. As there are now over 500
FDA cleared Al applications, many institutions have become
inundated with IT complexities as they try to work with each
vendor’s platform to implement various Al solutions, one
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vendor at a time. This difficulty created a rate-limiting bot-
tleneck for innovation even in the most progressive of insti-
tutions. As such, over the last 2 years, the market has gone
from individual vendor installations toward a marketplace
paradigm where many Imaging Al vendors integrate into
one or more of several available marketplaces. After an insti-
tution chooses a marketplace and successfully integrates that
platform, all the Al products they offer are available without
an additional IT effort, which significantly enables integra-
tion of a broad spectrum of Al solutions efficiently [10].
The Al in imaging market has matured over the last
10 years, with considerable advancements in algorithm
development, generalizability, UI, workflow, health data
protection, use cases, and more recently marketplace in-
tegration. Yet, the ultimate hurdle of demonstrating a ROI
remains as healthcare institutions are chronically under-
funded and must legitimize the commercial investment of
these new Al tools. Creating a viable ROI is a challenge
faced by many imaging Al companies, although some
use cases offer an easier path to success. Within the triage
use case, stroke imaging is the best return on investment
as using Al to decrease time to the interventional suite
can reduce the length of hospital stay and improve patient
recovery. In Europe, where a second reader is required
for screening mammograms, using Al as an alternate sec-
ond reader has a clear ROI. While radiologists enjoy the
benefits of productivity tools subjectively, a measurable
ROI of such productivity tools has been harder to prove.
There has been much interest lately in population health
screening of chronic findings such as osteoporosis, coro-
nary artery calcium, and aortic aneurysms as previously
identifying these undetected patients brought in new rev-
enue in fee-for-service institutions in the short term while
also improving long-term patient outcome potentially de-
creasing the financial burden on patients as their conditions
deteriorated. In the United States, reimbursable current
procedural terminology (CPT®) codes is another strategy
being pursued by several vendors to try to impact the ROI
of using such products. There are currently several CPT III
codes for using Al tools for population health screening on
CT scans; however, CPT III codes are designed for inno-
vative products and do not have financial reimbursement.
Those CPT I1I codes can serve as a first step toward CPT [
codes, which do come with financial reimbursement if it is
demonstrated that there is widespread use of the code [11].

CONCLUSIONS

The last decade has seen the development of an entire in-
dustry of artificial intelligence in imaging, which has over-

come many hurdles on its path to maturity. Unlike equip-
ment for medical imaging where the burden of entry is
high, companies operating in the field of Al are young and
nimble and able to meet each new challenge with prompt
solutions. The hope and belief by many in the industry is
that facilities will benefit from deeper and broader infiltra-
tion of commercial Al products across all medical depart-
ments where imaging plays a key role in patient healthcare.
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