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INNOVATIONS IN HEALTH CARE DELIVERY

Adapting to Artificial Intelligence
Radiologists and Pathologists
as Information Specialists

Artificial intelligence—the mimicking of human cogni-
tion by computers—was once a fable in science fiction
but is becoming reality in medicine. The combination of
big data and artificial intelligence, referred to by some
as the fourth industrial revolution,1 will change radiol-
ogy and pathology along with other medical specialties.
Although reports of radiologists and pathologists being
replaced by computers seem exaggerated,2 these spe-
cialties must plan strategically for a future in which arti-
ficial intelligence is part of the health care workforce.

Radiologists have always revered machines and tech-
nology. In 1960, Lusted predicted “an electronic scanner-
computer to examine chest photofluorograms, to sepa-
rate the clearly normal chest films from the abnormal
chest films.”3 Lusted further suggested that “the abnor-
mal chest films would be marked for later study by the
radiologists.”3 Lusted’s intuitions were prescient: inter-
preting radiographs is pattern recognition; computers can
recognize patterns and may be helpful because some
roentgenographic analyses can be automated.

Nearly 60 years after Lusted’s prediction, Enlitic,
a technology company in Silicon Valley, inputted im-
ages of normal radiographs and radiographs with frac-
tures into a computerized database.4 Using deep learn-
ing, a refined version of artificial neural networks, the

computer developed rules that not only identified ra-
diographs with fractures but highlighted the fractures.
The computer received the image data rather than rules
for their interpretation. The computer was not pro-
grammed regarding what to detect but developed al-
gorithms necessary for fracture detection using deep
learning.4 Deep learning is an autodidact—like an out-
standing radiology resident, the more images it ana-
lyzes, the better it gets. The IBM prototype for artificial
intelligence, Watson, can identify pulmonary embo-
lism on computed tomography (CT) and detect abnor-
mal wall motion on echocardiography.5 Watson has a
boundless capacity for learning—and now has 30 bil-
lion images to review after IBM acquired Merge. Wat-
son may become the equivalent of a general radiologist
with super-specialist skills in every domain—a radiolo-
gist’s alter ego and nemesis.

This progress in imaging has changed the work of
radiologists. Radiology, once confined to projectional im-
ages, such as chest radiographs, has become more com-
plex and data rich. Cross-sectional imaging such as CT
and magnetic resonance, by showing anatomy with
greater clarity, has made diagnosis simpler in many in-
stances; for example, a ruptured aneurysm is inferred on
a chest radiograph but actually seen on CT. However, this
has come at a price—the amount of data has increased
markedly. For example, a radiologist typically views
4000 images in a CT scan of multiple body parts (“pan
scan”) in patients with multiple trauma. The abun-
dance of data has changed how radiologists interpret im-
ages; from pattern recognition, with clinical context, to
searching for needles in haystacks; from inference to de-
tection. The radiologist, once a maestro with a chest ra-
diograph, is now often visually fatigued searching for an
occult fracture in a pan scan.

The amount of data continues to increase in imaging,
both extractable by the human eye and extractable only
by software.6 Thus, radiology has moved from a subjec-
tive perceptual skill to an objective science. Data have
empowered radiologists but also challenged them com-
putationally because of their abundance and complex-
ity. This has paved the way for the role of computers,

which extract fine information about tis-
sues invisible to the human eye and pro-
cess those data quickly and accurately.

How should the changes in imaging,
coupled with artificial intelligence, fur-
ther change the work of radiologists? To
avoid being replaced by computers, ra-

diologists must allow themselves to be displaced by
computers. While some radiographic analyses can
be automated, others cannot. Radiologists should iden-
tify cognitively simple tasks that could be addressed
by artificial intelligence, such as screening for lung
cancer on CT. This involves detecting, measuring, and
characterizing a lung nodule, the management of which
is standardized.7 A radiology residency or a medical de-
gree is not needed to detect lung nodules. Likewise, ra-
diologists are overtrained to interpret portable chest ra-
diographs obtained in the intensive care unit to confirm
that support lines are in proper position. These studies
are not challenging and may be ideal for automation and
delegation to artificial intelligence.

The primary purpose of radiologists is the provi-
sion of medical information; the image is only a means
to information. Radiologists are more aptly considered
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“information specialists” specializing in medical imaging. This is simi-
lar to pathologists, who are also information specialists. Patholo-
gists and radiologists are fundamentally similar because both ex-
tract medical information from images.

Pathologists have embraced machines and technologies. Some
tasks once performed manually by pathologists have been auto-
mated, such as cell counts, typing and screening of blood, and
Papanicolaou tests, leaving pathologists with more complex tasks.
Artificial intelligence can perform the more complex tasks of pa-
thologists and, in some instances, with superior accuracy. A recent
study showed that computers could predict the grade and stage of
lung cancer better than pathologists.8 Even though such studies need
larger-scale validation with more diverse tissue types, it is clear in
both radiology and pathology that many tasks can be handled by ar-
tificial intelligence. To underscore the commonality between radi-
ology and pathology, researchers using operant conditioning trained
pigeons to spot abnormal calcifications on mammograms and de-
tect breast cancer on histology.9

Because pathology and radiology have a similar past and a com-
mon destiny, perhaps these specialties should be merged into a single
entity, the “information specialist,” whose responsibility will not be
so much to extract information from images and histology but to
manage the information extracted by artificial intelligence in the clini-
cal context of the patient.

The information specialist would not spend time inferring con-
ditions between competing shadows on radiographs, scroll through
hundreds of images looking for pulmonary embolus on CT, or ex-
amine slides for “orphan Annie”–shaped nuclei. Artificial intelli-
gence could perform many such tasks. The information specialist
would interpret the important data, advise on the added value of
another diagnostic test, such as the need for additional imaging, ana-
tomical pathology, or a laboratory test, and integrate information
to guide clinicians. Radiologists and pathologists will still be the phy-
sician’s physician.

Together, the information specialist and artificial intelligence
could manage individuals and populations. If a single artificial intel-
ligence unit could do the work of many radiologists, then a single in-
formation specialist could manage many units of artificial intelli-

gence. This would truly scale the influence of radiologists and
pathologists. If artificial intelligence becomes adept at screening for
lung and breast cancer, it could screen populations faster than ra-
diologists and at a fraction of cost. The information specialist could
ensure that images are of sufficient quality and that artificial intel-
ligence is yielding neither too many false-positive nor too many false-
negative results. The efficiency from the economies of scale be-
cause of artificial intelligence could benefit not just developed
countries, such as the United States, but developing countries ham-
pered by access to specialists. A single information specialist, with
the help of artificial intelligence, could potentially manage screen-
ing for an entire town in Africa.

Information specialists should train in the traditional sciences
of pathology and radiology. The training should take no longer than
it presently takes because the trainee will not spend time master-
ing the pattern recognition required to become a competent radi-
ologist or pathologist. Visual interpretation will be restricted to per-
ceptual tasks that artificial intelligence cannot perform as well as
humans. The trainee need only master enough medical physics to
improve suboptimal quality of medical images. Information special-
ists should be taught Bayesian logic, statistics, and data science and
be aware of other sources of information such as genomics and bio-
metrics, insofar as they can integrate data from disparate sources
with a patient’s clinical condition.

There may be resistance to merging 2 distinct medical special-
ties, each of which has unique pedagogy, tradition, accreditation, and
reimbursement. However, artificial intelligence will change these di-
agnostic fields. The merger is a natural fusion of human talent and
artificial intelligence. United, radiologists and pathologists can thrive
with the rise of artificial intelligence.

The history of automation in the broader economy has a reas-
suring message.1 Jobs are not lost; rather, roles are redefined; hu-
mans are displaced to tasks needing a human element. Radiolo-
gists and pathologists need not fear artificial intelligence but rather
must adapt incrementally to artificial intelligence, retaining their own
services for cognitively challenging tasks. A unified discipline, infor-
mation specialists would best be able to captain artificial intelli-
gence and guide medical information to improve patient care.
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