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Introduction

Artificial intelligence (AI) has made giant strides in the last
couple of decades and is expanding at exceptional pace
currently. The term AI refers to any software or operating
system that mimics human intelligence and performs func-
tions like the human mind with minimal human interven-
tion. Just like human minds, these systems have the capacity
to learn and improve their functioning based upon various
inputs and data acquired. Artificial neural networks, the AI
techniques, are involved in complex data processing to
produce data outputs that mimic human cognitive function.

The history of AI dates back to the year 1950 when Alan
Turing developed the “Turing Test” where one could check a
machine’s ability to exhibit intelligent behavior to achieve
human levelperformance incognition-related tasks.1Theterm
“artificial intelligence”wasfirst coined by American computer
scientist John McCarthy at the Dartmouth Conference in the
year 1956.2 Since then, the field has made extensive progress
over the decades, particularly in the health care sector.3

In its simplest form, the term AI refers to the functioning of
computers usingmodels that emulate or mimic human intelli-
gence.4 The termencompasses all the operationsperformedby

thecomputer systemusingappropriatehardwareandsoftware
to produce results in away humans think. Human intelligence
and decision making is unique in the sense of continuously
adding knowledge gained from experiences and altering deci-
sions, thereafter, thus constituting the learning process.5,6

AI also emphasizes on this concept of learning so that
machines can work and make decisions on their own, exactly
the way humans would do. Thus, machines can better repre-
sent and interpret complex data based on the knowledge
gained while incorporating basic human functions like com-
monsense, reasoning, and socialbehavior intotheprocess.7,8 It
consists of a set of programs thatmake the software smarter to
an extent ofmimicking human cognitive functioning perfectly
with the outside user assuming that the output was generated
by a human.6

Classification

AI can be divided into two main types: Artificial narrow
intelligence and artificial general intelligence.6 The former is
considered to be weak intelligence where a computer can
perform a very specific task at par or better than humans. In
this type, a trained algorithm can perform a very specific task
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like readachestX-ray for instance. Tasks forwhich traininghas
not been provided cannot be computed using this form of AI.6

The second, general form is known as superintelligence or
human level intelligence where the system possesses the
ability to mimic human cognitive ability. It goes beyond
specific tasks to perform higher order functions, emulating
the human thought process.9

Common Terminology Used in AI

Onemust be familiar with the common termsused inAI.10–13

• Algorithm refers to step-by-step instructions that help a
computer complete a calculation and form the starting
point of the programming process.

• Image feature refers to a measurable characteristic or a
specific property in each image of the data set.

• Label refers to the ground truth for every data point in the
data set.

An important concept known as “Machine Learning” forms
the basis of all AI-based systems. This term was coined by
Arthur Samuel in the year 1959 and is defined as the process
where computers learn automatically from the available
data. Just like humans gain experience from the outside
environment and improve their decision making, computers
too, perform improvised tasks with increasing data
accumulation.10,11

Machine learning has been divided into various subtypes
(►Fig. 1), namely supervised learning and unsupervised
learning or reinforcement learning.12 In the first subtype,
the developer teaches the machine that there are different
variables, while the machine randomly defines variables
without a developer in the second subtype. In reinforced
learning, the machine is taught which variables are correct
through a reward system. A notable example is the unsuper-

vised protein-protein interactions that have successfully led
to the development of novel therapeutic targets.13

AI-based systems primarily use two machine learning
methods. The first or the traditional model is based upon
predefined engineered features which have been established
based on expert knowledge.14 These are often used in
quantifying radiographic data/parameters like tumor loca-
tion, volume, intensity, and shape. The most relevant fea-
tures are then used as data inputs intomachine learning to be
used as potential biomarkers in the future.5 The second
method is the deep learning method, which is of great
interest today. This system is composed of algorithms that
permit the software to perform tasks by itself. The machine
can automatically learn to identify/interpret imaging fea-
tures without prior definition by humans. This nondeter-
ministic approach does not require explicit feature
definition, thus making it more generalized and informative.
Multiple interconnected algorithms, hidden layers, and neu-
ral networks are involved in generating output from this
data.15–17

To simply differentiate themethods, the traditionalmeth-
od can well assess quantitative parameters of the lesions
under consideration only after prior segmentation and
placement of region of interest (ROI) have been done.
Data-driven deep learning, on the other hand, functions
like a human brain and can automatically identify diseased
tissues and extract characterswithout prior segmentation by
experts.18,19 It weighs parameters based on their importance
and then arrives at a conclusion improving the diagnosis and
helping in better clinical decision making, akin to trained
radiologists.

Convolutional neural networks are the most prevalent
deep learning architecture used in medical imaging today.20

The layered algorithms involved in deep learning form the
artificial neural networks, which are utilized in generating

Fig. 1 Flowchart representing the various types of machine learning.
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an output.10 These networks are made of thousands to
millions of nodes or units, which are connected by links
that propagate activation. The activated nodes connected by
links work as feed forward networks or recurrent networks.
Flow of information/connections is in one direction only in
the former, while a loop is utilized in feeding the output back
to the input in the latter. The answer/output must match the
examination’s label and is then considered correct.6,10 These
artificial neural networks must be trained so that the ma-
chine undergoes “learning” process.

Clinical Applications

AI-based systems have revolutionized medicine in the pres-
ent decade, with rapid progress being made in the field of
radiology in particular. While virtual AI utilizes these soft-
wares for better identification and characterization of dis-
ease process, ensuring a higher standard of clinical care by
helping the physician, physical AI refers to the use of robotics
to assist surgeons ►Fig. 2.4

• Analysis of single-photon emission computerized tomog-
raphy or stress echocardiographic images with AI-based
softwares has provided valuable information in
cardiology.21

• AI has successfully identified structure of various protein
particles and newer antibiotics contributing significantly
to clinical care.22,23

• The role of deep learning methods is rapidly evolving in
neuroradiology, with specific emphasis on stroke imag-

ing. Automated softwares have been developed to calcu-
late the Alberta Stroke Program Early CT Score and have
been reported to perform better than trained neuroradi-
ologists.24 Automated detection of intracranial large
vessel occlusion (LVO) on computed tomography angiog-
raphy using these AI-based algorithms has been reported
to have a high sensitivity, specificity, and negative predic-
tive value in detecting intracranial LVO.25 Many of these
(RAPID AI, Brainomix AI, etc.) have found their way into
clinical stroke practice and are being used in high-volume
as well as primary care centers where timely and accurate
LVO detection helps in prompt patient management
(►Fig. 3). Convolutional neural and recurrent network-
based algorithms have helped in better classifying
Alzheimer’s disease and prediction of conversion of pro-
dromal stage of Alzheimer’s into full-fledged disease.26

Deep learning methods have also contributed substan-
tially in the grading of gliomas by accurately predicting
the O(6)-methylguanine-DNA methyltransferase methyl-
ation, 1p 19 q codeletion, and isocitrate dehydrogenase 1
mutation status.27

• Imaging in splenic and renal trauma has also been opti-
mized using automated softwares that detect contrast
extravasation with a higher sensitivity.

• Deep learning algorithms have revolutionized the field of
oncology. AI has helped in detecting breast, prostate, and
melanomas with high sensitivity and specificity, surpass-
ing human experts in some scenarios.28 Oncologic imag-
ing basically utilizes a three-step process, including
detection, characterization, and monitoring.

Fig. 2 Applications of artificial intelligence (AI) in medicine. Diagrammatic representation denoting the various applications of artificial
intelligence in clinical practice.
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Traditionally, the radiologists identify the abnormalities
on imaging first followed by acceptance or rejection of
findings based on cognitive skills. Machines are also being
trained to detect abnormalities in a similar way.

Computer-Aided Detection

Computer-aided detection (CAD) has long been in practice in
the last two decades aiding detection of breast, lung, and
colon cancers.29–31 While CAD is based on the detection of
lesions based only on preset algorithms, True AI using deep
learning algorithms is based on autonomous learning utiliz-
ing networks and connections. CAD algorithms are task-
specific and cannot be generalized leading to subhuman
performance. These has thus been superseded by deep
learning-based CAD that are being increasingly used in the
detection of pulmonary nodules and prostate cancer on
multiparametric magnetic resonance.32,33

Characterization includessegmentation,diagnosis, andstag-
ing of disease. Multiple radiological features are easily quanti-
fied using AI. Disease classification into low or high risk using
deep learning-based AI softwares is being used in multiple
sclerosis and grading of gliomas.34,35 Automated segmentation
techniques are also being used to provide vital functional
information in assessing disease extent and burden.36–39

TNM staging in oncology requires predefined criteria in
assessing the stage based on information acquired through
segmentation and diagnosis.40Deep learning helps in assess-
ing the tumor size, lymph node status, and distantmetastasis
based on joint learning41 (►Fig. 4). Deep learning methods
are being extensively used in detection of primary tumor and
assessing the lymph nodal status in patients of endometrial
as well as cervical carcinomas.42

Monitoring is essential in determining treatment response
and assigning the correct response category based on RECIST
(Response Evaluation Criteria in Solid Tumors) and World

Health Organization tumor response systems. Deep learning
using recurrent networks helps in correctly assessing the
temporal evolution of tumors, in particular, tumor size.6,43

However, subtle change in characteristics like cavitation,
change in heterogeneity, and texture within the tumor still
require human intelligence and need to be worked upon.

Apart from the abovementioned role in radiology involving
lesiondetection and characterization, AI has an important role
in other fields of radiology too (►Fig. 5), which include:

Radiomics: Involves the extraction of features from diag-
nostic images to measure specific parameters. Hundreds of
features can be analyzed by AI systems from a given ROI, far
beyond human eye/capability, which remarkably increase the
accuracy of diagnosis of a particular pathology. Many of these
features also help in better prognosticating the patient.44,45

Imaging biobanks: The enormous amounts of representa-
tive data extracted from images of thousands of patients can
be easily stored, owing to the large memory of computers.
Data from various institutions and hospitals can be clubbed
together to create large biobanks. Information stored can
thus be used for analysis and in predicting the risk of disease
in large populations.46,47

Dose optimization: AI can help the radiologist in assessing
the cumulative risk of radiation and tailoring the protocols
accordingly to ensure lowest radiation dose as possible.6

Structured reporting: AI can ease the reporting workflow.
“Common data elements” or CDEs define data dictionaries
and aid in structured reporting and creating standard report
annotations, leading to the development of patient-specific
structured reports.48,49

Issues and Disadvantages
CAD of cancers has limited sensitivity and specificity. The
medicolegal responsibility of such diagnosis is thus question-
able. Large amountofdataanalysis is required tocreate trained
algorithms, which is both time- and labor-intensive.50

Fig. 3 Artificial intelligence (AI)-based algorithm automatically performs Alberta Stroke Program Early CT Score (ASPECTS) scoring (A) and
detects the site of occlusion (B) in acute stroke.
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Future Perspectives

AI is still in its infancy and has a long way to go. It has created
waves in medicine, particularly radiology, and has the po-
tential to significantly transform the patient management
algorithms. There is immense potential in the growth of this

field as better research methodologies are coming up with
passage of time. Radiologists’ functioning is expected to
become still smoother with the increasing number of AI
tools beingmade available, which are reducing human effort
and making workflow easier. AI is sure to create a massive
positive impact on radiology. However, it must be reiterated

Fig. 5 Application of artificial Intelligence in imaging of pulmonary nodules. Diagrammatic illustration of the role of deep neural networks in
distinguishing benign from malignant pulmonary nodules on imaging.

Fig. 4 Machine learning in radiology. Diagrammatic representation of the application of deep learning in radiology denoting “self-training” of
the machine software with available data.
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that radiologists need to keep pace with the technology so
that they can use it for optimumpatient care and still remain
in the thick of things in medical practice.51,52
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