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Abstract 
Purpose: Machine learning (ML) and deep learning (DL) can be utilized in radiology to help diagnosis and for 
predicting management and outcomes based on certain image findings. DL utilizes convolutional neural networks 
(CNN) and may be used to classify imaging features. The objective of this literature review is to summarize recent 
publications highlighting the key ways in which ML and DL may be applied in radiology, along with solutions to the 
problems that this implementation may face. 

Material and methods: Twenty-one publications were selected from the primary literature through a PubMed search. 
The articles included in our review studied a range of applications of artificial intelligence in radiology. 

Results: The implementation of artificial intelligence in diagnostic and interventional radiology may improve image 
analysis, aid in diagnosis, as well as suggest appropriate interventions, clinical predictive modelling, and trainee educa-
tion. Potential challenges include ethical concerns and the need for appropriate datasets with accurate labels and large 
sample sizes to train from. Additionally, the training data should be representative of the population to which the future 
ML platform will be applicable. Finally, machines do not disclose a statistical rationale when expounding on the task 
purpose, making them difficult to apply in medical imaging. 

Conclusions: As radiologists report increased workload, utilization of artificial intelligence may provide improved 
outcomes in medical imaging by assisting, rather than guiding or replacing, radiologists. Further research should be 
done on the risks of AI implementation and how to most accurately validate the results. 
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Introduction 
Artificial intelligence (AI) and machine learning (ML) are 
umbrella terms for computational models that can learn 
from data and encompass the evolution of artificial neu-

ral networks (ANN) and deep learning (DL). An ANN is 
a linkage of multiple layers of ‘neurons’, and if one or more 
of those layers involves a convolutional filter, then the net-
work is defined as a convolutional neural network (CNN). 
DL involves training CNN and includes an input layer 
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that feeds its output to the first hidden layer, followed by 
the second, and eventually to the output layer (each layer 
consists of nodes loosely modelled from neurons). 

Both ML and DL require training periods, of which 
there are 2 different types: supervised and unsuper-
vised. Supervised learning utilizes labelled data and 
thus is used for classification and regression, whereas 
unsupervised learning uses unlabelled data and thus 
can only recognize patterns through clustering and di-
mensionality reduction. ML may be used in radiology 
by identifying specific conditions or partitioning im-
ages into parts. Some of the ways in which ML has been 
used include detecting fatty liver via ultrasound (US), 
characterizing carotid plaque via computed tomog-
raphy (CT), and predicting lesion-specific ischaemia 
via quantitative coronary CT angiography [1,2]. There 
are several advantages and disadvantages of apply-
ing ML in this context. ML can process huge amounts 
of data and identify trends and patterns that may oth-
erwise be undetectable. However, extensive high- 
quality datasets are required for adequate training. 

DL, however, allows for more complex classification 
as well as automatic feature extraction and learning. Hy-
brid strategies that involve some degree of human con-
tribution are often used. ANN systems were historically 
limited by a lack of computing power and training data. 
However, considering the relatively recent technological 
and mathematical advances, in addition to the availability 
of big data, ANN systems are being re-evaluated for their 
application in medical imaging [1]. Radiologists have his-
torically been at the forefront of technology in medicine 
and are in a prime position to guide the incorporation of 
AI into medicine [2]. Given the increased workload, it is 
predicted that incorporating AI in radiology would assist 
rather than guide or replace radiologists, allowing them 
a more central role in patient care due to its diagnostic 
support via image classification and outcome/risk predic-
tions [3,4]. 

This literature review will provide a historical context 
to utilizing artificial intelligence in medical imaging, high-
light ways in which artificial intelligence may be applied in 
interventional radiology, and acknowledge the challenges 
that physicians may face during this implementation.  
It will also provide a variety of suggestions for overcoming 
these problems. 

Material and methods 
Articles published between 1 January 2017 and 1 Decem-
ber 2020 were searched on the PubMed database. Key-
words including “Artificial Intelligence” OR “Machine 
Learning” AND “Radiology” were utilized in our search of 
the abstract and/or titles of the articles. Studies on animal 
models were excluded, as well as studies with redundant 
information and overlapping patient cohorts. Beyond 
that, the authors screened the abstracts for articles with 

findings relevant to our topic. Ultimately, 21 studies that 
provided the most relevant information were included 
in this literature review, some of which are highlighted  
in Table 1.

Results 

Applications 

Implementing AI in DR and IR may improve image 
analysis, directly increasing the efficacy of image analysis 
and efficiency of workflow as seen in the study by Do  
et al., in which clinicians were notified sooner by a me-
dian of 1 hour and radiologist exam interpretation time 
was decreased by 37% [5]. Similarly increased efficiency 
and efficacy using AI were demonstrated by Gore [6].  
Potential applications involving image analysis are broad, 
including but not limited to imaging in pulmonary, rheu-
matology, and cardiology domains in addition to opti-
mization of dose distributions for imaging modalities 
using ionizing radiation. For example, a reduction of un-
necessary radiation to non-target organs by utilization 
of AI has been described [7-10]. Angiography-based ML 
allows real-time fractional flow reserve estimates, which 
may be expanded to estimating physiological data from 
fluoroscopic images [9]. Automatic vessel analysis is al-
ready utilized as this technology paves the way to analys-
ing vessel size, lesion characteristics, and post-treatment 
effects. Additionally, a virtual CT image can be created 
from MRI data, which may lead to combining pre-proce-
dural 3D images onto intraoperative 2D images by sync-
ing MRI or CT imaging with intraoperative fluoroscopic  
or US images [9]. Advances in image analysis stand to 
help developing countries that have less access to dia
gnostic tests/medical care by improving tuberculosis 
diagnosis through chest radiography, CADs, and DL 
algorithms, which is especially appealing given that tu-
berculosis is a leading cause of death from infectious dis-
ease worldwide [11].

Within the field of IR, AI also shows promise in clini-
cal predictive modelling. A current difficulty in IR is esti-
mating the benefit of a treatment prior to its completion 
[12]. Accurately doing so would minimize risk to the pa-
tient, diminish healthcare costs, and reduce unnecessary 
treatments [12].The application of AI, specifically DL,  
is promising in this setting as a prediction model that 
would improve itself with increased use and feedback [12]. 
AI is used in hepatocellular carcinoma staging systems 
by incorporating data on responders vs. non-responders 
to various treatments [13]. The adoption of DL could 
mitigate a major challenge of IR, which is estimating 
the outcomes/benefits of a treatment prior to perform-
ing it [12]. In addition, there are other ways in which 
AI may prove to be an asset to physicians. For example,  
AI also holds potential in touchless procedural guidance 
and support (e.g. eye-tracking, inertial sensors, cameras/
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webcams, and voice-driven assistants), which currently 
must be prepared prior to a procedure, largely due to 
sterility concerns, but would be helpful to access during 
the procedure [12]. The collaboration between computer 
scientists, biomedical engineers, and interventional radi-
ologists would pave the way to superior patient care in 
the near future. 

The inclusion of AI into IR may not be limited to clini-
cal practice, but also in educating future or training clini-
cians. If AI were to be combined with augmented reality 
(AR) systems, this would present a new method of training 
and testing trainees [13]. There already exists an orthopae-
dic-specific surgical simulation using patient-specific ana-
tomic modelling data acquired by cross-sectional imaging 
and manual image segmentation, but incorporating ML 
into the process would improve this process and thus al-
low for more procedural simulations to be developed [13].  
In the future, similar simulations designed for interven-
tional radiology trainees may help to develope trainees’ 
education and skill.

Challenges 

One potential challenge to the implementation of 
AI in IR involves ethics, specifically involving conflicts  
of interest of radiologists and AI developers. It is impor-
tant for radiologists and AI researchers to be mindful  
of their biases and personal motivations and to focus on 
alleviating the suffering of patients by providing the best 
care and technology [9,13]. Radiologists may be wary of 
diminished employment opportunities, prestige, and pay. 
However, radiologists have a moral obligation to advocate 
for research and implementation of that which best sup-
ports patient care. Furthermore, radiologists are report-
ing increased workload [2] and notably, it is emphasized 
that incorporating AI in radiology would assist rather 
than guide or replace radiologists, allowing them a cen-
tral role in patient care due to its diagnostic support via 
image classification and outcome/risk predictions [3,4].  
This implies that implementing AI would be largely ben-
eficial for radiologists. There are also ethical concerns in-

Table 1. Applications and Challenges of AI in radiology

Study Applications Challenges

Lee et al. [1] Image segmentation and registration 
Automatic labelling and captioning
CAD

Quality and amount of training data
Explaining “technical bases” of the system
Legal/ethical issues

Sailer et al. [4] Diagnostic support through classification of images and outcome/risk predictions N/A

Do et al. [5] Automation using AI notified clinicians faster by a median of 1 hour and decreased 
radiologist exam interpretation time by 37%
Concordance of target lesion measurements improved from 22.5% to 67.8%

N/A

Chassagnon et al. [7] Thoracic imaging, specifically lung nodule evaluation, tuberculosis/pneumonia 
detection, and quantification of diffuse lung diseases

Current algorithms are limited to 
isolated findings

Stoel et al. [8] Rheumatological imaging with a focus on rheumatoid arthritis and systemic sclerosis N/A

Maurowski et al. [9] Improve disease detection, decrease unnecessary procedures, improve outcomes, 
and reduce costs

Concern for diminished pay and prestige 
for radiologists
Goals of AI developers may not coincide 
with the altruistic goals of healthcare

Poortmans et al. [10] Dose distribution optimization to reduce unnecessary radiation to non-target organs N/A 

Kulkarni et al. [11] Tuberculosis diagnosis through chest radiography, computer-aided diagnosis 
systems, and DL algorithms

N/A

Iezzi et al. [12] Pattern recognition and identification, language comprehension, object and 
sound recognition, prognosticating diseases, determining indication for therapy, 
estimating the outcomes/benefits

High quality data sets are required  
for training 
Often do not disclose the statistical 
rationale, which makes medical 
application difficult

Meek et al. [13] Imaging, prediction modelling, and decision support 
Angiography-based ML to provide real-time estimates of fractional flow reserve, 
which is used to identify ischaemia-related stenosis in coronary artery disease
Fusion of images would allow precise guidance during procedures
Generate CT image from MRI data
ML algorithms may be used to guide treatment plans
Combining ML with augmented reality systems offers a new method of training 
and testing trainees

Large amounts of data would be 
required to train the algorithms,  
which is further complicated by  
the ever-changing nature of clinical 
practice, which may limit “the usefulness 
of retrospective data”
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volving AI developers, specifically that they may not share 
the altruistic goals of healthcare and thus may avoid shar-
ing data between companies, for example [9]. However, 
sharing data is vital to developing robust AI because large 
amounts of data are required for training. It is also im-
portant that developers avoid seeking excessive attention/
funding for their discoveries and mind the limitations  
of the technology. A joint European and North American 
multi-society [14] came to a consensus that AI may in-
troduce highly consequential systemic errors and that it  
is not yet clear how to best integrate AI into clinical prac-
tice [14]. More research is called for to mitigate such 
potential systematic errors; however, justified use of this 
technology would promote well-being, minimize harm, 
and ensure benefits/harm are distributed among stake-
holders justly [14]. Freedom, dignity, privacy, maximum 
transparency, dependability, responsibility, accountability, 
and diversity and inclusion must all play a role in the code 
of ethics and practice for any AI applications intended to be 
used in medicine [14]. This code should emphasize help-
ing patients and the common good, bar the use solely for 
financial gain, and act as a step towards mitigating the ethics-
related challenges presented [14]. 

Another potential challenge posed by AI is the sub-
stantial number of data required to train the algorithms. 
Through clinical research and technological advance-
ments, a large number of data have been produced [15]. 
AI would be a good option to bridge the gap between 
the complex data obtained thus far and clinical decision 
making, allowing proper utilization of the collected data. 
However, this is further complicated by the ever-changing 
nature of clinical practice, which may limit the pool of rel-
evant retrospective data [13]. Additionally, given that the 
amount of data utilized to train the ML system dictates 
the confidence in the power of the prediction or judge-
ment of the output, there may be inherent inaccuracies for 
the application of such algorithms among groups who are 
under-represented in the population under test. 

Clinical implementation of AI may be limited in other 
ways as well. Machines often do not disclose the statisti-
cal rationale behind the elaboration of their tasks, which 
makes it complicated to apply in a medical setting [12]. 
This means that it is impossible to understand the ratio-
nale behind the final output of a DL algorithm as to why 
a particular output is assigned, especially in cases where 
the output does not conform with the opinion of an expert 
radiologist or when the output produces a result that turns 
out to be incorrect when correlated to a gold-standard test. 
In such cases, there is no rational basis identified to justify 
the results.

Additionally, AI is limited by interpretability and the 
large number of annotated data required [16]. Combin-
ing multiple technologies with human experts yields the 
most accurate results, and it is suggested that AI be used 
in conjunction with randomized controlled trials to pro-
vide insight into causality [12,17]. While some view AI as 

aimed to improve current automation technologies, others 
are hopeful that AI will help address low-value utilization, 
higher cost of imaging, and high work volume for radiolo-
gists interpreting images [16,18,19]. 

Discussion 
It is predicted that AI will contribute significantly 

to medical imaging over the next 5-10 years [20]. CT  
images are already constructed using various reconstruc-
tion algorithms to generate a final image to be displayed. 
Additionally, many image analysis tools have existed in 
practice for a long time that have utilized some sort of 
artificial intelligence. However, with the advancement 
of the field and widespread use of deep neural networks, 
there have been breakthroughs for medical imaging. For 
example, CT reconstructions may be improved by GAN 
(generative adversarial network; an ML model that gener-
ates its own training data) and radiomics/DL-based image 
analysis. Currently, AI is being studied for almost every 
imaging modality and in every subspecialty of medical 
imaging for most pathologies in a multitude of research 
settings. However, additional research should also be done 
on the risks of using AI in image analysis and clinical 
predictive modelling as well as potential challenges and 
pitfalls with implementation of these technologies. There 
should also be more research into what constitutes ad-
equate validation of work produced by AI. 

Additionally, analysis of 38 AI articles from early-
mid 2018 revealed that standardized reporting of ML/
DL methods would address approximately one-third of 
reviewer critiques [21]. Standardized radiology reporting 
would certainly be an important consideration going for-
ward as AI is researched and implemented in IR, because 
it provides a well-established framework to import use-
ful information from radiology reports to generate labels 
used to train the AI. 

Limitations of the study 

One of the limitations of this review is its relatively 
small sample size of reviewed articles. Twenty-one sources 
were analysed, and while they were all published within the 
last 1-2 years, this review only focused on a short period 
of time. The ethical concerns raised are primarily supported 
by 2 sources: one is a joint multi-society statement and the 
other raised ethical concerns of conflict of interest between 
radiologists and AI developers [9,14]. This is a very small 
sample size with which to discuss current ethical concerns 
surrounding AI in IR. 

Conclusions 
This review evaluated 21 publications to determine 

the applications and challenges of AI in diagnostic and 
interventional radiology. Ethical concerns like ensuring 
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the AI is trained with the appropriate patient population 
remain, as well as the need for research on how to most 
accurately validate results. Nevertheless, these papers have 
demonstrated AI’s potential, which includes the ability to 
aid in diagnosis, suggest appropriate interventions, and 
especially to improve image analysis. In a time when ra-
diologists are reporting increased workload, utilizing AI 

may be an answer to improving efficacy and efficiency, 
allowing more time for radiologists to spend on interpre-
tation and other cognitive aspects of the job. 
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