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Abstract

Background: The medical imaging world is currently changing with the in-
troduction of advanced modalities to help with diagnosis. There is then the

graphy and Fluoroscopy: A Review. Open need for the application of Artificial Intelligence (AI) in areas such as radia-
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tion protection to improve the safety as far as radiations are concerned. This
review article discusses the principles, some of the challenges of radiation

) protection and the possible role of Artificial Intelligence (AI) regarding radia-
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tion protection in computed tomography and fluoroscopy exams. Methods:
A literature search was done using Google Scholar, Science Direct and Pubmed

to search for relevant articles concerning the review topic. Results: Some of
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the challenges identified were outdated and old X-ray machines, lack of QA
programs on the machines amongst others. It was discovered that Al could
be applied in areas like scan planning and positioning, patient positioning
amongst others in CT imaging to reduce radiation doses. With fluoroscopy,
an Al enabled system helped in reducing radiation doses by selecting the re-
gion of interest of pathology and exposing that region. Conclusion: The ap-
plication of AI will improve safety and standards of practice in medical im-

aging.
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1. Introduction

Medical Imaging, a branch of science with its rapid development is changing the
scope of medical practice in the world. It is basically about the techniques ap-
plied in the creation of internal images of the human body to aid in the diagnosis
and accurate prescription of treatment for diseases [1]. Medical Imaging with its
image guided techniques and minimally invasive procedural methods is gradu-
ally replacing conventional surgery with speedy recovery rates and minimal
post-procedural complications in patients [2]. It comprises ultrasound, conven-
tional X-rays, computed tomography (CT), positron emission tomography (PET),
mammography, fluoroscopy, single photon emission computed tomography (S-
PECT) and magnetic resonance imaging [3].

Medical Imaging, with the exception of ultrasound and magnetic resonance
imaging operates behind the principle of using ionizing radiations to visualize
the internal organs of the human body for diagnosis, treatment plans and accu-
rate prescription of medications to aid in treatment and speedy recovery of pa-
tients [1]. It also has a special role to play in oncology. With the help of imaging
modalities such as the computed tomography, ultrasound and mammography
etc, cancers developing in the body especially the breast are detected at early
stages. Ionizing radiations are further used to treat cancers in the early and late
stages, thus in radiotherapy [4].

Radiations although serving as useful agents in medical imaging can be very
harmful when exposed unnecessarily or overexposed to the human body tissues
[5]. They have the potential of causing genetic mutations to fetuses, cataracts and
cancer even though they are useful agents in radiotherapy [6]. The goal therefore
in every radiation-based examination is to achieve accurate diagnosis, plan and
prescribe the accurate treatment methods with minimal radiation dose to the pa-
tient under examination [7].

Medicine and its practice have been affected positively by the advent of artifi-
cial intelligence (AI). Artificial Intelligence is a field of computer science that
gives machines the power to function and carry out human-like cognitive func-
tions. These include; problem identification and solving, decision making amongst
others [8] [9]. Basically, Artificial Intelligence (AI) involves the development of
computer systems and algorithms to undertake tasks that require human intelli-
gence [9] [10]. The AI applications have the ability to affect major areas posi-
tively when it comes to radiology. These include workflow management, image
acquisition, reconstruction and interpretation, dose optimization and image
quality, diagnosis and report writing amongst others [11]. Al in medical imaging
has many advantages. It is often used to improve the efficiency of medical scans
and minimize radiation exposure. It can also help minimize unwanted scans the-
reby saving patients from incurring unnecessary cost. The use of Al algorithms
for scanning can help improve the efficiency of medical examinations and pro-
vide faster access to imaging for a wider variety of patients. It can also benefit

both patients and the radiographers by reducing errors and improving the diag-
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nostic process. Al could also help minimize radiation risks by estimating the
risks relative to the patient’s age and cumulative dose [12]. Auto-reporting of is-
sues related to equipment maintenance can also be automated through the use of
Al-based monitoring of scanners. This method allows healthcare facilities to pre-
pare for potential issues and avoid last-minute examinations, save money and
provide preventive maintenance services [13]. Furthermore the use of Al in
medical imaging has created avenues for radiographers, radiologists and other
imaging scientists to seek further training in order to keep abreast with the latest
technological advancement. Computer-aided detection and diagnosis are two of
the earliest examples of Al in medical imaging. Al-based systems are typically
programmed to identify and classify signs of disease, such as cancer. It can detect
the presence of disease in a specific part of the body, such as the breast tissue
during a mammogram. CAD systems help radiologists interpret the severity of a
mass or area of concern [12] [14] [15].

Artificial Intelligence (AI) has sub divisions. The Machine Learning (ML) and
Deep Learning (DL). Machine Learning (ML) involves the training of algorithms
to undertake specific tasks through the learning of patterns and inferences from
datasets [16] [17]. In machine learning, programs of a specific set of logic or
mathematical codes are used to turn the input data into output answers. Thus,
for every desired answer, a developer has specific codes to input and follow to
arrive at it. Deep Learning (DL) on the other hand makes use of neural networks
with many layers of mathematical equations to carry out a specific task [7] [18].
Unlike the Machine Learning (ML) which utilizes hand-crafted features which
are extracted manually as inputs, deep learning employs multiple stacks of neur-
al layers to function as the human brain [19]. These deep learning-based tech-
nologies have the capacity to handle large and enormous datasets, carry out spe-
cific yet complex tasks which are beyond human abilities [20] [21] [22].

This review article therefore aims to discuss the principles, some of the chal-
lenges in radiation protection and the possible role of artificial intelligence (AI)

in radiation protection in computed tomography and fluoroscopy.

2. Radiation Protection: The Principles and Challenges

The exposure of the human body tissues to radiations causes damage. Though
radiations serve as useful agents in accurate diagnosis and treatment of various
diseases by giving internal pictures and videos of the human body, caution must
be taken whenever they are being used. Hence, the need for protection from
these radiations [6].

Radiation protection is the art and techniques employed to ensure the safe use
of ionizing radiations whiles achieving accuracy and precision. It involves the
methods put in place by radiographers, oncologists, and other radiological staffs
to prevent the harmful effects of ionizing radiations to patients, workers and the
general public [23].

These harmful effects of ionizing radiations are categorized into two depend-
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ing on the time of exposure, the strength of radiation and the region of body part
exposed. Some detrimental effects may occur immediately after exposure, thus
deterministic effects whiles others may not show any form of harm until several

years later, thus stochastic effects [24].

2.1. Principles of Radiation Protection

For radiation protection to be achieved in every radiological examination, all
these principles must be met. These principles are optimization, justification,

and dose limitations [5].

2.1.1. Optimization
The principle of optimization in radiation protection means that the depth of
protection should be the best, increasing the margin between benefit and harm
and taking into account all economic and societal factors [25]. In optimization,
the ALARA principle is employed. Thus, medical radiation exposure should al-
ways be kept as low as reasonably achievable. Shielding, Time, and Distance are
also considered in optimization [26].

1) Shielding

Shielding refers to protecting the personnel and patient’s vital organs suscept-
ible to ionizing radiation and also other parts of the body that are not under
examination. Some equipment used in shielding are lead aprons, lead gloves,
thyroid shields, gonad shields, lead goggles amongst others [27].

2) Time

The longer the time, the higher the radiation dose to the patient. The opti-
mum technique involving the use of high Kilo-voltage (KV) and low milli-ampere
seconds (mAs) mode, beam collimation, anti-scatter grids, high-speed films, and
processing are very important [28].

3) Distance

Radiation exposure is inversely proportional to the square of the distance.
This means when the distance is doubled, the exposure is reduced by a factor of
four [5]. According to The International Commission for radiation protection
(ICRP) and the National Council for Radiation Protection (NCRP), a recom-
mended distance of 2 m from the radiation source is safe. This will help reduce
the dose of ionizing radiation the personnel will receive thereby protecting him
from the harmful effects associated with it [25] [28].

2.1.2. Justification

Justification is the weighing and evaluation of decisions that, the radiation ex-
posure will do better than harm. The risk-to-benefit analysis is done to ensure
that the benefits of the radiation exposure outweighs the harm involved [29].
This means that when giving radiation exposure to a patient or aiming to mi-
nimize an existing exposure or a potential exposure, sufficient benefits to offset
the harm it causes should be accomplished [30]. For instance; an X-ray of the

broken bone of a young girl will help diagnose and treat the site of fracture than
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refusing to expose the girl which would be more detrimental to her health [31].

2.1.3. Dose Limitations
Dose limits principles are in place to ensure that individuals in the radiology
department are not exposed to any unnecessary amount of radiation. They give
standard doses for various examinations and exposures. This is to ensure that
the threshold of certain tissues and organs is not exceeded to prevent the harm-
ful effects of ionizing radiations [29].

The dose limitation principle states that the total dose to an individual from
regulated sources in planned exposure situations other than medical exposure of
patients should not be more than the acceptable limits approved by the Com-

mission [25].

2.2. Challenges in Radiation Protection

Some of the challenges identified in the protection of patients, workers and gen-

eral public and ensuring the safe use of ionizing radiations are discussed below.

2.2.1. 0ld and Outdated Diagnostic Imaging Equipment

The world and everything in it including the practice of medicine has changed
and still changing. Due to this, there must be constant upgrade in order to match
and meet the requirements of this changing world. The use of old and obsolete
diagnostic imaging equipment leads to frequent breakdowns, malfunctions and
consequently leakages of radiation to patients, workers, and the general public
(32].

The age of conventional film and screen imaging has passed and therefore it is
essential that hospitals and diagnostic facilities have all old machine replaced
with the modern digital X-ray machines. These digital X-ray machines have the
ability to reduce repeats and patient doses because of their increased latitudes
and dynamic ranges. They are built with highly sensitive image receptors which
respond speedily even to low levels of radiation as compared to the conventional
screen and film machines [33]. Due to this lower quantity of radiation are re-

quired to produce an image.

2.2.2. Lack of Quality Control (QC) Programs
on the Diagnostic Equipment

Proper servicing and maintenance of the diagnostic equipment is very key to
ensure the safe, effective and prolonged use of the machine. Routine checks, ser-
vicing and maintenance of the machine helps the machine function effectively. It
also makes it user-friendly as issues such as possible radiation leakage could be
identified and the necessary corrective measures put in place before it causes
harm to patients, workers and the general public [32]. According to Bwanga et
al. the maintenance and servicing of their diagnostic equipment were not rou-
tinely done which was the major cause of the consistent and frequent machine
breakdowns. This challenge could also be as a result of the inadequate medical

physicists and biomedical engineers in our hospital [32].
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2.2.3. Inadequate and Worn out Personal Radiation Protective
Equipment (PRPE)

The PRPE consist of all the apparel and accessories used by radiographers, radi-
ation therapists, and patients to prevent the harmful effects of ionizing radia-
tions. However, these protective clothing are not always available in large quan-
tities and even those available are old and worn out. Examinations like fluoros-
copy and theatre radiography which require the radiographer staying in the rad-
iation field becomes a great challenge due to inadequate protective equipment.
This protective equipment is made up of lead aprons, thyroid shields, lead gloves,

lead-lined goggles, gonad shields, lead caps amongst others [28].

2.2.4. Inadequate Radiation Protection Awareness and Knowledge
amongst Practitioners

Continuous education and training are key aspects in any profession. In this
changing world, new discoveries come up day in and day out therefore it is im-
portant radiographers and radiation therapists constantly upgrade their know-
ledge as far as the profession, imaging is concerned. In a study by Maina et al.
[34] to investigate radiation protection and safety measures, a large percentage
of the practitioners had unsatisfactory results when their knowledge about radia-
tion protection measures and awareness was assessed.

The above listed challenges and many others give a justification that the imple-
mentation of Artificial Intelligence (AI) in radiology and even in oncology will

have a positive impact especially with matters concerning radiation protection.

3. Artificial Intelligence: The Possible Role in Radiation
Protection

The advent of Artificial Intelligence (AI) is radically changing the practice of
medicine as far as radiology is concerned. Though there has not been a total im-
plementation of Artificial Intelligence (AI) but the few implemented sections in
radiology have and are still impacting this branch of medicine positively.

The goal of every examination involving radiations is to achieve accuracy and
precision in diagnosis and prescription of treatment plans with less radiation
doses to the patients. Thus, optimization of the doses the patients receive.

In medical imaging, Computed Tomography (CT) and Fluoroscopy are the
two major areas where high radiation doses are produced and as such measures
must be put in place to ensure safety and one of such measures is the implemen-
tation of Artificial Intelligence (AI) methods [35].

In CT examinations, Artificial Intelligence (AI) techniques can be applied in

these stages to reduce radiation doses and its effects.

3.1. In Patient Positioning

The Computed tomography system is designed in such a way that the detector of
the X-ray tube which are pairs rotate around a fixed center. This is the isocenter

where all patients must be centered. Once a patient is not centered on the iso-
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center, radiation doses are exposed to other parts of the body. The positioning of
patients is done manually by the radiographers and there is the high probability
of a mismatch with the isocenter [36]. In a study conducted Booij et al, a manu-
facturer incorporated a three-dimensional infrared camera and with the use of
AT algorithms, specific landmarks on the patient’s body to be scanned were de-
tected and all the anatomical areas were captured so as not to miss any pathology
in the region of interest. There is also an automatic movement of the couch ver-
tically by the system so that most of the anatomical regions of interest are lo-
cated at the isocenter. This helps prevent the wrong centering of patients thereby

reducing radiation doses patients receive [37].

3.2.In Scan Positioning

Once the patient is centered at the isocenter and a scout image (topogram) is
taken, the radiographer manually positions the scan line from a starting point to
the ending point. Mostly for the fear of cutting an anatomical region of interest
out and missing a possible pathology, the scan fields are normally opened beyond
range thereby increasing radiation exposure to the patient. Making references to
the clinical indications, Al algorithms have been trained to choose automatically
the scan range covering all the anatomic regions of interest and preventing
overexposure. This has been evidenced to make the scanning process safer, faster
and easier [7]. This is demonstrated in Figure 1 below where the AI algorithm
can select the scan range to cover the lung anatomy (grey box) on both Ante-
rior-Posterior (left) and lateral projections (right) of the chest or the algorithm
can select the scan range to cover the cardiac region (dark box) based on clinical

indications and history of patient.

3.3.In Image Reconstruction

Image reconstruction involves the selection of parameters by the radiographers
manually to refine the images acquired. A greater challenge occurs in low dose set-

ting where the patient is thick and has a large body habitus. Images are deteriorated

Figure 1. Shows a scout image (topogram) ready for planning with the use of Al to cover
the scan range [7].
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with a low quality as noise ratio is high [18]. With the help of Al, deep learning
(DL) based-algorithms can produce high diagnostic quality images with high
reconstruction speed and a reduced radiation dose. An AI based algorithm can
therefore remove the all the noise produced on the image in a process known as
denoising. A convolutional Neural Network (CNN) based deep learning algo-
rithm help to remove the noise, improving image quality and reducing radiation
dose [38]. This is demonstrated in Figure 2 below.

In Figure 3, there is a reduced noise and increased sharpness in B as com-
pared to A. This is possible because of the use of the AI deep learning-based re-
construction to subtract the noise in the images during reconstruction to pro-
duce sharp images.

Fluoroscopy is an integral part of radiology and medicine in general. It is

Simulated
25% Dose

Denoised
25% Dose

Figure 2. Shows the noise subtraction from the two images (up and down) with a convo-
lutional neural network (CNN) based deep learning algorithm to minimize the noise on
the images during reconstruction [7].

Figure 3. Is a CT axial plane image of the portal venous phase depicting the use of Al to
reduce noise and image sharpness [18].
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mostly used in advanced surgical examinations such as trauma and orthopedics,
cardio, gastrointestinal endoscopy procedures among others. Fluoroscopy facili-
tates the easy diagnosis and prescription of pathologies as it gives a real time
imaging (video) of the internal organs of the body [39].

During fluoroscopy, there is the continuous screening and as such radiation
doses are high. This then calls for the high demand for safety measures to oper-
ate under during such examinations with the fluoroscopy [40].

A study conducted by Bang et al, on using Al to reduce radiation doses in
fluoroscopy, it was discovered that Fluoroshield, a type of fluoroscopy system
has AI technology embedded in it for the purposes of radiation protection. Un-
like the conventional technology, this Fluoroshield uses ultrafast collimation to
reduce radiation exposure during examinations [40]. During fluoroscopic ex-
aminations, usually a small anatomical region is of interest to the endoscopists
or surgeons. The larger field of view around however is needed for orientation
and reference purposes [26] [41]. Usually large doses of radiations are received
by the organs in the surrounding area aside the region of interest. With the help
of the AI technology, exposures are minimized in the Fluoroshield using sec-
ondary collimators to adjust the amount of radiation dose that is received by
the organs in the larger area aside the small region of interest. These secondary
collimators are embedded with auto region of interest (ROI) processors along-
side the AI technology which also regulates the radiation dose from the primary
collimator. They help images of the region of interest overly the surrounding
area image to give a better view and also enable references to be made easily un-
like the conventional E-view system [26] [41]. In Figure 4, (A) is a normal
conventional E-view of the body part with both the region of interest and sur-
rounding area exposed. (B) is an Al enabled fluoroscopic image with only the
site of intervention in profile to reduce radiation doses. (C) is an optimal Al
enabled fluoroscopic image with collimations to the region of interest (grey

square box) overlying on the surrounding areas for references and orientation

purposes.

Figure 4. Shows a comparative analysis of three fluoroscopic images [40].

4. Conclusion

The full implementation and the application of Artificial Intelligence (AI) in
medical imaging will improve the quality of care, quality and standards of practice
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and ensure safety as far as radiations are concerned. Al has the potential of giv-

ing lasting solutions to some of the challenges concerning radiation protection

thereby ensuring effective, improved and a better working environment in the

various radiology departments in hospitals and facilities.
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