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Abstract

Introduction: Artificial intelligence (Al) is a technology that can help in the analysis of therapeutic procedures, improving the speed,
efficiency and accuracy of ophthalmic imaging exams. It is often characterized by the replacement of medical presence by systems
such as "Deep Learning" and "Machine Learning", since it has the benefit of cost reduction and the shorter time to obtain imaging
results. Given this, artificial intelligence has emerged as a promising resource for ophthalmologists and patients in the screening

process.

Objective: The objective of this study was to seek foundations on ophthalmological conditions with the use of Al as well as to evalu-

ate the effectiveness of its use compared to the physical presence of medical professionals.

Methodology: A literary search was performed based on the descriptor: "{(Ophthalmology)} and {(Artificial intelligence)}" in the
PubMed and Science Direct databases. In total, 1137 articles were found, from which, after the use of filters and exclusion criteria, 25

articles were selected that related the terms Artificial Intelligence and Ophthalmology and met the objective of this review.

Results and Discussion: Artificial intelligence is being widely used in ophthalmology, proving to be efficient in several ways, such
as in the diagnosis and treatment of different pathologies; for example, glaucoma, cataracts, keratoconus and diabetic retinopathy; in

ophthalmic surgeries; in the mapping of the cornea and retina.

Conclusion: Although the use of Al in ophthalmology has several advantages, it can be stated that there are still limits regarding its
application, such as the lack of qualification of physicians for the use of this tool, the negative perspective related to the unemploy-
ment of these professionals - being replaced by the machine - and due to the labor and bioethical situation of the doctor-patient

relationship, the presence of a legal apparatus functioning as a brake on the use of Artificial Intelligence in medicine.
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Introduction of data processing, facilitating speed in getting adiagnosis and ef-

The technology, in the area of Medicine, has reached conside- fective treatment [2,5,6].

rable levels, especially in the scope of the development and the

commercialization of Artificial Intelligence (Al), as a way to assist Thus, greater importance has been attributed to the “Deep Lear-

the physician in his diagnostic and therapeutic investigation. It is
possible that tests, previously dependent on the physical presence
of the doctor, such as refractometry and screening for glaucoma,
cataracts and rhetinapathies, will be performed by learning me-
thods such as “Machine Learning” (ML), through the practice of
using algorithms to clarify data, which contributes to a high power

ning” (DL) system, which consists of an area of study of ML, capable
of identifying patterns and interpreting data, such as the frequency
of medical imaging findings, mainly, transforming them into infor-

mation based on statistics [6,7,20].

In the ophthalmological specialty, LD and ML have stood out,

especially, for bringing greater benefits to the professional, and to
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thepatient, from the screening process, to the possibilities of miti-
gation, or cure, in the pathologies of greater occurrence that, accor-
ding to BENET (2022), are Diabetic Retinopathy (DR), Age-Related
Macular Degeneration (AMD), retinopathy of prematurity, glau-
coma and refractive errors. In addition, it presents cost reduction
and shorter time to obtain results of imaging exams, such as fundus

examinations and Optical Coherence Tomography (OCT) [2,4,19].

It is also likely that the use ofAl in the area of ophthalmology
will not be limited to the diagnosis and staging of pathologies, being
possible, from its database, and its ability to create “super formu-
las”, assist physicians, and health professionals, in performing more
efficient and safe surgeries, and its use in cataract surgeries has al-
ready been studied. There is also the possibility of predicting the
evolution and recovery of a patient in the postoperative period.
Moreover, the limits of Al and itsuse in the field of ophthalmology
are not known. We believe that its capacity is ample, and the possi-

bilities are numerous [23,24].

In light of the benefits of Al in ophthalmology, and its contribu-
tion to the increased automation of different tasks, mainly related
to the use ofaids in diagnostics, and improvement in the efficiency
of treatments, this article aims to discuss the beneficial mechanis-
ms of Al in various areas of ophthalmology, as well as to discuss the

promising use of Al in these conditions [1,4].

Methodology

This was a systematic review, performed through searches on
the PubMed and ScienceDirect websites, using the descriptors “Oph-
thalmology” and “Artificial Intelligence” and applying the following
filters: “articles from the last 5 years”; “systematic review only” and
“free full text”. A total of 1,137 articles were found, of which 346

were from PubMed and 791 from ScienceDirect.

As inclusion criteria, we selected the articles that discussed the
use of LD, ML and their mutation in medicine, in relation to diagno-
sis, monitoring, screening and early detection for eye conditions,
with the aim of obtaining a better prognostic profile. Thus, 80 were

selected from PubMed and 320 from ScienceDirect.

Articles that were not applied to the ophthalmology specialty,
those that talked about Al construction, deepening in Al algori-
thms, telemedicine, subjects that were not related to the benefits of
Al in ophthalmology, that compared the efficiency of the physician
in relation to Al, and the works that addressed ethics, morals and
challenges of Al in ophthalmology were excluded (Figure 1).

Result and Discussion
According to the world literature, some limitations of Al have

been observed in the field of ophthalmology, such as the disqua-
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Figure 1: Methodology applied in the selection of

articles for systematic review.

lification of future doctors, unemployment, which may arise with
the advent of automated robots, and some methods against ethical
principles. They also pointed to some Al training challenges, whi-
ch are subject to numerous variabilities, including field of view,
image magnification, and image quality of the participants. With
these obstacles, there is limited availability of data to detect rare
diseases or even common diseases such as cataracts. It should be
understood that, in the field of Medicine, especially in the ophthal-
mological field, it is essential to implement automated screening
and diagnosis, by Al, ML and DL, due to the wide use of ophthalmic
images, and that they must be studied together (doctors, resear-
chers, scientists) in order to revolutionize and maximize the pa-

tient’s time, despite some limitations that may exist [4,5,7].

Study of the anterior segment of the eye

In diseases of the anterior segment, an algorithm based on DL
was developed, using a database, which was supplied with seve-
ral images of the cornea, such as length, density and orientation.
These photographs of the ocular surface were able to differentiate
between the main pathologies of the anterior segment, for exam-
ple, infectious keratitis, non-infectious keratitis, corneal dystro-
phies, keratoconus and surface neoplasms and, thus, increase the
efficiency of care, through the clinical data of the patient and the
examinations of Corneal Tomography (CT), of CT, In Vivo Confocal
Microscopy (MCIV) and Slit Lamp Photography (FLF) [3,4,6].

At CT, it was possible to detect and classify keratoconus, preope-
rative screening for corneal refractive surgery, and identification
of corneas in post-refractive surgery and iatrogenic ectasia. In the
CT scan, there was the possibility of detection of corneal edema,
prediction and diagnosis of graft displacement, after endothelial
keratoplasty, of the Descemet membrane, and early identification
of Fuchs’ endothelial dystrophy. In the IVCM, the severity of dia-
betic neuropathies related to diabetic retinopathy was evidenced,

Citation: Ana Clara Coelho Caetano,, et al. “Ophthalmology and the Benefits of Using Artificial Intelligence: A Literature Review". Acta Scientific

Nutritional Health 7.7 (2023): 66-71.



Ophthalmology and the Benefits of Using Artificial Intelligence: A Literature Review

enabling its diagnosis and also the identification of fungal keratitis.
In FLE it was possible to differentiate the various types of kerati-
tis, with specificity of 76.5% of bacterial etiology and specificity of
100% for ulcers of fungal etiology, with precision of 90.7% for cor-
neal dystrophies and possible neoplasias; also, to classify the levels
and types of cataracts; to detect and predict posterior capsular opa-

cification (OCP) and to diagnose pediatric cataracts [3,4,5].

In an experimental study, carried out at the Institute de Recher-
che Contre les Cancers de IAppareil Digestif, European Institute of
Telesurgery, and University Hospital of Strasbourg, in Strasbourg-
-France, it was seen that the robotic aid was of extreme importance
for the success of 25 cataract surgeries. Kitaro cataract wet-lab, Da
Vinci Xi robotic surgery and White star Signature phacoemulsifi-
cation (FACO) systems were used, which offered dexterity in fun-
damental stages of FACO, such as corneal incision, capsulorrexis,
grooves, cracks, quadrant removal and irrigation/aspiration of the
viscoelastic. All surgeries were successful, with total removal of the
lens, and with a mean operative time of 26.44 minutes + 5.15 (SD)
[1,3,9].

Regarding the treatment of cataracts, it was concluded that the
diagnosis, guided by Al, seemed to be comparable and, in selec-
ted cases, even exceed the accuracy of experienced physicians in
the classification of the disease, supporting the scheduling of the
operating room and the intra- and postoperative management of
complications. In the preoperative period, the diagnosis and classi-
fication of cataracts, through Al-based image analysis, detected the
ideal power of the intraocular lens (IOL) to achieve the desired pos-
toperative refraction, in comparison with the calculation formulas
of IOL traded is [23,24].

During surgery, innovative, Al-based video analysis tools are un-
der development, driving a paradigm shift for documentation, sto-
rage, and cataloguing of surgical video libraries, with applications
for teaching and training, complication review, and surgical resear-
ch. In addition, computer-aided devices with situational recogni-
tion can be connected to surgical microscopes for automated video
capture and cloud weapon upload. Al-based software can provide
workflow analysis, tool detection, and video segmentation for skill

assessment by the surgeon and ophthalmology resident [12,23].

Al too, has been applied in the field of cataract surgery compli-
cations to improve patient care, in terms of diagnosis, prognosis,
and planning. Injection of antibiotics into the anterior chamber is
considered an effective method to reduce the risk of postoperative
endophthalmitis. Despite the administration of antibiotics during
surgery, the development of a posterior capsular rupture is a recog-
nized risk factor for postoperative follow-up of endophthalmitis in

cataract surgery [3,24].

68
A study by Li et al. demonstrated that the performance of medi-
cal specialists in cornea and LD systems have similar results, when

it comes to screening for keratitis, by means of slit lamp images.

However, most studies use databases with high-quality images
in their tests, which does not necessarily reflect the day-to-day
reality in which these Al systems would be used. Soon, Li., et al.
did a second study, using low-quality as well as high-quality ima-
ges, comparing their results with those of medical experts and the
results of the previous study. The results showed that a system,
which uses low-quality images in its database, could achieve that
of a specialist with three years or less of clinical experience, but
proved inferior to that of a specialist with seven years of experien-
ce. However, it was realized that the use of low quality and high
quality images with Al could lead to an advancement of these sys-
tems, when analyzing low quality images, which would improve

their performance in offices [5,23,27].

Keratoconus is a condition in which there is a protrusion of the
cornea, which can cause irregular astigmatism, myopia and, over
time, can lead toa progressive thinning and wear of the cornea, as
well as leading to scarring and vision loss. Al is proving to be an
important tool that can help in the early and efficient diagnosis of
this condition. The Support vector machine (SVM)-type algorithm
is a form of DL that allows the integration of different parameters
and, according to Tahvildari and Bir Singh, is one of the mechanis-
ms that have more accuracy (95%) in the detection of keratoconus,
as well as neural networks (NN), which replicates functions of the
human brain, through complex algorithms and the random forest
(RF) method [12,25].

There are already several systems capable of detecting the
presence of keratoconus in the cornea, however, they do not have
high sensitivity or specificity, and have very high prices. For these
reasons, a group of Brazilian ophthalmologists started a project
to create an application that, through the use of Al, would capture
topographic images of the cornea, with smartphone cameras, and
could detect, through this image, the presence of keratoconus in
patients, even before it was visible by a slit lamp. The application
was able to correctly detect 201 cases out of 212 and obtained sen-
sitivity of 95% and specificity of 98.68%. This shows us that there
is the possibility of easy use, and affordable price, of tools that will
help general practitioners, as well as ophthalmologists, in the de-

tection of pathologies in the cornea with the use of Al [12,25,26].

The use of Al in Glaucoma
Glaucoma is an asymptomatic disease with insidious manifes-
tation, in which fundus examinations, retinography, TCO and Stan-

dard Automated Perimetry (PAP) are used in order to facilitate the
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distinction of healthy individuals and those with glaucoma, through
the thickness of the layer of nerve fibers of the retina, calculated the
mean deviation, the standard deviation and the characteristics of
the visual field test [5,17].

The application of Al can be in the detection of the disease, in
the analysis of its progression or in the verification of its absence.
If used to classify patients, Al could distinguish whether the patient
has glaucoma or a non-glaucomatous optic neuropathy. However,
to develop this algorithm, Al would have to be informed in a clear
and standardized way of what the practical definition of glaucoma
would be [14,15,17].

If Al-enabled glaucoma detection methods using fundus ima-
ging could be deployed into screening mechanisms, this could help
reduce human error (e.g., observer bias and fatigue), and be used
for large-scale screening at a low cost. This could provide much-
-needed eye care services to remote rural areas, particularly in
countries where there is a shortage of qualified ophthalmologists.
Even in resource-rich care settings such as developed countries,
refinement of Al-powered referral has the potential to meet the
overwhelming demand for outpatient visits by reducing false po-
sitive referral rates. However, what is still unclear is the complete
state of Al-enabled glaucoma detection, i.e., structures that utilize
fundus eye cameras while providing the contours of the excavation
and optic disc [14,16,17].

In general, the Al calculates the probability of glaucoma for a
newfundus image, not seen as a number between 0 and 100% (e.g.,
90%). This probability is interpreted as follows: given the training
set that the Al used, and the mathematical/statistical method on
which the Al was built, the Al believes that the chance of glaucoma
is 90%, that is, among the 10 images that look like the new image,
nine have glaucoma and 1 does not. If the probability provided by
the Al is 50%, then the Al is not sure whether the new image is glau-
comatous or not; however, sand the probability is 99%, this does

not mean that the Al is sure that it is glaucoma [14-16].

Evaluation of the posterior segment of the eye

In diseases of the posterior segment, some Al models have been
implemented over the years to improve the screening and treat-
ment process of the most prevalent ophthalmic diseases, such as
DR, through fundus examination and fluorescein angiography and,
as treatment and prevention, the use of laser photocoagulation,
anti-vascular endothelial growth factor drugs, of intravitreal injec-
tions of steroids and vitrectomy. AMD can be diagnosed by means of
imaging tests, such as CT and fluorescein angiography, which show
characteristic findings, such as macular pigmentary changes, dru-

sen and retinal epithelium atrophy. Retinopathy of prematurity, in

69
which fundus images, with the aid of ML, was able to visualize the
presence and assess the severity of this disease, but still presents

poor screening.

As pointed out by Trinh, Ghassibi and Lieberman, according to a
study conducted in 2016 by the Health Resources and Service Ad-
ministration, it was estimated that by2025, there would be a shor-
tage of ophthalmologists in several US states, which encouraged
the search for new ways to evaluate and stage patients, for exam-

ple, the use of Al for the diagnosis of retinal pathologies [18,21].

A very important tool for the evaluation of the retina is the use
of fundus photographs. There is a wide variety of ways to get the-
se photographs, and you can even capture them with the aid of a
smartphone. The existence of these different modalities of fundus
image capture, classification and staging increases the possibilities
of using Al. And these modalities are used to collect data for LD and
ML, as well as to evaluate patients’ fundus images using Al-develo-
ped gorhythms [20,22].

Currently, more than 400 million people have diabetes mellitus
(DM), and about half of them are not aware of their condition, whi-
chincreases the likelihood of developing complications such as DR,
responsible for more than 4 million cases of blindness. 75%of peo-
ple with DM and 79% of DR cases are in underdeveloped regions.
The number of people with DM is increasing more and more. It is
estimated that by 2045, about 600 million people will be diabetic
and 40% to 45% will develop DR, a leading cause of vision loss in
adults [18,19,22].

Trinh, Ghassibi and Lieberman analyzed two studies that col-
lected imaging data from the Eye PACS Database and data from
the Singapore National Diabetic Retinopathy Screen Program (SI-
DRP), which were then fed into DL databases for Al programming
in order to compare specificity and sensitivity in scans done by Al
algorithms and ophthalmologists. The results of these algorithms
for the detection of DR were very promising, since the algorithms
reached high sensitivity and specificity rates, being comparable to
those of retinal specialists. Another advantage of the use of Al was
the ability to be exploited by general clinicians, thus decreasing
the workload of physicians and decreasing the number of patients

with vision loss as a consequence of DM [18,19,21].

Gargeya and Leng, however, pointed out the flaws present
in many algorithms already used, when it came to the detection
and staging of DR, such as the use of small and isolated databa-
ses, coming from clinical environments, which is not consistent
with a daily use, or on a large scale, in which patients differ more,

decreasing its accuracy. They created an automated algorithm for
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RD detection, using DL and a database of 75,137 RD images from
Eye PACS, with the goal of correcting perceived flaws in other tests.
They were able to develop a system capable of evaluating people
in large scales, and could efficiently classify thousands of fundus
images in those not affected by DR and those with DR, regardless
of the degree of severity. This system did not need advanced equi-
pment or computers to function, and its imagens did not need a
clinical report. Tools like this would have the potential to expand,
facilitate and ensure the screening of thousands of people, which
would help, especially in developing countries and regions where
there is no adequate equipment, or sufficiently trained professio-
nals [19,19,22].

Conclusion

In light of the considerations, the use of Al in ophthalmology,
despite already having applicability in several situations, remains
with limitations. These limitations, in short, are present in the lack
of qualification of current physicians, that is, it is not yet common
that, during academic training, the future professional has contact
with Al and its applicability in medicine. In addition, there is a nega-
tive perspective, with respect to the desemprego, that is, robots and
computers taking the place of the human being at work. However,
due to this situation and also to the bioethics present in the doctor-
-patient relationship, the entire legal apparatus is also configured

as a brake on the application of Al in the medical day to day [4,5,7].

In diseases of the anterior segment of the eye, the use of Al in-
creases the efficiency of patient care, through examinations such
as CT, increasing the accuracy in the detection of keratoconus (but
which does not yet have high sensitivity or specific age and has a
very high price). In the preoperative screening of corneal refractive
surgery, the CT, acting in the detection of corneal edema, the IVMC,
in which the severity of diabetic neuropathies is evidenced, and
the FLE in which it is possible to differentiate the different types
of keratitis. In addition, in the treatment of cataracts, Al exceeded
the human gaze, with respect to the screening of the disease, while

assisting in the postoperative treatment [6,9,23,24].

In turn, in diseases of the posterior segment of theolho, it would
act in several different applicability, for each condition. In glauco-
ma, the application of Al could be in detecting the presence, or ab-
sence, of the condition, or in analyzing the progression of glaucoma
in the patient. In the DR, in turn, it would act in the screening pro-
cess, for example, in fluorescein angiography exams, which would
also help in the retinopathy of prematurity and, as treatment and
prevention, in the use of laser photocoagulation, among other tools
[5,14,17,19,21].
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