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The integration of Artificial Intelligence (Al) and Machine Learning (ML) in
ophthalmology has significantly advanced diagnostic precision and patient
care. Leveraging diverse datasets such as Electronic Health Records
(EHRs), Optical Coherence Tomography (OCT) images, and genomic data,
Al-driven approaches have proven effective in diagnosing eye conditions
and systemic diseases with ocular manifestations. This study reviews various
applications of Al in ophthalmology, including fungal keratitis, diabetic
retinopathy, glaucoma, and rare genetic disorders. Techniques such as
Lasso regression, deep transfer learning, and Random Forest analysis have
been employed to enhance diagnostic models and improve prediction
accuracy. For example, deep transfer learning models like VGG19 and
DenseNet have demonstrated superior performance in identifying diabetic
retinopathy from OCT scans. Additionally, Al’s application in genomic
studies has shown promising results in detecting genetic markers for rare
diseases. The contributions of these studies extend beyond clinical
applications, emphasizing Al’s role in personalized medicine, early disease
detection, and improved treatment planning. By validating models across
multiple centers, the scalability and consistency of Al solutions in real-world
clinical environments are reinforced. This review underscores the
transformative potential of Al and ML in shaping the future of
ophthalmology, fostering more accurate diagnoses and personalized
treatment strategies.
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Abstrak

Integrasi Kecerdasan Buatan (Al) dan Pembelajaran Mesin (ML) dalam
oftalmologi telah meningkatkan presisi diagnostik dan perawatan pasien
secara signifikan. Dengan memanfaatkan berbagai kumpulan data seperti
Catatan Kesehatan Elektronik (EHR), gambar Tomografi Koherensi Optik
(OCT), dan data genomik, pendekatan berbasis Al telah terbukti efektif
dalam mendiagnosis kondisi mata dan penyakit sistemik dengan manifestasi
okular. Studi ini mengulas berbagai aplikasi Al dalam oftalmologi, termasuk
keratitis jamur, retinopati diabetik, glaukoma, dan kelainan genetik langka.
Teknik seperti regresi Lasso, pembelajaran transfer mendalam, dan analisis
Hutan Acak telah digunakan untuk meningkatkan model diagnostik dan
meningkatkan akurasi prediksi. Misalnya, model pembelajaran transfer
mendalam seperti VGG19 dan DenseNet telah menunjukkan kinerja yang
unggul dalam mengidentifikasi retinopati diabetik dari pemindaian OCT.
Selain itu, aplikasi Al dalam studi genomik telah menunjukkan hasil yang
menjanjikan dalam mendeteksi penanda genetik untuk penyakit langka.
Kontribusi dari studi ini melampaui aplikasi klinis, menekankan peran Al
dalam pengobatan yang dipersonalisasi, deteksi penyakit dini, dan
perencanaan pengobatan yang lebih baik.
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1. INTRODUCTION

The integration of artificial intelligence (Al) and machine learning (ML) in ophthalmology marks a
significant leap in leveraging technology for medical diagnostics and patient care. Over the years, numerous
studies have demonstrated the potential of these technologies to enhance the diagnosis and management of
eye conditions and systemic diseases with ocular manifestations. By processing data from diverse sources,
such as electronic health records (EHRs), optical coherence tomography (OCT) scans, and even genomic
datasets, Al-driven approaches offer unprecedented opportunities to refine diagnostic precision, optimize
treatment outcomes, and streamline healthcare processes. This growing body of work reflects a shift towards
data-driven, personalized medicine, addressing both the clinical and operational challenges in modern
healthcare. The methods employed across various studies illustrate the versatility of Al techniques in
handling complex datasets. For instance, Lasso regression and binary logistic models have been utilized to
refine variables and enhance predictive accuracy for fungal keratitis diagnoses, while deep transfer learning
with VGG19 and DenseNet has shown superior performance in identifying diabetic retinopathy from OCT
images. Other innovative approaches include residual neural networks for glaucoma diagnosis and Random
Forest analysis for uncovering genetic markers in rare diseases. Each method demonstrates a tailored
application of machine learning to address specific medical challenges, reinforcing the adaptability and
robustness of Al in diverse healthcare settings.

The contributions of these studies extend beyond immediate clinical applications. They highlight
AT’s role in advancing personalized medicine by providing data-driven insights for early disease detection,
more accurate diagnoses, and improved treatment planning. Additionally, the findings underscore the
scalability of Al solutions, as validated across multiple centers and datasets, ensuring broad applicability and
consistency. By integrating cutting-edge methodologies with real-world datasets, these studies exemplify the
transformative potential of Al in shaping the future of healthcare.

2. LITERATURE REVIEW

Advancements in artificial intelligence and machine learning have revolutionized the field of
ophthalmology, offering innovative solutions to diagnose and manage various eye conditions and systemic
diseases with ophthalmic manifestations. From using deep learning to predict retinal nerve fiber layer
thickness for glaucoma diagnosis to leveraging optical coherence tomography (OCT) data for early detection
of multiple sclerosis, these studies demonstrate the potential of machine learning models to achieve
remarkable accuracy, efficiency, and scalability in clinical applications. Incorporating diverse datasets,
ranging from electronic health records to whole-genome sequencing and OCT imaging, these approaches
underscore the value of Al in providing personalized, data-driven insights that can significantly enhance
diagnostic precision, treatment outcomes, and operational efficiency in healthcare settings (See Table 1).

Table 1 — Relevent Publication

machine learning
model for early
detection of fungal
keratitis [1]

records (EHRs) from
2011 to 2021 of
patients with
suspected infectious
keratitis at Beijing
Tongren Hospital,
comprising 12
clinical signs
assessed through slit-
lamp images, and
was externally
validated using a
cohort of 420
patients from seven
ophthalmic centers

analyzing electronic
health records using
Lasso regression to refine
clinical variables and
training three machine
learning algorithms—
binary logistic regression,
random forest, and
decision tree—validated
internally and externally
with data from multiple
ophthalmic centers.

Study Dataset Method Result

Development and The dataset for this The study developed The study's results showed
multi-center study consisted of diagnostic models for that the diagnostic models,
validation of electronic health fungal keratitis by particularly the binary

logistic regression model,
achieved high accuracy,
sensitivity, and specificity
in identifying fungal
keratitis, with strong
performance validated
across diverse real-world
clinical settings.
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across China.

Testing the power of
Google DeepMind:
Gemini versus
ChatGPT 4 facing a
European
ophthalmology
examination [2]

The dataset used in
this study consisted
of 52 multiple-choice
questions from the
European Board of
Ophthalmologists
(EBO) exam, each
with five statements
requiring “True,”
“False,” or “Don’t
Know” responses,
totaling 260 answers
per exam simulation,
repeated three times
with randomly
generated questions.

The researchers tested
Google Gemini and
ChatGPT-4 by simulating
the European Board of
Ophthalmologists (EBO)
multiple-choice exam
three times, where each
question with five
statements was input into
the chatbots after
explaining the scoring
rules, and their
performances were
analyzed based on
correct, incorrect, and
"Don't Know" responses.

The study found that both
Google Gemini and
ChatGPT-4 successfully
passed all three simulations
of the European Board of
Ophthalmologists exam,
with Gemini achieving
slightly higher accuracy
and fewer errors compared
to ChatGPT-4.

Optical coherence
tomography image
recognition of
diabetic retinopathy
based on deep
transfer learning [3]

The dataset used in
this study consisted
of OCT images from
103 diabetic
retinopathy (DR)
patients collected
between January
2023 and January
2024, randomly
divided into training
and validation sets at
a 7:3 ratio for model
development and
evaluation.

This study employed
deep transfer learning by
constructing and training
VGG19 and DenseNet
convolutional models on
OCT images of DR
patients, comparing their
performance to
traditional deep learning
models in accurately
identifying diabetic
retinopathy.

The study found that deep
transfer learning
significantly improved the
performance of VGG19 and
DenseNet models in
identifying diabetic
retinopathy from OCT
images, achieving high
accuracy, precision, recall,
and AUC values compared
to conventional deep
learning approaches.

Machine learning
approaches for
advanced detection
of rare genetic
disorders in whole-
genome sequencing

[4]

This study utilized
the Swedish Genome
Reference dataset, a
comprehensive
collection of whole-
genome sequencing
data, to identify
genetic markers and
risk factors
associated with rare
genetic disorders.

This study employed
Whole-Genome
Sequencing (WGS) to
capture comprehensive
genetic data and applied
Random Forest (RF)
analysis to identify
patterns, genetic markers,
and risk factors for rare
genetic disorders,
leveraging RF's strength
in handling complex,
non-linear interactions.

The study achieved a 97%
accuracy rate by combining
Whole-Genome
Sequencing (WGS) with
Random Forest (RF)
analysis, successfully
identifying new genetic
markers and risk factors for
rare genetic disorders.

Machine Learning to
Predict Response to
Ranibizumab in
Neovascular Age-
Related Macular
Degeneration [5]

The dataset used in
this study consisted
of baseline and
imaging data from
502 eyes of patients
with subfoveal
choroidal
neovascularization
secondary to age-
related macular
degeneration,
including 432

This study used a
retrospective analysis to
compare the predictive
performance of seven
machine learning models,
incorporating baseline
OCT features and clinical
variables, to forecast the
best-corrected visual
acuity (BCVA) response
to ranibizumab treatment
in patients with

The study found that
machine learning models
incorporating baseline OCT
features and clinical
variables outperformed
OCT-only models in
predicting the best-
corrected visual acuity
(BCVA) response to
ranibizumab treatment in
patients with neovascular
age-related macular
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baseline OCT
volume scans derived
from the HARBOR
clinical trial.

neovascular age-related
macular degeneration
(nAMD).

degeneration (nAMD).

Machine Learning
for Prediction of
Wait Times in
Outpatient Clinic [6]

The dataset used in
this study consists of
variables such as
gender, day and
month of visit, time
of visit, consultation
start time, vital
examination, visit to
laboratory and
pharmacy, repeated
arrival, consultation
session, and weather
conditions, aimed at
predicting patient
wait times and
throughput time in
outpatient clinics
using machine
learning algorithms.

The study used machine
learning algorithms,
specifically Random
Forest and XGBoost,
along with the SMOTE
technique to predict
patient waiting time
before consultation and
throughput time in
outpatient clinics based
on various input
variables.

The study found that
machine learning models,
particularly XGBoost and
Random Forest, achieved
high accuracy in predicting
patient waiting time before
consultation (0.86) and
throughput time (0.93),
with XGBoost
demonstrating the best
performance and potential
for real-time application in
outpatient clinics.

Deep learning for
predicting circular
retinal nerve fiber
layer thickness from
fundus photographs
and diagnosing
glaucoma [7]

The dataset used in
this study consisted
of 1403 pairs of
fundus photographs
and OCT RNFLT
scans from 1403 eyes
of 1196 participants,
which were utilized
to train a deep
learning model to
predict retinal nerve
fiber layer thickness
and diagnose
glaucoma.

The method used in this
study involved training a
residual deep neural
network to predict retinal
nerve fiber layer
thickness from local
images in fundus
photographs, which were
then used in conjunction
with support vector
machines to diagnose
glaucoma.

The study found that the
deep learning model
predicted retinal nerve fiber
layer thickness with strong
correlation to actual values
and effectively diagnosed
glaucoma with an area
under the receiver operating
characteristic curve of
0.860.

Contribution to
Early Diagnosis of
Multiple Sclerosis
using Optical
Coherence
Tomography and
Support Vector
Machine [8]

The dataset in this
study consisted of
retinal thickness
recordings obtained
using optical
coherence
tomography (OCT)
from multiple retinal
regions and layers,
focusing on patients
with multiple
sclerosis (MS) with a
disease duration of
less than two years.

The study employed
filter-based feature
reduction using AUROC
to identify the most
discriminative retinal
region-layer pairs and
used these features as
inputs to a Support
Vector Machine (SVM)
classifier with a radial
basis function kernel to
enable early diagnosis of
multiple sclerosis (MS).

The study achieved an
accuracy of 77.03% and a
precision of 84.64% using
an SVM classifier with
features derived from
retinal thickness recordings,
effectively identifying key
neuroretinal regions
affected by multiple
sclerosis (MS) and
demonstrating the potential
of Al-assisted methods for
early diagnosis.

3.  DISCUSSION
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The studies demonstrate a diverse range of applications for machine learning and deep learning in
medical diagnostics and decision-making, each leveraging unique datasets and methodologies to address
specific challenges. The development of diagnostic models for fungal keratitis utilized a decade-long dataset
of EHRs from Beijing Tongren Hospital, refined with Lasso regression to identify critical clinical variables.
This approach integrated binary logistic regression, random forest, and decision tree models, achieving
exceptional accuracy and specificity. The external validation across multiple ophthalmic centers reinforces
the robustness and generalizability of the models, emphasizing their utility in real-world clinical
environments. In contrast, the evaluation of Google Gemini and ChatGPT-4's performance on the European
Board of Ophthalmologists (EBO) exam explored Al's capacity in educational assessment. Unlike the data-
rich clinical studies, this research relied on a structured question-answering dataset, focusing on the
interpretive and analytical skills of the Al models. Both Al systems performed admirably, with Google
Gemini slightly outperforming ChatGPT-4 in accuracy and error minimization. While this study does not
directly impact patient care, it underscores Al's potential in specialized training and certification processes.

Deep learning approaches, particularly those used for optical coherence tomography (OCT) image
recognition in diabetic retinopathy and retinal nerve fiber layer thickness prediction for glaucoma diagnosis,
highlight the power of transfer learning and neural networks [9, 10, 11, 12]. The OCT-based diabetic
retinopathy study leveraged VGG19 and DenseNet models, significantly outperforming traditional methods
in accuracy, precision, and recall. Similarly, the glaucoma study employed a residual deep neural network to
predict retinal nerve fiber layer thickness with high correlation to actual values, integrating support vector
machines for diagnostic classification [13, 14, 15]. These studies underline the transformative role of deep
learning in handling complex imaging datasets, offering enhanced diagnostic precision and efficiency. A
unique application of machine learning in genomics was illustrated by the study on rare genetic disorders
using Whole-Genome Sequencing (WGS) and Random Forest analysis. This approach achieved a remarkable
97% accuracy, identifying novel genetic markers and risk factors. By leveraging WGS's comprehensive data
capture and Random Forest's ability to model intricate genetic interactions, this study showcases the potential
of Al to address some of medicine's most intricate challenges. When compared to the more focused
diagnostic applications in ophthalmology and diabetic retinopathy, the genomic study stands out for its broad
implications in understanding and managing rare diseases. Together, these investigations reflect the vast
potential of Al and machine learning in advancing healthcare across domains, from improving diagnostic
accuracy to enhancing educational and research capabilities.

4. CONCLUSION

The integration of artificial intelligence (Al) and machine learning (ML) into ophthalmology and
related medical fields signifies a transformative leap in diagnostic and treatment capabilities. By leveraging
diverse datasets such as electronic health records, optical coherence tomography scans, and genomic data,
these technologies demonstrate remarkable precision and scalability. Studies reviewed showcase innovative
approaches—ranging from deep learning models for diabetic retinopathy and glaucoma diagnosis to machine
learning frameworks for identifying genetic markers of rare diseases—all achieving impressive accuracy and
efficiency. The versatility of Al-driven methodologies in addressing both specific medical challenges and
broader healthcare needs underscores their adaptability and potential. Furthermore, the demonstrated
scalability and validation of these models across various settings highlight their readiness for real-world
application. This convergence of Al, ML, and medicine not only enhances clinical outcomes but also heralds
a new era of personalized and data-driven healthcare.
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