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Abstract: In the dynamic field of ophthalmology, artificial intelligence (Al) is emerging as a transformative tool in managing
complex conditions like uveitis. Characterized by diverse inflammatory responses, uveitis presents significant diagnostic and
therapeutic challenges. This systematic review explores the role of Al in advancing diagnostic precision, optimizing therapeutic
approaches, and improving patient outcomes in uveitis care. A comprehensive search of PubMed, Scopus, Google Scholar, Web of
Science, and Embase identified over 10,000 articles using primary and secondary keywords related to Al and uveitis. Rigorous
screening based on predefined criteria reduced the pool to 52 high-quality studies, categorized into six themes: diagnostic support
algorithms, screening algorithms, standardization of Uveitis Nomenclature (SUN), Al applications in management, systemic implica-
tions of Al, and limitations with future directions. Al technologies, including machine learning (ML) and deep learning (DL),
demonstrated proficiency in anterior chamber inflammation detection, vitreous haze grading, and screening for conditions like ocular
toxoplasmosis. Despite these advancements, challenges such as dataset quality, algorithmic transparency, and ethical concerns persist.
Future research should focus on developing robust, multimodal Al systems and fostering collaboration among academia and industry
to ensure equitable, ethical, and effective Al applications. The integration of Al heralds a new era in uveitis management, emphasizing
precision medicine and enhanced care delivery.

Keywords: artificial intelligence, uveitis management, machine learning, deep learning, optical coherence tomography, AIl, ML, DL,
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Introduction

Artificial intelligence (AI) has become a cornerstone in modern medical practice, offering unprecedented opportunities
for enhancing diagnostic accuracy and treatment efficacy across various disciplines.! In ophthalmology, AI’s integration
is particularly promising due to the field’s reliance on imaging and precise diagnostic criteria.” Uveitis, an umbrella term
for a group of inflammatory diseases affecting the uvea, presents significant diagnostic and therapeutic challenges due to
its heterogeneity and complex etiologies.> The application of Al in uveitis management represents a frontier for
improving patient outcomes through advanced computational techniques. Historically, the diagnosis and management
of uveitis have relied heavily on clinical expertise and a combination of imaging modalities, laboratory tests, and
sometimes invasive procedures.* The introduction of Al into this domain aims to streamline these processes, reduce
diagnostic errors, and provide personalized treatment plans. Al technologies, including machine learning (ML) and deep
learning (DL), have shown remarkable capabilities in image analysis, pattern recognition, and predictive modeling,
which are critical in managing a multifaceted condition like uveitis.” A major challenge in uveitis lies in the lack of
standardized nomenclature and diagnostic criteria, as the condition encompasses a wide spectrum of inflammatory
manifestations. Al algorithms have shown promise in addressing this gap by enabling automated categorization and
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diagnostic support through the Standardization of Uveitis Nomenclature (SUN) Working Group initiatives. These efforts
leverage machine learning to standardize diagnostic protocols, ensuring consistency across clinical settings. Additionally,
Al tools facilitate the identification of subtle inflammatory patterns that are often missed during conventional assess-
ments, thereby improving diagnostic precision and aiding early intervention.® The development of Al in healthcare can
be traced back to the mid-20th century, with computational models initially focused on simulating human thought
processes. The subsequent evolution of neural networks and the advent of DL algorithms in the 1990s significantly
advanced AI’s potential applications in medicine.! In ophthalmology, Al has predominantly been explored for retinal
diseases such as diabetic retinopathy and age-related macular degeneration. However, its application in uveitis is gaining
traction, driven by the need for more accurate diagnostic tools and efficient management strategies.’

Another critical gap in uveitis management is the variability in disease presentation and progression, which often
complicates clinical decision-making. Al-driven diagnostic tools, such as automated grading systems for anterior
chamber inflammation and vitreous haze, have demonstrated high accuracy in detecting subtle disease markers. These
advancements allow clinicians to stratify patients more effectively and tailor interventions to individual needs, paving the
way for precision medicine. Furthermore, Al-powered predictive models can forecast disease progression and treatment
outcomes, enabling proactive management of this complex condition.' Recent advancements in Al particularly in natural
language processing (NLP) and image processing, have opened new avenues for its application in uveitis. For instance,
the Generative Pre-trained Transformer (GPT) models, developed by OpenAl, have demonstrated substantial proficiency
in language understanding and healthcare diagnostics, achieving notable accuracy in medical licensing examinations and
ophthalmic knowledge assessments.® These models can process large volumes of clinical data, providing insights that can
enhance decision-making and patient care. In uveitis, Al applications range from automated grading of inflammatory
activity using optical coherence tomography (OCT) to developing screening algorithms for identifying ocular infections
such as toxoplasmosis.* Studies have shown that Al can achieve high accuracy in detecting anterior chamber inflamma-
tion and vitreous haze, which are critical indicators of uveitis activity. Moreover, Al-driven diagnostic support systems
can assist clinicians in differentiating between various uveitis subtypes, potentially leading to more targeted and effective
treatments.’ Despite these advancements, the implementation of Al in uveitis management faces several challenges.
These include the need for high-quality, representative datasets, transparency in Al decision-making processes, and
addressing ethical concerns related to data privacy and algorithmic biases.'® Future research should focus on improving
Al model robustness, integrating multimodal data, and ensuring that Al tools are validated across diverse populations and
clinical settings. Through enhanced data standardization and the incorporation of Al-driven precision medicine, clinicians
can address current limitations in the management of uveitis, including variability in diagnosis, inefficiency in treatment
workflows, and disparities in access to care. The potential of Al to revolutionize uveitis management is immense,
promising more precise diagnostics, personalized treatment plans, and ultimately better patient outcomes.'' However,
realizing this potential requires concerted efforts from researchers, clinicians, and industry stakeholders to address the
existing limitations and ethical considerations. By harnessing the power of Al, we can pave the way for a new era in the
diagnosis and treatment of uveitis, characterized by increased accuracy, efficiency, and equity in healthcare delivery.'? In
the dynamic landscape of uveitis, the fusion of artificial intelligence (AI) with clinical correlation heralds a new era in the
understanding and management of ocular diseases. The uniqueness of uveitis, characterized by its multifaceted inflam-
matory nature, emerges as a focal point for Al-driven advancements. This article navigates the intricate intersection
where cutting-edge Al algorithms intersect with the complexities of uveitis, illuminating the transformative potential of
machine learning, deep learning, and other Al methodologies in reshaping our approach to diagnosis and treatment in this
challenging ocular pathology."?

Literature Review

To achieve a comprehensive understanding of the application of artificial intelligence (Al) in uveitis, a systematic search
was conducted across multiple databases, including PubMed, Scopus, Google Scholar, Web of Science, and Embase. The
search incorporated a broad range of terminologies and Boolean operators to ensure inclusivity of relevant studies.
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Primary keywords included “artificial intelligence”, “machine learning”, “deep learning”, “uveitis”, “ocular inflamma-
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tion”, and their combinations using “AND” and “OR” commands. Secondary search terms such as “uveitic”, “posterior
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uveitis”, “anterior uveitis”, “intermediate uveitis”, “panuveitis”, and related phrases like “ocular Al diagnostics” and “Al-
based screening in ophthalmology” were added to enhance specificity and coverage. The search strategy was further
refined by including terms associated with disease manifestations and clinical features such as “retinal vasculitis”,
“choroiditis”, “iridocyclitis”, and “scleritis”. Articles focused on Al applications in systemic diseases with ocular
manifestations, such as “Behget’s disease”, “sarcoidosis”, and “juvenile idiopathic arthritis”, were also included.
Additionally, references to Al algorithms and tools like “neural networks”, “support vector machines”, “decision support
systems”, and “predictive modeling” were explored. The initial screening identified over 10,000 articles. After applying
language filters (non-English, Spanish, Portuguese) and excluding duplicates, non-human studies, and unrelated topics,
7,521 articles remained. A secondary screening based on titles and abstracts eliminated 6,754 irrelevant studies, leaving
767 articles for full-text review. Stringent inclusion criteria focused on studies published between 2008 and 2024,
addressing Al’s diagnostic, prognostic, and therapeutic roles in uveitis. Ultimately, 52 articles were selected for thematic
analysis.

The selected articles were categorized into six thematic areas: (1) diagnostic support algorithms, (2) screening
algorithms, (3) standardization of Uveitis Nomenclature (SUN) using Al, (4) applications of Al in uveitis management,
(5) systemic implications of Al in associated diseases, and (6) challenges, opportunities and future directions in Al-based
uveitis research. Figure 1 provides a visual depiction of the literature review process, including detailed strategies for
search refinement and article selection.

Detection Algorithms and Tools in Uveitis

Computational mathematic models which could predict results after sample-based training was first reported in 1950.'
Artificial intelligence showed more progress in the 1990s with the development of convolutional neural networks and
deep learning [DL] models."® Deep learning models can process images, written and spoken languages.'® The conver-
gence of artificial intelligence (AI) and healthcare offers opportunities to enhance clinical decision-making and medical
education. The increasing proficiency of Al in diagnosing various ocular conditions emphasizes its potential impact in the
field of ophthalmology.'”'® Ophthalmology, by virtue of its image-based diagnosis, blends in for a marriage with AL
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Figure | Depicts the literature review strategy for artificial intelligence in uveitis.
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Ophthalmological Al algorithms have been applied mainly in diabetic retinopathy screening, age-related macular
degeneration, retinopathy of prematurity, and corneal diseases,'® with diabetic retinopathy screening FDA-approved
devices such as IDx-DR and EyeArt.?’ Abellanas et al*' in their review of Al in uveitis noted that presently the
performance of Al models were poor with limited datasets and a lack of validation studies and publicly available data and
codes. Artificial intelligence could transform healthcare if it provides the treating clinical physicians accurate diagnosis,
stratification of risk of progression and management protocols to allow for cost-effective care.””?* Abellanas et al,*' in
their review, included articles into 4 categories: diagnosis support algorithms, findings detection algorithms, screening
algorithms, and Standardization of Uveitis Nomenclature (SUN) articles. The strengths include detection algorithms in
uveitis leverage advanced deep learning (DL) models to process complex medical images and language data, enabling
precise diagnosis and classification of ocular diseases. The integration of Al with ophthalmology has already shown
success in related fields, such as diabetic retinopathy and age-related macular degeneration, demonstrating its potential
for uveitis. The limitation include current Al models for uveitis are hindered by small, non-representative datasets,
limiting their generalizability and robustness across diverse populations. The lack of publicly available datasets and
validated studies impairs reproducibility and clinical trust in these algorithms.

Artificial Intelligence in Uveitis Education and Beyond: The Role of GPT Models
Natural language processing (NLP) models, such as the Generative Pre-trained Transformer (GPT) series developed by
OpenAl, in San Francisco, CA, USA, have demonstrated significant potential in advancing language comprehension and
healthcare diagnostics.>**> GPT models are trained on a textual database, learning to generate coherent and contextually
appropriate responses based on the abstract relationships between words (tokens) within the neural network.”® Previous
research indicates that GPT-3.5 achieves an accuracy rate of over 50% on the United States Medical Licensing
Examination (USMLE), approaching the 60% pass mark. Additionally, more than 90% of Al responses offer substantial
insights, showcasing deductive reasoning beneficial for human learners.”’ The capabilities of GPT models extend beyond
general medical education; for instance, when tested with practice ophthalmic board questions, ChatGPT correctly
answered 46% of them in January 2023.® Subsequently, the GPT model has undergone an update from GPT-3.5 to
GPT-4.0, indicating potential improvements in Al-enabled medical education. The new model exhibits enhanced
contextual understanding, improved topic consistency, and significantly increased accuracy, demonstrated by its success
on professional and academic assessments, transitioning from the 10th percentile to the 90th percentile on the Uniform
Bar Exam.”” Recent studies utilizing the Basic and Clinical Science Course (BCSC) Self-Assessment Program for the
Ophthalmic Knowledge Assessment Program (OKAP) examination reveal substantial advancements in recent ChatGPT
iterations, matching the accuracy rate of human respondents.*® Nevertheless, the empirical examination of Al perfor-
mance growth in GPT models, particularly in non-board style ophthalmology clinical cases, remains an area warranting
further exploration. The strength include GPT-4.0, have shown substantial improvements in accuracy, contextual under-
standing, and topic consistency, making them valuable tools in medical education and diagnostic reasoning. The
limitations, including the applicability of GPT models in non-board style ophthalmology clinical cases, remain under-
explored, necessitating further empirical evaluation and validation.®

Diagnosis Supporting Algorithms

Gonzalez-Ldpez et al’' in their retrospective review utilized a dataset of 3,674 individuals from Moorfields Eye
Hospital and focused on anterior uveitis. This study proposed a Bayesian Belief Network algorithm for the differential
diagnosis of the anterior uveitis etiology according to clinical characteristics and incidence.*! A similar AI model was
used by Jamilloux et al for a dataset of 877 patients from a single university hospital in Lyon with a uveitis
diagnosis.>® Mutawa and Alzuwawi, et al>> applied a dataset of 61 online published cases from a centre in Kuwait
and proposed a Multilayer Rule-based Expert System (long-term memory, short-term memory, inference engine, and
extra module for explanations) that assisted in the diagnosis of systemic and non-systemic diseases based on patient
history and examination. Tugal-Tutkun et al** utilized a dataset of 867 patients from multiple centres in Turkey, Israel,
the United Kingdom, Tunisia, and India and focused on Bechet disease uveitis diagnosis based only on ocular findings
characteristics. Classification and Regression Tree Analysis (CART) was used and it was based on the recursive-
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partitioning analysis method, to prospective data collected, with the high-scoring tree re-evaluated for clinical
relevance. The strength is that diagnosis-supporting algorithms like Bayesian Belief Networks and Multilayer Rule-
based Expert Systems have demonstrated the ability to enhance differential diagnosis accuracy in complex uveitis
cases by incorporating diverse datasets and clinical characteristics. The limitation is that these algorithms rely heavily
on limited datasets and specific populations, potentially restricting their generalizability and applicability across
diverse clinical settings.*”

Finding Detection Algorithms

Li et al used Al for identifying anterior chamber inflammation with time-domain anterior segment Carl Zeiss OCT
scans.’” Sharma et al*® and Baghdasaryan et al*” used Image IQ (Cleveland, OH, USA) combined with ImagePro Plus
(Media Cybernetics, Rockville, MD, USA) platform in B-scans and 3D reconstructions in spectral-domain (SD) OCT
and Image J Particle Analysis algorithm (http://imagej.net/Particle Analysis) in single b-scans of swept-source (SS)

OCT respectively, to compare manual and automated cell counts with the clinical grading with anterior segment OCT.
Passaglia et al*® compared computer scores against humans in vitreous haze grading, in retinal color fundus photos.
The reported metric was 0.61 kappa agreement between National Institute of Health and Miami specialist vitreous
haze grade and automated grading. The grading model was performed using MATLAB platform with no publicly
available software and data.’® The strength of Al-based detection algorithms have shown significant potential in
automating anterior chamber inflammation and vitreous haze grading, offering consistency and reducing human error
compared to manual grading. The limitation is that these algorithms often rely on proprietary platforms and lack
publicly available software and datasets, limiting their validation, reproducibility, and widespread adoption in clinical
practice.*®

Screening Algorithms

Parra et al®’ utilized a dataset of 160 color fundus retinal images for training and evaluating a screening model from
a Paraguayan hospital. The pre-processing process consisted of resizing the image, and the DL model applied was the
ResNet18, which was pre-trained on the ImageNet dataset. A softmax layer replaced the final layer to classify images as
healthy or with evidence of ocular toxoplasmosis.’® Parra et al** used a trust-based methodology to evaluate deep
learning models for automatic diagnosis of ocular toxoplasmosis from fundus images. This study delved the performance
of DL models and decision rules, which could be interpretable to elicit trust from the medical community. They evaluated
three different architectures:

¢ A Convoluted Neural Network (CNN) model with a few convolutional layers initialized with random weights.
e A VGGI16 model pretrained on the Imagenet dataset.*’
e A Resnetl8 model pretrained on the Imagenet dataset.**

The obtained results suggested that predictions made by the most accurate deep learning might be harder to trust by
experienced physicians. These findings agree with the existing literature, as it is known that healthcare workers often find
it challenging to trust complex machine-learning models.*® Zhang et al** included a dataset of 2,000 slit lamp photos
from 478 Fuchs (FUS) patients and 474 non-Fuchs patients from the Affiliated Hospital of Chongging Medical
University, China. The pre-processing consisted of resizing and augmentations processes (random cropping, rotation,
brightness change, and flips) and 7 different deep convolutional neural networks (DCNNs) to detect FUS. They
concluded that the performance of the DCNNs was better than that of general ophthalmologists and could be of value
in the diagnosis of FUS.** The strength is that deep learning models, such as ResNetl8 and DCNNs, demonstrate
superior accuracy compared to general ophthalmologists in diagnosing conditions like ocular toxoplasmosis and Fuchs’
uveitis syndrome (FUS), showcasing their potential to enhance diagnostic precision. The limitation is that despite their
accuracy, complex machine learning models often lack interpretability, leading to challenges in gaining trust from
experienced clinicians, which may hinder their widespread clinical adoption.*”
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Standardization of Uveitis Nomenclature (SUN) and Classification Systems

Artificial intelligence has also been used in uveitis to process clinical data not directly obtained from images. Uvemaster
is a mobile phone application that uses clinical data to obtain the most probable diagnosis.*> Recently, the SUN-working
group used Al to define the criteria of 25 of the most common clinical uveitis diagnoses.*® The first step was to collect
cases of each uveitic entity, the final database included a total of 5766 cases, with about 100-200 cases per entity.*’
Those cases that obtained a 75% or greater consensus among the expert group to belong to a specific entity were selected
for training the machine learning tool. The research team combined a training set of multiple approaches on a subset of
the cases with a validation set of the performance of the criteria determined on a second subset of the cases. Overall, the
Al system categorized over 90% within uveitic class.**** In 2021, the American Journal of Ophthalmology published

articles™® 7!

which focused on the standardisation of uveitis from SUN working group. The articles applied machine-
learning techniques to develop a multi-class classification in an American patient cohort through multinomial logistic
regression with lasso regularization.*® This was the first initiative to standardize uveitis diagnosis using machine learning
from the SUN group. Demographic data and bias assessment were not available in the articles, and the applied models
and data were also not publicly available. Standardization of Uveitis Nomenclature working group correlation of AC
inflammation by Sharma et al*® and Baghdasaryan®’ or MATLAB (MathWorks, Natick, MA, USA) in high speed (HS)
OCT has been reported.””

Apart from clinical cells grading, Invernizzi et al”® correlated the aqueous signal intensity using the in-built software
of the SS-OCT device, with the laser flare photometry measurements. It showed a positive correlation in active uveitis
patients, but no correlation was found in the case of inactive uveitis patients.”> Nakayama et al'> in their review on Al in
uveitis reported that the overall performance of Al models were poor, with limited datasets and a lack of validation
studies and publicly available data and codes. They concluded that the Al held great promise to assist with the diagnosis
and detection of ocular findings of uveitis, but further studies and large representative datasets were needed to guarantee
generalizability and fairness. The strength is that the Al-driven initiatives by the SUN working group have significantly
contributed to the standardization of uveitis diagnosis, achieving over 90% accuracy in categorizing cases within specific
uveitic classes, showcasing Al’s potential to enhance clinical consistency and diagnostic precision. The limitation is that
the lack of publicly available datasets and validation studies raises concerns about the generalizability and fairness of
these AI models, limiting their applicability in diverse patient populations and real-world clinical settings.°

Application of Artificial Intelligence in Uveitis Management

Using anterior segment optical coherence tomography [AS-OCT], anterior segment cells are detected by the identifica-
tion of hyperreflective spots.”*’¢ In a study by Agarwal et al, a good correlation for hyperreflective spot count between
automated and manual methods was detected.”” There were no significant differences in mean values between the two
methods except for grade 4. Similarly, an automated Al-based method to quantify inflammation in the AS was developed
by Sorkhabi et al.”* They showed a significant correlation between clinical SUN grading and Al software-detected
particle count and particle density. However, Ozer et al suggested that the iris pigment optical density measured at the
pupillary margin of spectral-domain OCT could be a marker of Fuch’s heterochromic uveitis.””

According to the SUN working group, the quantification of vitreous inflammation is by the indirect ophthalmoscope.
However, macular OCT scans help in measuring the vitreous inflammation. Terheyden et al have concluded that
automated quantification of vitreous inflammation in uveitis is reliable.”® Three OCT scans will be sufficient to obtain
a reliable automatic measurement of vitreous intensity. Passaglia et al have arrived at an algorithm where the vitreous
haze grading provides a rapid, objective and reproducible method of grading vitreous inflammation.>® Keane et al
generated an optical density ratio where the measurement of the vitreous signal intensity was then compared with that of
the retinal pigment epithelium in OCT.”” These measurements showed a positive correlation with clinical vitreous haze
scores. Choroidal vascularity index is a novel tool for assessing the clinical course in choroidal index. McKay et al
identified and quantified inflammatory choriocapillaris lesions from automated swept-source OCT. They demonstrated
a high degree of agreement with human graders in the determination of lesion area, spatial overlap, and reproducibility.
Similarly, Chu et al detected choriocapillaris flow attenuation, with significantly larger areas of flow attenuation in
patients with posterior uveitis than uveitis with no posterior involvement. Uveitic macula edema is a sequel of uveitis.
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Automated detection and quantification of macular edema caused by uveitis can be achieved, though intraocular
inflammation could potentially obscure retinal structures. A deep learning method for localisation and quantification of
fluid in the retina using OCT scans was done Schmidt et al and Moraes et al in neovascular age-related macular
degeneration.”®”® Similar method can be used in quantification of fluid in uveitic macula edema. Ge L et al discussed the
transformative role of Artificial Intelligence (AI) in enhancing systematic reviews (SRs) in health research. They
highlighted how Al tools streamline processes like study screening, data extraction, and quality assessment, boosting
efficiency and accuracy. Despite their promise, challenges such as bias, error propagation, and the need for human
oversight remain. The authors emphasize that Al should complement human efforts rather than replace them, advocating
for clear guidelines and further development to ensure reliability and rigor in SRs. The strength is that Al applications,
such as automated methods using OCT for quantifying anterior segment and vitreous inflammation, demonstrate strong
correlations with clinical grading systems, offering reproducible and objective assessments that enhance diagnostic
precision. The limitation include despite these advancements, the reliance on automated algorithms faces challenges such
as intraocular inflammation obscuring retinal structures and the potential for bias in Al systems, necessitating further
validation across diverse clinical scenarios.®® Table 1 depicts the review of literature of application of artificial
intelligence in uveitis.

Objective Grading of Inflammatory Indices
Inflammation in the anterior chamber (AC) can be objectively assessed and quantified with the help of AS-OCT along
with automated Al algorithms. Clinically, the visibility of the AC cells depends on the cell size and cell type. Different
cell types such as macrophages, lymphocytes, neutrophils, monocytes, and pigment granules may be present in the
aqueous humor. Granulomatous inflammation is characterized by a predominance of macrophages, which are relatively
larger in size and are readily visible clinically, whereas non-granulomatous cases predominantly have lymphocytes and
plasma cells, which are smaller in size and consequently less visible on the slit-lamp. Using AS-OCT provides a more
objective count of anterior chamber cellularity in inflammation, which not only correlates well with slit-lamp microscope
grading but also detects cells missed on clinical examination.”® As there is poor inter-observer agreement when clinically
grading intraocular inflammation,®* objective grading using AS-OCT may help produce standardized and reproducible
quantification of inflammation. Good correlation has been established between clinical SUN grading of AC cells and
objective grading of AC cells using OCT.”*#!#48> Single-cell reflectivity on the OCT is also sufficiently sensitive to
distinguish different cell types, making objective evaluation of inflammation even more useful towards diagnosing the
underlying etiology.*® Counting of the AC cells on the OCT can be done either manually or using an automated cell
counting program.’* Automated programs are faster and eliminate the risk of human errors in manual counting. There is
good correlation between automated and manual methods of counting.** Automated methods are also more sensitive than
manual counting in higher grades of uveitis.* Clinical grading of AC inflammation is challenging in cases with corneal
edema such as endophthalmitis, corneal infections and post-operative uveitis. Objective grading using AS-OCT has been
successfully used in such cases.®® The use of artificial intelligence (AI) takes objective evaluation of AC cells one step
further. Al-based software has been used for automated segmentation of the anterior chamber and particle detection on
AS-OCT scans.*® It relies on deep learning segmentation algorithms to accurately segment the AC in the scans, and
a separate deep learning particle detection algorithm to count the number of hyperreflective spots. Al-based analysis has
been found to be comparable, reproducible and independent of operator experience, thereby presenting clear advantages
against SUN clinical grading.*®

For evaluation of vitreous inflammation, clinical examination via indirect ophthalmoscopy and SUN grading of
vitreous haze are the current gold standard. Although grading of vitreous haze is largely subjective, it can be evaluated
objectively by measuring the vitreous signal intensity on macular OCT scans.®” Keane et al measured the vitreous signal
intensity on OCT and compared it with the signal intensity of the retinal pigment epithelium, providing a VIT/RPE
relative intensity ratio, which was significantly higher in uveitic eyes with known vitreous haze than in uveitic eyes
without vitreous haze or healthy control eyes.®” The VIT/RPE relative intensity ratio showed significant, positive
correlation with vitreous haze scores (r = 0.566) and good intergrader reproducibility (95% limit of agreement). An
automated image-processing algorithm has been developed which objectively grades vitreous haze.®” The algorithm was
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Table | Depicts the Review of Literature of Application of Artificial Intelligence in Uveitis
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g8ag q 3 Y 8 pap Y
et al®' States optical coherence tomography (OCT) with of uveitis severity. vitreous inflammation automatic grading usin
P graphy Y 8 g g
particular application for use in the grading of OCT images.
vitreous inflammation.
6. Keane 2015 | United Retrospective, observational case-control 30 eyes with vitreous haze secondary to OCT image analysis software (VITAN) allows
P Y Y 3 Y
et al®? Kingdom series.An automated method was developed intermediate, posterior, or panuveitis; 12 eyes | rapid and automated measurement of vitreous
for quantifying vitreous signal intensity on with uveitis without evidence of vitreous haze; | parameters
optical coherence tomography (OCT). and 18 eyes without intraocular inflammation
or vitreoretinal disease
7. Baghdasaryan | 2019 | United To objectively analyze the degree of anterior 32 patients with uveitis and 20 control eyes Quantification of the AC cells imaged by SS
et al*’ States chamber (AC) inflammation. AS-OCT shows good correlation with
categorical clinical severity assessments in
uveitis eyes
8. Passaglia 2018 | United To develop objective method to develop 120 digital fundus photographs Rapid, objective and reproducible method of
et al’’ States vitreous haze grading vitreous haze
9. Parra 2021 | Paraguay To evaluate a model in the ocular Dataset of 160 eye fundus images Healthcare workers often find it challenging to
et al®’ toxoplasmosis domain trust complex machine-learning models
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10. Parra 2021 | Paraguay A deep learning model to perform automatic 160 images Diagnosis through the analysis of fundus images
et al* diagnosis of ocular toxoplasmosis from images of the eye is highly promising
of the eye fundus
. Zhang 2021 | China To develop deep conventional neural network | 2,000 standard slit-lamp images Presented models achieved both high accuracy
et al* to classify slit-lamp images automatically and precision
12. Asghar 2024 | China To systematically review the prevalence, Database from 97 eligible studies This review highlights the intricate nature of
et al® etiology, pathogenesis, and clinical infectious uveitis, shaped by diverse pathogens

manifestations of infectious uveitis while
exploring molecular mechanisms through
protein-protein interaction networks and
pathway analyses for improved diagnosis and
management

and regional and systemic influences. Insights
from PPl networks and pathway analyses offer
a deeper understanding of its pathogenesis,
emphasizing the need for thorough diagnostics
and precise treatment strategies.
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compared against clinician’s vitreous haze grading and exact agreement between the algorithm and expert clinicians’
grades had a kappa value of 0.61. An Al-based computer-aided diagnostic (CAD) system has been developed by Haggag
S. et al for grading of vitreous inflammation from macular OCT scans.®® The CAD system uses U-net convoluted neural
networks for accurate segmentation of the OCT scans and machine learning classifiers to grade the vitreous inflammation.
Their model has achieved an accuracy level of 86%, limited by the very high similarity in the vitreous appearance in
different grades of inflammation.**** The strengths include that Al-based methods, such as automated segmentation and
particle detection on AS-OCT and macular OCT, offer reproducible and operator-independent grading of inflammatory
indices, improving objectivity and standardization in inflammation assessment. The limitation is that despite advance-
ments, Al tools are constrained by challenges such as variability in inflammatory presentations, reliance on high-quality
imaging datasets, and limited sensitivity in distinguishing subtle differences in inflammation grades.

Challenges and Opportunities for Artificial Intelligence in Uveitis

The field of Al is nascent and has multiple limitations on the following pointers. [a] The quality of the generated dataset
in relation to the normative data applied to heterogeneous population is marked by high degree of variance. In particular,
the data quality is subject to variance due to image specifications in addition to the atypicality of the clinical findings and
the wide spectrum of the disease process per se. [b] The complex machine learning models lack transparency in making
meaningful decision making process. The scientific rationale behind treatment recommendations based on the data at
hand in the absence of missing links in the dataset needs an elegant scrutiny. [c] Currently there is a huge lacunae on the
regulatory and ethical considerations on the validation, deployment and monitoring of the Al-based recommendations in
uveitis to ensure data privacy and patient safety. [d] The patient demographics, disease prevalence and treatment practice
pattern influence the ability to generalize the Al-based algorithms in real-time practice. The algorithmic errors due to
biases involved in the training of the datasets can influence the output recommendations. In the absence of validation by
diverse datasets, the fairness of Al generated data is questionable.

Incorporating Artificial Intelligence in Clinical Practice for Uveitis Management

While Al-driven advancements such as automated grading systems, diagnostic algorithms, and inflammatory index
quantification tools demonstrate significant potential, their clinical utility hinges on seamless integration into everyday
practice. For instance, Al-based grading of anterior chamber and vitreous inflammation could be integrated into
electronic health records (EHR) systems, providing clinicians with real-time, objective data to guide treatment decisions.
Furthermore, predictive algorithms for disease progression could enable proactive interventions tailored to individual
patients, aligning with the principles of precision medicine. However, successful translation into practice requires
addressing critical challenges. User-friendly interfaces and clinician training programs are essential to enhance adoption
rates and build confidence in Al tools. Additionally, rigorous validation studies across diverse populations and clinical
settings are imperative to ensure reliability, equity, and generalizability. Finally, interdisciplinary collaboration between
Al developers, ophthalmologists, and healthcare policymakers is crucial to create ethical and regulatory frameworks,
ensuring safe and effective deployment in patient care. By focusing on these pathways, Al technologies in uveitis
management can move from research settings to becoming indispensable tools that enhance diagnostic accuracy,
optimize therapeutic outcomes, and ultimately improve the quality of life for patients.

Future Directions
The researchers in artificial intelligence in uveitis hold promise in the following domains:

[a] The advancements in Al algorithms using convoluted neural networks and recurrent neural networks help in
enhancing robustness and accuracy of Al models in uveitis. They help in integration of multimodal imaging, temporal
dynamics of the data in addition to adapting to evolving disease patterns. [b] The collaborative efforts among academic
institutions, industry partners are crucial to generate uveitis datasets on a large scale. This shall help in benchmarking the
Al algorithms and cross-validate it before ready for clinical use in diverse setting. [c] The novel proteomic and genomic
data can be integrated into Al-driven uveitis research. This shall enable the clinician to fathom novel pathophysiology
and uniqueness in response to treatment. This shall guide in making precision molecular medicine a possibility using
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sequencing technologies and omics profiling to elucidate genetic variants, biomarkers and novel therapeutic targets in
uveitis. [d] The remote assessment of disease activity and response to treatment, which is dynamic in nature, is feasible
with telemedicine platforms and wearable devices. This Al-based telemedicine systems help to analyze on a real-time
basis the visual acuity measurements, scoring of symptoms, quality of life indices and adherence to treatment as well.
Focused treatment interventions can be done based on it to correct the healthcare disparities.

Conclusion

The integration of artificial intelligence (Al) into the field of uveitis management marks a significant milestone in modern
ophthalmology, with the potential to redefine clinical practices by enhancing diagnostic precision, optimizing therapeutic
strategies, and improving patient outcomes. By leveraging advanced Al algorithms, clinicians can detect subtle patterns,
predict disease progression, and personalize treatment plans, paving the way for more effective and efficient care.
Addressing the multifaceted challenges in uveitis requires a robust framework of interdisciplinary collaboration, global
data-sharing initiatives, and strict adherence to ethical principles to ensure equity, transparency, and accountability in Al
applications. Moreover, the evolving capabilities of Al offer promising opportunities to integrate precision medicine into
routine clinical care, empowering clinicians to tailor interventions to individual patient profiles. This transformative
approach not only elevates the standard of care but also fosters a proactive healthcare system that anticipates and
mitigates potential complications. As Al technology continues to evolve, its successful implementation in uveitis care
heralds a new era of innovation, collaboration, and hope for the global patient community, underscoring the limitless
potential of Al to revolutionize healthcare and improve lives.
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