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Editorial on the Research Topic 


The diagnoses of glaucoma in the era of artificial intelligence





Introduction

The success of any artificial intelligence (AI) project, particularly in the medical field, is heavily reliant on the quality and comprehensiveness of the data used to train the model. Recent years have witnessed remarkable progress in AI development, especially with the emergence of large language models and other advanced techniques that have revolutionized data processing and analysis. Despite these technological advances, a critical challenge persists in ophthalmology, particularly in the realm of glaucoma diagnosis, where the availability of large, well-curated datasets is limited. In contrast to other medical specialties where extensive, openly accessible datasets are readily available for research (1), the field of ophthalmology suffers from a scarcity of comprehensive, structured datasets. The few datasets that do exist are often fragmented, with incomplete metadata and insufficient standardization, making it difficult to conduct robust and reproducible AI studies. This Research Topic is particularly pronounced in glaucoma research, where even the “ground truth” is not universally agreed upon. The absence of a well-defined diagnostic standard in glaucoma adds a layer of complexity to AI-based studies. As different research groups may rely on varying criteria to establish a diagnosis, AI models trained on disparate “ground truths” can produce misleading results. High accuracy reported in such studies may not necessarily reflect the AI’s true diagnostic capability but rather the inconsistency or unreliability of the data it was trained on. This highlights a significant limitation in current glaucoma research, where a model’s performance might be inflated due to flawed or poorly defined reference standards (2). One of the key articles in this Research Topic delves into this Research Topic, examining the implications of inconsistent ground truths in AI studies on glaucoma and exploring various other critical concepts relevant to AI-assisted glaucoma diagnosis (AlShawabkeh et al.). We also explored the use of large language models in glaucoma diagnosis, where previous articles proved its effectiveness in other domains (3–5). As we look toward the future, it becomes imperative to address these data-related challenges to enable the development of AI models that can truly transform the way glaucoma is diagnosed.





Contributions

The articles in this Research Topic addressed critical challenges related to AI in glaucoma, such as the acquisition of reliable data, the development of AI models, and the standardization of ground truth in glaucoma diagnosis. The development of AI models and the challenge of defining a “ground truth” in glaucoma diagnosis is tackled in two other contributions. The article “The Utilization of Artificial Intelligence in Glaucoma: Diagnosis versus Screening” (AlShawabkeh et al.), discusses the unique roles AI can play in both screening and diagnostic settings, each with different performance criteria. Screening models prioritize sensitivity, aiming to capture as many potential glaucoma cases as possible, while diagnostic models emphasize specificity to accurately confirm the disease. The balance between sensitivity and specificity, particularly in AI models built from multimodal data (such as fundus photographs and functional tests), is critical for ensuring that AI applications can distinguish glaucomatous optic neuropathy with precision. The article “Evaluating the Strengths and Limitations of Multimodal Chat GPT-4 in Detecting Glaucoma Using Fundus Images” (AlRyalat et al.), explores the potential of advanced AI models, specifically large language models like ChatGPT-4, in the field of glaucoma diagnosis. Despite no prior fine-tuning, the model demonstrated a relatively acceptable diagnostic accuracy using fundus images, underscoring the versatility and power of multimodal AI. This work points toward a future where generative and multimodal AI models might reduce the need for extensive data, streamlining the development of diagnostic tools that could be deployed in resource-constrained environments.

Two of the contributions focus on essential data related to glaucoma diagnosis, highlighting the importance of accurate intraocular pressure (IOP) measurements and imaging data, both of which are crucial for AI model training. In the article, “Evaluation of agreement of IOP measurements by Tono-Vera Tonometer to Goldmann Applanation Tonometry,” (Niles et al.), the authors validate the Tono-Vera tonometer as a reliable tool for measuring IOP in glaucoma patients. Similarly, the article “Pilot Report: Objective Quantification of Trabecular Meshwork Pigmentation Using Densitometry and the NIDEK GS1 Gonioscope in Glaucoma Patients” (Laroche et al.), introduces a novel methodology to quantify trabecular meshwork pigmentation, a potential biomarker for early detection of pigmentary glaucoma. This work provides valuable insights into how image-based biomarkers could serve as critical data sources for future AI applications in glaucoma, emphasizing the need for rich and diverse imaging datasets in the field.





Future directions

In a previous article, we proposed that we must “go back to the basics” and establish a definitive understanding of how to diagnose glaucoma ourselves before attempting to train AI models for the same purpose (6). This idea stemmed from another work that reviewed the diagnostic criteria used in landmark clinical trials for glaucoma, where, notably, no universally agreed-upon definition of the disease was found (7). The lack of a gold standard for glaucoma diagnosis complicates the training of AI models, as inconsistencies in the ground truth limit the ability of models to learn effectively. A more definitive, albeit non-practical, approach would be to focus on cases where disease progression is clearly documented with correlated structural defects and where other etiologies, such as neurologic or retinal diseases, have been rigorously ruled out. Looking forward, one promising approach would be to reverse the traditional AI training strategy. Rather than starting with ambiguous or mixed datasets, we could first focus on what we know with high certainty: cases where visual field defects are clearly not due to glaucoma. This includes conditions like neurological visual field defects, artifacts, or retinal diseases. By training AI models on these negative examples—instances where glaucoma has been definitively ruled out—we can better define the boundaries of non-glaucomatous cases. These models can serve as a filtering mechanism, reducing false positives and enabling more accurate screening of glaucoma suspects. We know from previous prevalence studies that reliable field defects can present in up to one fifth of elderly population, with etiologies including glaucoma in approximately third of cases, with the rest being neurological or retinal in etiology (8, 9). Combining these two approaches—training AI on both the absence and presence of glaucoma—could yield models that are not only more accurate but also better equipped to handle the complexity of real-world diagnosis.





Author contributions

SA: Conceptualization, Methodology, Validation, Writing – original draft, Writing – review & editing. MB: Conceptualization, Methodology, Writing – review & editing. HJ: Conceptualization, Methodology, Writing – review & editing.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Jaradat, J, Amro, R, Hamamreh, R, Musleh, A, and Abdelgalil, M. From data to diagnosis: narrative review of open-access mammography databases for breast cancer detection: narrative review of open-access mammography databases. High Yield Med Rev. (2024) 2. doi: 10.59707/hymrPFNZ8344

2. AlRyalat, SA. Machine learning on glaucoma: the missing point. Eye. (2021) 35:2456–7. doi: 10.1038/s41433-021-01561-7

3. Delsoz, M, Raja, H, Madadi, Y, Tang, AA, Wirostko, BM, Kahook, MY, et al. The use of ChatGPT to assist in diagnosing glaucoma based on clinical case reports. Ophthalmol Ther. (2023) 12:3121–32. doi: 10.1007/s40123-023-00805-x

4. AlSamhori, ARF, AlSamhori, JF, and AlSamhori, AF. ChatGPT role in a medical survey. High Yield Med Rev. (2023) 1. doi: 10.59707/hymrTFFP5435

5. Madadi, Y, Delsoz, M, Lao, PA, Fong, JW, Hollingsworth, T, Kahook, MY, et al. ChatGPT assisting diagnosis of neuro-ophthalmology diseases based on case reports. J Neuroophthalmol. (2023), 10.1097/WNO.0000000000002274. doi: 10.1101/2023.09.13.23295508

6. AlRyalat, SA, Singh, P, Kalpathy-Cramer, J, and Kahook, MY. Artificial intelligence and glaucoma: going back to basics. Clin Ophthalmol. (2023) 17:1525–30. doi: 10.2147/OPTH.S410905

7. AlRyalat, SA, Ertel, MK, Seibold, LK, and Kahook, MY. Designs and methodologies used in landmark clinical trials of glaucoma: implications for future big data mining and actionable disease treatment. Front Med (Lausanne). (2022) 9:818568. doi: 10.3389/fmed.2022.818568

8. Ramrattan, RS, Wolfs, RCW, Panda-Jonas, S, Jonas, JB, Bakker, D, Pols, HA, et al. Prevalence and causes of visual field loss in the elderly and associations with impairment in daily functioning: the Rotterdam study. Arch Ophthalmol. (2001) 119:1788–94. doi: 10.1001/archopht.119.12.1788

9. Wang, Y, Xu, L, and Jonas, JB. Prevalence and causes of visual field loss as determined by frequency doubling perimetry in urban and rural adult Chinese. Am J Ophthalmol. (2006) 141:1078–86.e1. doi: 10.1016/j.ajo.2006.01.023




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 AlRyalat, Al Bdour and Jammal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers | Frontiers in Ophthalmology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: The diagnoses of glaucoma in the era of artificial intelligence

      

        		

          Introduction

        



        		

          Contributions

        



        		

          Future directions

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fopht.2024.1496533_cover.jpg
& frontiers | Frontiers in Ophthalmology

Editorial: The diagnoses of glaucoma in the
era of artificial intelligence





OEBPS/Images/crossmark.jpg
©

2

i

|





