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ABSTRACT
Objectives: This study evaluated the diagnostic performance of two large language models (LLMs), 

ChatGPT and Google Gemini, to identify common retinal and optic nerve diseases benchmarked against an 
experienced ophthalmologist.

Methods: Thirty standardized case vignettes, each comprising a brief clinical history and a high-resolution 
fundus image, were independently evaluated by ChatGPT, Google Gemini and an ophthalmologist. Ten 
retinal and optic nerve diseases were included. Diagnostic accuracy was calculated against a gold standard 
defined by consensus of two retina specialists. Inter-rater agreement was assessed using Cohen’s kappa (κ). 
Secondary outcomes included interpretation time and clarity of explanation.

Results: The ophthalmologist achieved the highest diagnostic accuracy (96.7%), followed by ChatGPT 
(90.0%) and Google Gemini (86.7%). Agreement between ChatGPT and Gemini was moderate (κ = 0.51, 
p = 0.004). ChatGPT showed moderate agreement with the ophthalmologist (κ = 0.47, p = 0.002), while 
Gemini demonstrated fair agreement with the ophthalmologist (κ = 0.36, p = 0.01). ChatGPT was the fastest 
(mean 21.7 seconds), followed by Gemini (25.7 seconds) and the ophthalmologist (149.8 seconds). Clarity 
of interpretation was highest for the ophthalmologist (mean 4.53/5), followed by ChatGPT (3.60/5) and 
Gemini (2.96/5), with significant differences between groups.

Conclusion: Ophthalmologists remain superior in diagnostic accuracy and clarity. However, ChatGPT 
and Google Gemini demonstrated strong performance in several retinal conditions. Their rapid evaluation 
times indicate potential utility as adjunct tools in triage, screening and education.
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INTRODUCTION

Retinal diseases are among the leading 
causes of visual impairment and irre-
versible blindness worldwide, contri
buting substantially to the global bur-
den of disease and healthcare costs 

(1). The retina, as an extension of the central 
nervous system, provides a unique opportunity 
to diagnose both ocular and systemic disorders 
early in their course (2). Common retinal patho
logies such as diabetic retinopathy, age-related 
macular degeneration, myopic degeneration, 
vascular occlusions, retinal detachment and op-
tic neuropathies account for a significant propor-
tion of preventable blindness (1, 3, 4).

Despite advances in imaging and therapeu-
tics, timely diagnosis remains a challenge in re-
gions with limited access to vitreoretinal specia
lists (5). Artificial intelligence (AI) has transformed 
ophthalmology, with deep learning algorithms 
demonstrating near-human performance in the 
detection of conditions such as diabetic retino
pathy, retinopathy of prematurity and macular 
degeneration (6, 7). However, these systems ty
pically function as “black boxes”, producing 
probabilistic outputs without integrating clinical 
history into their reasoning.

Large language models such as ChatGPT and 
Google Gemini represent a new paradigm by 
combining natural language processing with cli
nical reasoning, enabling them to synthesize pa-

tient history and imaging data to generate dif
ferential diagnoses in a human-readable format 
(8, 9). Although promising, few studies have sys-
tematically evaluated their diagnostic perfor-
mance across multiple retinal diseases or com-
pared them with human experts.

This study aimed to prospectively compare 
the diagnostic accuracy, efficiency and interpre-
tive clarity of ChatGPT and Google Gemini 
against an experienced retina specialist across 
ten common retinal and optic nerve diseases. q

MATERIALS AND METHODS

Thirty anonymized case vignettes were cura
ted from clinical records. Each vignette in-

cluded patient demographics, a structured clini-
cal history with presenting complaints and 
systemic associations and a high-quality fundus 
photograph (Table 1, Figure 1A and 1B). The 
conditions studied were diabetic retinopathy, 
optic atrophy, central retinal vein occlusion, dry 
age-related macular degeneration, central se-
rous chorioretinopathy, myopic fundus, central 
retinal artery occlusion, retinitis pigmentosa, re
tinal detachment and papilledema.

The gold standard diagnosis for each vignette 
was established by consensus between two se-
nior retina specialists who were not involved in 
the evaluation process. Cases were excluded if 
either fundus image quality was inadequate or 
multiple pathologies were present, if there was 

TABLE 1. 
Disease-specific 
prompts used in the 
study, with all cases 
being accompanied 
by representative 
fundus photographs 
(Figure 1A and 1B) 
corresponding to the 
clinical scenario
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prior ocular surgery or trauma that altered fun-
dus findings, or if essential clinical history was 
incomplete.

ChatGPT (version 4.0) and Google Gemini 
were tested in freshly initiated, independent ses-
sions to avoid contextual bias. Each vignette was 
presented as a structured prompt including clini-
cal history and the fundus image. Both models 
were instructed to provide the most likely dia
gnosis and, when appropriate, differential dia
gnoses. The ophthalmologist evaluated each vig
nette independently under similar conditions.

The primary outcome was diagnostic accura-
cy, defined as the proportion of correct diagno-
ses compared with the gold standard. Inter-rater 
agreement between evaluators was measured 
using Cohen’s kappa (κ), interpreted as poor 
(<0.20), fair (0.21–0.40), moderate (0.41–0.60), 
substantial (0.61–0.80) and almost perfect 
(>0.81). Secondary outcomes included time to 
diagnosis, which was measured in seconds from 
case presentation to output, and clarity of inter-
pretation, which was scored on a five-point 
Likert scale (1 = poor, 5 = excellent).

Statistical analyses were performed using 
SPSS version 25. Accuracy was expressed as per-
centages. Continuous variables were summa-
rized as means with standard deviations and me-
dians with interquartile ranges. Group 

comparisons were conducted using the 
chi-square test or Fisher’s exact test for categori-
cal variables and the Kruskal–Wallis H test for 
continuous variables. A p-value <0.05 was con-
sidered statistically significant.

Inter-rater agreement between ChatGPT, 
Google Gemini and the ophthalmologist was as-
sessed using Cohen’s kappa statistic. Kappa va
lues range from −1 to +1, where +1 indicates 
perfect agreement, 0 denotes agreement equal 
to chance and negative values indicate disagree-
ment worse than chance. Values between 
0.20–0.40 represent slight agreement, 0.41–0.60 
moderate agreement, 0.61–0.80 substantial 
agreement and >0.80 almost perfect agree-
ment. In this study, kappa values ranged between 
0.36 and 0.51, indicating slight to moderate 
agreement, all of which were statistically signifi-
cant (p < 0.05).

Clarity of interpretation was evaluated using a 
five-point Likert scale (1–5), independently 
scored by a retinal specialist, with higher scores 
reflecting greater clarity, coherence and clinical 
usefulness of the explanation. q

RESULTS

The ophthalmologist achieved the highest di-
agnostic accuracy, correctly identifying 29 of 

A Comparative Evaluation of ChatGPT, Google Gemini and An Ophthalmologist

FIGURE 1. Representative fundus photographs used in disease-specific prompts: (A) proliferative diabetic 
retinopathy, optic atrophy, central retinal vein occlusion, age-related macular degeneration, central serous 
chorioretinopathy and myopic fundus; and (B) central retinal artery occlusion, retinitis pigmentosa, tractional 
retinal detachment and Grade 3 papilledema
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30 cases (96.7%). ChatGPT correctly diagnosed 
27 cases (90.0%), while Google Gemini correctly 
diagnosed 26 cases (86.7%). All three evaluators 
demonstrated perfect accuracy in conditions 
such as diabetic retinopathy, optic atrophy, myo-
pic fundus, retinal detachment and papilledema.

Performance diverged in vascular occlusions 
and specific macular conditions. Gemini outper-
formed ChatGPT in diagnosing central retinal 
vein occlusion, while ChatGPT performed better 
in central retinal artery occlusion. ChatGPT also 
showed superior accuracy compared to Gemini 
in central serous chorioretinopathy. Both AI tools 
matched the ophthalmologist in several non-vas-
cular, pattern-based retinal diseases (Table 2).

In cases where misclassification occurred, the 
incorrect outputs were generally closely related 
differential diagnoses of the uploaded fundus 
images. Variability in image quality, resolution 
and pixel clarity may have also influenced AI in-
terpretation accuracy. Details of the conditions 
correctly and incorrectly diagnosed by each 
evaluator are presented in Table 2.

Agreement analysis demonstrated moderate 
concordance between ChatGPT and Google 

TABLE 2. Performance 
of AI tools and 
ophthalmologist in 
diagnosing retinal 
morbidities across ten 
retinal conditions, with 
values representing the 
number of correct 
diagnoses per three 
cases for each disease

TABLE 3. 
Agreement 
between ChaGPT, 
Google Gemini 
and 
ophthalmologist 
in diagnosing 
retinal morbidities

TABLE 4. 
Comparison of time 
required by ChatGPT, 
Gemini and 
ophthalmologist in 
giving interpretation

TABLE 5. Comparison of clarity of ChatGPT, Gemini and 
an ophthalmologist in giving interpretation
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Gemini (κ = 0.51, p = 0.004). ChatGPT also 
showed moderate agreement with the ophthal-
mologist (κ = 0.47, p = 0.002). In comparison, 
Gemini showed fair agreement with the ophthal-
mologist (κ = 0.36, p = 0.01). All agreement 
values were statistically significant, indicating 
measurable but incomplete agreement between 
evaluators (Table 3).

Regarding efficiency, ChatGPT was the fas
test, requiring a mean of 21.7 seconds per inter-
pretation. Gemini required 25.7 seconds and 
the ophthalmologist required 149.8 seconds, re-
flecting greater depth and manual evaluation 
time (Table 4).

Clarity of interpretation scores showed the 
highest clarity for the ophthalmologist (mean 
4.53/5). ChatGPT scored 3.60 and Gemini 2.96, 
with statistically significant differences between 
groups (Table 5). q

DISCUSSION

This study provides one of the earliest struc-
tured comparisons of ChatGPT, Google 

Gemini, and an ophthalmologist across ten reti-
nal and optic nerve diseases. The findings high-
light that while the ophthalmologist demonstrat-
ed the highest diagnostic accuracy and 
interpretive clarity, both LLMs showed substan-
tial diagnostic capability. ChatGPT achieved an 
accuracy of 90.0%, slightly outperforming 
Google Gemini (86.7%) but remaining lower 
than the ophthalmologist (96.7%). Both models 
showed excellent performance in diseases with 
well-defined, pattern-based fundus features such 
as diabetic retinopathy, myopic fundus, retinal 
detachment and papilledema, consistent with 
previous research emphasizing the strong visu-
al-pattern recognition abilities of AI systems 
(10, 11).

In comparison, both AI tools showed more 
limited performance in vascular occlusions and 
subtler macular conditions. Differences between 
ChatGPT and Gemini were also evident, with 
Gemini performing better in central retinal vein 
occlusion and ChatGPT performing better in 
central retinal artery occlusion and central se-
rous chorioretinopathy. These discrepancies may 
reflect differences in model architecture, training 
data and reasoning behavior (11, 12).

Agreement analysis further revealed mea
ningful but incomplete concordance across eva

luators. ChatGPT and Gemini demonstrated 
moderate agreement, while agreement between 
Gemini and the ophthalmologist was only fair, 
emphasizing the continuing importance of hu-
man oversight. Importantly, both AI models pro-
duced interpretations significantly faster than the 
ophthalmologist, with ChatGPT taking approxi-
mately 22 seconds and Gemini 26 seconds per 
case, compared to nearly 150 seconds for hu-
man evaluation. This efficiency underscores po-
tential applications in high-volume screening, 
teleophthalmology and emergency triage.

Clarity of interpretation varied markedly, with 
the ophthalmologist providing the most compre-
hensive and clinically coherent explanations. 
ChatGPT performed moderately well in clarity, 
while Gemini lagged behind. These findings sug-
gest that although LLM-generated diagnoses may 
be accurate, their explanations still lack the 
depth required for independent clinical use.

This study has several limitations. First, the 
sample size was relatively small, which may limit 
generalizability. Second, only fundus photo-
graphs were evaluated, without multimodal ima
ging such as OCT or angiography. Third, variabi
lity in image quality and resolution may have 
influenced AI performance. Fourth, the study 
assessed static images rather than real-world 
clinical scenarios, where additional contextual 
information plays a major diagnostic role.

Future research should explore integrating 
LLMs with multimodal ophthalmic imaging such 
as OCT and angiography, as well as domain-spe-
cific fine-tuning to improve performance in sub-
tle or acute conditions that require nuanced in-
terpretation. Larger prospective studies, including 
real-world diagnostic scenarios with multiple co-
morbidities, are warranted to assess their true 
clinical applicability (13, 14). Recent reviews 
have highlighted that LLMs like ChatGPT-3 and 
ChatGPT-4 demonstrate significant promise in 
ophthalmology, supporting medical education, 
clinical assistance, research and patient educa-
tion, although challenges such as performance 
variability, bias, and hallucinations remain (15). 
Additionally, incorporating multimodal AI capa-
bilities may further enhance diagnostic perfor-
mance by combining textual and image-based 
data (15, 16).

In summary, while ophthalmologists remain 
the gold standard for retinal diagnosis, ChatGPT 
and Google Gemini demonstrated promising ac-
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curacy and efficiency, particularly for pattern-
based diseases. With appropriate refinement 
and integration, these models may serve as valu-
able adjunct tools for triage, patient education 
and teleophthalmic services in resource-limited 
settings. q

CONCLUSION

Ophthalmologists continue to provide supe-
rior diagnostic accuracy and interpretive 

clarity. However, ChatGPT and Google Gemini 

demonstrated strong performance across several 
retinal conditions, with ChatGPT showing mo
dest advantages in diagnostic accuracy and cla
rity. Their rapid assessment capabilities highlight 
potential roles in triage, teleophthalmology and 
educational workflows. With further refinement, 
multimodal integration and broader validation, 
LLMs may evolve into valuable tools that aug-
ment but do not replace specialist expertise. q
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