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• State-of-the-art LLMs exhibit comparable
ophthalmology knowledge and reasoning
ability to training and expert ophthalmologists.
• LLMs exhibit superior knowledge and
reasoning when compared to doctors without
specialty-specific ophthalmology training.
• The best LLMs exhibit superior accuracy and
relevance to their predecessors.
• LLMs may provide useful advice and guidance
where access to ophthalmology expertise is
limited, such as in lower income countries and
in geographically remote locations.
• Patients may already be leveraging LLM tools;
with comparable effects to 'Dr Google'
phenomena.
• Clinical applications require further validation
before they are deployed at scale, ideally
through randomised-control trials of LLM
interventions pitted against usual care in
pragmatic settings.
• LLM tools are unlikely to replace
ophthalmologists, but may augment their work
in the face of growing demand for expertise
and care around the world.
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Figure 2 | GPT-4 responses to ophthalmological questions are more
accurate and relevant than GPT-3.5. Responses from both LLMs to the
same 347 questions were assessed by full trained ophthalmologists
(E1-E5) on a Likert scale ranging from 1 (very poor) to 5 (very good).

Every ophthalmologist found that GPT-4 responses were more accurate
and more relevant to the question than GPT-3.5 responses (t-test with
Bonferroni correction applied, p < 0.05). All ophthalmologists preferred

GPT-4 responses to GPT-3.5 responses (χ2 test, p < 0.05).
Figure 1 | State-of-the-art LLMs attain superior performance in ophthalmological
questions relative to untrained junior doctors (J1-J2). Moreover, GPT-4 attained
comparable performance to training ophthalmologists (T1-T3) and was within the
range of scores attained by fully qualified expert ophthalmologists (E1-E5).

• LLMs (GPT-3.5, GPT-4, PaLM 2, LLaMA),
expert ophthalmologists, trainee
ophthalmologists, and junior doctors without
ophthalmology training were tasked with the
same 87 FRCOphth Part 2 questions.
• GPT-3.5 and GPT-4 were further tasked with
347 FRCOphth Part 2 questions, and masked
expert ophthalmologists graded their
responses for accuracy and relevance.
• Performance was analysed with respect to
question subject and type (first order recall
versus higher order reasoning) to explore the
relative strengths and weaknesses of LLMs
and human doctors.
• Analysis was conducted in R.

• Large language models (LLMs) are a form of
language-based artificial intelligence.
• LLMs are attracting great interest after
exhibiting remarkable abilities to complete
tasks without specific training.
• Understanding the abilities of LLMs is critical
as patients may already be using them for
advice instead of browsing the internet.
• If validated, LLMs may be integrated into
clinical workflows to improve the accuracy and
efficiency of healthcare.
• Medical experiments have used examinations
to gauge the capabilities and limitations of
LLMs, but fail to provide essential context.
• LLMs must be naïve to validation text, but
other studies use test material which may be
represented within LLM training data.

• In the trial of 87 questions, GPT-4 compared well to fully trained (E1-E5) and
training (T1-T3) ophthalmologists, and was significantly stronger than untrained
doctors (J1-J2; Figure 1).
• GPT-4 was also stronger than the other LLMs (GPT-3.5, LLaMA, PaLM 2), and
comparisons with GPT-3.5 over 347 questions suggest that this is due to improved
accuracy and relevance of responses (Figure 2; χ2 test, p ≤ 0.01 for all
comparisons).
• The top performing doctors attained better performance than any of the LLMs (χ2
test, p < 0.05). GPT-4 was equivalent to 3/5 expert and all trainee ophthalmologists
(χ2 test, p >0.05); and superior to both untrained doctors (χ2 test, p < 0.05).
• There was no difference in model or doctor performance when stratified by
question complexity (first versus higher order reasoning; χ2 test, p > 0.05) or
subject (Fisher's exact test, p > 0.05).
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