'.) Check for updates

Received: 28 September 2023 Accepted: 25 January 2024

DOI: 10.1111/0p0.13284 O P O
REVIEW ARTICLE

Utility of artificial intelligence-based large language models in
ophthalmic care

74 THE COLLEGE OF
!@,} OPTOMETRISTS

Sayantan Biswas ® | Leon N.Davies® | AmyL.Sheppard® | NicolaS.Logan® |
James S. Wolffsohn

School of Optometry, College of Health and

Life Sciences, Aston University, Birmingham, Abstract

UK Purpose: With the introduction of ChatGPT, artificial intelligence (Al)-based large
Correspondence language models (LLMs) are rapidly becoming popular within the scientific com-
Sayantan Biswas, School of Optometry, munity. They use natural language processing to generate human-like responses
College of Health and Life Sciences, Aston to queries. However, the application of LLMs and comparison of the abilities

University, Birmingham, UK.

Email: s.biswas2@aston.ac.uk among different LLMs with their human counterparts in ophthalmic care remain

under-reported.

Recent Findings: Hitherto, studies in eye care have demonstrated the utility of
ChatGPT in generating patient information, clinical diagnosis and passing ophthal-
mology question-based examinations, among others. LLMs' performance (median
accuracy, %) is influenced by factors such as the iteration, prompts utilised and
the domain. Human expert (86%) demonstrated the highest proficiency in disease
diagnosis, while ChatGPT-4 outperformed others in ophthalmology examina-
tions (75.9%), symptom triaging (98%) and providing information and answering
questions (84.6%). LLMs exhibited superior performance in general ophthalmol-
ogy but reduced accuracy in ophthalmic subspecialties. Although Al-based LLMs
like ChatGPT are deemed more efficient than their human counterparts, these Als
are constrained by their nonspecific and outdated training, no access to current
knowledge, generation of plausible-sounding ‘fake’ responses or hallucinations,
inability to process images, lack of critical literature analysis and ethical and copy-
right issues. A comprehensive evaluation of recently published studies is crucial to
deepen understanding of LLMs and the potential of these Al-based LLMs.
Summary: Ophthalmic care professionals should undertake a conservative ap-
proach when using Al, as human judgement remains essential for clinical decision-
making and monitoring the accuracy of information. This review identified the
ophthalmic applications and potential usages which need further exploration.
With the advancement of LLMs, setting standards for benchmarking and promot-
ing best practices is crucial. Potential clinical deployment requires the evaluation
of these LLMs to move away from artificial settings, delve into clinical trials and
determine their usefulness in the real world.
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LARGE LANGUAGE MODELS IN EYE CARE

INTRODUCTION

Artificial intelligence (Al)-based chatbots are regularly used
in customer service functions in business and marketing.’
Although the use of Al is still at a relatively early stage in
eyecare, it is used by ophthalmologists, optometrists and
researchers in screening and diagnosing eye diseases.?
Current applications of Al in ophthalmology are mostly fo-
cused on image-based techniques used for image analysis,
recognition and diagnosis of ophthalmic diseases using
ophthalmic data from fundus photography and optical co-
herence tomography images. The two subfields of Al are
machine learning and natural language processing (NLP).?
Machine learning requires ‘supervised learning’ where ex-
perts label and grade individual features and severity from
images to develop the Al. A subset of machine learning is
deep learning that shows promise in disease screening,
diagnosis, risk stratification, treatment monitoring and im-
proved patient care for eyes with myopia,* optic disc abnor-
malities (e.g., glaucoma, papilledema),‘r”7 retinal diseases
(e.g., age-related macular degeneration, diabetic retin-
opathy),2 cataract? and corneal disorders.®° Deep learning,
referred to as ‘unsupervised learning’, bypasses this need
to label or grade individual features, and instead uses fea-
tures of the entire image to compare with a diagnosis de-
termined by an expert.' The individual predictive features
associated with the classification of a disease severity or its
diagnosis are ‘self-learned’ by the Al developed from deep
learning. Either way, the performance of deep learning
and machine learning is comparable, with decreased error
rates, and is better than traditional techniques of screen-
ing, diagnosis and management of diseases at a tertiary
eyecare level.'?

However, deep learning is limited by the homogenous
training data set, limited data availability for diseases, dis-
agreement and wide interobserver variability in defining
disease phenotype. Also, most Al systems have the ‘black
box’ problem where the inputs and operations are un-
known to the user. These impenetrable Al systems arrive
at a conclusion or decision without providing any rea-
soning or explanations as to how they were reached; this
opaque approach reduces practitioner and patient accep-
tance of the Al'" and preference of human expert over Al
in decision-making and treatment plan.'” Even though it is
technically possible, Al has not been able to reach its target
of converging Al and clinical care so far."®

NLP, the other subset of Al, is focused on extracting
and processing text data that include written and spoken
words. NLP could transform human language (free text) or
image into code that computers understand, and has been
primarily used to date for information retrieval and text
extraction.> However, NLP is susceptible to error due to
the variable nature of human-generated natural text and
limited by the requirement of a huge data set for training
NLP models which may or may not utilise deep learning or
machine learning. Moreover, NLPs are often trained in spe-
cific domains, thatimpact how word embeddings, which is

Key points

« With the huge interest and popularity of
ChatGPT, artificial intelligence-based large lan-
guage models have a massive role in providing
patient information, disease diagnosis, symp-
tom triaging, ophthalmic education and other
applications.

- Human experts are the most accurate (86%) in
diagnosing disease, whereas ChatGPT-4 tops in
responding to text-based ophthalmology exam-
ination questions (75.9%) and providing infor-
mation and answering patient queries (84.6%).

. Large language models perform best in general
ophthalmology but worse in ophthalmic sub-
specialties. Responses are prompt-specific and
can often be misleading due to their apparent
comprehensiveness to queries and plausible-
sounding fake responses.

a method of extracting features out of text, based on the
distance between two words, interpret relationships be-
tween words in different contexts. Most NLP applications
developed so far are in the English language. It is pertinent
to develop NLP in non-English languages to promote eq-
uity in care, reduce disparity and reach a wider population.
Even writer/user presumption about the input (complete-
ness and composition of words, image quality, noise), prior
understanding and context are some other variabilities in
NLP. Until now, NLP applications have involved text data
extraction from clinical, operative and electronic health re-
cord notes in the screening of cataract' and glaucoma,'”
triaging of outpatient referrals to ophthalmic specialists,'®
prediction of quality-of-life impact of vision loss associated
with diabetes'” and prediction of operative complications
related to cataract surgery,'® to name a few examples.
Large language models (LLMs) are the class of Al primar-
ily succeeding deep learning models that are capable of
learning and recognising patterns. They are specific mod-
els within NLP that are capable of processing, understand-
ing, generating and manipulating human language.'’ LLMs
are trained to predict the sequence of words in natural
human language query and in response, generate a novel
sequence of words. These models are designed to capture
the complexities and nuances of natural language, enabling
them to perform a wide range of language-related tasks.
They are often based on transformer architectures, which
are deep learning models designed to handle sequences of
data, such as sentences in natural language. The key inno-
vation in the transformer architecture is the ‘self-attention’
mechanism, which allows the model to weigh the impor-
tance of different words or positions in a sequence while
processing each word. They are trained on vast amounts
of text data to learn the patterns, semantics and context of
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natural language.” These models consist of multiple lay-
ers of neural network that process sequential data, such as
words or characters, and learn patterns and relationships
within the data. The training process of an LLM involves
exposing it to large amounts of text data, such as books,
articles, websites and other sources of human language. By
learning from this vast corpus of text, the model develops a
deep understanding of language patterns, grammar, con-
text and even some semantic meaning.20 As with NLP, an
LLM presumes that the input (text), which influences the
accuracy of the output, is accurate and up to date.

RISE OF THE LARGE LANGUAGE
MODELS IN HEALTHCARE

LLMs have come into prominence following the recent in-
troduction of the Chat Generative Pre-Trained Transformer,
more popularly known as ChatGPT.?"?? ChatGPT (OpenAl,
openai.com) currently relies on GPT-4, a language model
that uses deep learning (DL)-based NLP, to produce text
with approximately 170 trillion parameters, which is an
upgrade from the GPT-3.5 version with approximately 175
billion parameters. Like the neural network of the human
brain, these parameters are the weights of connections
learned during the training stage of a neural network. This
massive network builds the LLMs like ChatGPT and uses
supervised and reinforcement-based learning strategies.
Using NLP, the LLM can generate responses to queries
which can simulate human conversation. Their applica-
tion in healthcare has seen a widespread use in education,
research, practice and electronic health records, among
others.?? In early 2023, ChatGPT gained widespread at-
tention among the medical community worldwide after it
performed at or near the passing threshold of 60% accu-
racy on the United States Medical Licensing Examination
(USMLE), primarily because of its ability to respond to an
array of natural language queries and human-like inter-
action.???* ChatGPT-3.5 passed all of the three difficulty
levels of the USMLE designed using both multiple choice
questions (MCQs) and open-ended questions, while dis-
playing a high level of insight and concordance in its
explanations.?® A slightly better result (67.6% and 67.1% ac-
curacy) was obtained on the MCQs from the USMLE using
the instruction-tuned variant of Flan (Fine-tuned Language
Net)-PaLM (Pathways Language Model) and Med-PaLM
(research.google) which are LLMs with 540 billion param-
eters.’* The later versions, GPT-4-base and Med-PaLM 2
(research.google) reached 86.1% and 86.5% accuracy in
USMLE, 81.8% and 80.4% in PubMed question answering
(PubMedQA), 72.3% and 73.7% in medical domain mul-
tiple choice question answering (MedMCQA) and 89.9%
and 90.5% in massive multitask language understanding
(MMLU) clinical data set, respectively. However, the LLMs
remain inferior to human clinician answers.? In addition,
a team of physicians found that ChatGPT generated writ-
ten responses to healthcare-related patient questions
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collected from a public social media forum, that were
comparable to those by physicians in quality and empathy,
even surpassing some physician responses.26 However, this
does not account for most ophthalmic patient communica-
tions being verbalised and being accompanied by expres-
sive body language. With the development of newer LLMs
and the exponential progress in technology, newer appli-
cations of LLMs have been identified but not all have been
assessed comprehensively.
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AIM OF THIS REVIEW

The aim of this review was to provide an overview of the cur-
rent literature, investigating the recent advent of Al-based
LLMs in ophthalmic care. In addition, the most widely used
application(s) of LLMs and their future scope in eyecare are
described. Finally, the limitations and challenges of imple-
menting LLMs into clinical practice are highlighted.

METHOD OF LITERATURE SEARCH

A comprehensive review of the literature was performed
through a keyword-based and medical subject headings
(MeSH)-based search of PubMed/Medline, Web of Science,
Scopus, Embase, Google Scholar and pre-print servers until
31 December 2023. The following keywords, their syno-
nyms and combinations were used: “artificial intelligence”,
“large language model”, “LLM”, “ChatGPT", “Generative Pre-

" ou

Trained Transformer”, “chatbot”, “ophthalmology”, “optom-
etry”, “ophthalmic”, “eye”, “health”, “vision”, “eye disease”,
“care”. Boolean operators “AND,” “OR,” “NOT"” were used to
combine all search sets. When a specific application of LLM
was identified, the specific factor was also used as a key-
word in a second search to identify additional publications
with prospective data on the specific use. Relevant articles
cited in the reference list of articles obtained through this
search were also reviewed. Studies were included if they
described original research using LLMs in eyecare. After
the selection of articles, all specific applications were
grouped, and results were discussed accordingly. The au-
thors manually reviewed each study's title, abstract and
manuscript text to validate the relevance of the studies
to both eyecare and LLM. Data extracted from each study
included: the authors and year of publication, study aim,
LLM used, content/query asked, grader/evaluator of the
responses, results/outcome, main finding and conclusion.
Any disagreements arising were resolved by discussion. All
literature reviews and editorials were excluded, resulting in
ayield of 70 original reports.

STATISTICAL ANALYSIS

SPSS Statistics version 29.0 (ilbom.com) was used to estimate
the median, IQR and range of accuracies. The Kruskal-Wallis
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H omnibus test statistic was used to compare the accura-
cies between the LLMs. The significance level for all statis-
tical tests was set at p <0.05 with Bonferroni correction for
post hoc pairwise comparisons. Data are represented as
median with full range (%).

USE OF LLMs IN EYECARE

LLMs are trained to receive large corpora of text data and
can interpret natural language inputs and respond with
human-like real-time answers. Thus, the focus of LLMs in
eyecare is to generate a list of potential diagnoses, infor-
mation or guidance on management options. There has
been a wide application of LLMs in eyecare so far, with
studies examining different aspects of them. Figures 1
and 2 show the distribution of research articles pub-
lished up to 31 December 2023, based on the ophthalmic
domain and their subspecialty. Figure 3 illustrates the
distribution of accuracy scores (%) across the LLMs and
the domain.

= Disease diagnosis and
triaging

= Qualifying ophthalmic
examinations

= Providing information and
answering questions

Other uses

FIGURE 1 Distribution of published studies using large language
models in ophthalmic care.

Performance in diagnosing ophthalmic
diseases and triage accuracy

The accuracy of LLMs for diagnosing common ocular
diseases from clinical vignettes and cases was 71.1%
(10%-95%).%”73> ChatGPT-4 (82%, 66%-93%) was supe-
rior to other LLMs or clinical decision support systems
available, but it was still inferior to trained ophthalmolo-
gists (86%, 63.6%-95%) (see Table 1). Not only were the
chances of ChatGPT making a correct diagnosis propor-
tionately higher than other LLMs but also ChatGPT was
effective in diagnosing written (text based) evidence
from Chinese language sources. Additionally, LLMs had
a relatively better triage accuracy than ophthalmology
trainees (84%-98% vs. 86%).2>3" A small proportion of
misinformation and hallucination in responses existed
among LLMs, with Bing Chat and GPT-3 (61.5%-77%)
having reduced precision than GPT-4 (80.5%-93%—see
Table 1). For image-based diagnosis, the performance of
GPT-4V(ision) was poor (30.6%, 26.2%-67.5%)*¢">° with
significantly lower median accuracy compared with hu-
mans (p=0.01) (Table 2).

Performance in qualifying
ophthalmological board examinations and
knowledge assessment

LLMs regularly outperformed the threshold of ophthal-
mological specialist examinations.**>’ However, the
accuracy of LLMs was 66.9% (22.4%-91%) while the oph-
thalmology trainees scored 68.4% (33%-75.7%—Table 3).
Overall, the performance of GPT-4 (75.8%, 45.8%-91%)
and Bing Chat (75.1%, 63.9%-82.9%) was comparable
and better than both Google Bard (57.3%, 44.9%-69.4%)
and GPT-3.5 (55.5%, 22.4%-69.5%) in passing ophthal-
mological board examinations. GPT-4 with its better
logical reasoning and image processing ability outper-
formed GPT-3 (p=0.005, Table 2) and GPT-3.5 (p<0.001,
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FIGURE 3 Boxplotillustrating the distribution of accuracy scores (%) across the large language models and their domains of use.

Table 2) in all the examinations. However, the judgement
between GPT-4 and its human counterparts (experts)
was not yet conclusive and therefore warrants further
investigation. Results were similar among the American
Academy of Ophthalmology's Basic and Clinical Science
Course (46.0%—84.3%),4142/46:55 Ophthoquestions
(42.7%-84%),"**8 Fellow of The Royal College of
Ophthalmologists (FRCOphth) examination questions
(32%-88.4%)°"°” and Statpearls (55.5%-73.2%).% In com-
parison, a lower score was observed in Brazil board ex-
amination questions (41.5%)* and higher in European
board examinations (91%).>° The performance of LLMs
was found to be better for the subspecialties of medicine,
cornea, refractive surgery and oncology, and weakest for
glaucoma, neuro-ophthalmology, pathology, tumours,
optics, oculoplastic and mathematical concepts. The
weakness of GPT-3 and GPT-3.5 in answering questions
on retina and vitreous (0%—23.1%)44'48 was overcome in
a later version (GPT-4: 100% correct).*’ Both GPT-3.5 and
GPT-4's performance was better for first-order questions
(recall) and lower for higher order (evaluative/analytical)
and image-based questions. Even though ChatGPT has
relatively lower hallucinations (‘imagines’ or ‘fabricates’
information) and errors in logical reasoning in compari-
son to other LLMs, ChatGPT provided explanations and
additional insights for both its correct and incorrect re-
sponses (63%-98%), which can be misleading due to its
apparent comprehensiveness (refer to Table 3). Overall,
the accuracy and performance of LLMs is improving,

and they often surpass the established benchmarks or
thresholds of specialised assessments. The ability to pass
specialised ophthalmic examinations shows that LLMs
can serve as a valuable study aid for board certification
examinations, as they can generate practice questions,
explanations and feedback to enhance preparation.
Besides, it can be arapid source of specialised knowledge
for busy clinicians. This ability to qualify for specialised
examinations implies that conventional written evalua-
tions fail to gauge clinical competence. The fact that Al
can pass an ophthalmology examination could mean a
decrease in the quality of clinicians entering the profes-
sion. However, shifting the assessments towards clinical
scenarios and decision-making could improve the qual-
ity of future graduates. Fortunately, ophthalmic clinical
practice relies heavily on physical examination of the
eye, an element that cannot be attained solely through
text-based interactions with an LLM.>®

Performance in providing information and
answering questions

In general, the quality of clinical information provided
by the interactive LLMs is variable (77.4%, 15.4%-100%)
(see Table 4).2"%°78% The accuracy of the later version of
ChatGPT (GPT-4) was higher (84.6%, 50%-92%) than the
earlier versions (GPT-3: 71.5%, 40%-80% and GPT-3.5:
73%, 15.4%-88%), Bing Chat (78.5%, 46.7%-100%) and
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TABLE 2 Pairwise comparison of accuracies.

Bonferroni pairwise
comparison

Standardised test

LLM statistic p
Diagnosis Human vs. -3.31 0.01
ChatGPT-4V
Examination ChatGPT-3 vs. —-3.66 0.005
ChatGPT-4
Examination ChatGPT-3.5 vs. -4.59 <0.001
ChatGPT-4
Information — — ns
and
answer
questions

Abbreviations: LLM, Large language model; ns, not significant.

?Significance values have been adjusted by the Bonferroni correction for multiple
tests.

Google Bard (54.1%, 40.5%-72%). Compared to GPT-3.5
and Google Bard, GPT-4 exhibited a reduced proportion
of responses that received poor ratings. Of the com-
mon questions on myopia, 5.4%-9.7% of the responses
were incorrect and 54.8%-87.5% were considered accu-
rate.t"®* Comparably, for retinal conditions and surger-
ies, the accuracy of LLM responses varied between 15.4%
and 100%.%"%>%” Nonetheless, GPT-4's responses to com-
mon questions on vitreoretinal surgeries were found to
be challenging and difficult to comprehend for an aver-
age individual without specialised knowledge. Grading
of the responses using Flesch-Kincaid grade level and
Flesch reading ease scores indicated that it requires at
least college graduation to comprehend.®® The accuracy
dropped drastically when it came to responses on lacri-
mal drainage disorders (40%).>°

Even though the answers generated by GPT-3.5 had a
similar error rate to the responses provided by humans,
with comparable likelihood of harm and extent of harm,
the presence of incorrect (3.6%-25%) and sometimes
fabricated data (due to hallucinations) without supervi-
sion/moderation can be harmful, especially if applied in
ophthalmic emergencies. Patients and parents should
not solely rely on LLMs for their medical guidance, espe-
cially on treatment and side effects of medications. The
information gathered should serve as a supplement or
a basis for engaging in more individualised discussions
with a human expert for specialist care and counselling
(See Table 4).

Performance in other potential applications

Further to the applications mentioned above, LLMs have
been tested on a diverse range of purposes. Chatbots can
generate average quality scientific abstracts (41.7% cor-
rect) but remain plagued by fake data and references, when

not provided with a data set.?® GPT-4 scores slightly better
than GPT-3.5 with lower fake score and hallucination rates
(Table 5). Chatbots can assist people with relatively weak
writing or language skills to prepare written assignments
both faster and of higher quality. But there is a growing con-
cern that Al chatbots are being abused in writing essays, sci-
entific abstracts and even manuscripts.®> With the number of
factual errors these chatbots generate and their apparently
comprehensive response, it is important for authors to know
their limitations and pitfalls and for publishers/editors to
identify Al-generated text in manuscripts.®

GPT-4 can categorise refractive surgery candidates to
their ideal procedures (68%-88% correct) with low to mod-
erate agreement (0.399-0.610) with clinicians.¥” However,
when it came to recommending ophthalmologists based on
their specialty or proximity (location), Al chatbots were unre-
liable with only 26.2%-37.5% accurate recommendations.®®

ChatGPT can accurately (59%) generate international
classification of disease (ICD) codes from mock retina en-
counters®® and even predict the risk of diabetic retinop-
athy (54%-73%) upon receiving prompts with patient
details.”®

Applicability to generate novel ideas on
future research

ChatGPT-4 was questioned about the ‘future research’,
‘further innovation’ and ‘technological advancements’ in
oculoplastic research. It could not come up with any novel
idea and displayed convergent thinking in only conveying
known ideas for research.”’ ChatGPT's focus is on speed, ac-
curacy, logic and recognising familiar techniques through
reapplication of the stored/trained information. It can be
viewed as a supplementary research tool, rather than a pri-
mary source of original research ideas.

Ophthalmic operative notes

When asked to generate ophthalmic surgery operative
notes, ChatGPT-4 was able to create comprehensive and
detailed operative notes across ophthalmic subspecial-
ties.”*** However, the response largely depended on the
quality of input to GPT. The operative notes were thor-
ough, yet they were deemed to require significant im-
provement. When appropriately prompted, ChatGPT could
integrate specific medications, follow-up directions, con-
sultation timing and location information into discharge
summaries.”?

Literature review

Two prompts on dry eye disease were used to verify the
ability of ChatGPT as a tool for conducting a literature
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review. ChatGPT was found to provide article titles which
were non-existent (60%-70%) with digital object iden-
tifiers (DOIs) belonging to different articles. The lack of
training to distinguish between valid and invalid sources
and their relative importance in a field may be the reason
behind the errors encountered. The authors concluded
that ChatGPT cannot consistently retrieve appropriate
articles reliably and is not recommended for literature
reviews on dry eye disease.’® A recent study reported
the use of a ‘zero-shot’ classification approach, that is,
without any previous training or exposure of the LLM
in categorising and trend analysis of ophthalmology
articles along with identification of emerging scientific
trends. The proposed framework had high accuracy with
86% correct classification of articles as well as being time
efficient.”

Scientific writing

An evaluation of ChatGPT and DALL-E 2 (openai.com),
a prompt-based image generator, in writing a scientific
article on the ‘Complications of the use of silicone oil
in vitreoretinal surgery’ showed insufficient accuracy
and reliability to produce scientifically rigorous articles.
Despite the topic chosen being widely described in the
literature, the language generated was uncommon with
conceptual errors, the information provided was su-
perficial and references did not represent the existing
literature.”® The image generated by DALL-E 2 was not
representative of the topic.

Language models like ChatGPT can serve as research
assistants but are limited to aiding in certain stages of
research papers, like data analysis, literature review, hy-
pothesis generation and peer review, thereby offering
valuable insights. With advancing technology, the poten-
tial impact of LLMs in research is expected to expand fur-
ther. Hence, it is essential to recognise the contributions
of LLMs appropriately and acknowledge their involve-
ment. ChatGPT has been considered to meet the first
three criteria outlined by the International Committee
of Medical Journal Editors (ICMJE) but fails to meet the
fourth criterion to qualify as an author.’” Concerns were
raised about the suitability of Al tools as co-authors in
research papers, citing ethical considerations and copy-
right limitations.”® The existing legal framework does not
permit non-human entities, such as Al tools, to possess
copyright ownership rights. Furthermore, the authors
should take accountability for the integrity of the con-
tent, which cannot be effectively applied to LLMs.”® Most
journals agree that LLMs do not qualify for sole author-
ship, and agree against LLMs as co-authors of research
papers.”’

Most ophthalmology journals, for example, JAMA
Ophthalmology, discourage the inclusion of Al-generated
content, but they do permit its use under the condition
that authors acknowledge the Al models' involvement

and assume responsibility for the content's integrity.
Notably, journals published by Elsevier (Elsevier.com),
which encompass prestigious ophthalmology publica-
tions including Ophthalmology, Progress in Retinal and
Eye Research and the American Journal of Ophthalmology,
allow Al tools solely for enhancing readability and clar-
ity during the writing process. Nevertheless, authors are
obligated to submit a declaration on Al usage as part of
their manuscript submission.”” Interestingly, Wiley (wiley.
com) states that Al cannot be considered capable of ini-
tiating an original piece of research without direction
by human authors.'”® The World Association of Medical
Editors (WAME) recommended that chatbots cannot be
an author as they cannot meet ICMJE authorship crite-
ria and do not understand conflict of interest.'®" To our
knowledge, there are only two published review arti-
cles'%'% and a pre-print server manuscript'®* which has
listed ChatGPT as a co-author in academia. A third review
published their corrigendum after Elsevier's Publishing
Ethics Policies were revised, removing ChatGPT from the
initial cited co-author list.'%®

In summary, LLMs' performance (median accuracy)
depended on the iteration, prompts used and the task
domain involved. A human expert (86%) was the best
performer for disease diagnosis, followed by ChatGPT-4
(82%). However, ChatGPT-4 (75.9%) topped the list
when answering text-based ophthalmology examina-
tion questions, followed by Bing Chat (75%). Similarly,
ChatGPT-4 (84.6%) and Bing Chat (78.5%) were the best
options for providing information and answering ques-
tions (Figure 3). LLMs performed best in general oph-
thalmology but worse in the ophthalmic subspecialties.
ChatGPT-4 outperformed human experts in symptom
triaging (98% vs. 86%). However, LLM can generate fake
data and hallucinations based on its training data.

FUTURE OF LLM AND ITS
POTENTIAL USES

Voice-assisted ChatGPT

Combining the functionality of ChatGPT with voice as-
sistant is used by Farcana (farcana.com) in gaming. It
offers gamers a new approach to general account man-
agement; for example, the Al-powered voice assistant
can teach the bot-specific actions like game strategy by
extracting data from previous records of top players.'%
Voice dictation is also helpful in familiarising beginners
with the game mechanics, checking account balances,
evaluating gaming activity and suggesting improve-
ments.'% These features enhance the player's level and
skill proficiency by allowing gamers to focus better on
their game. Thus, chatbots with voice assistants can in-
teract in real time and provide personalised services.'%
This can improve the user experience and further auto-
mate the interaction process.
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patient satisfaction, opinion, sentiment and emotions.
Although certain traditional sentiment analysis tasks have
approached near-human performance, attaining a thor-
ough understanding of human sentiment, human subjec-
tive feelings remain a distant pursuit. The strong capability
of LLMs in text comprehension offers sentiment analysis in
the era of LLMs.""?

Enabling gene discovery

Med-PaLM 2 has shown the ability to identify accurately
mouse genes responsible for susceptibility to six biomedi-
cal traits including diabetes and cataract. It can also detect
a novel causative murine genetic factor for susceptibility to
spontaneous hearing loss."” This result demonstrates the
capability of LLMs in analysing gene—phenotype relation-
ships and facilitating gene discovery.

Surgical training and education

The role of LLM (ChatGPT-4) has been evaluated as a teach-
ing assistant to plastic surgery residents. A set of eight roles
(cognitive, psychomotor and affective domains) were iden-
tified with an inter-observer agreement between experts
for content output ranging between 30% and 100%."*
Incorporating LLMs into surgery residency programmes
can provide an interactive, dynamic and personalised
learning experience.

Drug discovery, development and other uses

LLMs can be helpful in the discovery and development of
drugs. ChatGPT-4 added a retrieval plug-in that searches
new documents and assays to update its knowledge base,
designed to help drug discovery." Furthermore, LLMs can
provide the blueprint of drug compounds with new struc-
tures, helping to predict the drug molecule's pharmaco-
dynamics, pharmacokinetics and toxicity. It also assists in
understanding a drug's absorption, distribution, metabo-
lism and excretion; thus optimising drug properties, thera-
peutic target discovery and assessing toxicity.116

While taking multiple medications, patients are at in-
creased risk of experiencing adverse events or drug tox-
icity due to drug-drug interaction (DDI). ChatGPT can
predict and explain the DDlIs. Although not always correct,
ChatGPT is an efficient tool for understanding DDIs, espe-
cially for those without access to healthcare facilities.'”

LLMs have the potential to assist with the complex pro-
cess of drug repositioning or repurposing, which is finding
new therapeutic purposes and targets for existing drugs.
This approach saves time and investment required for new
drug development without human trials."®

Finally, DrugChat (ai.ucsd.edu) is a ChatGPT-like phar-
maceutical domain-specific LLM designed to analyse drug
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compounds, answer questions and generate text descrip-
tions for drugs."”® It can enable conversational analysis
of drug compounds from both text and drug molecule
graphs. Thus, LLMs have a role to accelerate drug discov-
ery, find novel therapeutic molecules and perform func-
tions that benefit patients.

Diagnosing ocular surface disorders

As well as diagnosing ophthalmic diseases of the posterior
segment, NLP has also been used for identifying disorders
such as herpes zoster ophthalmicus (HZ0)"" and the quan-
tification of microbial keratitis.'” The sensitivity and speci-
ficity of NLP to quantify microbial keratitis from electronic
health records ranged between 75%-96% and 91%-96%,
respectively.”® Similarly, NLP used to screen HZO from
clinical notes had a high sensitivity (95.6%) and specificity
(99.3%).""° This indicates huge potential for LLMs in detect-
ing ocular surface disorders.

Newer ophthalmic domain-specific LLM

Although most LLM systems were not built for any spe-
cific domain or field of knowledge, the extent of their
popularity in health and ophthalmic care is tremendous.
However, the text and images used for ophthalmic con-
ditions are different from general web content. Thus,
general domain LLMs may have difficulty dealing with
professional conversations, resulting in incorrect answers
or false facts. Ophthalmology large language-and-vision
assistant (OphGLM) is a newly developed LLM (ailab.lv),
and uses visual ability (images) specific to ophthalmic
conditions.”” The OphGLM model conducts disease as-
sessment and diagnosis by analysing fundus images and
incorporating ophthalmic knowledge data along with real
medical conversations. Additionally, this model incorpo-
rates visual capabilities and introduces a novel data set for
ophthalmic multimodal instruction tracking and dialogue
fine-tuning.””' Although experimental data sets demon-
strate outstanding accuracy for diseases such as diabetic
retinopathy, glaucoma and other ophthalmic conditions,
it will be important to examine its real-life clinical applica-
tion. The medical and scientific text domain-specific LLMs
like Med-PaLM 2, PubMedBERT (microsoft.com), BioBERT,
ScholarBERT (Public.Resource.Org), SciBERT (allenai.com),
DARE (healx.ai), ClinicalBERT and BioWordVec (ncbi.nlm.
nih.gov) are already outperforming the foundation LLMs in
biomedical tasks.?>%>'??

LIMITATIONS, CHALLENGES AND
ADVANCEMENT OF LLM

The clinical deployment of ChatGPT and similar applica-
tions has been hindered by various issues and limitations.
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First and foremost was the limited training of both GPT-
3.5 and GPT-4 up to September 2021. Without continuous
updating of the knowledge, the responses may be en-
tirely outdated and even harmful, especially in the field
of health and eye care. Second, lack of domain-specific
training data leads to the ‘garbage in, garbage out’ issue.
Although the LLM boasts an impressive size with 175
billion parameters, GPT-3.5 utilises a small fraction of
the available data (only 570 GB) for its initial training.m
Third, the absence of any real-time internet access funda-
mentally limits LLMs like ChatGPT, with the exception of
few LLMs like BlenderBot 3 (ai.meta.com)'®* and Sparrow
(deepmind.google)'® which can access the internet
while generating responses. Fourth, intensive fine-tuning
and training have developed LLMs that can generate re-
sponses which sound plausible and coherent, although
not necessarily accurate, when presented with queries.
These ‘hallucinations’ or ‘fact fabrications’ are inaccurate
or fake information invented when the information is not
represented in the training data set. With the advent of
GPT-4 expanded with Advanced Data Analysis (Python,
python.org), if prompted, GPT-4 can even create fake
data set for research and publication with an author's
desired outcome.'?® Moreover, responses are consensus-
based, not evidence-based which can be illusional. Other
than continuous updating of knowledge from publica-
tions, clinicians possess another advantage of accessing
data not yet published from conference presentations
and workshops. Thus, in the absence of any benchmark-
ing and the presence of fake data, Al may make it difficult
to differentiate fact from fiction. However, LLMs can self-
improve by employing chain-of-thought prompting and
encouraging self-consistency enabled autonomous fine-
tuning, leading to a 5%-10% enhancement in reasoning
capabilities of an LLM.'”” LLMs have undergone extensive
development over the years, resulting in their emergence
with ‘few-shot’ or ‘zero-shot’ capabilities. This means they
can now recognise, interpret and generate text requir-
ing minimal or no fine-tuning. In other words, few-shot
and zero-shot are Al developed to complete tasks with
or without exposure to initial examples of the task, with
accurate generalisation to unseen examples.””®> These
impressive few-shot and zero-shot properties become
evident and develop when model size, data set size and
computational resources reach a significant scale.'® Fifth,
like any Al system, LLM processing has the ‘black box’
problem, which is the absence or unclear explanations/
reasoning behind the model or decision, which reduces
confidence, making interpretation and clinical decision-
making tougher.'® Equally, DALL-E 2, which generates
images in response to text prompts, risks false-positive
diagnosis when reviewed by a lay person (patient), or
even a potentially dangerous false-negative diagnosis,
which might lead to false reassurance and delayed treat-
ment.'® The inability of the earlier iterations of ChatGPT
to process images may need incorporation of other trans-
fer models such as the Contrastive Language-lmage

Pretraining (CLIP) model. CLIP generates text description
of an image input,”*® which can be used as an adjunct for
LLMs without image output. However, CLIP is designed
for the domain of medical imaging and not specific for
the eye, which might limit its sensitivity to differenti-
ate eye diseases. Furthermore, the fusion of ChatGPT
with Argil plugin (argil.ai) might help creation of images
from textual prompts.®® Sixth, LLMs also raise ethical
considerations and challenges, such as bias in data and
outputs, privacy concerns and the responsible use of Al
technology. Addressing these challenges is crucial to en-
sure the ethical and responsible deployment of LLMs in
various health and eye care applications."*' GPT-4 raises
privacy concerns and lack of accountability in contain-
ing patient-identifiable and personal data.'”® Seventh, it
should be borne in mind that, while LLMs do not possess
emotions or consciousness, they can be designed to gen-
erate text based on patterns learned from data that ap-
pear empathetic and considerate in certain contexts.'?
However, empathy in health care settings is mainly verbal
and from body language, so the ethical considerations of
using empathetic LLMs should be considered, especially
when dealing with sensitive topics or vulnerable users.
Finally, most of the existing research is focussed on the
qualitative appraisal of LLMs in artificial settings. Real-
world clinical interventions tested through randomised
controlled trials evaluating the safety, efficacy, morbidity
and other parameters are needed for better understand-
ing and deployment of LLMs in clinical care.

Despite the fears and hype, the barriers to implementa-
tion of LLMs replacing healthcare professionals in any ca-
pacity remain substantial."** LLMs continue to be afflicted
by mistakes and errors. Fundamentally, LLMs are limited by
the quality of information available for training or brows-
ing in response to queries, which remains governed by
human activity (e.g., research, policymaking).

To summarise, the existing use and benefits of LLM in
eye care are: (i) disease diagnostic support; (ii) symptom as-
sessment and triage; (iii) patient education, information and
engagement; (iv) helping prepare for ophthalmic qualify-
ing examinations; (v) literature analysis/review; (vi) prepar-
ing ophthalmic operative notes and (vii) drafting editable
response to patient queries. The potential future benefits
arising from the current trend and speculation based on
the ability of LLMs can be predicted to be: (i) remote mon-
itoring and telemedicine, (ii) readily available and accurate
information for clinicians in busy clinics, (iii) evidence-based
practice and continuing education, (iv) predicting disease
progression, (v) vision correction options, (vi) contact lens
recommendations, (vii) research assistant, (viii) clinical doc-
umentation and report generation, (ix) electronic health
records, (x) clinical decision-making support, (xi) image
analysis and interpretation, (xii) understanding patient sat-
isfaction, (xiii) pre- and post-operative patient counselling,
(xiv) gene discovery for ophthalmic diseases, (xv) surgical
training and education, (xvi) drug discovery, development,
repurposing, interactions and (xvii) improve the design of

9SUDOI] SUOWIWO)) AANEAI)) d[qearjdde dy) Aq PAUIOAOS dIe SA[OIMIE () ‘OSN JO SN J0§ ATRIqIT SUIUQ AJ[IA\ UO (SUOLIPUOI-PUR-SULID)/W0d" K[ 1M ATeiqiaur|uo//:sdny) suonIpuo)) pue suLd | 9y 39S “[$202/20/92] U0 Areiqr duruQ ASIpm 1891 Aq $8z¢1°0do/1 1 [ 1°01/10p/wod AdjimKrexquaurjuo/:sdiny woiy papeoumo( ‘0 ‘1€ 1Sy [


http://ai.meta.com
http://deepmind.google
http://python.org
http://argil.ai

BISWAS ET AL.

Y
i THE COLLEGE OF 27
OPTOMETRISTS

future LLMs. The earlier iterations of ChatGPT (GPT-3 and
GPT-3.5) could only process text-based prompts. Although
ChatGPT-4 Vision can process and analyse text and image
inputs, its performance has been below par. The way for-
ward will be to develop an ophthalmic domain-specific
LLM, which will be competent and have both text and
image processing capabilities like ChatFFA and OphGLM.
Another possibility of improving the diagnostic capability
of LLMs could be to synergise them with image-based deep
learning algorithms, thereby enhancing the potential for a
contextual interpretation of text and image inputs simul-
taneously.”® Notwithstanding that the potential benefits of
using LLM in eyecare is immense, only some of it has been
explored so far. These findings are similar to that previously
observed by a systematic review?” in healthcare where the
conversational LLM was found to reduce overall healthcare
cost along with a multitude of benefits in research, educa-
tion and clinical practice.

Unlike the earlier LLMs, the more recent versions can
process, analyse and interpretimages. If they can be trained
for specific tasks, such as grades of diabetic retinopathy or
cup-disc ratio, then the opportunities of ChatGPT become
infinite at a much lower cost and greater convenience of
using a single application to combine and interpret both
image and text inputs. It would give access to a plethora
of medical knowledge that can be updated and improved.
And yet the downsides of LLMs should be addressed be-
fore embracing these applications in eyecare. Moreover,
clinical decision-making requires human interaction and
consideration of the socio-economic—psychological factor
of the patient alongside clinical knowledge. LLMs should
be used conservatively in the future by identifying the
scope and specific areas of use in eyecare while maintain-
ing the human judgement for clinical decisions.

CONCLUSION

With the introduction of Cerebras GPT (cerebras.net) (a
family of seven GPT models ranging from 111 million to 13
billion parameters),134 GPT-4 (170 trillion parameters) and
those already in existence such as GPT-3.5, GPT-3, Chinchilla
(deepmind.google), Meta OPT (ai.meta.com), Pythia (eleut
her.ai), PubMedGPT (also known as BioMedLM, crfm.stanf
ord.edu), BioGPT (microsoft.com), BioBERT and PaLM, it ap-
pears that LLM-based Als are the tool of the present and
the future,"" capable of undertaking a host of tasks from
clinical decision-making to disease diagnosis, raising pa-
tient awareness, preparing for examinations and symp-
tom triaging. Although the diagnostic accuracy widely
varies based on the LLM iteration, they are more efficient,
faster and repeatable than human non-experts and train-
ees.?? Primarily, LLMs are used as medical assistants; their
use can be broadened into roles which might potentially
save consultation time and reduce burden on clinicians
and supporting staff like drafting responses that could be
edited and sent to patients.’*?*®" Assessing the practical
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application of LLMs in a real-world clinical setting is essen-
tial before they can be deployed clinically. However, the
patient's perspective, attitude and acceptability of LLM in
a variety of ethical and minimally harmful clinical contexts
must be considered. Although the image processing capa-
bility of GPT-4 alongside its text processing is expected to
overcome some of the limitations and outdo the existing
Al systems in accurate disease screening and diagnosis, de-
veloping ophthalmic domain-specialised LLMs combining
multimodal ophthalmic data will be a significant step for
the future. Nevertheless, given the limitations of LLM, cau-
tion should be exercised before embracing these applica-
tions. As Al continues to advance, it is essential to ensure
that the potential benefits of introducing these applica-
tions in eyecare are maximised, while minimising the po-
tential risks of its implementation. This is achievable only
through the engagement of the eyecare community and
staying up to date with the potential developments.
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