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Abstract

Objectives: To compare the performances of EyeArt
and endocrinologists in diagnosing more-than-mild
diabetic retinopathy (mtmDR) among patients with
diabetesin aHong Kong hospital.

Methods: Medical records of consecutive patients with
diabetes mellitus aged =18 years who were screened
for diabetic retinopathy (DR) at Pamela Youde
Nethersole Eastern Hospital in February 2021 were
retrospectively reviewed. Two fundus photographs (one
macula-centered and one optic nerve head-centered)
were taken from each eye and saved electronically.
The photographs were independently graded by
endocrinologists, and then by the EyeArt system and
by two ophthalmologists specializing in vitreoretinal
diseases (the gold standard). mtmDR is defined as
moderate nonproliferative DR, severe nonproliferative
DR, or proliferative DR, with or without the presence
of clinically significant macular edema. Performances
of EyeArt and the endocrinologists in diagnosing
mtmDR were determined, as were factors associated
with EyeArt’s diagnostic accuracy and the variability
between EyeArt and the endocrinologists.

Results: In total, 107 men and 57 women (328 eyes)
were included in the analysis. Diagnostic performances
of EyeArt and the endocrinologists were comparable
in terms of sensitivity (88.0% vs 81.5%), specificity
(90.9% vs 93.1%), positive predictive value (46.8%
vs 53.7%), and negative predictive value (98.8% vs

98.1%). Gwet'’s first-order agreement coefficient
was 0.832 (p<0.001), demonstrating almost perfect
agreement between EyeArt and the endocrinologists.
Inaccurate diagnosis by EyeArt was associated with
the presence of hypertensive retinopathy(x>=17.44,
p<0.001).

Conclusion: EyeArt demonstrated high sensitivity
and specificity in diagnosing mtmDR among patients
with diabetes, with almost perfect agreement with the
endocrinologists. EyeArt can be used to screen for DR.

Key words: Diabetic retinopathy; Generative artificial
intelligence; Mass screening; Sensitivity and specificity

I ntroduction

The global prevalence of diabetes mellitus was estimated
to be 10.5% in 2021 and predicted to increase to 11.3%
in 2030 and 12.2% in 2045.* Diabetic retinopathy (DR),
a complication of diabetes mellitus, is a leading cause of
new-onset blindness among adults aged 20 to 74 years in
developed countries? Globally, the number of adults with
DR was estimated to be 103.12 million in 2020 and predicted
to increase to 160.50 million by 2045.2 Early detection and
intervention can prevent vision loss. Screening for DR is
recommended at the time of diagnosis of type 2 diabetes and
within 5 years of diagnosis of type 1 diabetes.? However,
21% of patients with diabetes worldwide have not been
screened, primarily owing to limited access to specialists.*
In Hong Kong, approximately 20% of patients with diabetes
have never been screened for DR.®

© 2025 Hong Kong Journal of Ophthalmology. CC BY-NC-ND 4.0 | HKJOphthalmol @®Vol.29 No.I | https://doi.org/10.12809/hkjo-v29n1-390 5
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Artificial intelligence (AI) with machine learning algorithms
has been used to screen for DR. Three Al systems—
LumineticsCore (Digital Diagnostics, Coralville [IA],
USA), EyeArt (Eyenuk, Woodland Hills [CA], USA), and
AEY E Diagnostic Screening (AEYE Health, New York
[NY], USA)—have demonstrated high sensitivity and
specificity and have been approved by the US Food and
Drug Administration (FDA).5” However, these systems
were developed predominantly using data from Caucasian
populations and may have dataset bias.® Fundus photographs
vary across ethnicities and refraction values. Diagnostic
performance of Al screening for referable DR differs
between lighter-and darker-skinned individuals if dataset
biasis not addressed during development of the Al system.®

In Hong Kong, only EyeArt is available. EyeArt has shown
promising results in screening high-risk patients, such as
those with a history of mild DR, gestational diabetes, or
newly diagnosed diabetes requiring hospitalization.’® The
current study aimed to compare the performance of EyeArt
and endocrinologists in diagnosing more-than-mild DR
(mtmDR) among patients with diabetes in a Hong Kong
hospital.

M ethods

Medical records of consecutive patients with diabetes aged
=18 years who were screened for DR (in accordance with
the American Diabetes Assaciation’s recommendations) at
the Department of Medicine of Pamela Youde Nethersole
Eastern Hospital in February 2021 were retrospectively
reviewed. Patients who regularly visited an ophthalmologist
or optometrist for DR or any other ophthalmological disease
were excluded.

Two fundus photographs (one macula-centered and one optic
nerve head-centered) were taken from each eye using the
non-mydriatic auto fundus camera 330 (Nidek, Gamagori,

Aichi, Japan) and saved electronically. The photographs
were independently graded by endocrinologists (using the
International Clinical Diabetic Retinopathy [ICDR] severity
scale),”t and then by the EyeArt system (version v2.1.0)
and by two ophthalmologists specializing in vitreoretinal
diseases (the gold standard).

The EyeArt system has been trained on >375 000 images
and uses multiple image anaysis algorithms.*? It grades DR
based on either the ICDR (International Clinical Diabetic
Retinopathy) severity scale™ or the UK NDESP (National
Diabetic Eye Screening Programme) scale” (Table 1).
mtmDR is defined as moderate nonproliferative DR, severe
nonproliferative DR, or proliferative DR (equivaent to Early
Treatment Diabetic Retinopathy Study [ETDRS] levels 35
to 85), with or without the presence of clinically significant
macular edema. Vision-threatening DR (VtDR) is defined
as severe nonproliferative DR or proliferative DR (ETDRS
levels 35 to 85), with or without the presence of clinicaly
significant macular edema. Ungradable eyes or eyes graded
with mtmDR (including vtDR) would be referred to an
ophthalmologist, as recommended by the International
Council of Ophthalmology Guidelines for Diabetic Eye Care
2017.* A report was generated, showing gradings of each
eye and summary of advised action.”

The fundus photographs were then graded by two
ophthalmologists specializing in vitreoretinal diseases
based on the ICDR severity scale. Additionally, myopic
maculopathy was classified according to the International
Photographic Classification and Grading System for Myopic
Maculopathy.’® Other incidental pathologies were also
recorded.

Sensitivity, specificity, and positive and negative predictive
values of EyeArt and the endocrinologists in diagnosing
mtmDR were determined, as were factors associated with
EyeArt’s diagnostic accuracy and the variability between

Table 1. Gradings of diabetic retinopathy (DR) according to the International Clinical Diabetic Retinopathy (ICDR), the Early Treatment Diabetic
Retinopathy Study (ETDRS), and the National Diabetic Eye Screening Programme (NDESP).

ICDR Findings observable on dilated ophthalmoscopy ETDRS NDESP
No apparent retinopathy No abnormalities Level 10 RO: no apparent retinopathy
Mild nonproliferative DR Microaneurysms only Level 20 R1: background DR

diabetic retinopathy

Moderate nonproliferative DR More than just microaneurysms but less than severe nonproliferative Level 35

Level 43 R2: pre-proliferative DR
Level 47

Severe nonpraliferative DR

abnormalities in =1 quadrant

Any of the following and no signs of proliferativeretinopathy: 20  Level 53
intraretinal hemorrhages in each of the 4 quadrants, definite venous
beading in =2 quadrants, prominent intraretinal microvascular

Proliferative DR
preretinal hemorrhage

One or more of the following: neovascularization, vitreous/

Levels6l, 65, 71, R3: proliferative DR
75,81, 85

No macular edema

No apparent retinal thickening or hard exudates in the posterior pole

Macular edema

pole

Some apparent retinal thickening or hard exudates in the posterior

HKJOphthalmol & Vol.29 No.I



EyeArt and endocrinologists (who are responsible for
screening for mtmDR among patients with diabetes in Hong
Kong).

Statistical analyses were performed using SPSS (Windows
version 26.0; IBM Corp, Armonk [NY], USA) and R
Statistical Software (version 4.2.2, R Foundation for
Statistical Computing, Vienna, Austria). Diagnostic
performances of EyeArt and endocrinologists were
compared, with the ophthalmologists gradings being the
gold standard. The required sample size was calculated
using the R package.r” Assuming EyeArt has 95.5%
sensitivity and 85% specificity, the estimated number of
eyes with mtmDR required to show 95.5% sensitivity with
an expected confidence interval (Cl) of 0.2 was 30. The
estimated number of eyes without mtmDR required to
show 85% specificity with an expected CI of 0.15 was 90.
Based on a Hong Kong study reporting the prevalence of
mtmDR to be 9.8% and the percentage of ungradable eyes
or incomplete data to be 15%,® we intended to recruit 181
patients. The 95% CI was cd culated using the Agresti-Coull
interval method due to the poor coverage of the normal
approximation interval (Wald interval), especially when the
proportion near 0 or 1, and the over-conservative estimates
by the Clopper-Pearson interval.’® Factors associated
with diagnostic accuracy were determined using the Chi-
sguared test or Student’s t test. Diagnostic performances of
EyeArt and endocrinologists were compared using Cohen's
kappa, Gwet’s first-order agreement (AC1) coefficient, and
McNemar’s test. For McNemar’s test, an exact p value was
used when the discordance was small (<25); otherwise, a
mid p value was used.?

Table 2. Characteristics of participants (n=164).

Characteristic Value*
Age,y 60 (53-66)
Sex

Femae 57 (34.8)

Male 107 (65.2)
Ethnicity

Chinese 162 (98.8)

Asian origin other than Chinese 1(0.6)

Caucasian 1(0.6)
Body massindex, kg/m? 25.7 (22.8-29.2)
Systalic blood pressure, mmHg 138 (128-150)
Total cholesterol, mmol/L 4.09 (3.54-4.79)
Estimated glomerular filtration rate, 84.5 (70.8-98.0)

mL/min/1.73m?
Diabetes type

Typel 4(2.4)

Type2 160 (97.6)
Duration of diabetes, y 8(2-11)
Glycated hemoglobin,% 7.4 (6.5-7.8)

*  Data are presented as median (interquartile range) or No. (%) of participants

HKJOphthalmol & Vol.29 No.|
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Results

Of 187 patients with diabetes recruited, 23 were excluded
owing to incomplete data or lost fundus photographs, and the
remaining 107 men and 57 women (328 eyes) were included
in the analysis (Table 2). Most were Chinese (98.8%) and
had type 2 diabetes (97.6%), with a median disease duration
of 8 years and amedian glycated hemoglobin of 7.4%.

According to the two ophthalmologists specializing in
vitreoretinal diseases (the gold standard), 25 eyes were
deemed ungradable and 303 gradable (Table 3). Of the | atter,
27 were classified as having mtmDR; 10 of which were
VIDR and six of these also had macular edema. In addition,
61 eyes had myopic maculopathy, and 56 eyes had other
concomitant ophthalmic pathologies including hypertensive
retinopathy (Figure), cataracts, increased cup-disc ratio,
epiretinal membrane, age-related macular degeneration, and
central retinal vein occlusion.

Table 3. Comparison between EyeArt and endocrinologists in
detecting more-than-mild diabetic retinopathy (mtmDR) based on
the gold standard by two ophthalmologists.
Evaluator No. of eyeswith mtmDR
asdetermined by two
ophthalmologists
Yes (n=27) No (n=276)
EyeArt
mtmDR + 22 25
mtmDR — 3 249
Ungradable 2 2
Endocrinologists
mtmDR + 22 19
mtmDR — 5 257

Figure. A fundus photograph of an eye with hypertensive
retinopathy misclassified as having more-than-mild
diabetic retinopathy by EyeArt.
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Table 4. Diagnostic performances of EyeArt and endocrinologists.
Diagnostic performance EyeArt’ Endocrinologists
Sensitivity 88.0 (69.2-96.7) 81.5(62.8-92.3)
Specificity 90.9(86.8-93.8)  93.1(89.4-95.6)
Positive predictive value 46.8 (33.3-60.8) 53.7 (38.7-67.9)
Negative predictive value 98.8 (96.4-99.8) 98.1 (95.5-99.3)

*  Data are presented as % (95% confidence interval)

According to EyeArt, four eyes were deemed ungradable
and 299 gradable. Of the latter, 47 were classified as having
mMtmDR; 20 of which were vtDR and 11 of these aso had
macular edema. Of the 25 eyes deemed ungradable by the
ophthalmologists, 16 (64%) were correctly identified by
EyeArt, three (12%) were misdiagnosed as having VtDR,
and six (24%) were misdiagnosed as not having DR or
having mild DR and were not referred to an ophthalmologist.
Regarding the three false-negative cases, one did not have
other ocular pathology, one had an epiretinal membrane,
and one had hypertensive retinopathy. Among the 25 false-
positive cases, 14 did not have other pathology, nine had
hypertensive retinopathy, one had an increased cup-disc
ratio, and one had central retinal vein occlusion. Inaccurate
diagnosis by EyeArt was associated with the presence of
hypertensive retinopathy (}?=17.44, p<0.001).

According to the endocrinologists, no eyes were deemed
ungradable, and 41 eyes were classified as having mtmDR,
three of which also had macular edema. Of the 25 eyes
deemed ungradable by the ophthalmologists, 23 (92%) were
classified by endocrinologists as not having DR and two (8%)
as having mtmDR and were referred to an ophthalmologist.

Diagnostic performances of EyeArt and endocrinologists
were comparable in terms of sensitivity (88.0% vs 81.5%),
specificity (90.9% vs 93.1%), positive predictive value
(46.8% vs 53.7%), and negative predictive value (98.8% vs
98.1%) [Table 4].

The variability between EyeArt and endocrinologists is
shown in Table 5. For a conservative evaluation, which
assumes all ungradable fundus photographs would be
wrongly graded, the kappa coefficient between EyeArt and
endocrinol ogists was 0.505 (p<0.001), which was considered
moderate.> However, the kappa coefficient underestimate
agreement when the prevalence is high.22 This can be
addressed using Gwet’s AC1 coefficient,2% which was 0.832
(p<0.001), indicating aimost perfect agreement. McNemar’s
test was used to evaluate the equality of sensitivity and
specificity in patients with and without mtmDR.Z The
exact p vaue for sensitivity was 1, and the mid p value for
specificity was 0.216. Both p values exceeded the cutoff of
0.05, failing to reject the null hypothesis of equivaence.

Table 5. Variability between EyeArt and endocrinologists in
detecting more-than-mild diabetic retinopathy (mtmDR).

EyeArt Ophthalmologists*

mtmDR + mtmDR -

Endocrinologists

mtmDR + mtmDR — mtmDR + mtmDR —
mtmDR + 19 3 7 20
mtmDR — 3 2 12 237

*  Data are presented as No. of eyes
Discussion

Generative Al has been successfully applied in various
medical specialtiesincluding radiology, dermatology,
and pathology. For DR screening, three Al systems—
LumineticsCore, EyeArt, and AEYE Diagnostic Screening
—have been approved by the FDA. Other Al systems for
retinopathy screening have also been approved in Europe
and China.®

EyeArt has 95.5% sensitivity and 85% specificity.’
However, in a UK study involving >30 000 patients, EyeArt
demonstrated 95.7% sensitivity but only 54% specificity.®
This lower specificity may be due in part to grading DR on
the NDESP scale, wherein ETDRS level 35 DR does not
need referral. The UK’s National Screening Committee till
deemed EyeArt to be a safe and cost-effective screening
tool .

Our findings confirmed EyeArt’s performance in diagnosing
mtmDR, with 88.0% sensitivity and 90.9% specificity,
which surpass the 85% sensitivity and 82.5% specificity
that the FDA sets for evaluating Al.5 The relatively lower
positive predictive value (46.8%) is likely due to the low
prevalence of mtmDR in our sample. Our findings support
the use of EyeArt for routine DR screening of Chinese
patients with diabetes attending specialist outpatient clinics.
Based on the point estimates, EyeArt had slightly higher
sensitivity but lower specificity than the endocrinologists.
Diagnostic performances of EyeArt and endocrinologists
were comparable, with a Gwet’s AC1 coefficient of 0.832.
Further studies are warranted to evaluate a two-step
screening approach, in which fundus photographs labeled
mtmDR-positive by EyeArt are subsequently reviewed by
endocrinologists. It must be ensured that the use of EyeArt
for DR screening will not compromise patient care. EyeArt
is simple to use, requires limited training, and is easily
scalable, allowing timely screening amid limited availability
of endocrinologists or ophthalmologists. Moreover, EyeArt
can be used for point-of-care screening, providing instant
feedback on image quality and allowing instant retaking
of the fundus photographs if the quality were suboptimal.
Furthermore, immediate availability of grading alleviates
patient anxiety, enabling better patient experience and
improving adherence to eye care recommendations.

HKJOphthalmol & Vol.29 No.I



The present study had severd limitations. First, this was a
single-center study that excluded patients who were regularly
followed by an ophthalmologist or optometrist; thus, patients
with mtmDR may have been underrepresented. Although the
actual population attending the DR screening program was
included, the results may not be generalizable to primary
care settings due to the spectrum effect. Second, this cross-
sectiona study used retrospective data. As all consecutive
visits were included, the diagnostic performance was
unlikely to be affected. However, a prospective design would
have allowed retaking of fundus photographs in cases of
ungradable images and eva uation of patient acceptance, user
experiences of Al, and the potential benefit of immediate
grading on compliance with subsequent follow-ups. Third,
the 95% CI of senditivity in diagnosing mtmDR overlapped
the null hypothesis required for FDA approval. To replicate
the results that fulfil the FDA regulatory requirements of
85% sensitivity and 82.5% specificity with a null hypothesis
of 75% sensitivity and 77.5% specificity, a larger sample size
is needed. Although EyeArt is approved for viDR detection,
we could not evaluate its performance in diagnosing viDR
owing to the limited number of patients with viDR. Lastly,
although hypertensive retinopathy was associated with
inaccurate diagnosis by EyeArt, only 36 of the 328 eyes
had hypertensive retinopathy, and the prevalence of other
ophthalmic pathologies was even lower. Further studies
targeting concomitant ophthalmic pathologies are warranted
to determine factors affecting diagnostic accuracy.

Conclusion

EyeArt demonstrated high sensitivity and specificity in
diagnosing mtmDR among patients with diabetes, with
almost perfect agreement with the endocrinologists. EyeArt
can be used to screen for DR; nonetheless, a multicenter
prospective study with alarger sample is warranted to
validate its diagnostic performance.
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Abstract

Objectives: To compare the performances of GPT-3.5-
turbo and GPT-4.0 for medical education.

Methods: The performances of GPT-3.5-turbo (via
Poe) and GPT-4.0 (via Microsoft 365 Copilot) were
compared in terms of medical terminology translation
(283 medical terms from six specialties), situational
judgment (30 situations in seven contexts), medical
knowledge (80 multiple choice questions and 80
clinical scenario questions), medical studies (10 case
scenarios), and clinical communication (10 case
scenarios).

Results: GPT-4.0 outperformed GPT-3.5-turbo in
accuracy in terms of medical terminology translation
(98.6% vs 91.5%), situational judgment (83.3% vs
63.3%), medical knowledge (93.8% vs 85.0% on
multiple choice questions and 82.5% vs 72.5% on
clinical scenario questions), medical studies (in 3 of 10
case scenarios), and clinical communication (in 4 of 10
case scenarios).

Conclusions: GPT-3.5-turbo and GPT-4.0 performed
reasonably well on medical knowledge and medical
studies, with GPT-4.0 performing slightly better in
medical terminology trandation, situational judgment,
and clinical communication. These results are promising
for the incorporation of large language models in
medical education. Nonetheless, overreliance should be
avoided as responses can be inaccurate or irrelevant.

Key words: Education, medical; Generative artificial
intelligence; Large language models

Introduction

Generative artificial intelligence (Al) excels in producing
diverse content such as text, images, and videos.»? Large
language models, a form of generative Al, are customized
for text-based tasks such as natura language comprehension,
text generation, and language trandlation. These models can
potentially reshape healthcare and education by creating
high-quality educational materials and enabling interactive
learning with data-driven insights.>®

ChatGPT by OpenAl has demonstrated its performance
on the United States Medical Licensing Examination® and
graduate-level business and law school examinations.”®
Compared with GPT3.5-turbo, GPT-4.0 has an enhanced
contextual understanding and expanded knowledge base.®
GPT s utilities for answering physicians questions,*® making
diagnoses,*? assisting triage,®® and trandating language'**®
have been eval uated.

In Hong Kong, English is the medium of medical education,
whereas Cantonese is the medium of communication
between clinicians and patients. It is important to assess the
accuracy of GPT in multilingual settings before its potential
integration into medical education and clinica practice. This
study aimed to compare the performances of GPT-3.5-turbo
and GPT-4.0 for medical education.
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M ethods

The performances of GPT-3.5-turbo (via Poe) and GPT-
4.0 (via Microsoft 365 Copilot) were compared in terms
of medical terminology translation, situational judgment,
medical knowledge, medical studies, and clinical
communication.

For medical terminology translation, we used 283
terminologies from six speciaties: ophthamology (n=183),
general medicine (n=20), genera surgery (n=20), obstetrics
and gynecology (n=20), pediatrics (n=20), and psychiatry
(n=20) from the Medical Audio Glossary* of the Faculty of
Medicine at the Chinese University of Hong Kong, using the
prompt “Help me trandate the following medical terms into
Hong Kong Chinese.”

For situational judgment, 30 questions in seven contexts
from the University Clinica Aptitude Test” were used for
ethical decision making. Each question had four options. A
(very important/appropriate), B (important/appropriate), C
(of minor importance/inappropriate but not awful), and D (not
important/very inappropriate).

For medical knowledge, 80 multiple choice questions
(MCQs) from Robbins and Cotran Review of Pathology
(fourth edition)*® and 80 clinical scenario questions from
Surgical Recall (eighth edition)®® were used.

For medical studies, five cases related to the role of Al in
medicine and five cases related to textbook recommendations,
note-taking tools, preparation for clinical rotations, and
clinica skillswere used.

For clinical communication, 10 cases from the Practical
Assessment of Clinical Examination Skills from the
Membership of the Royal Colleges of Physicians®# of
the United Kingdom were used. Information and scenarios
involving a doctor and a patient were input. The information
included the patients’ chief complaints, investigation results,
characters, moods, and concerns.

Six medical students independently performed the medical
studies and clinical communication inquiries. Responses
were evaluated based on the modified Al-DISCERN
criteria®? in terms of technical, clinical, and societal
perspectives on a 5-point Likert scale ranging from 1 to 5.
Total scores ranged from 10 to 50; higher scores indicated
better performance.

The performances of GPT-3.5-turbo and GPT-4.0 were
compared using the Mann-Whitney U test. Statistical
analyses were performed using SPSS (Windows version
19.0; IBM Corp, Armonk [NY], USA). A p vaue of <0.05
was considered statistically significant.

12

Results

For medical terminology translation, the accuracy was
91.5% (259/283) [95% confidence interval (Cl1)=88.4%-
94.9%] for GPT-3.5-turbo and 98.6% (279/283) [95%
Cl1=97.0%-99.9%)] for GPT-4.0. Most inaccuracies were due
to a lack of context; for example, ‘floaters’ was translated as
EEFEYD, ‘tunnel surgery” as ‘FEZE T, and ‘synechia’ as
TRGZE or ‘MEFLAGZ’. GPT-3.5-turbo falsely translated ‘slit
lamp’ as ‘#& 5% and ‘nephroblastoma (Wilm’s tumor)’ as
‘BfffiE’, whereas GPT-4.0 falsely translated ‘scotomas’ as
FREFELIE’ instead of ‘EEL,HEY (Table 1).

For situational judgment, the accuracy was 63.3% (19/30)
[95% CI1=46.1%-80.5%] for GPT-3.5-turbo and 83.3%
(25/30) [95% CI=70.0%-96.6%] for GPT-4.0. Among the
inaccurate answers, GPT-3.5-turbo’s responses had a one-
level difference in nine questions and a two-level difference
in two questions, whereas GPT-4.0's responses had a one-
level difference in in five questions only.

For medical knowledge, the accuracy of the MCQs was
85.0% (68/80) [95% CI=77.2%-92.8%)] for GPT-3.5-turbo
and 93.8% (75/80) [95% CI1=88.4%-99.0%] for GPT-4.0.
GPT-4.0 outperformed GPT-3.5-turbo on eight questions,
whereas GPT-3.5-turbo outperformed GPT-4.0 on one
question. Additionally, the accuracy of the clinical scenario
guestions was 72.5% (58/80) [95% CIl=62.7%-82.3%] for
GPT-3.5-turbo and 82.5% (66/80) [95% Cl=74.2%-90.8%)]
for GPT-4.0. GPT-4.0 outperformed GPT-3.5-turbo on 13
guestions, whereas GPT-3.5-turbo outperformed GPT-4.0
on five questions. Notably, both chatbots made the same
mistake by wrongly diagnosing inner thigh pain as meragia
paresthetica (which causes outer thigh pain).

For medical studies inquiry, in the five cases related to the
role of Al in medicine, the mean AI-DISCERN scores were
47.3 for GPT-3.5-turbo and 48.2 for GPT-4.0 (Table 2). Both
chatbots provided guidelines on identifying false information
and advice on the proper use of chatbots. However, in cases
related to clinical practice, specifically, “What are some
items that a medical student must bring to the ward during
their clinical rotations?’, GPT-3.5-turbo accurately answered
a stethoscope and white coat, whereas GPT-4.0 failed to do
s0. When asked to assist medical students in performing a
physical examination to diagnose aortic regurgitation, GPT-
4.0 was superior by providing more suggestive findings and
additional indicative signs.

For clinical communication, both chatbots performed
comparably in six of 10 cases (Table 3); for example,
regarding initiating communication between doctors and
patients on smoking cessation (case 1), and hydration and
feeding to patients with severe dementia (case 2), both
chatbots could explain patients conditions and showed

HKJOphthalmol & Vol.29 No.I
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Table 1. Translation errors made by GPT-3.5-turbo and/or GPT-4.0, together with their correct answers.
Medical terminology GPT-3.5-turbo GPT-4 Correct answer
Ophthalmology
Candiculitis TREESE* RINE R RINE R
Chalazion (internal hordeolum) ZRMifE M BohifE (IpigehE) (AE)
Cone [ * Bkl zkaiEaliiol
Cycloplegia FEAR AL R LB * IR AIL iy
Dacryostenosis IRFERAZE REPAE RERAE
Electroretinography B A RS FA AR B [ FA AR B [
Epicanthus P MEE R NEE K
Epiphora TR HRIR R (RKiEZ)
Epiretinal membrane I et A A B i e A A B i e
Episcleritis AL RS RIS
Floaters ftazy/Al FRIBOE FRASCAE
Hemorrhage, petechial FBE s atautil PR
Lidlag AR T AR B AR E TG B
Limbus AR A+ paelinte AR (AR
Pilocarpine hydrochloride AR ERRUCRE R AT MEEILEY) (ERZEW)
Rod PR TR AR Gkl
Slit lamp et ARG ARG
Scotoma B R HREF AR MERG, B
Supraorbital il fE - ARAE +
Sympathetic ophthalmia AR EARSE RIRKMERR RIRKMERR S
Synechia upll it £l ST REE
General Medicine
Dystrophy (dystrophia) Es e MABERRT BERAR
General Surgery
Continent cutaneous urinary diversion AR R PRE T RT3 B2 PRI B AT RT3 B2 PRI B Tk
L aparotomy HE et 4l T HIRE Tl =)
Tunnel surgery RE i REE it %S &7 S E T
Pediatrics
Immotile ciliasyndrome i ESVh i A BB AEIEIART BB AEIEIART
Nephroblastoma (Wilm's tumor) B OERE = ssllinb B ARRRE B R AR

Anatomical translation error

i Literal translation error

empathy and understanding. In four cases, GPT-4.0
outperformed GPT-3.5-turbo; for example, when asked
to explain a patient's condition to his mother without
exposing the patient’s recreational drug use (case 5), GPT-
3.5-turbo violated the patient’s autonomy by disclosing
this confidential information. Both chatbots fell short in
understanding human emotions. When discussing needle
phobia (case 4), neither chatbot displayed embarrassment.
Moreover, vague terms instead of specific details were
documented during doctor-patient interactions. For instance,

HKJOphthalmol & Vol.29 No.|

both chatbots merely mentioned ‘various treatment options’
to patients with HIV (case 8) without further elaboration.

Discussion

GPT-4.0 outperformed GPT-3.5-turbo in medical
terminology translation, situational judgment, and clinical
communication, whereas the two chatbots were comparable
in medical knowledge and medical studies. Both chatbots
have shown high accuracy in trandating medical English to

13
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Table 2. GPT-3.5-turbo and GPT-4.0 responses to questions related to medical studies measured using the AI-DISCERN criteria.

examination?

Question Al-DISCERN score* p Value
GPT-3.5-turbo GPT-4

Question related to the role of Al in medicine
Asamedical student, how should | use ChatGPT? 49.67+0.82 42.67+6.53 0.03
Asamedical student, how can | identify false information generated by ChatGPT? Can you provide a 49.67+0.82 50.00+0.00 0.69
stepwise approach for me please?
What is the correct attitude for medical students who use ChatGPT in their medical studies? 50.00£0.00 49.671+0.82 0.69
How should medical doctorsintegrate Al in their practice? 38.00+3.35 49.00+2.45 0.01
| am amedica student. The medical recommendations provided by ChatGPT and the doctor that | am 49.33+1.03 49.671+0.82 0.69
attached to are different. What should | do?

Question related to medical practices
Which book should first-year medical students read to prepare for their surgical ward attachment? 41.00+6.54 35.6716.12 0.23
Which note-taking tool should amedical student use? Can you recommend one for me? 40.67+2.07 40.33+3.44 0.87
What are some items that amedical student must bring to the ward during their clinical rotations? 46.00+2.83 17.00%4.69 0.01
| am amedical student. How can | use Copilot to initiate Objective Structured Clinical Examination 26.3415.28 38.00+4.20 0.01
history-taking practice?
| am amedical student. How do | know that a patient has aortic regurgitation from a physical 35.67+1.51 41.67+4.27 0.02

* Data are presented as meanz+standard deviation

Table 3. GPT-3.5-turbo and GPT-4.0 responses to scenarios related to clinical communication measured using the AI-DISCERN criteria.

Case scenario Al-DISCERN score* p Value
GPT-3.5-turbo GPT-4
Case 1: Cessation of smoking in a patient with type 2 diabetes mellitus and transient ischemic attack 33.331+4.32 34.00+1.26 0.13
Case 2: Discussing issues relating to hydration and feeding in a patient with severe dementia 36.671+4.32 40.33+2.94 0.13
Case 3: Explaining an error to a patient 38.30+2.34 40.00t253 0.30
Case 4: Explaining the importance of treatment to a patient with diabetes mellitus 28.671+1.63 31.33+1.63 0.04
Case 5: A relative requesting information that the patient has instructed must not be divulged 16.831+2.04 36.33+2.34 0.01
Case 6: Explaining the need for lifestyle changes to a patient with rheumatoid arthritis 40.67+5.16 40.67t£3.72 0.81
Case 7: Explain the delay in diagnosis of multiple myeloma 37.30+3.50 42.33+3.44 0.04
Case 8: Explaining newly diagnosed HIV in asexual partner 36.00+3.35 42.67+2.73 0.02
Case 9: Discussing valid complaints from a patient with unresolved acute pyel onephritis who wishes to 36.00+253 39.33+242 0.07
discharge herself
Case 10: Discussing further management of a serioudly ill patient 35.33+6.89 31.00+1.67 0.34

* Data are presented as meanzstandard deviation

Spanish,® Japanese,®® and Chinese.?® For trandation into
Hong Kong Chinese, both chatbots had an overall accuracy
of 290%, indicating their potential role in facilitating doctor-
patient communication. Nevertheless, both chatbots failed
to provide context-aware trandation of some terminologies
(eg, ‘tunnel surgery’ was translated as ‘FEZEFfii" rather
than ‘B & &9E F1I7), even though the prompt already
clarified the request for medical terms. Incorrect translations
might result from the chatbots' inability or imprecision to
identify the exact anatomical locations of a health problem.
For example, GPT-3.5-turbo falsely translated ‘canaliculitis’
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as ‘JR¥ENR’ rather than JR/NEK’, whereas GPT-4.0
falsely translated ‘synechia’ as ‘BEFLAGZ rather than ‘4L
fEURGZE . Caution should be exercised when translating
specialist terminology; reliable resources should be used for
verification.

GPT-4.0 outperformed GPT-3.5-turbo in situational
judgment, probably because of GPT-4.0's expanded
knowledge base with enhanced contextual understanding.’*2
Although GPT-3.5-turbo correctly answered only 19 of 30
questions, its responses provided justifications (eg, relevant
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details and references) and were reasonably close to the
correct answers. Both chatbots have sufficient knowledge to
answer questions related to skills and techniques. However,
GPT-3.5-turbo performed worse in scenarios requiring
human rationale and fegling, whereas GPT-4.0's responses
more closely resembled real-life healthcare providers by
providing conflict resolution and addressing emotional
concerns empathetically. Nonetheless, both chatbots
generally performed well, answering most questions related
to medical knowledge correctly, especially the MCQs.
Critical thinking and profound reflection remain fundamental
to mastering specialized knowledge and distinguishing fact
from fiction.

Regarding medical knowledge and medical studies, both
chatbots failed to provide the most relevant recommendations
and suggestions in some cases. For instance, when asked
which book first-year medical students should read to
prepare for their surgical ward attachment, the chatbots
recommended the Oxford Handbook of Surgical Nursing,
which is better suited to nurses. Additionally, neither chatbot
could recommend the popular note-taking tools such as
Goodnotes and Notability, indicating the chatbots’ lack of
timeliness and relevancy.

Regarding clinical communication, GPT-4.0 was superior
to GPT-3.5-turbo; however, both chatbots failed to ask for
important information such as smoking status, which is
crucial in Objective Structured Clinical Examinations for
history taking. The current Al settings prevent the chatbots
from appreciating and expressing non-verbal communication
in the forms of body language, speech patterns, and facia
expressions. Interaction with chatbots in doctor-patient
communication can sometimes be ineffective, as the
responses might sound indifferent and unempathetic due
to their lack of cognition and intuition to provide human
contact and emotional support.®

Medical studentsincreasingly use GPT to acquire specialized
knowledge®*2 and prepare for examinations®3 and
Objective Structured Clinical Examinations practices.®%
Use of GPTs in medical education needs further evaluation
for their complexity, ethical and legal responsibilities, and
impact on human lives. Previous studies have demonstrated
the potential of GPTs to reshape medical education,*® but
none was conducted in multilingual settings. Our study
found that both chatbots are reliable and can provide well-
organized output with relevant details and references for
verification. However, for more advanced interactions such
as initiating conversation in role play, both chatbots fell
short in addressing real-life non-verbal communication. In
the real world, patients might exhibit atypical symptoms
that are not included in textbook descriptions. Therefore,

HKJOphthalmol & Vol.29 No.|
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virtual exposure to diverse patient personalities should be
supplemented with real clinical experience. It is imperative
that medical students understand what scenarios chatbots can
be a valid auxiliary tool and when overreliance should be
avoided, asit might lead to misuse or adverse consequences.

There were severa limitations to our study. Only six medical
students were involved, which is not representative of all
medical students. Nevertheless, all questions were selected
based on necessity and were agreed upon unanimously. A
sample size calculation was not performed due to a lack
of consensus or formula to define the validity of chatbot
responses. However, the sample size is comparable to that
in other studies.3* Evaluation guidelines were strictly
followed, ensuring fair and justified interpretation and
comparison.

Concluson

GPT-3.5-turbo and GPT-4.0 performed reasonably well
on medical knowledge and medica studies, with GPT-4.0
performing slightly better in medical terminology translation,
situational judgment, and clinical communication. These
results are promising for the incorporation of large language
models in medical education. Nonetheless, vigilance should
be maintained regarding the authenticity and accuracy
of chatbot outputs. Future chatbots might be trained on
broader sources for more context-relevant outputs and more
advanced logic and empathy for real-world situations.
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Abstract

Objectives: To review the clinical outcomes of five
patients with intraocular lymphoma (I0OL) who were
treated with intravitreal methotrexate (MTX) injections
at the Hong Kong Eye Hospita after 2022.

Methods: We retrospectively reviewed medical records
of five patients with definite or presumed IOL without
systemic or central nervous system (CNS) involvement
at the time of diagnosis, who were treated with
intravitreal MTX injections.

Results: In total, eight eyesin one man and four women
of Chinese ethnicity aged 54 to 90 (mean, 68.4) years
underwent intravitreal MTX injections for IOL. Three
patients had primary 10L; one patient had a relapse of
diffuse large B-cell lymphomawith secondary IOL ; and
one patient had a relapse of primary CNS lymphoma
with ocular involvement. All five patients underwent
diagnostic pars plana vitrectomy. Definitive cytology
of malignant large B-cell lymphoma was achieved
in only one eye, whereas four eyes were diagnosed
cytologically with a lymphoproliferative lesion. All
patients received local intravitreal MTX injections
with a mean of 20.9 injections given to each eye. All
patients achieved ocular disease regression; however,
two patients with primary |OL eventually had CNS
involvement.

Conclusion: Primary I1OL carries a high risk of
CNS disease progression. Local ocular treatments
such as intravitreal MTX injections can effectively
control the disease locally but do not prevent or
treat CNS or systemic involvement. Monitoring by
a multidisciplinary team using magnetic resonance
imaging, positron emission tomography-computed
tomography, and/or lumbar punctures can detect CNS
or systemic disease early.

Key words: Central nervous system neoplasms; Intraocular
lymphoma; Intravitreal injections; Methotrexate; Uveitis

I ntroduction

Intraocular lymphoma (IOL), also known as vitreoretinal
lymphoma, is a rare malignancy that is difficult to diagnose
and treat and is associated with high morbidity and mortality.
It can masquerade as noninfectious or infectious uveitis or
other metastatic neoplasms.! A definitive histopathological
diagnosis is difficult to obtain.? |OL is categorized as either
primary (a subset of primary central nervous system [CNS]
lymphoma) or secondary (metastasizing to the eye from
outside the eye or CNS).2 The incidence of primary 10L
is estimated to be 0.047 per 100 000 people per year and
has been increasing in recent decades.® Treatment depends
on the category and extent of extraocular and systemic
involvement. Local ocular treatment options include ocular
radiotherapy and intravitreal injections of chemotherapy
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such as methotrexate (MTX). Systemic chemotherapy and/
or radiotherapy are used for systemic lymphoma? In 2022,
intravitreal MTX was introduced as a treatment modality
at our hospital. This study reviewed the clinical outcomes
of five patients with IOL who underwent intravitreal MTX
injections.

M ethods

Medical records of patients who were diagnosed with 10L
and treated at the Hong Kong Eye Hospital after 2022 were
identified using the hospital’s electronic database. Presumed
primary IOL was defined as eyes with clinical signs, symptoms,
and disease course compatible with |OL diagnosed by a
vitreoretinal or uveitis specialist, with refractory response to
conventional immunosuppressive therapy and at least one
involved eye cytologicaly diagnosed with alymphoproliferative
lesion.

Pars plana vitrectomy for vitreous biopsy was performed
according to standard protocols. All patients discontinued
topical and systemic corticosteroids and immunosuppressants at
least 2 weeks before biopsy to maximize cytologica yield. The
standard three-port 23-gauge vitrectomy technique was used.
An undiluted sample was obtained through aspiration before
infusion into a syringe. Both undiluted and diluted samples
were preserved with CytoRich Red and cytologically evaluated

by pathologists. Adjunct immunocytochemical staining was
performed if the samples were adequately celular. If atypica
or malignant cells were detected, the patient was referred to
oncologists for systemic examination including magnetic
resonance imaging (MRI) of the brain and orbit, whole-body
positron emission tomography—computed tomography (PET-
CT), and lumbar puncture at the oncologist’s discretion.

Treatment comprised 25 intravitred injections of 400 pg MTX
during the induction (twice weekly for 4 weeks), consolidation
(once weekly for 8 weeks), and maintenance (once monthly
for 9 months) phases for a year.® Thereafter, patients were
followed up monthly and then 2-monthly if stable, except
for those with difficulty attending follow-up visits. Patients
were monitored for treatment response (by measuring visua
acuity, the presence of vitritig/vitreous cells, and regression of
subretinal/subretinal pigment epithelium lesions) and adverse
effects (including corneal epitheliopathy and maculopathy,
such as cystoid macular edema).

Results

Eight eyes in one man and four women of Chinese ethnicity
aged 54 to 90 (mean, 68.4) years underwent intravitreal
MTX injections for IOL (Table). One patient with bilateral
primary 1OL who opted for systemic chemotherapy was
excluded.

Table. Clinical characteristics and outcomes of five patients who underwent intravitreal methotrexate (MTX) injections for intraocular lymphoma (IOL).
Patient Initial presentation ~ Diagnosis  Timeto  Pathology Systemic No.of  Follow-  Outcomes Visual acuity
age/sex diagnosis, investigations MIX uwp on Last

mo injections ?nugatlon, presentation follow-
up
90/F  Right eye: floaters, Diffuse 1 Right: MRl branandorbit, 19each 29 Both eyes: premature  Right: Right:
exudativeretina large B-cell hypocellular; left: ~ whole-body PET-CT  eye termination of trestment counting  0.4;
detachment and lymphoma lymphoproliferative wereinconclusive dueto cystoid macular ~ fingers; left: 0.4
choroida detachment;  relapsewith lesion for CNS/systemic edemawithnoocular  left: hand
both eyes: anterior secondary metastases relapse or CNY motion
chamber inflammation, [OL systemic metastases
vitritis, and subretinal
infiltrates
59F  Right eye: blurring Presumed 10 Right: atypical MR brain, whole- Right: 25; 32 Developed CNS Right: 04,  Right:
of vison, refractory ~ primary 10L lymphoproliferative body PET-CT, and left: 15 lymphomain the left: 0.7 0.5;
vitritiswith subsequent lesion; left:; |umbar puncture right parietal lobe at left: 0.3
subretinal infiltrates; left acellular showed no evidence of 23 months and hence
eye subretinal infiltrates systemic lymphoma early termination of
ater 9 months treatment; no ocular
relapse after systemic
chemotherapy
69F  Both eyes: floaters, Presumed 30 Right: MRl branandorbit, 25each 27 No ocular relapse Right: 02,  Right:
vitritis, and mild primary |OL lymphoproliferative whole-body PET-CT  eye or CNS'systemic left: 0.2 0.7;
anterior chamber lesion; left: atypical  showed no evidence of metastases left: 0.3
inflammation cells systemic lymphoma
54M  Right eye blurring Primary 1 Lymphoproliferative MRI brain, whole- 23 14 No ocular relapse Hand 01
of vigon, vitritiswith ~ CNS lesion PET-CT, and or CNS'systemic motion
subretinal infiltrates ~ lymphoma |umbar puncture metastases
relapse showed no evidence
with ocular of systemic/CNS
involvement lymphomarecurrence
70/F  Right eye blurring Primary 0.25 Mdignant B-cell ~ MRI brainand orbit, 16 16 Developed CNS 01 05
of vision, vitritisand ~ 10L lymphoma whole-hody PET-CT, lymphomain the
subretinal infiltrates and ultrasonography- right basdl gangliaa
quided right neck 6 months and hence
lymph node biopsy premature termination
showed no evidence of trestment; no
of systemic/CNS ocular relapse after
lymphoma palliative whole-brain
radiotherapy

Abbreviations: CNS=central nervous system, MRI=magnetic resonance

computed tomography
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imaging, PET-CT=positron emission tomography-

HKJOphthalmol & Vol.29 No.I




Standard blood tests for uveitis and chest radiographs did
not reveal infective causes or systemic rheumatological
disorders. One patient with bilateral disease and a history of
stage | Va diffuse large B-cell lymphoma was diagnosed as
having a relapse with secondary 10L. Another patient with
unilateral disease and a history of primary CNS lymphoma
of the brainstem was diagnosed with ocular relapse. The
remaining three patients were diagnosed as having primary
IOL; two had bilateral disease and one initially presented
with unilateral disease, which progressed to bilateral
involvement 9 months later, despite having received 22
intravitreal MTX injections.

Ocular symptoms included vitritis (100%), subretinal
infiltrates or lesions (60%), blurred vision (60%), floaters
(40%), anterior chamber inflammation (40%), and
exudative retinal detachment with choroidal detachment
(20%). The presentations of subretinal/subretinal pigment
epithelium lesions varied greatly, ranging from diffuse
subretinal infiltrates to a discrete subretinal mass with the
classical ‘leopard-spot’ pattern (Figures 1 and 2).

The time to diagnosis ranged from 1 week to 30 months
(mean, 8.45 months; median, 1 month). All patients
with primary 10OL were initially misdiagnosed with
infectious or noninfectious uveitis. All the patients
with a history of lymphoma or those presented with

ORIGINAL ARTICLE

subretinal infiltrates or lesions were diagnosed within 1
month.

All five patients underwent pars plana vitrectomy and vitreous
biopsy. One eye in a patient with unilateral primary |OL
was cytologically diagnosed with malignant large B-cell
lymphoma. Four eyes were cytologically diagnosed with
lymphoproliferative lesions. One eye had undergone pars
planavitrectomy elsewhere, which revealed only atypica cells.
MRI of the brain and orbits and whole-body PET-CT results
of dl patients were negative or inconclusive. Two patients had
lumbar punctures, both negative for CNS involvement.

All the eight eyes were treated with intravitreal MTX
injections. Each eye received 15 to 25 (mean, 20.9) injections.
All eyes achieved ocular disease regression and visual
improvement. Three eyes completed the full treatment course,
with no 10L recurrence. The most common complication was
cornedl epitheliopathy, which was treated with bandage contact
lenses and lubricants. Three eyes developed corned epithelia
defects, requiring deferra of injections. Two eyes had cystoid
macular edema (after 19 injections), which resolved 2 months
after treatment ended with no recurrence (Figure 3). Due
to CNS or systemic involvement, treatment was terminated
early for two eyes and replaced with radiotherapy or systemic
chemotherapy.

Figure 1. Patient 2: color fundus photographs of the right eye showing (a) subretinal infiltrates with mild vitreous opacities,
(b) regression of subretinal infiltrates and resolution of vitreous opacities after two intravitreal methotrexate injections,
and (c) complete regression of subretinal infiltrates after 17 injections. Optical coherence tomography of the macula
showing (d) hyper-reflective material accumulation (arrows), likely lymphomatous infiltration, in the subretinal pigment
epithelial spaces corresponding to the areas of subretinal infiltrates, and (e) resolution of subretinal pigment epithelial

infiltrates (arrows) after 24 injections.
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Figure 2. Patient 5: color fundus photographs showing (a) a temporal subretinal mass with ‘leopard-spot’ pigmentation
and (b) regression of the subretinal mass with residual scarring and retinal pigment epithelium changes after intravitreal
methotrexate injections. Fundus autofluorescence showing (c¢) granular hyper-autofluorescence over the mass in the
‘leopard-spot’ pattern and (d) reduced granularity of hyper-autofluorescence over the mass after injections.

©)

Figure 3. Patient 1: optical coherence tomography of the macula showing cystoid macular edema of the (a) right and (b)
left eyes after 19 intravitreal methotrexate injections, and spontaneous resolution of the (c¢) right and (d) left eyes within 2
months after treatment termination.
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After a mean follow-up of 23.6 (range, 14-32) months,
all patients were alive. Two patients with primary 1OL
developed CNS involvement (one after 6 months, the other
after 23 months); only one had undergone lumbar puncture
with negative cytology. Both patients were diagnosed with
diffuse large B-cell lymphoma after brain biopsy. One patient
underwent palliative whole-brain radiotherapy, whereas the
other received systemic chemotherapy.

Discussion

Previous epidemiological studies of IOL show a mean
patient age of 50 to 60 years,®” comparable to our patients.
Results of sex predilection have been mixed; & our
findings showed a female predominance with a 4:1 ratio.
Bilateral involvement is common, and the most common
clinical presentation is vitritis.?*** The incidence of 10L
has increased, potentially due to the growing number of
patients with immunodeficiency and/or immunosuppression,
increased life expectancy, and advances in diagnostic
testing.! However, diagnosing 1OL remains challenging
because it can mimic as infectious or noninfectious uveitis.
In our study, all three patients with primary |OL were
initially misdiagnosed with either infectious or noninfectious
uveitis. Two of these patients were initially treated with
topica steroid eye drops and systemic immunosuppressive
therapy (one for 10 months, the other for 30 months), with
partia clinical response and a refractory clinical course. The
patient with the longest time to diagnosis (30 months) had
been managed by other ophthalmologists before referral to
our hospital after 26 months. The partial response of 10L
to corticosteroids or immunosuppressive therapy increases
the diagnostic challenge.! In our patients, the mean time to
diagnosis was 8.45 months, which is similar to or shorter
than that reported in other studies.”***? Ophthalmologists
should consider early vitreous biopsy for refractory uveitis
cases with suspicious clinical signs such as vitritis and
subretinal/subretinal pigment epithelium infiltrates. >3

Ocular imaging, such as optical coherence tomography of
the macula (OCT-M), fundus autofluorescence, fluorescein
angiography, and indocyanine green angiography, are useful
toolsfor diagnosing IOL. However, clear media are essential
to obtain high-quality images for accurate diagnosis. |OL
often presents with vitritis, which reduces image quality and
diagnostic accuracy. OCT-M was used in all five patients for
diagnosis and follow-up. Typical OCT-M findings of 10OL
include vitreous cells, retina pigment epithelium nodularity,
and outer retinal hyper-reflectivities, which can represent
lymphomatous infiltrates.®® These features may regress
with treatment and may be used to monitor disease course
and treatment progress.' Other imaging tools were not
routinely used for our patients due to vitritis. In one patient
with a large temporal subretinal mass and the ‘leopard-
spot’ pattern, fundus autofluorescence showed granular
hyper-autofluorescent spots.**** The increased granularity is
associated with lymphoma activity; fundus autofluorescence
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can be used to monitor treatment response and disease
regression.’®

Cytology remains the gold standard for diagnosing IOL,*
but obtaining a definitive cytological diagnosis in primary
IOL is difficult. Definitive cytology of malignant large B-cell
lymphoma could be made in one eye only; four eyes had the
cytological diagnosis of lymphoproliferative lesion including
primary CNS lymphoma relapse (n=1), diffuse large B-cell
lymphoma relapse (n=1), and CNS lymphoma (n=1). The
remaining three eyes were hypocellular or acellular and
non-diagnostic; one of these had pars plana vitrectomy
before being referred to our hospital. Obtaining positive
cytological evidence of malignant cells in vitreous biopsy
can be challenging because of the sparse number of cells,
the presence of confounding features (such as contaminants,
debris, fibrin, infiltrating immunoreactive cells, and necrotic
or damaged cells), and the use of corticosteroids.’*?
Previous studies have reported positive cytology in 45% to
60% of vitreous biopsies of 10L.%3192122 New techniques
such as flow cytometry, measuring cytokine levels (such
as the IL-10:1L-6 ratio), and molecular examinations
can help improve diagnostic sensitivity and specificity.’®
The success rate of diagnostic vitreous sampling can be
increased by discontinuing corticosteroids several weeks
before the procedure, good communication between the
ophthalmologist and the pathologist in handling vitreous
samples, and prompt analysis of vitreous samples.*31°

All our patients had good disease control and regression
as early as after two injections. None received adjunct
ocular radiotherapy or systemic chemotherapy for local
control. Intravitreal MTX injections can effectively control
local ocular lymphoma without serious adverse effects.
In our study, the most common adverse effect was corneal
epitheliopathy; the incidence of which can be reduced by
increasing the intervals between injections.? Two eyes
in one patient required early treatment termination due to
cystoid macular edema, which resolved within 2 months.
Other complications include cataract, vitreous hemorrhage,
optic atrophy, and sterile endophthalmitis,® although none
was observed in our patients. In 2022, a Chinese study
group proposed a modified treatment protocol with only
seven injections over 3 months to reduce complications and
treatment burden while maintaining efficacy.?

Intravitreal MTX injections alone cannot prevent CNS
involvement or treat extraocular systemic lymphoma.?2
Approximately 65% to 90% of patients with isolated
primary 10L eventually develop CNS disease In our
study, 67% of patients with primary |OL had CNS disease
progression. Given the close association between IOL and
CNS lymphoma, regular monitoring using MRI of the
brain, lumbar puncture for cerebrospinal fluid evaluation,
and whole-body PET-CT are necessary to rule out CNS
and systemic lymphoma involvement.® Patients with CNS
and systemic lymphoma involvement require systemic
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treatment including chemotherapy and/or radiotherapy. CNS
involvement is the leading cause of morbidity and mortality
in patients with primary |OL. A European multicenter
retrospective study reported significantly lower 5-year
cumulative survival rates in patients with primary |OL who
developed CNS disease, compared with those who did not
(35% vs 68%, p=0.003).%

Currently, there are no standard guidelines for treating
primary |OL. Some studies recommend the use of systemic
chemotherapy, with or without ocular treatment, to prevent
and lower the risk of CNS lymphoma development.222 In
contrast, a European multicenter retrospective cohort study
reported no significant difference in the development of CNS
lymphoma in patients with primary 10L who received ocular
treatment (including ocular chemotherapy and/or ocular
radiotherapy) only, systemic treatment only, or combined
treatment.?® The International Primary CNS Lymphoma
Collaborative Group's guidelines for primary vitreoretinal
lymphoma differ from those of the British Neuro-Oncology
Society for managing primary 10L without concomitant
CNS disease.* The former recommends local intravitrea
chemotherapy or ocular irradiation for uniocular disease
and either local treatment only or systemic chemotherapy
with local treatment for bilateral ocular disease. The latter
recommends systemic chemotherapy with high-dose MTX
followed by ocular irradiation, with intravitreal MTX
injections reserved for isolated ocular recurrences. Given
the high risk of CNS disease in patients with primary
IOL, regular monitoring, in particular brain MRIs at
regular intervals, is recommended for all patients with
primary |OL for early detection of CNS involvement. 243t
There are currently no guidelines for the recommended
interval of brain MRI for primary 10L; however, the
International Primary CNS Lymphoma Collaborative Group
recommendation for primary CNS lymphoma can be taken
into consideration: upon completion of treatment, regular
MRI scans every 3 months for 2 years, then every 6 months
for 3 years, and then annually for 5 years with complete
neurological examination and optiona lumbar puncture for
cerebrospinal fluid analysis if indicated.®

Conclusion

IOL is a systemic disease that requires multidisciplinary
collaboration involving ophthalmologists, pathologists,
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Abstract

Objectives: To explore the preferred pharmacological,
optical, and behavioral interventions for myopia control
among private-sector ophthalmologistsin Hong Kong.
Methods: Between July and August 2025, a survey
was distributed electronically to private-sector
ophthalmologists in Hong Kong. Ophthal mologists
working exclusively in the public sector were excluded
because interventions to control myopia, such as low-
dose atropine, optical interventions, and red-light
therapy, are only available in the private sector. Data
collected included participants demographics, years of
clinical experience, and interventions used including
pharmacological, optical, behavioral, and red-light
therapies. All responses were aggregated for analysis.
Results: In total, 118 private-sector ophthalmologists
were included in analysis. In terms of preferred
treatment modality, 91.5% preferred pharmacological,
5.1% preferred optical, and 3.4% preferred behaviora
interventions although many used a combination of
modalities. Most (97.5%) respondents had prescribed
eye drops, typically atropine, and the most common
concentrations were 0.05% and 0.01%. However,
there was no consensus on the criteria for initiation
and discontinuation of eye drop treatment. The
most frequently prescribed optical intervention
was peripheral defocus spectacle |enses (86.5%).
Behavioral recommendations were also commonly
provided. Only 5.1% of respondents prescribed red-
light therapy.
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Conclusion: Among private-sector ophthal mologists
in Hong Kong, low-dose atropine is the most
frequently used pharmacological intervention for
myopia. However, there is no consensus on the criteria
for initiating and discontinuing treatment. Optical
intervention (particularly peripheral defocus spectacle
lenses) and behavioral recommendations are also
commonly used.

Key Words: Amropine; Health surveys; Myopia; Ophthalmologists
Introduction

Myopia is a mgor public health concern across Asia, with
prevaence rising sharply over the past two decades.! The
Chinese government has prioritized childhood myopia
prevention, implementing policies aimed at early detection
and intervention.2 Without timely and effective control,
children with myopia are at risk of progressing to high or
pathological myopia, which significantly increases the risk
of developing vision-threatening complications (such as
myopic maculopathy, choroidal neovascularization, and
retinal detachment),® impairs quality of life, and increases
the healthcare burden.*

Myopia is potentially preventable>® and its progression
can be slowed by behavioral, optical, and pharmacological
interventions.”® Behavioral interventions include spending
more time outdoors in natural light and avoiding excessive
near work. Optical interventions include wearing glasses
with defocus incorporated multiple segments (DIMYS)
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or highly aspherical lenslet target (HALT) lenses,
orthokeratology, and other specialized contact lenses.
Pharmacological interventions, particularly low-dose
atropine eye drops, have gained attention for their efficacy
and safety profile.

The LAMP (Low-Concentration Atropine for Myopia
Progression) studies in Hong Kong support treatment with
low-dose atropine to slow the progression of myopia.t**2
There is a concentration-dependent effect; atropine 0.05%
(compared with lower concentrations) shows the most
significant reduction in myopic progression with minimal
adverse effects. We conducted a cross-sectional survey
to explore the preferred pharmacological, optical, and
behavioral interventions for myopia control among private-
sector ophthalmologistsin Hong Kong.

M ethods

Between July and August 2025, a survey was distributed
electronicaly through ophthalmology communication networks
to private-sector ophthalmologists. Ophthalmologists working
exclusively in the public sector were excluded because
interventions to control myopia, such as low-dose atropine,
optical interventions, and red-light therapy, are only availablein
the private sector.

Data collected included participants demographics, years
of clinical experience, and interventions used including
pharmacological, optical, behavioral, and red-light therapies.
All responses were aggregated for analysis.

Reaults

In total, 118 private-sector ophthalmologists in Hong Kong
wereincluded in the analysis. In terms of clinical experience,
36.4% had practiced for 25 years, 22.0% for 20 to 25 years,
20.3% for 15 to 20 years, and 21.2% for 10 to 15 years. In
terms of experience in myopia control, 29.7% had >10 years,
28.0% had 6 to 10 years, 29.7% had 3 to 5 years, and 12.7%
had 1 to 2 years. In terms of preferred treatment modality,
91.5% preferred pharmacological, 5.1% preferred optical,
and 3.4% preferred behaviora interventions although many
used a combination of modalities. Most (97.5%) respondents
had prescribed eye drops, typically atropine, and the most
common concentrations (multiple options can be selected)
were 0.05% (93.9%) and 0.01% (79.1%), followed by 0.025%
(35.7%), 0.125% (20.0%), and 1% (10.4%). No respondents
reported using cyclopentolate, pirenzepine, or tropicamide.

Regarding criteria for initiation of eye drops (multiple
options could be selected), 41.7% of respondents started
prescribing eye drops to those with any myopia aged >4
years, 37.4% waited for the progression to exceed 1.00 D
per year, 33.9% started prescribing as soon as myopia was
identified regardless of age, 18.3% initiated treatment when
myopia exceeded -1.00 D, and 13.9% used other criteria.
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Regarding the age of treatment discontinuation, 31% of
respondents discontinued atropine therapy after patients aged
17 years, 20.4% after 16 years, 17.7% after 14 years, 10.6%
after 15 years, 3.5% after 13 years, and 0.9% after 12 years.
Notably, 16.1% did not discontinue treatment in any patient.
After treatment discontinuation, 28.6% of respondents
reported rebound cases, 49.1% did not, and 22.3% had not
discontinued treatment.

The most frequently prescribed optical intervention (multiple
options could be selected) was periphera defocus spectacles
(including DIMS/HALT, 86.5%), followed by contact lenses
with peripheral defocus (35.6%), orthokeratology (33.1%),
full correction spectacles (27.1%), progressive addition
lenses (11.0%), bifocal spectacle lenses (6.8%), and optical
undercorrection (5.9%). Less commonly used options
included bifocal soft contact lenses (1.7%), single vision
gas permeable lenses (1.7%), monofocal soft contact lenses
(0.8%0), and single vision soft contact lenses (0.8%).

The most common behavioral recommendations (multiple
options can be selected) were decreasing smartphone use
(85.6%), reducing screen time (82.2%), maintaining a
reading distance of =34 cm (75.4%), encouraging outdoor
activities (64.4%), and reading in natural light (55.1%). Less
common recommendations included visua therapy (1.7%)
and biofeedback (1.7%). Red-light therapy was rarely used;
only 5.1% of respondents prescribed it.

Discussion

Among private-sector ophthalmologists in Hong Kong,
99.2% engaged in myopia management, reflecting awareness
and responsiveness to the growing prevalence of myopia.
Myopia control has become a widely practiced component
of ophthalmic care. Atropine eye drops were the preferred
pharmacological intervention, particularly concentrations
of 0.05% and 0.01%, consistent with findings from the
Low-concentration Atropine for the Treatment of Myopia
2 study® and the LAMP studies,"*2 which demonstrated
that atropine 0.05% eye drops most effectively slow the
progression of myopiawith minimal adverse effects on pupil
size, accommodation, and near visual function.

Most respondents adopted early intervention with eye drops
for patients starting at age 4 years, but there is no consensus.
Early-onset myopia is associated with faster progression
and a higher risk of pathological outcomes.** The age of
treatment discontinuation also varied, ranging from 12 to
>17 years; 28.6% of respondents reported rebound effects,
underscoring the importance of tapering strategies and long-
term follow-up.’ Further research is required to establish
evidence-based guidance on optimal tapering protocols.

Peripheral defocus spectacle lenses (DIMS/HALT) are
effective optical interventions,*>1® and 86.5% of respondents
prescribed them. Orthokeratology and contact lenses with
peripheral defocus were also commonly prescribed by
approximately one-third of respondents.
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Behavioral recommendations (reducing screen time,
increasing outdoor activities, and maintaining proper reading
habits) are supported by epidemiological studies®Y Visua
therapy and biofeedback show limited evidence.® Red-light
therapy was rarely used, likely owing to concerns about
safety, accessibility, or insufficient clinical validation.*®

One limitation of our study was inclusion of private-sector
ophthalmologists only, whose practices may not reflect those
in public institutions. Our findings may not be generalizable
to ophthalmologists working solely in the public sector.
Additionally, voluntary participation potentially introduces
self-selection bias, as those with stronger views or greater
involvement in myopia control may be more likely to
respond. Results of the survey may be subject to self-
reporting bias, recall bias, and social desirability bias.

Conclusion

Among Hong Kong private-sector ophthalmologists, low-
dose atropine is the most frequently used pharmacological
intervention for myopia. However, there is no consensus on
the criteriafor initiating and discontinuing treatment. Optical
intervention (particularly peripheral defocus spectacle
lenses) and behavioral recommendations are also commonly
used. Our findings underscore the need for a consensus in
myopia management, including initiation criteria, treatment
duration, and discontinuation protocols, particularly in light
of concerns about rebound effects. Red light therapy is an
emerging option; ongoing research is essential to ensure its
safe and effective use.
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Abstract

We describe a safe, effective, and minimally invasive
procedure that combines excision and punch
punctoplasty for treatment of peripunctal nevi in three
patients. The peripuncta lesions are removed, and the
punctal opening and canaliculus are expanded using a
standardized Kelly punch, while minimizing the risk of
postoperative punctal stenosis. No temporary stents are
needed, eliminating the risk of related complications.
At the 2-month follow-up, al three patients had fully
recovered and had visibly well-patent puncta.

Key words: Conjunctival neoplasms; Nevus
Introduction

Peripunctal nevi, also known as circumpunctal nevi, are a
rare type of conjunctival nevi. However, they are the most
common peripunctal lesion, with an incidence of 38% to
79%.%2 These benign, pigmented, dome-shaped lesions
predominantly affect the lower puncta and have no evidence
of melanoma transformation. Their swollen punctal lips
create a dlit-like punctal orifice* Peripunctal nevi differ
from juxtapunctal nevi, which develop at the eyelid margin
and adjacent to, rather than surrounding, the punctum.
Differential diagnoses include papillomas, cysts, pyogenic
granulomas, malignant melanomas, basal cell carcinomas,
and oncocytomas. Most patients present with a long history

of an asymptomatic, gradually enlarging mass that has
not affected the lacrimal drainage system. However, some
develop epiphora due to punctal displacement, distortion, or
intracanalicular extension.®®

Although the treatment goal is to remove the lesion with a
clear margin and maintain a sufficient punctal opening for
tear drainage, there is no consensus on the optimal approach
in the literature (Table).3°

Excision alone can lead to epiphora and punctal stenosis
from the healing wound, potentialy requiring a follow-up
punctoplasty. Shave excision with the temporary placement
of asilicone puncta plug* and ablation with a CO: laser and
the use of atemporary stent® have been suggested to prevent
scarring and stenosis. At the Hong Kong Eye Hospital, we
primarily use punch punctoplasty with a Kelly punch, which
is a successful first-line treatment for epiphora associated
with punctal stenosis and eliminates the need for temporary
intubation.’® We describe a combination of excision and
punch punctoplasty for treatment of peripunctal nevi in three
patients.

Case presentations

Patient 1: In July 2019, a 58-year-old Asian woman
presented with a peripunctal mass on the lower lid of her
left eye. The mass had not changed in size or color for 10
years. Slit-lamp examination revealed a lightly pigmented,
raised mass surrounding the punctum, measuring 3X4 mm,
with an elongated, dlit-like punctal opening (Figure 1a).
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It was initially misdiagnosed as a papilloma by her family
doctor, but histopathology confirmed the mass to be a nevus,
characterized by an intradermal cyst with proliferated nevus
cells and occasional melanin pigments. No significant
nuclear pleomorphism or mitotic figures were observed.

Patient 2: In March 2022, a 55-year-old Asian woman

presented with a peripunctal mass on the lower lid of her
right eye. The mass had not changed in size for over 20
years. The raised, dome-shaped, moderately pigmented
mass, measuring 3 X5 mm, encircled the punctum (Figure
1b).

Patient 3: In May 2024, an 81-year-old Asian woman

Table. Literaturereview of peripunctal nevi treatments.

Study No. of Patient Surgical technique Stent L ocation of nevus Follow-up
patients sex/age, y removal
Scott et al,* 1989 6 M (n=2), F Shave excision with silicone punctal 3weeks RLL (n=3),LLL (n=3) 3 monthsto5 years
(n=4)/12-75 plug insertion
Rumelt et al,° 2005 7 M (n=6), F Excision only or with silicone - RLL (n=2), LLL 3to5years
(n=1)/54-76 tube insertion (n=3), LUL+LLL
(n=1), RUL (n=1)
Hwang et a,° 2011 1 M/37 Shave excision only - LLL 1 month
Chang et al,” 2013 1 - Excision with perforated plug insertion 2 months RLL 2 months
Nair et a,* 2022 19 12-76 Excision only or with mini-Monoka 3 months - 3 monthsto
stent insertion 10 years
Chen et a,® 2022 17 - COz laser ablation with silicone 1 month - 1to 3 months
stent insertion
Ali and Jakati,® 2024 1 M/62 Excision only - LUL -
Custer and Council 2 2024 13 - Shave excision only - UL (n=5), LL (n=8) No routine
follow-up

Abbreviations: LL=lower lid, LLL=left lower lid, LUL=left upper lid, RLL=right lower lid, RUL=right upper lid, and UL=upper lid

Figure 1. (a) Patient 1: an elevated, lightly pigmented peripunctal nevus surrounding the left lower punctum with an
elongated, slit-like punctal opening (upper). At 3.5 years postoperatively, a visibly well-patent punctum and smooth lid
margin are seen (lower). (b) Patient 2: a raised, dome-shaped, moderately pigmented mass encircling the right lower
punctum. (c) Patient 3: a raised, heavily pigmented mass encircling the right lower punctum with puffy lips at the surface.
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presented with a peripunctal mass on the lower lid of her
right eye. The mass had developed 5 years earlier and had
been growing gradually over the past 2 years. The raised,
heavily pigmented mass, measuring 2.5X 3.5 mm, encircled
the punctum and had puffy lips on the surface (Figure 1c).

None of these patients reported epiphora, bleeding,
discharge, redness, or pain. Preoperative syringing confirmed
patent lacrima systemsin all cases.

The three patients underwent combined excision and
punch punctoplasties between July 2021 and July 2024.
Before surgery, topical antibiotics and anesthetic eye drops
were given. Then, 2 mL of 2% lidocaine with adrenaline
(1:200 000) was injected into the affected eyelid, and a
corneal protector was inserted. The peripunctal lesion was
carefully excised using forceps and curved scissors (Figure
2). We aimed to completely excise the mass with a clear
border, while minimizing depression in the eyelid margin.
Next, the punctal opening was expanded circumferentially
using a puncta dilator. A prophylactic punch punctoplasty
was performed using a standardized Kelly Descemet’s
membrane punch, which was inserted into the ampulla to
undertake posterior ampullectomy. The punctal tissue was
generally resected up to 2 to 3 mm beyond the vertical
segment into the horizontal segment of the canaliculus
to enlarge both the punctal opening and canaliculus to
counteract subsequent wound contraction. Cotton buds
soaked in 2.5% phenylephrine eye drops were used to
compress the wound and reduce bleeding and scarring. An
irrigation test was carried out using a syringe to ascertain

CASE REPORT

the patency of the lacrimal drainage system. After surgery,
topical antibiotic ointment was applied, and the patients
were discharged with 2-week supply of steroid and antibiotic
eye drops.

Histopathological examination of the excised lesions
revealed intradermal nevi. At the 2-month follow-up, all
three patients had patent puncta and nasolacrimal drainage
systems, with smooth eyelid margin contours; they were
satisfied with the aesthetic outcome. Throughout the mean
follow-up duration of 17 (range, 2-42) months, there was
no recurrence or any malignant transformation or punctal
stenosis. None of the patients reported epiphoraor dry eyes.

Discussion

Peripunctal nevi are often misdiagnosed clinically as
papillomas, malignant melanomeas, or basa cell carcinomas,
particularly when the leson presents as an amelanotic nevus.
In Asian populations, 59% to 79% of dl peripunctdl lesons are
peripuncta nevi,>® which differ from benign eyelid tumors, of
which squamous papilloma is the most common. Incidence of
peripunctal nevus is Smilar anong men and women, cong stent
with the overall prevalence of melanocytic nevus. Indications
for excision include epiphora secondary to displaced and
everted puncta, lacrima pump failure, or cosmetic concerns.
It is essentia to remove any eevated pigmented conjunctival
lesions to rule out potential malignancies such as melanoma*
Instances of nevus extension into the canaliculus causing
obstruction or recurrence are rare, particularly when clear
margins are excised.

Figure 2. (a) The peripunctal lesion is excised using forceps and curved scissors. (b) The punctal opening is expanded
circumferentially using a punctal dilator. (¢) A punch punctoplasty is performed using a standardized Kelly Descemet’s
membrane punch. (d) A cotton bud soaked in 2.5% phenylephrine eye drops compresses the wound to stop any bleeding.
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Removing growths around the punctum can result in
acquired punctal stenosis and epiphora. Reportedly, 10.3%
of patients who underwent excision without stent placement
lost punctal visibility after the procedure! The success
rate is higher when excision is combined with intubation,
compared with excision alone.* However, complications
associated with stent placements may occur, including stent
displacement or dislodgement, patient discomfort, chronic
irritation, and infection.®” Moreover, the follow-up for
stent removal is an additional burden on patients. CO: laser
ablation with silicone stent intubation for treatment of benign
peripunctal tumors has a high success rate and satisfactory
aesthetic outcomes. However, this approach requires
intraoperative pathological examination, which prolongs the
operating time and requires additional equipment and costs.

Using a Kelly punch for punctoplasty in patients with
symptomatic punctal stenosis is effective.™ For our three
patients, excision followed by punch punctoplasty resulted
in minimal blood loss and hemostasis by compression with
a cotton bud soaked in phenylephrine. There was no need
for cauterization to minimize the risk of punctal stenosis
and eyelid notching. The punctal opening and canaliculus
were expanded to counteract punctal stenosis during the
subsequent healing and contraction. Should a Kelly punch be
unavailable, other punctoplasty techniques such as three-snip
punctoplasty can be used to create a similar wedge excision
extending 2 to 3 mm into the horizontal canalicular segment.
Our approach eliminates the need for stent insertion and
removal, thus avoiding stent-related complications while
reducing the risk of additional surgery. The combined
excision and punch punctoplasty produced favorable short-
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@ Pregnant or breastfeeding women
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@ Contact lens wearers
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