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Background

• The recent COVID-19 pandemic has generated significant interest in tele-ophthalmology 
as a viable consultation modality. 

• Telemedicine services have clear benefits in ophthalmology beyond the pandemic. As a 
specialty that relies on image-based diagnostics and investigations, ophthalmology is a 
perfect fit for store-and-forward telehealth solutions.

• The accuracy and effectiveness of tele-ophthalmology platforms across multiple 
diseases, and especially for consultation purposes, have not been established in the 
published literature 



The aim of this study was to:

1) Determine the diagnostic accuracy of store-and-forward tele-ophthalmology for cataracts, glaucoma 
and age-related macular degeneration

2) Compare store-and-forward tele-ophthalmology agreement levels with face-to-face consultation in 
terms of diagnosis and severity

3) Compare the downstream costs generated by the consultation modalities.

Purpose

Tele-ophthalmology Face-to-face consultation 



Patients/Study Design



• Presence or absence of pathology

• Severity grading 

• Management derived from severity grading

Input Form 



Methodology

• A prospective comparative study [study period: 1 Aug 2019 - 31 July 2021]

• Patients were independently assessed by both tele-ophthalmology and face-to-face 
assessment. 

• Diagnostic accuracy of tele-ophthalmology was determined by sensitivity and specificity 
using the face-to-face consultation serving as the gold standard. 

• Agreement level between the two modalities for diagnosis and severity were compared 
using kappa statistic1. 

1. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 1977;33(1):159-74.



Outcome Measures

• The primary outcome of the study was agreement level between tele-ophthalmology and 
face-to-face consultations in diagnosis and severity for cataracts, glaucoma and AMD, 
and the diagnostic accuracy of tele-ophthalmology with face-to-face consultation as the 
reference gold standard

• Secondary outcome includes comparison of downstream costs generated by the two 
consultation methods



Results – Patient Enrolment



Results

• 860 eyes from 430 subjects were assessed for the comparison study. 

• The mean age of subjects at enrolment was 67 years (±11). 

• 57.6% of recruited subjects were female, compared to 42.3% being male. 

• The two ophthalmologists took turns serving as the face-to-face and tele-ophthalmology 

physician 44.9% and 55.1% of the time respectively. 



Results - Disease prevalence between Techniques



Results - Agreement between Tele-ophthalmology and 
Face-to-face Consultation in Diagnosis and Grading

Overall, agreement levels 
for both modalities were 
high across all three 
diseases. 

Tele-ophthalmology had 
“almost perfect” agreement 
with F2F consultation in 
diagnosis and grading of 
cataract and AMD, and 
“substantial” agreement in 
diagnosis and grading of 
glaucoma



Results - Diagnosis accuracy of telemedicine in the 
diagnosis of cataract, AMD, and glaucoma

• Among the three ocular diseases, the accuracy for diagnosing AMD was highest with greater than 99% 
sensitivity and specificity achieved through tele-ophthalmology

• Tele-ophthalmology achieved a high specificity when diagnosing cataracts, but had a lower sensitivity 
at 87.8%

• Conversely, tele-ophthalmology had high sensitivity for diagnosing glaucoma, but had a lower 
specificity at 76.5%



Results -
Estimated 6-month 
downstream costs

Overall, the estimated cost, per patient, 
per 6 months, was higher for tele-
ophthalmology consultations and 
compared to face-to-face consultations



Limitations

• Study limited to the diagnosis and management of cataracts, glaucoma and age-related 

macula degeneration

• The store-and-forward methodology for teleconsultations did not allow the 

ophthalmologist to converse with the study subject or to examine the subject directly

• The lack of use of ophthalmic investigations, such as optical coherence tomography in 

the study meant that investigations were still required for disease confirmation. 



Conclusion

• In summary, tele-ophthalmology is a highly accurate and viable consultation method in the 
context of chronic visual loss

• However, there are still diagnostic and grading limitations, particularly for cataracts and 
glaucoma, that prevent it fully from being an alternative to face-to-face consultation with 
current technology.

• The accuracy of tele-ophthalmology consultations can be greatly improved through the availability 
of high-resolution cameras in primary care.

• Another viable alternative is to introduce machine learning, as an aid to diagnosis and 
management.



Further Directions

HMRF #19201871 Ongoing Study

• Deep Learning Colour Fundus Image 
Analysis for Triage of Chinese Elderly 
Patients with Progressive Vision Loss for 
More than 3 Months
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