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Image based diagnosis and telemedicine for 

ROP has been shown to be reliable, accurate, 

and cost-effective:
• Prospective and retrospective studies investigating the use of 

telemedicine and image-based diagnosis for detection of ROP

• Telemedicine screening can be more time efficient for the examiner

• Telemedicine for ROP is cost effective

Active Clinical ROP Telemedicine Programs:
• SUNDROP (USA)

• FOCUS ROP (USA)

• ROPE-SOS (India)

• KIDROP (India)

• ARTROP (New Zealand)

Image courtesy of Dr. Narendran Venkatapathy

Telemedicine Diagnostic Challenges for ROP
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Who is qualified to perform ROP telemedicine diagnosis?

• “Referral Warranted ROP”

– ROP telemedicine programs have focused on prevention of 

retinal detachment by identifying disease that may soon progress 

to treatment-requiring ROP

• Potential diagnostic challenges

– Inter-expert variability in Plus disease diagnosis

– Studies have shown that experience matters

– Stage 4, Stage 5, and AP-ROP

• Variability in Training for Image Grading in ROP 

Telemedicine Programs

Telemedicine Diagnostic Challenges for ROP
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Chan RVP, Williams SL, Yonekawa Y, Weissgold DJ, Lee TC, Chiang MF, Accuracy of Retinopathy 

of Prematurity Diagnosis by Retinal Fellows. Retina, 2010 Jun;30(6):958-65 

Myung JS, Chan RV, Espiritu MJ, Williams SL, Lee TC, Granet DB, Weissgold DJ Chiang MF, 

Accuracy of Retinopathy of Prematurity Diagnosis Image-based Diagnosis by Pediatric 

Ophthalmology Fellows: Implications for Training, JAAPOS. 2011 Dec;15(6):573-8. 

• Board Eligible Ophthalmologists

- Retina fellows

- Variability in diagnostic accuracy

• Poor diagnostic accuracy for clinically 

significant ROP

- Type 2-Prethreshold

Telemedicine Diagnostic Challenges for ROP
Diagnostic Accuracy – Board Eligible Ophthalmologists
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0.527 0.515
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Mild ROP Type-2 ROP Treatment-Requiring ROP

Mean Sensitivity/Specificity

Sensitivity Specificity

Myung JS, Chan RV, Espiritu MJ, Williams SL, Lee TC, Granet DB, Weissgold DJ Chiang MF, Accuracy of Retinopathy of Prematurity Diagnosis Image-

based Diagnosis by Pediatric Ophthalmology Fellows: Implications for Training, JAAPOS. 2011 Dec;15(6):573-8. 

Telemedicine Diagnostic Challenges for ROP
Diagnostic Accuracy – Board Eligible Ophthalmologists

• Board Eligible Ophthalmologists

- Pediatric ophthalmology fellowship

- Variability in diagnostic accuracy

• Variability in diagnostic accuracy for 

both type 2 and treatment-requiring 

ROP

- Higher accuracy for mild ROP 
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~ 250

Ophthalmology 

Trainees 

ROP Case Presentations

Responses

Expert 

Consensus

Analysis of 

frequency and 

types of errors

Trainees were asked to diagnose plus disease, zone, 

stage, and category (none, mild, type-2 ROP or pre-plus, 

treatment-requiring ROP) for each eye. 

Telemedicine Diagnostic Challenges for ROP
Diagnostic Accuracy – Ophthalmology Trainees (US and International)

Swamy L, Patel S, Jonas KE, Ostmo S, Chiang MF, Chan RVP, Characterization of errors in retinopathy of 

prematurity (ROP) diagnosis by ophthalmology residents, J AAPOS, August 2016, Volume 20, Issue 4, Page e44
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What factors lead to an incorrect diagnosis of ROP?

Failure to diagnose treatment-

requiring ROP was most commonly 

associated with error in recognizing 

plus disease. 

Over-diagnosis of Type 2 as treatment-

requiring was most commonly due to error 

in recognizing plus disease and zone. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Correctly diagnosed to treat

Incorrectly diagnosed Type 2

Stage error rate Zone error rate Plus disease error rate (p<0.001)

0% 10% 20% 30% 40% 50% 60% 70% 80%

Incorrectly diagnosed to treat

Correctly diagnosed Type 2

Stage error rate Zone error rate (p<0.001) Plus disease error rate (p<0.001)

Telemedicine Diagnostic Challenges for ROP
Diagnostic Accuracy – Ophthalmology Trainees (US and Canada)

Swamy L, Patel S, Jonas KE, Ostmo S, Chiang MF, Chan RVP, Characterization of errors in retinopathy of 

prematurity (ROP) diagnosis by ophthalmology residents, J AAPOS, August 2016, Volume 20, Issue 4, Page e44
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Diagnostic Error Rate (Percent of Incorrect Diagnosis)

Telemedicine Diagnostic Challenges for ROP
Diagnostic Accuracy – Ophthalmology Trainees (International)

Country A Country B Country C Mean

Error Rate (% incorrect) 

All categories of ROP

48% 58.9% 48.1% 50.5%

Error Rate

Treatment-requiring ROP

45.2% 42.9% 31.6% 35.7%

Error Rate

Type 2 ROP

73.6% 77.3% 78.9% 77.8%

Kang KB, Swamy L, Patel SN, Jonas K, Ostmo S, Venture CV, Martinez-Castellanos M, Anzures R, Chiang MF, Chan RVP, Characterization of Errors 

in Retinopathy of Prematurity (ROP) Diagnosis by International Ophthalmology Residents, Invest. Ophthalmol. Vis. Sci. 2016; 57(12)



10/26/2017

6

11

• Inadequacies in Diagnostic Accuracy for ROP

• US and International trainees misdiagnosed ROP more than 50% of the time

• Rates and reasons for misdiagnoses for each country were similar

• Raises concerns for mismanagement by inexperienced examiners according to 

established guidelines 

• Implications for ROP telemedicine and image based diagnosis

• Wrong diagnosis of plus disease and zone are major factors leading to incorrect 

diagnoses

• Need to improve diagnostic accuracy of type 2 ROP

• Need for targeted education for ROP diagnosis

Telemedicine Diagnostic Challenges for ROP
Diagnostic Accuracy – Ophthalmology Trainees (US and International)

Swamy L, Patel S, Jonas KE, Ostmo S, Chiang MF, Chan RVP, Characterization of errors in retinopathy of prematurity (ROP) diagnosis by ophthalmology residents, J AAPOS, August 2016, Volume 20, Issue 4, Page e44

Kang KB, Swamy L, Patel SN, Jonas K, Ostmo S, Venture CV, Martinez-Castellanos M, Anzures R, Chiang MF, Chan RVP, Characterization of Errors in Retinopathy of Prematurity (ROP) Diagnosis by International 

Ophthalmology Residents, Invest. Ophthalmol. Vis. Sci. 2016; 57(12)
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General ophthalmologists may provide ROP care.

Therefore, it is important to improve competency in ROP diagnosis.

• Ophthalmology trainees 

misdiagnosed ROP more than 

half of the time

• Identification of plus disease 

and zone being the salient 

factors leading to incorrect 

diagnosis.

Telemedicine Diagnostic Challenges for ROP
Diagnostic Accuracy – Ophthalmology Trainees (US and International)
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13Patel SN, Singh R, Jonas KE, Ostmo S, Gupta MP, Campbell JP, Chiang MF, Chan RVP on behalf of the Imaging & Informatics in ROP 

Research Consortium, Telemedical Diagnosis of Stage 4 and Stage 5 Retinopathy of Prematurity, Ophthalmology Retina, 2017 June.

Telemedicine Diagnostic Challenges for ROP
Diagnosis of Stage 4 and Stage 5

14Patel SN, Singh R, Jonas KE, Ostmo S, Gupta MP, Campbell JP, Chiang MF, Chan RVP on behalf of the Imaging & Informatics in ROP 

Research Consortium, Telemedical Diagnosis of Stage 4 and Stage 5 Retinopathy of Prematurity, Ophthalmology Retina, 2017 June.

Telemedicine Diagnostic Challenges for ROP
Diagnosis of Stage 4 and Stage 5 - Results
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Clinical Diagnosis: Stage 4a

Examiner 1: Stage 4a

Examiner 2: Stage 3 (no treatment)

Outcome: Vitrectomy
Patel SN, Singh R, Jonas KE, Ostmo S, Gupta MP, Campbell JP, Chiang MF, Chan RVP on behalf of 

the Imaging & Informatics in ROP Research Consortium, Telemedical Diagnosis of Stage 4 and Stage 

5 Retinopathy of Prematurity, Ophthalmology Retina, 2017 June.

Telemedicine Diagnostic Challenges for ROP
Clinical Diagnosis of ≥Stage 4 and an Image-based Diagnosis of <Stage 4

16
Patel SN, Singh R, Jonas KE, Ostmo S, Petrakos P, Gupta MP, Campbell JP, Chiang MF, Chan RVP on behalf of the Imaging & 

Informatics in ROP Research Consortium, Inconsistencies in the Diagnosis of Aggressive Posterior Retinopathy of Prematurity (AP-ROP), 

Journal of VitreoRetinal Diseases, May/June 2017.

Telemedicine Diagnostic Challenges for ROP
Diagnosis of Aggressive Posterior-ROP (AP-ROP)



10/26/2017

9

17
17

A: Clinical diagnosis of no AP-ROP. Both experts provided an image-based diagnosis of AP-ROP. 

B: Clinical diagnosis of AP-ROP. Both experts provided an image-based diagnosis of no AP-ROP.

C: Clinical diagnosis of AP-ROP. Expert 1 provided an image-based diagnosis of AP-ROP. Expert 

2 provided an image-based diagnosis of no AP-ROP. 

Patel SN, Singh R, Jonas KE, Ostmo S, Petrakos P, Gupta MP, Campbell JP, Chiang MF, Chan RVP on behalf of the Imaging & 

Informatics in ROP Research Consortium, Inconsistencies in the Diagnosis of Aggressive Posterior Retinopathy of Prematurity (AP-ROP), 

Journal of VitreoRetinal Diseases, May/June 2017.

Telemedicine Diagnostic Challenges for ROP
Diagnosis of Aggressive Posterior-ROP (AP-ROP)
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Tele-Education

• GEN-ROP

• Improved diagnostic accuracy through a web-based learning 

platform. 

• Implications for ROP training and telemedicine.

Imaging

• Fluorescein Angiography for ROP

• May improve diagnostic accuracy for certain categories of 

ROP (e.g. stage 2 or worse, stage 3 or worse, pre-plus or 

worse, and type-2 ROP or worse)

• Digital Mosaic Images for ROP

• May improve diagnostic accuracy and intergrader agreement 

of clinically-significant ROP (e.g. Plus disease)
Chan RV, Patel SN, Ryan MC, et al. The Global Education Network for Retinopathy of Prematurity (GEN-ROP): Development, Implementation, and Evaluation of a Novel Tele-Education System, Trans Am Ophthalmol Soc. 2015;113:T2 21-226.

Klufas MA, Patel SN, Ryan MC, et al. Influence of Fluorescein Angiography on the Diagnosis and Management of Retinopathy of Prematur ity, Ophthalmology, 2015 May 28.

Patel SN, Klufas MA, Douglas CE, et al. Influence of Computer-Generated Mosaic Photographs on Retinopathy of Prematurity Diagnosis and Management, JAMA Ophthalmol. 2016 Sep 29

Telemedicine Diagnostic Challenges for ROP
Tele-Education, Imaging, and Image Analysis
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Chan RVP, Patel SN, Ryan MC, Jonas KE, Ostmo S, Port AD, Sun GI, Lauer AK, Chiang MF, The Global 

Education Network for Retinopathy of Prematurity (GEN-ROP): Development, Implementation, and 
Evaluation of a Novel Tele-Education System, Trans Am Ophthalmol Soc. 2015;113:T2[1-26]

Campbell JP, Swan R, Jonas K, Ostmo S, Ventura CV, Martinez-Castellanos MA, Anzures RG, Chiang MF, 

Chan RV, Implementation and evaluation of a tele-education system for the diagnosis of ophthalmic disease 
by international trainees, AMIA Annu Symp Proc. 2015 Nov 5;2015:366-75.

Telemedicine Diagnostic Challenges for ROP
Improvement in Diagnostic Accuracy with Tele-Education

United States and Canada Trainees International Trainees
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“There is more to ROP Telemedicine than just reading an image”

• Challenges in image based diagnosis of ROP

– Variability in diagnostic accuracy for type 2 ROP and Plus disease

– Discrepancies between image based diagnosis and clinical diagnosis 

for Stage 4, Stage 5, AP-ROP

• Potential strategies to improve ROP telemedicine

– Tele-Education and a standardized certification process

– Improved imaging and multimodal imaging with FA, OCT, OCTA

– Computer-based image analysis and Deep learning

• Who should be responsible for ROP telemedicine programs?

– The nature of ROP care is time sensitive

– Skilled Ophthalmologists should be responsible for determining 

diagnostic and management decisions for ROP

Telemedicine Diagnostic Challenges for ROP
Summary


