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We recently developed a prototype online program 
for training residents and fellows about retinopathy of 
prematurity (ROP). We were motivated by the lack of 
adequate training in this important area.[1‑5] Since ROP is 
a rapidly progressive disease that can result in blindness, 
adequate and efficient knowledge regarding ROP should 
be expected of retina and pediatric ophthalmology 
fellows and at least available to all ophthalmology 
residents.[1‑5] Although for teaching purposes it might 
be best for all training in ROP to take place in the 
NICU, this is not practical because of constraints in time 
and resources as well as the safety of affected infants. 
Fortunately, high quality wide‑angle images of the 
fundus can now be readily obtained for teaching and 
telemedicine.

In the course of development of our program, it 
became clear that significant variability still exists among 
ROP practitioners in grading fundus photographs of 
infants with ROP. This has been previously discussed 
among experts.[6‑9] In addition, we realized that the most 
recent International Classification of ROP[10] does not fully 
reflect current thought, and that follow‑up schedules 
recommended in the latest consensus paper[11] do not fully 
take newly described features of the disease into account.

Plus disease is defined as retinal vascular dilation 
and tortuosity. A standard photograph illustrating 
plus disease has been used for diagnosis since a 
consensus agreement for the CRYO‑ROP study in 
1988.[12] Recognition of plus disease is critical because 
ROP diagnosis and treatment guidelines are now 
dependent on the presence or absence of this finding.[13] 
Thus, it has important implications for clinical care, 
development of computer‑based image analysis 
methods, and also telemedicine systems. Unfortunately, 
significant subjectivity in determination of plus disease 
remains a problem.[6,7,9,14,15] Using standard dilated 
ophthalmoscopy, disagreement was found in 12% of 
cases regarding a diagnosis of threshold disease in 
a report based on the CRYO‑ROP and LIGHT‑ROP 
studies.[14] Using image‑based diagnosis for identification 
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of plus disease, one study in 2007 found that 22 
experts agreed on the diagnosis of plus disease in only 
21% (7/34) of images, with a mean kappa of 0.19‑0.66 
for each expert compared to all others.[15]

Although the standard photograph has been used for 
diagnosis of plus disease, more recently an international 
committee for classification of ROP has stated that 2 
quadrants of vessel dilation and tortuosity are sufficient 
for a diagnosis of the condition.[10,16]

Images used for diagnosis of ROP are frequently 
captured with a contact camera with a 130° field of 
view, in contrast with standard binocular indirect 
ophthalmoscopy with a 40° to 50° field of view. 
Both are in contrast to the aforementioned standard 
photograph, which is a higher magnification image of 
the posterior pole. This difference in perspective may 
cause confusion in the diagnosis of plus disease.[6] The 
standard photograph gives the impression of intense four 
quadrantic vein dilation and arterial tortuosity, while 
the indirect ophthalmoscopic view and 130 images for 
ROP assessment seem to show relatively less dilation. 
It is difficult to compare the magnitude of vein dilation 
at different levels of magnification or using indirect 
ophthalmoscopy.[17] It is also confusing as to whether the 
ophthalmologist should rely on the standard photograph 
or on the description of two quadrants of venous dilation 
and arterial tortuosity which may be different from the 
standard photograph with 4 quadrant vessel dilation.

The latest international classification of ROP in 2005 
addressed an intermediate stage, called pre‑plus as a new 
entity. It is described as “abnormalities of the vessels that 
are insufficient for the diagnosis of plus disease but that 
demonstrate more arterial tortuosity and more venous 
dilation than normal.”[18]

Disagreement in the diagnosis of plus versus non‑plus 
versus pre‑plus has also been addressed.[9,15] Inter‑expert 
agreement has been reported as fair for diagnosis of 
plus disease (κ=0.32).[9] In a study by Chiang et al, 
categorization of plus versus non‑plus versus pre‑plus 
was similar in only 4 out of 34 images among 22 
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experts.[15] Pre‑plus has been defined as vessel dilation 
less than plus,[9] but it is not clear whether the findings 
have to be assessed in the posterior pole alone. Peripheral 
dilation and tortuosity are not normal but it is not 
clear how these findings should influence staging and 
treatment. The clinical significance of pre‑plus disease 
is not completely clear, given that it was not considered 
in clinical trials such as CRYO‑ROP or ETROP which 
we apply for management of ROP patients. Another 
issue to address is follow‑up schedules for infants 
with pre‑plus disease. As pre‑plus is not considered 
in follow‑up recommendations by the most recent 
consensus document,[11] follow‑up recommendations 
for patients with this finding are not clear. It has been 
demonstrated, for example, that patients with pre‑plus 
have a higher risk of progression.[17]

Computer‑based image analysis programs such as 
ROP tool,[19‑21] RISA,[22] Vessel Map,[23] and CAIAR[24] 
have been developed for diagnosis of plus disease. 
These programs show promise for identification of 
plus disease using quantitative methods, but their exact 
role in the diagnosis of ROP requiring treatment in 
routine practice has not been determined yet.[25] Studies 
comparing computer–based (Retinal Image multiScale 
Analysis [RISA]) and individual expert diagnosis in 
relation to a reference standard diagnosis based on 
expert consensus found that the accuracy of ROP 
experts for diagnosis of plus disease is much lower than 
computer‑based diagnosis.[26,27]

Another prominent area of disagreement is in 
determining whether findings are in zone I or posterior 
zone II. This is a critical determination for management 
because any stage in zone I with plus, and stage 3 in 
zone I without plus have a poor prognosis and should 
be treated.[12] Locating the fovea is difficult in fundi of 
premature infants, and this is the major problem in 
defining zone I in our experience and in a study by 
experts.[8,28] A practical way to locate the fovea in fundus 
photographs would lead to less disagreement. Patel et al 
addressed this by using fluorescein angiography (FA) for 
locating the fovea; however, they showed that adding 
angiography does not increase the sensitivity of zone 
diagnosis. Mean sensitivity for detection of zone I by 
experts in comparison to a consensus reference standard 
diagnosis when interpreting color images alone versus 
interpreting the color fundus image and FA images was 
47% vs. 61.1%, respectively, which was not statistically 
significant (P=0.073).[28] Performing FA in premature 
infants is not easy, and it is not clear that this should 
be considered as standard care. It is also impractical for 
telemedicine. The 2005 classification describes a practical 
way to determine the extent of zone I by using a 28 or 
30 diopter lens with indirect ophthalmoscopy,[10] but no 
simple method exists for photographs. Another issue 
in using photographs for ROP diagnosis is the lack of 
stereopsis. This can cause difficulty distinguishing stage 

1 from stage 2[9] and is an issue in telemedicine as well 
as in teaching.

AP‑ROP was described in 2005[10] and defined as flat 
neovascularization and plus in zone I or posterior zone 
II. Its diagnosis and prompt treatment is very important 
as it carries a poor prognosis.[29‑32]

Inter‑expert diagnostic agreement regarding AP‑ROP 
has been reported to be imperfect. Eight ROP experts 
interpreted 15 retinal images for AP‑ROP and plus disease 
and mean kappa for each expert for AP‑ROP diagnosis 
ranged from ‑0.15 (no agreement) to 0.42 (moderate 
agreement).[33] The lack of a “gold standard” for AP‑ROP 
diagnosis hinders work in this area. When there is 
substantial disagreement among experts it is difficult to 
use expert consensus in developing standards.

Flat neovascularization is different from classic 
stage 3 which is defined as extraretinal fibrovascular 
proliferation (occurring on a peripheral ridge). Though 
it seems that flat neovascularization is a type of 
stage 3 disease (since neovascularization is the key 
feature of both), this has not been addressed in formal 
classifications.

This is an area of confusion in teaching ROP 
staging. Flat neovascularization is difficult to diagnose, 
particularly for the novice, and it may easily be 
overlooked. There are, however, usually retinal 
arteriovenous anastomoses[10,34] at the anterior extent of 
vascularization or more posteriorly in the retina in cases 
of AP‑ROP. Newer classifications might consider this as 
one of the features of AP‑ROP.

Addressing these issues is clearly important for 
diagnosis and treatment of ROP. These issues also 
compound the difficulty of training residents and fellows 
about ROP.

REFERENCES
1. Nagiel A, Espiritu MJ, Wong RK, Lee TC, Lauer AK, Chiang MF, 

et al. Retinopathy of prematurity residency training. Ophthalmology 
2012;119:2644‑2645.e1‑2.

2. Paul Chan RV, Williams SL, Yonekawa Y, Weissgold DJ, Lee TC, 
Chiang MF. Accuracy of retinopathy of prematurity diagnosis by 
retinal fellows. Retina 2010;30:958‑965.

3. Myung JS, Paul Chan RV, Espiritu MJ, Williams SL, Granet DB, 
Lee TC, et al. Accuracy of retinopathy of prematurity image‑based 
diagnosis by pediatric ophthalmology fellows: Implications for 
training. J AAPOS 2011;15:573‑578.

4. Wong RK, Ventura CV, Espiritu MJ, Yonekawa Y, Henchoz L, 
Chiang MF, et al. Training fellows for retinopathy of prematurity 
care: A Web‑based survey. J AAPOS 2012;16:177‑181.

5. Wallace DK. Fellowship training in retinopathy of prematurity. 
J AAPOS 2012;16:1.

6. Wallace DK, Quinn GE, Freedman SF, Chiang MF. Agreement 
among pediatric ophthalmologists in diagnosing plus and 
pre‑plus disease in retinopathy of prematurity. J AAPOS 
2008;12:352‑356.

7. Ataer‑Cansizoglu E, Kalpathy‑Cramer J, You S, Keck K, 
Erdogmus D, Chiang MF. Analysis of underlying causes 
of inter‑expert disagreement in retinopathy of prematurity 

[Downloaded free from http://www.jovr.org on Saturday, August 20, 2016, IP: 151.243.101.188]

Arc
hive

 of
 S

ID

www.SID.ir



Editorial; Roohipoor and Loewenstein

Journal of ophthalmic and Vision research 2015; Vol. 10, No. 4 357

diagnosis. Application of machine learning principles. Methods 
Inf Med 2015;54:93‑102.

8. Chiang MF, Thyparampil PJ, Rabinowitz D. Interexpert agreement 
in the identification of macular location in infants at risk for 
retinopathy of prematurity. Arch Ophthalmol 2010;128:1153‑1159.

9. Gschließer A, Stifter E, Neumayer T, Moser E, Papp A, Pircher N, 
et al. Inter‑expert and intra‑expert agreement on the diagnosis 
and treatment of retinopathy of prematurity. Am J Ophthalmol 
2015;160:553‑560.e3.

10. International Committee for the Classification of Retinopathy 
of Prematurity. The international classification of retinopathy of 
prematurity revisited. Arch Ophthalmol 2005;123:991‑999.

11. Fierson WM; American Academy of Pediatrics Section on 
Ophthalmology; American Academy of Ophthalmology; 
American Association for Pediatric Ophthalmology and 
Strabismus; American Association of Certified Orthoptists. 
Screening examination of premature infants for retinopathy of 
prematurity. Pediatrics 2013;131:189‑195.

12. Multicenter trial of cryotherapy for retinopathy of prematurity: 
Preliminary results. Cryotherapy for retinopathy of prematurity 
cooperative group. Pediatrics 1988;81:697‑706.

13. Early Treatment for Retinopathy of Prematurity Cooperative 
Group. Revised indications for the treatment of retinopathy of 
prematurity: Results of the early treatment for retinopathy of 
prematurity randomized trial. Arch Ophthalmol 2003;121:1684‑1694.

14. Reynolds JD, Dobson V, Quinn GE, Fielder AR, Palmer EA, 
Saunders RA, et al. Evidence‑based screening criteria for retinopathy 
of prematurity: Natural history data from the CRYO‑ROP and 
LIGHT‑ROP studies. Arch Ophthalmol 2002;120:1470‑1476.

15. Chiang MF, Jiang L, Gelman R, Du YE, Flynn JT. Interexpert 
agreement of plus disease diagnosis in retinopathy of prematurity. 
Arch Ophthalmol 2007;125:875‑880.

16. STOP‑ROP Multicenter Study Group. Supplemental therapeutic 
oxygen for prethreshold retinopathy of prematurity (STOP‑ROP), 
a randomized, controlled trial. I: Primary outcomes. Pediatrics 
2000;105:295‑310.

17. Gelman SK, Gelman R, Callahan AB, Martinez‑Perez ME, 
Casper DS, Flynn JT, et al. Plus disease in retinopathy of 
prematurity: Quantitative analysis of standard published 
photograph. Arch Ophthalmol 2010;128:1217‑1220.

18. Wallace DK, Kylstra JA, Chesnutt DA. Prognostic significance of 
vascular dilation and tortuosity insufficient for plus disease in 
retinopathy of prematurity. J AAPOS 2000;4:224‑229.

19. Wallace DK, Freedman SF, Zhao Z, Jung SH. Accuracy of ROPtool 
vs individual examiners in assessing retinal vascular tortuosity. 
Arch Ophthalmol 2007;125:1523‑1530.

20. Wallace DK, Freedman SF, Zhao Z. A pilot study using ROPtool 
to measure retinal vascular dilation. Retina 2009;29:1182‑1187.

21. Wallace DK, Zhao Z, Freedman SF. A pilot study using “ROPtool” 
to quantify plus disease in retinopathy of prematurity. J AAPOS 
2007;11:381‑387.

22. Gelman R, Martinez‑Perez ME, Vanderveen DK, Moskowitz A, 
Fulton AB. Diagnosis of plus disease in retinopathy of prematurity 
using retinal image multiScale Analysis. Invest Ophthalmol Vis Sci 
2005;46:4734‑4738.

23. Rabinowitz MP, Grunwald JE, Karp KA, Quinn GE, Ying GS, 
Mills MD. Progression to severe retinopathy predicted by retinal 
vessel diameter between 31 and 34 weeks of postconception age. 
Arch Ophthalmol 2007;125:1495‑1500.

24. Wilson CM, Cocker KD, Moseley MJ, Paterson C, Clay ST, 
Schulenburg WE, et al. Computerized analysis of retinal vessel 

width and tortuosity in premature infants. Invest Ophthalmol Vis 
Sci 2008;49:3577‑3585.

25. Wittenberg LA, Jonsson NJ, Chan RV, Chiang MF. Computer‑based 
image analysis for plus disease diagnosis in retinopathy of 
prematurity. J Pediatr Ophthalmol Strabismus 2012;49:11‑19.

26. Gelman R, Jiang L, Du YE, Martinez‑Perez ME, Flynn JT, 
Chiang MF. Plus disease in retinopathy of prematurity: Pilot 
study of computer‑based and expert diagnosis. J AAPOS 
2007;11:532‑540.

27. Koreen S, Gelman R, Martinez‑Perez ME, Jiang L, Berrocal AM, 
Hess DJ, et al. Evaluation of a computer‑based system for plus 
disease diagnosis in retinopathy of prematurity. Ophthalmology 
2007;114:e59‑e67.

28. Patel SN, Klufas MA, Ryan MC, Jonas KE, Ostmo S, 
Martinez‑Castellanos MA, et al. Color fundus photography 
versus fluorescein angiography in identification of the macular 
center and zone in retinopathy of prematurity. Am J Ophthalmol 
2015;159:950‑957.e2.

29. Drenser KA, Trese MT, Capone A Jr. Aggressive posterior 
retinopathy of prematurity. Retina 2010;30 4 Suppl: S37‑S40.

30. Kychenthal A, Dorta P, Katz X. Zone I retinopathy of prematurity: 
Clinical characteristics and treatment outcomes. Retina 
2006;26 7 Suppl: S11‑S15.

31. Fallaha N, Lynn MJ, Aaberg TM Jr., Lambert SR. Clinical outcome 
of confluent laser photoablation for retinopathy of prematurity. 
J AAPOS 2002;6:81‑85.

32. Vinekar A, Trese MT, Capone A Jr.; Photographic Screening for 
Retinopathy of Prematurity (PHOTO‑ROP) Cooperative Group. 
Evolution of retinal detachment in posterior retinopathy of 
prematurity: Impact on treatment approach. Am J Ophthalmol 
2008;145:548‑555.

33. Woo R, Chan RV, Vinekar A, Chiang MF. Aggressive posterior 
retinopathy of prematurity: A pilot study of quantitative 
analysis of vascular features. Graefes Arch Clin Exp Ophthalmol 
2015;253:181‑187.

34. Sanghi G, Dogra MR, Das P, Vinekar A, Gupta A, Dutta S. 
Aggressive posterior retinopathy of prematurity in Asian Indian 
babies: Spectrum of disease and outcome after laser treatment. 
Retina 2009;29:1335‑1339.

Access this article online

Quick Response Code:
Website:  
www.jovr.org

DOI:  
10.4103/2008‑322X.176902

How to cite this article: Roohipoor R, Loewenstein JI. Need for 
refinement of international retinopathy of prematurity guidelines and 
classifications. J Ophthalmic Vis Res 2015;10:355-7.

This is an open access article distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows 
others to remix, tweak, and build upon the work non‑commercially, as long as the 
author is credited and the new creations are licensed under the identical terms.

[Downloaded free from http://www.jovr.org on Saturday, August 20, 2016, IP: 151.243.101.188]

Arc
hive

 of
 S

ID

www.SID.ir



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

