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The only thing worse than  being blind  is having 
sight but no vision- Helen Keller



History

 First identified by Terry in 1942

 Coined the term retrolental fibroplasia (RLF)

 Discovery of correlation of hyperoxia with ROP in 1950’s

 NO clinical monitoring system for measuring blood oxygen 

 Effort to titrate oxygen to decrease ROP, increase mortality and neurodevelopmental impairment



 First, multicenter, randomized clinical trial in 
neonatology

 Telegraphic randomization of infants weighing 
less than 1500 grams who survived for 48



The Fall and Rise of Retinopathy of Prematurity 
(ROP)

 1950s-1960s 

 ”40% rule emerged- Supplemental FiO2 in cyanotic patients 

 Students were sad with ROP disappearing

 1970’s

 Neonatal Intensive Care received recognition

 Use of neonatal ventilator and lab parameters lead to survival of premature neonates

 Prematurity accounted for ROP as per research in addition to oxygen and other factors

 RLF- I’m BACK, but with a different name (Retinopathy of Prematurity)

 Direct ophthalmoscopy was the mainstay of retinal examination



First time appreciation of ROP with degree of 
prematurity and associated medical conditions



Frustrated Neo’s and Ophthalmologist’s

 Thinking of a randomized control trial was futile

 No staging, no disease severity, no understanding of disease progression

 Year of 1981

 Ross conference of ROP- Joint venture

 First ROP classification finalized in 1983 at National Eye institute

 Published in ophthalmic and pediatric literature in 1984



The International Classification of ROP (ICROP)

 Characterize ROP

 Position (Zone)

 Blood vessels starts growing from the optic disk at about 12 weeks

 The more immature an infant is at birth, the less progress the vessels will have made from the disk toward the outer edge of 
the retina (the ora serrata).

 Severity (Staging)

 Stages of ROP are based on the number and overproduction of vessels at the transition between the vascularized and avascular 
retina.

 Stage 1-5

 Extent (clock hours)

 Existence of PLUS disease



Pathophysiology of ROP

 Retinal vascularization begins at 
approximately 12 weeks

 Vessels outgrows symmetrically 
outwards and completes vascularization 
of nasal ora serrata at about 35 to 40 
weeks’ gestation and the temporal ora
at about 38 to 44 weeks’ gestation

 VEGF and growth factors promotes 
angiogenesis



Two phase hypothesis
ROP is a repair process that goes rogue

 Triggers causing severe pruning back of 
growing vessels, and follows a pause in 
vascular growth

 Hyperoxia

 Low concentration of growth factors 
like IGF-1

 Other prematurity associated 
stressors (IVH, pneumothorax, NEC)

 Abnormal “catch up” growth when they 
are relatively more stable (usually happens 
around 30-34 weeks)

 Increased IGF-1 mediated increased 
expression of VEGF



Zones



Staging

 Stage 1 Demarcation line : A thin delicate line-like white structure 
separating the vascular and avascular retina is visible

 Stage 2 Ridge : It is a line which has grown and has a volume of thickness 
and height. It extends above the plane of the retina

 Stage 3 Extraretinal fibrovascular proliferation : It is continuous with the 
posterior border of the ridge. It grows into the vitreous perpendicular to the 
ridge

 Stage 4 Retinal detachment : When the fibrovascular proliferation leads to 
tractional retinal detachments into Extrafoveal region is Stage 4a foveal is 
stage 4b 

 Stage 5 Total retinal detachments 

• stage 5A: the optic disc is visible by ophthalmoscopy (suggesting open-funnel 
detachment)

• stage 5B: the optic disc is not visible because of retrolental fibrovascular tissue or 
closed-funnel detachment

• stage 5C: stage 5B is accompanied by anterior segment changes suggesting closed-
funnel configuration



Extent



PLUS disease

 It is determined solely by the findings in zone I near the optic disk

 The ROP in the periphery becomes more severe, the posterior pole veins become dilated, and 
the arteries become tortuous

 The progressive, severe type of ROP leading to retinal detachment always advances 
through plus disease before retinal detachment.

 In patients with PLUS disease, examination of the iris reveals similar dilation of the 
normally invisible vessels (dilated retinal vessel after birth can be normal findings, but 
not as new findings in a preterm neonates' weeks after birth)

 Non reactive pupil can be a sign of PLUS/severe ROP

 Rush disease/Aggressive posterior ROP- ROP develops in zone I and is accompanied by 
severe plus disease



Preplus disease

 Vascular abnormalities of the posterior retina that are insufficient for the diagnosis of plus disease, but that 
cannot be considered normal



“No ROP” can be a potential disaster



CRYO-ROP Trial 

More than 90% patients developed ROP with birth weight less than 750 grams.



Composite categories of ROP

 Cryotherapy trial to treat ROP

 Threshold ROP

 The presence of ROP in either zone I or zone II, at least 5 continuous (right eye) or 8 composite (left eye) clock hours of stage 3, and plus 
disease

 Untreated threshold ROP progresses to retinal detachment in approximately 50% of cases

 Pre-threshold ROP

 It is less severe and is used as a marker to identify infants who require more frequent ROP examinations to discern threshold ROP as
soon as it occurs

 Any ROP (less than threshold) in zone I

 In zone II, ROP that is stage 2 with plus disease or stage 3 without plus disease

 Zone II, stage 3+ ROP without enough clock hours to meet threshold criteria also is considered

 CryoROP demonstrated the effectiveness of retinal cryotherapy treatment of ROP that had reached “threshold” 
severity

 Significant failure rate



CRYO-ROP to ET-ROP 

 ETROP multicenter trial randomized 
infants who had prethreshold disease 
to either immediate treatment or to a 
wait-and-see policy, with treatment if 
threshold disease developed

 Outcome showed benefit from 
early treatment

 The severity of ROP that requires 
treatment, therefore, has been 
redefined. 



Steps in Screening

 When it’s the right time and who we need to screen

 Who can do it and the details of the procedure (equipment details)

 Authors of recent reports of neonatal algorithms, such as WIN-ROP, Co-ROP takes into 

consideration all clinical parameters

 Examination documentation following ICROP

 Follow up examination schedule and when to stop

 Follow up care and documentation for patient’s getting discharged/transferred



AAP  ROP screening schedule and treatment  
program in 2006

 Which infants should have ROP retinal screening examinations?

 Infants whose birthweights are less than 1,500 g or gestational ages are 30 weeks or less 

 Additional candidates include selected infants whose birthweights are 1,500 to 2,000 g or whose gestational ages are 
more than 32 weeks and have unstable courses, those requiring cardiorespiratory support, or those believed to be at 
high risk.

 High sensitivity, lower specificity leads to a high screening to detection ratio. In a 29-hospital retrospective 
cohort study from the United States and Canada, only 12.5% of the screened infants developed severe ROP.



Screening approach

 SCREENROP, a Canadian nationwide study analyzed 32 potential predictors and various prediction models 
using a cohort of nearly 5000 premature babies across all tertiary nurseries in Canada

 Only babies with a BW of <1200g or a GA of <30 weeks need to be screened to capture those that require 
ROP treatment, although the current Canadian screening guidelines include infants of BW <1251g or of GA 
<31 weeks



Screening approach

 In 2006, Lofqvist et al published the Weight, Insulin-like growth factor-1 (IGF-1), Neonatal, Retinopathy of 
Prematurity (WINROP) model

 Postnatal weight measurements and serum IGF-1 levels to monitor risk of ROP development

 It was postulated that the application of WINROP would eliminate screening in 20% of the infants

 WINROP2, Hellstrom et al modified the WINROP study to exclude serum IGF-1 levels and used postnatal weight gain 
as a proxy to decrease stress on the infants.67

 Although initially WINROP not useful now a days due to increase in the target oxygen saturation of the babies



Screening approach

 Children’s Hospital of Philadelphia (CHOP) ROP model and the more recent postnatal growth and 
retinopathy of prematurity (G-ROP) model

 The G-ROP model has shown 100% sensitivity in validation studies in terms of identifying all babies 
developing type 1 ROP.



When to screen
Observation from CRYO-ROP trial & Light Reduction in ROP study



AAP  ROP screening schedule 

 When should the first screening examination be performed?

 The onset of ROP is related more closely to gestational age than 
postnatal age. 

 Significant retinopathy almost never occurs before 31 weeks 
gestational age

 This table provides a schedule for detecting ROP potentially 
damaging to the retina with 99% confidence

 It should be appreciated that infants born before 25 weeks’ gestational 
age should be considered for earlier screening on the basis of severity 
of comorbidities

 Considering doing  at 6 weeks of postnatal age in neonates born before 
25 weeks

 Should we screen neonates who were on ECMO

 Study from Germany didn’t find any threshold/type1 ROP



When to treat

 When should ROP be treated?

 Type 1 ROP, as defined by the ETROP 
study, should be treated

 Treatment should be performed within 
72 hours of the decision to treat. 

 The following types of disease should 
be treated

 Zone I, any stage of ROP with plus 
disease

 Zone I, stage 3 ROP without plus 
disease

 Zone II, stage 2 or 3 ROP with plus 
disease.



What to treat with
FDA vs “off label” in USA

 Laser ablation of the peripheral avascular retina- FDA approved

 Anti VEGF antibodies- ”off label”; NOT FDA APPROVED

 Four intravitreal anti-VEGF drugs have been reportedly used for the treatment of ROP

 Bevacizumab (Avastin; Genentech, South San Francisco, CA)

 Ranibizumab (Lucentis; Gememtecj, South San Francisco, CA)- recently approved by the European Medicines Agency (EMA) and 
Health Canada

 Aflibercept (Eylea, Regeneron, Tarrytown, NY)

 Conbercept (Chengdu Kanghong Biotech Co., Ltd., Sichaun, China)



Risks with Laser and anti-VEGF antibiodies

 Laser

 Sedation required

 Cataract, anterior segment ischemia and glaucoma

 Anti-VEGF antibodies

 Neurodevelopmental delay- Rainbow Extension Study



Follow up schedule



When screening can be stopped

 Screening eye exams can generally be terminated when there is: complete retinal vascularization

 Zone III vascularization without previous zone I or II ROP

 No type I ROP or worse at 45 weeks PMA

 Regression of ROP in zone III without abnormal vascular tissue capable of reactivation in zone II or III

 Infants that have been treated for ROP need life-long eye examinations, especially in the first 5 years of life

 Reactivation of ROP is more common after treatment with anti-VEGF drugs (PMA of 65 weeks)



Things we can wish for to prevent ROP

 Prevent premature birth

 Titrate oxygen

 Decrease premature related complications
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