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Abstract 
Background: Retinopathy of prematurity (ROP) is a vascular disease of the premature retina and the incidence 
of ROP varies significantly across countries depending on the socio-economic developments and healthcare 
systems quality. The most critical risk factors for ROP are advanced prematurity, low birth weight (LBW), and 
small for gestational age (SGA). Pathogenesis is initiated with delayed retinal vascular growth after premature 
birth (phase I). Insufficient vascularisation of the developing retina creates hypoxia, which precipitates the release 
of factors stimulating new and abnormal blood vessel growth (phase II). The most vital part of ROP management 
is reducing modifiable risk factors such as blending protocols for oxygen delivery, rigorous infection control, 
restrictive blood transfusion strategies, and parents education. Laser remains a highly effective therapeutic 
modality and the gold standard of care in most ROP cases. On the other hand, Anti-VEGF agents emerged as a 
potential solution to clinical situations where laser delivery is not feasible, as in poor pupillary dilatation with 
advanced tunica vasculosa lentis (TVL), vitreous haze, corneal opacification, rubeosis iridis, and vitreous 
hemorrhage. The current recommendations indicate surgery for ROP stages 4-5. For stage 4, surgical modalities 
incorporate scleral buckling and lens-sparing vitrectomy (LSV).  
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Introduction 

Retinopathy of prematurity (ROP) is a vascular 
disease of the premature retina that appeared after 
the advances in preterm neonatal care, potentially 
causing irreversible vision loss. [1] Increasing 
numbers of preterm deliveries throughout the world 
have made ROP a leading cause of childhood 
blindness. [2] Therefore, detecting ROP in newborns 
as early as possible is critical. Physicians must be 
aware of children at risk and ensure that they receive 
adequate screening, monitoring, and management. 
In this mini-review, we aimed to shed light on the 
incidence, pathogenesis, risk factors, and 
classifications of ROP, as well as the appropriate 
screening tools and recent management approaches.  

Incidence of ROP 

In 2010, a large meta-analysis estimated the global 
prevalence of ROP around 21.7% among preterm 
infants. [3] The World Health Organization (WHO) 

defines preterm birth as any birth under 37 weeks of 
gestation or fewer than 259 days from the last 
menstrual period, and subdivides it based on 
gestational age (GA) into: extremely preterm (32 
weeks). [4] Globally, over 15 million babies are born 
preterm each year, with resulting complications that 
disproportionately burden low and middle-income 
countries (LMIC) relative to high-income countries 
(HIC). [5] 

The incidence of ROP varies significantly across 
countries depending on the socio-economic 
developments and healthcare systems quality. [6] 
Data from HIC report an incidence of 9.9% in very 
preterm and 56-67.1% in extremely preterm babies. 
[7,8] Even though ROP shows a growing trend in 
HIC, it reflects the increasing number of infants born 
extremely preterm and required advanced 
management in the Neonatal Intensive Care Unit 
(NICU). In LMIC, literature estimates ROP 
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prevalence around 20.2-48% in Asia, 6.1- 41.7% in 
Africa, and 12.7-37% in Latin America. [3,9–12] 
Among LMIC, the South Asian and Sub-Saharan 
Afri¬can countries nearly account for 2/3rd of the 
global prevalence of ROP. 

Historically, ROP incidence had two prominent 
peaks. The first one in the 1950s, following the 
widespread use of supplemental oxygen for pre-
mature babies with the inadequate understanding of 
ROP pathology. [13] the second peak has grown 
since 2000 due to the significant increase in survival 
of very pre-term infants. [13] However, the two 
peaks gradually declined only in HIC. While the 
current challenging peak of ROP incidence in HIC 
lies with extremely preterm babies, LMIC still faces 
the old challenges with even more developing 
premature infants. [14] 

ROP Risk Factors  

The most critical risk factors for ROP are advanced 
prematurity, low birth weight (LBW), and small for 
gestational age (SGA). [15] Furthermore, several 
postpartum factors potentially lead to the 
development of ROP. These factors involve 
unrestricted use of high saturation supplemental 
oxygen, continuous positive pressure ventilation, 
respiratory distress syndrome, apnea, septicemia, 
intraventricular hemorrhage, blood transfusion, and 
poor weight gain. [9,16,17] Since the progress in 
neonatal care did not accompany comparable 
progress in ROP screening for most LMIC, the lack 
of standardized screening protocols is becoming a 
significant risk factor.  

Pathogenesis of ROP  

Under normal circumstances, retinal vasculature 
develops through vasculogenesis, de novo syntheses 
of vessels, and angiogenesis, forming newer vessels 
from preexisting ones. [18] During the 12th week’s 
gestation, vasculogenesis begins with vascular 
precursor cells (VPCs) that create the hyaloid artery, 
then the posterior retinal arcades and vascular cords 
with the mesenchymal cells aggregates until the 
22nd weeks’ gestation. Meanwhile, angiogenesis 
starts at the 18th weeks’ gestation forming 
perifoveal vasculature, deep plexus vessels, and 
peripheral retinal capillaries till reaching the ora 
serrata with the 36th weeks’ gestation. Since 
developing retinal tissues show a higher oxygen 
demand, leading to relative hypoxia, the local 
expression of Vascular endothelial growth factor 
(VEGF) is increased; thus, new vessels grow toward 
VEGF stimuli in distant hypoxic areas. [18,19] 

Accordingly, the process of retinal vasculature is 
essentially hypoxia–driven and VEGF–mediated. In 
contrast, preterm infants reach a state of hyperoxia; 
due to atmospheric and supplemental oxygens, and 
their serum insulin-like growth factor 1 (IGF1) 
declines, leading to capillary vaso-obliteration and 

delayed retinal vascularization (Phase 1 of ROP). 
[19] Shortly after, the peripheral retina suffers 
severe hypoxic injury releasing a high amount of 
VEGF and IGF1, which potentiates angiogenesis 
further. [19] However, abnormal vessels grow 
towards VEGF stimuli in the vitreous, and 
pathological vaso-proliferation overtakes the normal 
angiogenesis (Phase 2 of ROP). [18,19] 

Classification of ROP  

The most recent version of the International 
Classification of ROP (ICROP) classifies ROP 
based on disease severity (stages), anteroposterior 
locations (zones), peripheral extent, and 
presence/absence of plus disease. [20] Typically, 
ROP passes through five progressive stages. The 
first stage shows a grayish-white demarcating line 
along the vascular- avascular retinal junction. [21]  

In the second stage, the same line progresses into an 
elevated ridge. Then, an extra-retinal fibrovascular 
proliferation appears in the third stage with the 
former ridge.21 The fourth stage has two phases; A 
and B, subtotal retinal detachment sparing the fovea 
and affecting the fovea, respectively. Eventually, the 
retina totally detaches during the fifth stage in the 
form of open or closed funnels. Advanced stages of 
ROP can present with leukocoria, falciform retinal 
fold, and shrunken nonfunctional eyes (phthisis 
bulbi). [20,21]  

Likewise, ROP has three zones. Zone 1 lies within 
an imaginary circle that has a radius between the 
optic disc and the fovea but twice the distance. In 
contrast, Zone II extends outside the circle towards 
the nasal ora serrata, while Zone III reaches the 
residual crescent of the temporal retina. ROP extents 
can be measured by numbers of 30-degree sectors or 
clock hours within retinopathy areas. Accordingly, 
ICROP defined plus disease as having two or more 
quadrants of venous dilation (>6 clock hours) and 
arteriolar tortuosity in the posterior aspect of the 
retina. [20,22 ] 

Other associations with the plus disease include 
pupil rigidity, vitreous haze, and iris 
neovascularization. ICROP also described another 
critical form of ROP, identified as Aggressive 
Posterior ROP (APROP), which progresses directly 
to the last stage without passing through the 
intermediate stages. Notably, APROP correlates 
with a fast-evolving plus disease, posterior Zone II 
locations, vascular loops, and intra-retinal 
neovascularization. [23] 

Screening of ROP  

Current North American and European guidelines 
recommend ROP screening for all newborns with 
LBW ≤1500g or SGA ≤30 weeks besides those of 
LBW 1500-2000g or SGA >30 weeks who require 
cardiopulmonary support. [24–26] However, 
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following these recommendations, the literature 
revealed that ROP incidence in infants >1250 g was 
5–44.9%, while 6.2% of visual impairment occurred 
in those >32 weeks gestation. [27,28] Further studies 
in the Asian population showed that the American 
and European suggested cut-off missed 17.7-22.6% 
of preterm babies with severe ROP, and 57.6% of 
the diagnosed infants were heavier and older than 
their western counterparts. [29,30] 

Therefore, many LMICs have developed different 
ROP-screening protocols based on their regional 
variation. For instance, updated Indian guidelines 
recommend early ROP screening (within the first 
four weeks of life) for all newborns with LBW 
≤2000g or SGA≤34 weeks besides those of SGA 34-
36 weeks with additional risk factors. [31] Likewise, 
Chinese guidelines suggested a cut-off of SGA < 
1700g and < 1500g, respectively. [32–34] 

Typical ROP screening needs an experienced 
ophthalmologist to perform dilated eye 
examinations through a binocular indirect 
ophthalmoscope (BIO), which is the standard 
method. Despite the growing number of preterm 
infants who require ROP screening, only a limited 
number of trained ophthalmologists is present, 
resulting in an enormous workload and delayed 
surveillance. For instance, the United States has only 
1504 ophthalmologists, and only 11% of them can 
perform ROP screenings, while Canada has only 100 
subspecialists responsible for more than 12,150 
ROP examinations each year. [35] 

Meanwhile, novel screening methods through 
telemedicine captured retinal images and digital 
retinal photography (DRP) emerged as potential 
alternatives. After the successful experience with 
tele-screening programs in LMIC, such as the 
KIDROP model in India, the recent United Nations 
Development Program (UNDP) report strongly 
suggested DRP as a new gold standard tool for ROP 
screening. [36] Unlike BIO, DRP does not require 
advanced experience; and by utilizing a 130° wide-
angle hand-held camera over the cornea, it 
potentially diagnoses over 90% of ROP cases. [37] 
A recent meta-analysis estimated DRP sensitivity 
and specificity over 80%, with positive and negative 
predictive values of 79% and 88.4%, respectively. 
[38] 

Treatment of ROP  

The most vital part of ROP management is reducing 
modifiable risk factors such as blending protocols 
for oxygen delivery, rigorous infection control, 
restrictive blood transfusion strategies, and parents’ 
education. [39] 

A. Blended Oxygen Supplementation  

In the Neonatal Oxygen Prospective Meta-analysis 
(NeOProM) study, infants who received lower 

oxygen saturation >89% had a significantly lower 
incidence of severe ROP (RR=0.72) but a higher 
incidence of death (RR=1.16). [40] A recently 
updated meta-analysis reported the same findings, 
with emphasis on mortality risk. [41] Therefore, the 
current American guidelines recommend an oxygen 
saturation target >90% in extremely LBW neonates. 
[42] 

However, the question remained: What is the 
oxygen saturation target that can reduce both ROP 
and mortality risks, if any. In an attempt to find the 
answer, two recent studies recommended a balanced 
strategy that significantly decreased the incidence of 
severe ROP without increasing mortality. [43,44] 
This dynamic strategy involves a gradual elevation 
of oxygen saturation ranges, thus preventing early 
hyperoxia and succeeding retinal hypoxia relative to 
the static oxygen titration strategies. [43,44] 

B. Laser photocoagulation and cryotherapy 

Current laser recommendations in ROP evolved 
from the findings of Early Treatment for 
Retinopathy of Prematurity Cooperative Group 
(ETROP) trials. ETROP recommends laser 
photocoagulation treatment in any of the following: 
ROP type I; APROP; ROP zone I in stage 1-3 with 
plus; ROP zone I in stage 3 without plus; or ROP 
zone II in stage 2-3 with plus disease. [45]  

Technically, indirect infrared diode lasers or four-
frequency doubled Nd: YAG lasers are applied 
through the Laser indirect ophthalmoscope (LIO) as 
a delivery media. [45] Furthermore, the laser ablates 
the whole avascular retina up to the ora serrata. [46]. 
Multiplecenters in HIC replaced the diode laser with 
the 532 nm green laser. [47] A modified laser 
version also became convenient for usage inside 
transparent incubators for the critically ill neonates 
who highly depend on NICU for survival. [46]  

Laser remains a highly effective therapeutic 
modality and the gold standard of care in most ROP 
cases. [41] Nearly 93% and 100% of threshold and 
pre-threshold ROP, respectively, regress after laser 
therapy. [48,49] Even in APROP, it reaches an 
efficacy range of 71.4– 84%. [50] Likewise, laser 
therapy showed highly favourable outcomes in 
LMIC, with over 96% success rates for type 1 ROP. 
[49]  

Although the laser effect on APROP is relatively 
poor, recent studies reported better safety and 
structural outcomes in treated eyes. [51] Literature 
also identified individual risk factors that can hinder 
the laser effect and induce retinal detachments 
despite confluent photocoagulation. These risk 
factors involve the presence of posterior ROP Zone 
1, SGA < 29.5 weeks, pre-retinal hemorrhage, and 
pre-existing fibrovascular proliferation. [51,52]  
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On the other hand, laser therapy significantly 
increases the risk of peripheral vision loss, cataracts, 
myopia, and phthisis bulbi. [53] In a recent meta-
analysis, laser therapy correlated with shallower 
diameters of the anterior chamber, reduced spherical 
equivalent, and higher incidence of myopia and 
astigmatism. [54] Accordingly, longterm follow-ups 
of treated children are essential to evaluate possible 
refractive errors. Myopia and strabismus, the 
commonest, showed a significant association with 
severe ROP and notable structural sequelae. [55]  

Cryotherapy appeared in line with laser 
photocoagulation, consisting of scleral, choroidal 
retina freezing, and resulted in a nearly 50% 
reduction in retinal detachments. [56] However, 
cryotherapy had multiple drawbacks, such as being 
relatively difficult, time consuming, and demanding 
general anesthesia. [56] Updated guidelines, 
therefore, minimized its role after the findings of 
ETROP trials, where pe-threshold laser showed a 
better reduction in unfavorable structural sequelae 
from 15.6% to 9.1% relative to thresholds.  

C. VEGF inhibitors  

Anti-VEGF agents emerged as a potential solution 
to clinical situations where laser delivery is not 
feasible, as in poor pupillary dilatation with 
advanced tunica vasculosa lentis (TVL), vitreous 
haze, corneal opacification, rubeosis iridis, and 
vitreous hemorrhage. [57] They have the advantage 
of feasibility, less structural complication, minimal 
risks for refractive errors, and reaching the ischemic 
posterior pole. Being the first suggested anti-VEGF 
for ROP, Bevacizumab is a recombinant monoclonal 
antibody used to treat several cancers such as 
glioblastoma, renal, colon, and lung carcinomas 
when given systematically; and macular 
degeneration or retinopathy, when given 
intravitreally. [58,59] Other Anti-VEGF agents 
include intravitreal ranibizumab (IVR) and 
intravitreal aflibercept (IVA). [60]  

After the findings of the Bevacizumab Eliminates 
the Angiogenic Threat of Retinopathy of 
Prematurity (BEAT-ROP) study, anti-VEGF agents 
gained more credentials in treating ROP. In the 
BEATROP study, intravitreal bevacizumab (IVB 
significantly reduced the recurrence rate (4%) 
compared to conventional laser (22%), particularly 
for ROP Zone I. Furthermore, IVB can be used as 
monotherapy, or combined with laser therapy, as a 
rescue medication after failed laser. In advanced 
ROP stages 3-4, a combined laser with IVB 
significantly reduced arteriolar tortuosity and 
venous dilatation without recurrence. [61] Likewise, 
IVR used for APROP with vitreous hemorrhage 
significantly improved the fundus visibility forthe 
following laser therapy with 92% more favorable 
anatomical outcomes. [62]  

Unfortunately, the literature has no definite 
agreement on optimal dosage and follow-up 
strategy, but most studies administered a dose of 
0.625 mg/0.025 ml for IVB and 0.25 mg/0.025 ml 
for IVR for each eye. Since anti-VEGF inhibitors do 
not entirely terminate pathological angiogenesis, the 
persistence of peripheral avascular retina can 
develop late recurrences of ROP. [63] Recent studies 
reported late reactivation after a period that ranges 
from 4 weeks to 2.5 years following anti-VEGF 
monotherapy. [63,64] Also, because of the vital role 
of VEGF in the tissue development of preterm 
infants, anti-VEGs may increase the risk of 
neurodevelopmental delays; yet current studies fail 
to affirm or refute the risk. [65,66] Accordingly, 
anti-VEGF therapy should be administered in 
selected cases as rescue treatment combined with 
laser photocoagulation until further evidence arises.  

When compared with laser treatment, a meta-
analysis of ten studies showed that the incidence of 
retreatment was significantly higher in anti-VEGF 
group (OR= 2.52, 95% CI: 1.37 - 4.66; p= 0.003) 
compared to the laser treatment, while the 
incidences of myopia and eye complications were 
significantly lower with anti-VEGF compared to the 
laser treatment (OR= 0.29, 95% CI: 0.10 - 0.82; 
p=0.02). However, there was no difference in the 
recurrence incidence (p=0.45) and time between 
treatment and retreatment (p =0.12). [67] Another 
meta-analysis demonstrated that using anti-VEGF 
instead of laser photocoagulation may lower the 
chance of refractive errors. Anti-VEGF therapy was 
associated with low retinal detachment, lens or 
corneal opacity requiring surgery, and post-
discharge mortality. Finally, the data are insufficient 
to determine if anti-VEGF, compared to laser 
photocoagulation, enhances the recurrence of ROP. 
[68]  

D. Surgical interventions  

Current recommendations indicate surgery for ROP 
stages 4-5. For stage 4, surgical modalities 
incorporate scleral buckling and lens-sparing 
vitrectomy (LSV). [24,69] While stage 5 requires 
further lensectomy along with vitrectomy (LV) or 
open-sky vitrectomy (OSV). [69,70]. The risk of 
poor surgical outcomes is higher in infants with no 
prior laser or VEGF treatment, narrow-narrow 
funnel configuration, and late presentation, which 
has the worst prognosis once retrolental fibroplasia 
develops. [71]  

While the success rates of these modalities in stage 
4 range from 84-100%, it only reaches 14.3-45.5% 
in stage 5. [69,70] Likewise, the recurrence rate of 
retinal detachment in stage 5 extends to over 22% of 
cases compared to 5% in stage 4. [72] Recent studies 
suggested the use of pre-operative IVB, which 
significantly shortened the operation time by 26 min, 
reduced the recurrence by 30%, and induced better 
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visual outcomes in 88% of cases. [73] Otherwise, 
currently studied novel techniques such as plasmin-
assisted vitrectomy show promising results, 
awaiting future evidence and recommendations. [74]  

E. Adjuvant therapy; beta-blockers, human 
milk, vitamin A and E  

A recent Cochrane systematic review and meta-
analysis revealed that oral beta-blockers 
significantly reduced the need for anti-VEGF agents 
(RR=0.32) and laser therapy (RR=0.54), with a 
number needed to treat around only 12-18 cases of 
ROP. [75] Besides, oral beta-blockers significantly 
hindered the progression to stage 3 (RR=0.60). [75]  

Another meta-analysis on the benefits of human 
milk showed an overall reduction in the risk of ROP 
development for extremely premature infants 
compared to formula feeding (OR=0.31). Similarly, 
meta-analyses on Vitamin A and E 
supplementations reported a significant reduction in 
ROP incidence with better retinal functions in 
premature infants (OR=0.27 and 0.30, respectively). 
At the moment, these therapeutic modalities can be 
used as adjuvants to the standard therapy until 
further evidence emerges.  

F. The limitations of currently available therapy 
options  

There are currently no approved drugs for treating 
ROP in neonates, and the usual treatment for severe 
ROP depends on surgical techniques such as laser 
therapy or cryotherapy. Surgical techniques save 
vision in most of the visual field but not in the 
periphery. General anesthesia may be required in 
premature infants. [76] Limited surgical options and 
a growing understanding of ROP pathophysiology 
have prompted research into pharmacologic 
treatments, such as antiVEGF, which are routinely 
used to treat severe ROP. [77] Compared to 
traditional surgical techniques, this drug class has 
revolutionized the treatment of neovascular 
retinopathies. [78] However, anti-VEGF therapies 
have limitations in patients with ROP. For example, 
VEGF is a neuroprotective factor, and its loss in the 
retina may disrupt the neurovascular homeostasis, 
causing retinal injury. [79] Furthermore, anti-VEGF 
diffusion into the blood may reduce serum VEGF 
levels, affecting physiological angiogenesis or tissue 
growth. [80] However, the ideal VEGF serum level 
in preterm newborns is undetermined. Some of the 
mentioned limitations of anti-VEGF usage may be 
addressed by medications acting upstream of VEGF 
and targeting mechanisms influencing VEGF 
synthesis. In this regard, propranolol looks 
favorable. Its safety profile in premature infants has 
to be evaluated more thoroughly, although it seems 
promising. First, it prevents ROP development when 
used topically, eliminating intravitreal injections and 
their associated adverse effects. [75,81] Second, 

propranolol does not reduce VEGF levels in the 
retina, but rather restores them to normal levels, 
indicating no neurovascular adverse effects.82 
Third, propranolol had no effect on VEGF levels in 
organs other than the retina in the oxygen-induced 
retinopathy mouse model, indicating a safe systemic 
profile for developing organs and tissues. [82] Most 
of the above-mentioned pharmaceutical treatments 
target the second phase of ROP when hypoxia-
induced increased production of proangiogenic 
factors induces pathologic angiogenesis. As a result, 
the potential benefit of medications like anti-VEGF, 
propranolol, and others is generally lower than 
anticipated. Treatment of ROP pharmacologically 
may be improved if it is possible to intervene early 
in the disease.  

G. Conclusion- ROP is a vascular disease of the 
premature retina and the incidence of ROP varies 
significantly across countries depending on the 
socio-economic developments and healthcare 
systems quality. The most critical risk factors for 
ROP are advanced prematurity, low birth weight 
(LBW), and small for gestational age 
(SGA).Pathogenesis is initiated with delayed retinal 
vascular growth after premature birth (phase 
I). Insufficient vascularisation of the developing 
retina creates hypoxia, which precipitates the release 
of factors stimulating new and abnormal blood 
vessel growth (phase II). The most recent version of 
the International Classification of ROP (ICROP) 
classifies ROP based on disease severity (stages), 
antero-posterior locations (zones), peripheral extent, 
and presence/absence of plus disease. Current North 
American and European guidelines recommend 
ROP screening for all newborns with LBW ≤1500g 
or SGA ≤30 weeks besides those of LBW 1500-
2000g or SGA >30 weeks who require 
cardiopulmonary support. Preventable management 
of ROP is reducing modifiable risk factors such as 
blending protocols for oxygen delivery, rigorous 
infection control, restrictive blood transfusion 
strategies, and parents’ education. Laser remains a 
highly effective therapeutic modality and the gold 
standard treatment in most ROP cases. On the other 
hand, Anti-VEGF agents emerged as a potential 
solution to clinical situations where laser delivery is 
not feasible, as in poor pupillary dilatation with 
advanced tunica vasculosa lentis(TVL),vitreous 
haze, corneal opacification, rubeosis iridis, and 
vitreous hemorrhage. The current recommendations 
indicate surgery for ROP stages 4-5. 
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