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Context: Retinopathy of prematurity is an avoidable cause of childhood blindness. Proper understanding of the classification and
treatment methods is a must in tackling this disease.
Evidence acquisition: Literature search with PubMed was conducted covering the period 1940-2015 with regards to retinopathy of
prematurity, retrolental fibroplasia, its natural history, classification and treatment.
Results: The clinical features, screening and staging of retinopathy of prematurity according to International classification of retinopathy
of prematurity (ICROP) has been included with illustrations. The standard current treatment indications, modalities and outcomes from
landmark randomized controlled trials on retinopathy of prematurity have been mentioned.
Conclusions: This review would help pediatricians to update their current knowledge on classification and treatment of retinopathy of
prematurity. Screening for retinopathy of prematurity, in India, should be performed in all preterm neonates who are born <34 weeks
gestation and/or <1750 grams birthweight; as well as in babies 34-36 weeks gestation or 1750-2000 grams birthweight if they have risk
factors for ROP. Screening should start by one month after birth.
Keywords: Review, Update, Retrolental fibroplasia, Prematurity.

R

etinopathy of prematurity (ROP) formerly
known as retrolental fibroplasia is an
enigmatic disease of the developing retinal
vasculature of the prematurely born infants. It
is a vasoproliferative retinopathy, first described by Terry
[1] in 1942 in a premature infant who had grayish white
vascular membranes behind the lens in both the eyes.
Unlike the vast number of diseases, this was not a disease
that was present for decades or centuries just waiting to be
discovered. This disease did not exist before the 1930s. It
began, as we now know, when infant incubators came into
use and supplemental oxygen was seen to promote the
survival of prematurely born infants.
Its incidence increases with decreasing gestation and
birthweight [2,3]. Apart from prematurity, the other risk
factors of ROP include: hyperoxia, sepsis, blood
transfusions, acidosis, antioxidant deficiency, patent
ductus arteriosus and apnea.
In the Indian scenario, screening for ROP should be
performed in all preterm neonates who are born <34 weeks
gestation and/or <1750 g birthweight; as well as in babies
34-36 weeks gestation or 1750-2000 g birthweight if they
have risk factors for ROP. These are India specific NNF
guidelines and are different from Western countries due to
a number of reasons [4]. Screening should start by one
INDIAN PEDIATRICS

month after birth, and as early as 2-3 weeks of age in
infants born <28 wks or <1200g birthweight as per these
guidelines [5]. Meticulous coordination between the
neonatologist, neonatal nurses and the ophthalmologist is
required [6].
CLINICAL FEATURES AND CLASSIFICATION
Retinopathy of prematurity is generally classified
according to the International Classification of ROP
(ICROP) [7-9]. This classification system uses retinal
landmarks to minimize inter-examiner variability.
ROP is classified based on the zone, extent of disease,
stage, and followed by documentation of the status of the
vessels in the posterior pole (plus disease).
1. Zone: It refers to the location of the disease. The
purpose of the zone is to define the anteroposterior
location of the retinopathy. Accordingly, retina can be
divided into three concentric zones of retinal
involvement with each zone centered on the optic disc
though the true centre of retina is the fovea. This is
because vascularisation proceeds from optic nerve
and progresses towards ora serrata. Zone 1 which is
the inner most zone consists of a circle, whose radius is
twice the disc-to-fovea distance in all directions from
the optic disc, roughly an angle of 30°.This distance is
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about the same as the viewing field of a 30 diopter lens.
Zone II extends from the edge of zone I peripherally to
the nasal ora serrata and continues temporally along
the same radius of curvature. Zone III is the residual
temporal crescent anterior and lateral to zone II. The
more posterior the location of ROP, more severe it is
(Fig. 1).

of new vessels also called as “popcorn” lesions
may be seen located posterior to the ridge, but not
attached to it (Web Fig. 1B).
(c) Stage 3- Ridge with extraretinal fibrovascular
proliferation: This stage is characterised by
extraretinal, fibrovascular tissue proliferating from
the ridge into the vitreous. The proliferating tissue
is localised continuous with the posterior and
interior aspect of the ridge, causing a ragged
appearance of the ridge (Web Fig. 1C).

2. Extent: The extent of the ROP is determined by the
number of clock hours of retina involved. For the
observer examining each eye, the nasal side of the right
eye is at 3’O clock and the nasal side of the left eye is at
9’O clock (Fig. 1).

(d) Stage 4- Subtotal retinal detachment: This is
characterised by partial detachment of the retina
which may be due to exudative effusion of fluid,
traction or both. This stage is sub divided into
stage 4A, which is extrafoveal retinal detachment.
It is a convex tractional detachment which occurs
in the periphery without macular involvement
(Web Fig. 1D). Stage 4B consists of partial retinal
detachment involving the fovea (Web Fig. 2A).

3. Staging: It indicates the degree of abnormal vascular
changes at the junction of the vascular and avascular
retina. The vascularized retina of premature infants
without ROP blends almost imperceptibly into the
anterior, non-vascularized retina. These are called
immature retinal vessels. Some also call it as stage 0
ROP. With the onset of clinically apparent ROP, the
junction between the vascularized and avascular
retina becomes more pronounced. There are 5 stages to
describe the abnormal vascular response at the
junction of vascularised and avascular retina.
(a) Stage 1- Demarcation line: The demarcation line
is seen as a distinct white and flat line but still lies
within the plane of the retina, which separates the
avascular retina anteriorly from vascular retina
posteriorly (Web Fig. 1A).
(b) Stage 2- Ridge of elevated tissue: In this stage the
demarcation line will have height and width. This
ridge may be white or pink and rarely, vessels may
leave the surface of the retina to enter it. Small tufts

FIG. 1 Schematic diagram of right eye and left eye showing zones
to describe location of disease and clock hours to describe extent
of ROP. Zone 1 location (red colour) has highest risk of blindness.
Zone II (orange colour) has moderate risk and zone III (green
colour) has least risk of blindness. (See color image at website).
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(e) Stage 5- Total Retinal Detachment: This is the
end stage where there is total detachment (Web
Fig. 2B). The detachment is mostly funnel shaped,
and the funnel is usually divided into anterior and
posterior part.
4. Plus Disease: It is a sign indicating severity of ROP
and is defined as venous dilation and arterial tortuosity
of the vasculature in the posterior pole (Web Fig. 2C).
It may be associated with rigid pupil, vitreous haze or
neovascularization of the iris. It is one of the most
important signs warranting treatment.
5. Pre-Plus Disease: It is defined as vascular
abnormalities of the posterior pole that are insufficient
for the diagnosis of plus disease but demonstrate more
arteriolar tortuosity and more venous dilation than
normal [9]. Thus it is an intermediate level of plus
disease between frank plus disease and normal
posterior pole vessels (Web Fig. 2D).
6. Aggressive Posterior ROP (AP- ROP): It is an
uncommon, rapidly progressive, severe form of ROP
previously referred to as “rush disease.” It is
characterized by posterior location, rapidly evolving
plus disease, and neovascularization that may be
subtle or even intraretinal in nature [9]. Early in the
development of AP-ROP, the posterior pole vessels
usually exhibit dilation and tortuosity in all four
quadrants. ROP may initially manifest as only a flat
network of neovascularisation at the junction of the
vascularized and avascularized retina (Web Fig. 3).
These vascular changes can often be overlooked by a
less experienced examiner and the eye may rapidly end
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up in retinal detachment and blindness (stage 5
disease) without intervention. In developed countries,
AP-ROP is usually seen in lowest birth weight infants,
however in India it has also been reported in bigger
preterm infants commonly due to exposure to
excessive oxygen in unblended form [10].
NATURAL HISTORY
There is no disease at birth in a premature baby’s eye. The
retina can be immature, that is, incompletely vascularised
which is normal for the premature age because retina
matures in normal babies by about 40 weeks that is close to
the expected date of delivery. ROP starts within 30 days of
birth in the retina and hence, the first ROP retinal screening
must be completed by 30 days of birth [4]. ROP is a disease
in which most of the cases regress spontaneously either
by involution or evolution from a vasoproliferative phase
to a fibrotic phase. The process of regression most
commonly occurs at the junction of vascular and avascular
retina. On serial examination, anteroposterior location of
retinopathy may change from zone I to zone II or zone II to
zone III and the ridge will change its colour from salmon
pink to white [6]. The reported incidence of acute ROP
varies from 9.8% to 72.7% and that of threshold ROP varies
from 3.6% to 34.8% [11-16]. Spontaneous regression can
be seen in stage 1, stage 2 and early stage 3 without plus
disease (depending on zone), and the rest of the cases
could progress to form retinal detachment and severe
distortion of the posterior retina that leads to visual
disability or even blindness [17].
During the natural history of ROP, it was seen that
vascular congestion in the posterior pole acts as an
important clinical indicator of the activity of the shunt
lesions in active phase. Similarly reduced congestion and
tortuousity of vessels indicated early regression [9]. In
two major Cryotherapy for Retinopathy of Prematurity
Cooperative Group (CRYO-ROP) studies [18,19] prognosis
of ROP was based on the presence of plus disease,
location by zone of the disease and the ROP status. Early
Treatment for Retinopathy of Prematurity Cooperative
Group (ETROP) study [20] confirmed the importance of
plus disease and zone. Hence the more posterior the
disease, the presence of plus disease, and the presence of
stage 3 disease all increase the risk of progression to an
unfavourable outcome [21].
TREATMENT
Indications for Treatment
The ICROP classification gives the various stages of ROP
but it did not suggest when to start treating ROP. The
treatment guidelines were given by two land mark trials,
the CRYO-ROP [19] and ETROP [20].
INDIAN PEDIATRICS

Threshold disease: In 1988, the CRYO-ROP [19] study
recommended that peripheral retinal ablation at threshold
stage can prevent progression to retinal detachment. It is
defined as Stage 3 in zone I or II involving > 5 contiguous
or 8 cumulative clock hours with plus disease. If
untreated, the risk of unfavourable outcome at threshold
disease is nearly 50%.
After following the CRYO-ROP guidelines as the
standard of care for a decade, many ophthalmologists
questioned the timing indications for treatment of ROP
and advocated earlier treatment. However, the idea of
earlier treatment had a concern of the expected increase in
laser treatment in eyes with ROP that might otherwise
regress spontaneously.
High Risk Prethreshold or Type I ROP: In 1999, the
National Eye Institute (Bethesda, USA) started the
ETROP study [20] to estimate the new criteria for earlier
treatment, using a computer-based algorithm, RM-ROP
which included more detailed risk criteria than were used
in CRYO-ROP. In 2003, the CRYO-ROP treatment criteria
were replaced with the ETROP treatment criteria. Retinal
ablative therapy should be given to Type 1 ROP, which is
defined as zone I any stage with plus disease or zone I
stage 3 without plus or zone II stages 2 or 3 with plus. For
an eye with type 2 ROP, treatment should be considered
when it progresses to type 1 prethreshold or threshold
ROP. Type 2 ROP is defined as zone I, stage 1 or 2 ROP
without plus or zone II stage 3 without plus.
Treatment Methods and Outcomes
For the vasoproliferative stage of disease (high risk
prethreshold and threshold stages), the principle of
management includes ablation of the peripheral nonvascularized retina which stops release of angiogenic
factors. Surgical management is required for cicatricial
stages (4 and 5). Surgical modalities mainly target release
of tractional membranes developing in the late stage of
disease.
Cryotherapy: In 1980s, based on the concept of ablation
of non-vascularised retina, cryotherapy emerged as the
first standard treatment modality for acute phase ROP. It
involves freezing from the external ocular surface,
affecting the sclera, choroid, and the full thickness of the
retina. Cryotherapy is not very popular now as it needs
general anaesthesia or sedation, and post-operative
complications include pain, lid oedema, conjunctival
laceration and haemorrhage, preretinal and vitreous
haemorrhage [22].
Laser therapy: Over the period, clinical studies
established the superiority of laser therapy to
cryotherapy, and laser photocoagulation evolved as the
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technique of choice for ablation of the avascular retina in
ROP in 1990s [23]. Laser photocoagulation involves
transpupillary confluent or near confluent application of
burns using indirect ophthalmoscopic delivery. Laser
therapy has resulted in better visual outcomes and fewer
adverse effects including less stress on the neonate
compared to cryotherapy [24]. The main advantages are
that it can be performed under topical anesthesia and
systemic and local complications are much less compared
to cryotherapy. Laser photocoagulation was the main
ablative treatment used in ETROP study, and a reduction
in unfavourable visual outcomes from 19.5% to 14.5%
and unfavourable structural outcomes from 15.6% to
9.1% was noted at 9 months with earlier treatment [20].

Anatomical success is 90%, 44.4% and only 14.3% for
stages 4A, 4B and 5 respectively. Visual success can be
good with central fixation for stage 4A, ambulatory or
form vision for stage 4B and only perception of light for
stage 5 [31].

Intravitreal Anti-vascular endothelial growth factor
(VEGF) therapy: In 2007 initial case reports were
published, describing fast regression of ROP after single
intravitreal injection of bevacizumab alone or in
combination with laser treatment [25]. Since then offlabel use of anti-VEGF agents, primarily bevacizumab, is
emerging as a popular therapeutic modality for acute
ROP. Bevacizumab Eliminates the Angiogenic Threat of
Retinopathy of Prematurity (BEAT-ROP) study [26] is
the first prospective, randomized, controlled, stratified,
multicenter clinical study that established superior
efficacy of intravitreal bevacizumab monotherapy
compared to conventional laser therapy for stage 3+ ROP
for zone I, but not for zone II disease. Although, no
systemic or local toxic effects attributable to
bevacizumab were observed, the study concluded that the
population size was too small to assess safety of
bevacizumab treatment. Intravitreal anti-VEGF
injections are very controversial as they may stop growth
of not only abnormal retinal new vessels but also of the
normal ones. Systemic absorption of these drugs [27]
may stop vascular development in other developing
organs. Moreover late reactivation, choroidal ruptures
and abnormal liver function tests have also been reported
[28, 29]. Thus currently anti-VEGF injections are used in
ROP only when the standard treatment (which is laser)
fails or in cases with severe APROP.
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CONCLUSION
India has the highest number of preterm deliveries in the
world and hence, a huge burden of ROP [32]. Staging the
disease correctly,following the international treatment
guidelines and timely screening could help in reducing
this burden. ROP blindness is incurable and only way to
avoid this is by dilated retinal examination of all premature
at risk babies definitely by 30 days of birth [4].
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Web FIG. 1 (A): Fundus picture of right eye showing stage 1
demarcation line (black arrow). (B): Fundus picture of left eye
showing stage 2 elevated ridge (black arrow). “Popcorn” new
vessel is shown in white arrow. (C): Fundus picture of right eye
showing stage 3 with extra retinal fibrovascular proliferation
ridge (black arrows). (D): Fundus picture of right eye showing
stage 4A partial retinal detachment (black arrows) nasal to optic
disc and vitreous hemorrhage (white arrow) over macula.

Web FIG. 2 (A): Fundus picture of left eye showing stage 4B
partial retinal detachment involving the macula (black arrows).
(B): Fundus picture of right eye showing total retinal detachment
(black arrows). (C): Fundus picture of right eye showing
dilatation and tortuosity of posterior pole vessels (black arrows)
signifying plus disease. (D): Fundus picture of right eye showing
mild dilatation and tortuosity of posterior pole vessels (black
arrows) signifying pre plus disease.

Web FIG. 3 Fundus picture of right eye showing posterior
location of the disease, posterior pole vessel dilatation with
tortuosity and flat new vessels (black arrows), suggestive of
Aggressive Posterior ROP.
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