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Retinopathy of prematurity (ROP) is an emerging cause of childhood blindness in low- and middle-income countries. We review the
magnitude, causes, prevention and treatment of visual impairment caused by ROP over a time span. A review of literature on short and
long term structural and functional outcomes of ROP was conducted through PubMed search primarily focusing on studies published
during the last decade. Additionally, we have shared data from our institute located in Southern India. Visual Impairment in ROP-treated
children ranged from 4.1% to 30% in various settings, attributable mainly to refractive errors, amblyopia, strabismus and perinatal
neurological events followed by structural changes like macular scarring and retinal detachment. We conclude that towards an early
detection and a proper management of all the above mentioned conditions, these children need to be followed-up for a long time by a
committed pediatric ophthalmologist at a specifically scheduled interval. The overall success depends upon the strength of the
networking system between parents/neonatologists/pediatricians/pediatric ophthalmologist and a retina specialist.
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n the past decade, there have been major advances

in the management of ROP; till, eyeswith the sight

threatening stages of the disease can develop a

range of ocular morbidities many of which are
visually impairing even if treatment led to resolution of
the ROP[1]. These include refractive errors, i.e. myopia
(short-sightedness), hypermetropia (long-sightedness)
astigmatism (distorted sight), anisometropia (different
refractive errorsin thetwo eyes), and strabismus (squint).
All these conditions, if not detected and adequately
managed in time, can lead to amblyopia (“lazy” eye).
Anterior segment conditions (e.g., glaucoma and
cataract) can also occur. There may aso be residua
changes in the retina such as displacement of the macula
from scarring in the peripheral retina (macular dragging),
retinal breaks, macular degeneration, and late onset
retinal detachment. L aser treatment can sometimeslead to
peripheral visual field defects.

Retinopathy of prematurity, which previously wasan
important cause of blindness in the developed world, is
now emerging as an important cause of blindness and
visua impairment in low- and middle-income countries
[2,3]. Itisimportant that pediatricians, neonatol ogistsand
nurses who care for preterm infants, understand the
multiple causes of visual impairment which can affect
children born preterm and the role they can play in
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maximising normal visual devel opment.
OuTtcoMESOF CLINICAL TRIALSFOR ROP

The most informative data on the structural and
functional outcomes of ROP (treated and untreated) come
fromthefollowing clinical trias: Early Treatment for ROP
(ETROP) [4]; Cryotherapy for ROP(CRY O-ROP) [5] and
Bevacizumab Eliminatesthe Angiogenic Threat from ROP
(BEAT- ROP) [6], the latter being the only trial to use an
anti-VEGF agent. The CRYO-RORP trial, which used
peripheral retinal cryotherapy, compared treatment of
threshold ROP with no treatment. ETROP was designed
to determine whether earlier peripheral laser treatment
would give better functional and structural outcomes
than laser treatment at threshold ROP. The BEAT-ROP
trial compared laser withintravitreal injection of the anti-
vascular endothelial growth factor (VEGF) agent,
Bevacizumab (IVB). All thesetrialswereundertakeninthe
United States, and all recruited infantswith abirthweight
of <1500g (BEAT-ROP). Infants recruited to these trials
have been followed up over time, with high rates of
attendance. These studies, therefore, provide the most
reliable dataon thelongterm outcome of a) untreated ROP
(CRYO-ROP), b) threshold ROP treated by cryotherapy
(CRYO-ROP) or laser (ET-ROP), c) type 1 prethreshold
ROP treated by laser, and d) a comparison of laser and
Bevacizumab treatment (Web Tablel). Theseclinical trials
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demonstrate that visual impairment and refractive errors
of several typesfrequently occur after treatment for ROP,
and high degreesof refractive error can occur, particularly
myopia(Web Tablel).

The population of infants developing sight
threatening ROP (i.e. wheretreatment isindicated) inlow/
middle income countries (LMIC); however, differs from
that in high income settings, with more mature infants
being affected [ 7]. Among the 46 babiestreated for ROPat
Aravind Eye Care System (AECYS), a tertiary-eye care
institutioninMadurai, India, intheyear 2015, 8 (17%) had
gestational ageranging from 33 to 36 weeksand 11 (24%)
had birthwei ghts more than 1500g. Aggressive Posterior
ROP (APROP) was diagnosed 17.4% of eyesand 10.5%
presented with stage4 or 5 ROP. Long-termfollow-up data
from the trials outlined above, may not, therefore, be
applicabletoinfantstreated in LMIC settings, where eyes
aswell asinfants can be larger. The purpose of this study
wasto review theliteratureon ocular morbidity and visual
outcome in ROP-treated eyes focussing on studies
published worldwide over the last decade, and to report
follow up datafromAECS.

VISUAL IMPAIRMENT DUE TO ROP

INn2010, therewereestimated to bea most 15 million preterm
births globally, 2.3 million (15.3%) of whom were born
before 32 weeks gestational agewith theremainder born at
>32-36 weeks [8]. Among those born before 32 weeks,
157,800 survivors(15.8%) were estimated to devel op ROP,
30,300 of whom becameblind (presenting visual acuity of
lessthan 3/0 in the better seeing eye) or visually impaired
(presenting visual acuity of less than 6/18 to 3/60 in the
better seeing eye). The figures were 26,900 and 2,000,
respectively among those born after 32 weeks gestational
age[3] Overal, 15-16% of prematurebirthswereprojected
to requirescreening or treatment for ROP and 3-4% would
requirevisual rehabilitation, education and family support.
Inaddition, 55% of visualy impaired infantswereestimated
to have neuro-devel opmental comorbidity.

Studies from a range of settings on the long-term
outcomefollowing laser treatment for ROPreveal that 4.1-
30% of eyes / infants become visually impaired (\Web
Tables|l and111). However, in only 1-25% of caseswas
visual lossdueto unfavorable outcomesinrelation to the
retina, such as retinal detachment or macular scarring or
dragging secondary to ROP. The main causes of visual
loss (75-99%), were refractive errors, amblyopia,
strabismusand perinatal neurological events.

In 2015, 66 children (122 eyes) treated for ROP at the
AECS were reviewed at ages 2 to 9 years. All had been
treated with laser or intravitrea Bevacizumab
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(unpublished data, Vijayalakshmi, et al., Web Tablel | and
I11). At presentation, 6 eyeshad APROPand 13 had stage 4
or 5ROP Thirty-eight eyes(31.7%) werevisualy impaired:
moderate in 16 (13.3%) and severe in 8 (7.5%), and 14
(10.8%) eyeswereblind. Thereasonsfor visual impairment
were structural abnormalities (e.g., retinal detachment,
macular dragging, optic atrophy) in 17 (44.7%) eyes, high
myopiain 4 (10.5%), amblyopiain 2 (5.3%) and cortical
visual impairmentin 15 (39.5%). Twenty of the24 children
whowerevisually impaired (83.3%) showed somedegree
of developmental delay.

Itis, therefore, imperativethat infantsand childrenwho
have been treated for ROP befollowed up adequately and
periodically by a pediatric ophthalmologist during the
crucial period of ocular growth and visual developmenti.e.
during thefirst 5-6 yearsof life.

Refractive Errors: The proportion of eyestreated for ROP
which develop refractive errors ranges from 29.7% in
extremely preterm infantsin Sweden [9] to 67.2% in our
seriesinIndia(Web Tables| and 11).

Myopia: Myopia in premature babies can be associated
with prematurity without ROP, spontaneously regressed
ROPand treatment for ROP.

Theincidence of myopiafollowing laser treatment for
ROP hasbeen reported to rangefrom 50-94% (means -2.11
to-5.11 D) in children aged >7years and 26-80% (means—
4,71 t0 -6.69D) in those aged 1-5 years with 16-35% of
children had myopia greater than -4D (Web Tables | and
I1). Inthe ETROPstudy, approximately two-thirdsof eyes
treated for high-risk pre-threshold ROP were myopic at
preschool and early school ages (Web Table ). In our
study, we had similar findings, as67.2% of eyestreated for
ROP had arefractive error, with myopia with or without
astigmatism occurring in almost two-thirds (63%), and
14.3% having high myopia. Hypermetropia occurred in
only 4.2%, including one aphakic eye.

Myopiain adults who were born at term is primarily
due to an increase in length of the eye. However, the
myopiaof prematurity isdueto changesat thefront of the
eyei.e., asteeper cornea, shallower anterior chamber and
thicker lenswhich changethe optical propertiesof theeye
[10]. Myopia of prematurity without ROP is of low
magnitude and decreaseswith age, being inversely related
to gestational age and hirthweight. Myopia following
spontaneously regressed ROP, is associated with the
degreeof prematurity aswell astheseverity of ROP[11-13]
The degree of myopiatendsto plateau by two-and-a half
yearsof age.

Ontheother hand, eyestreated for threshold ROPwith
laser have a higher prevalence and greater severity of
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myopia compared with eyes where ROP has regressed
spontaneously, and the onset can be very early i.e. from 6
months to 3 years. The prevalence of myopia does not
appear to increase thereafter, until at least 6 years of age
[14]. The ETROPtrial reported ahigher rate of highmyopia
(>-5D) in eyestreated with high-risk prethreshold ROPin
zonel thaninthosetreated for zonell disease[14,15]. The
prevalence of myopia was higher in eyes with retinal
residua of ROP than in eyes with norma appearing
posterior poles, highlighting theimportance of follow-up
eye examinationsof infantstreated for ROP.

Findingsfrom the BEAT-ROPtrial and other studies of
intra-vitreal bevacizumab suggest that this treatment is
associated with alower risk and less severe myopiathan
laser treatment [16,17], which suggeststhat laser ablation
of the peripheral retinamay have anegativeimpact onthe
growth of the structures at the front of the eye.

Astigmatism: A high proportion of eyes develop
astigmatism after laser treatment, ranging from 64.4% to
98% among threshold ROP treated children followed up
for 6-9 yearswith 25-50% having >2D of astigmatism
(Web Table | and I1). This is far higher than in term
children [18]. By 3 years, nearly 43% of eyestreated for
high-risk prethreshold ROP developed astigmatism of
€"1.00D [19]. In all studies, the astigmatism in al age
groups and all types of ROP treated was the same type
i.e., with-the-rule (75°-105°) which may be explained by
Yang's finding of steeper vertical corneal curvaturesin
laser-treated eyes compared with term controls. Our
study revealed 58% of myopic astigmatism in ROP-
treated eyes.

Accordingto Holmstorm, et al. [20] by two-and-ahalf
yearsof age, astigmatismispredictive of futurerefractive
error in preterm infants [20]. It isimportant to detect and
treat astigmatism early to prevent or reverse amblyopia.

Anisometropia: Anisometropia is commonly seen in
laser-treated threshold ROP eyes, affecting 9.5%-46.7%
by 6-9 years of age (Web Table I1). Our study reveaed
anisometropiain 7.1% of children, with higher degreesof
myopia in eyes with more posterior and more severe
retinopathy. Detection and treatment of anisometropiaas
early as 6 months is mandatory to avoid amblyopia and
strabismus.

DETECTION AND TREATMENT OF REFRACTIVE ERRORS

Children with resolved ROP, particularly those who have
been treated, need regular and frequent ophthalmologic
care throughout childhood, including cycloplegic
refraction and dilated retinal examination, to detect
refractive errors as well as retinal abnormalities. These
children need to be followed in centres with a pediatric
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ophthalmologist, and optometrist skilled in conducting
refractionin young children.

Infants with regressed ROP should undergo
cycloplegic retinoscopy at 6 months of age and every 4
months until they reach the age of two years. Further, 6-
monthly reviews should be scheduled until the refractive
error stabilizes. Thefollowing regimeisrecommended for
infants less than 12 months of age for cycloplegia
cyclopentolate 0.5 % with phenylephrine 2.5% eye drops
instilled twice 10 minutes apart, to avoid the systemic
complications of higher strength cyclopentolate. In
children aged 1-5 years, 1% cyclopentolate eye drops
(ingtilled asabove) or 1% atropine eye ointment onceaday.

Anisometropiaisinitially treated with spectaclesalone
for the first 8 weeks. A contact lensis an option for high
anisometropia. Children with amblyopia should be
reviewed after 8 weeks of spectacle wear. If amblyopia
persists, occlusion therapy isinstituted.

Srabismusand Amblyopia

In strabismus, one eye may be deviated inwards i.e.,
towards the nose (esotropia) or outwards (exotropia). In
follow-up studies of infants with ROP, most report
esotropia and exotropia with equal frequency, which
differs from term children where esotropia is more
common. Strabismus can be detected in infants and
children by drawing their attention to a torch penlight,
and observing the location of the light reflex on the
corneain relation to the pupil. If the reflex is not centred
on the pupil, then this suggests strabismus and the child
should bereferred. If an eye appearsto be deviating, itis
important to rule out changes in the retina, such as
macular dragging, which may mean that the visual axes
are aligned even if the eyes may not appear to be
(“ pseudo-strabismus”).

Theincidenceof strabismusismuch higher in preterm
than term infants, affecting approximately 14.7% of cases
[21]. The greater the severity of ROP the higher the
incidence of strabismus at 6 months of age [22]. In the
ETROP tria, 42.2% of laser-treated eyes developed
strabismus[21], being reportedin 5.6%-54.4% of childrenin
other studies (Web Tables | and 11). However, studies
reveal that many infants with strabismus at 6 months no
longer had strabismus 3 months later. Strabismusin ROP
treated eyesis strongly associated with prematurity, poor
vision, amblyopiaand periventricular leucomalacia(PVL)
[23]. In our study, 30/122 children (25%) developed
strabismus with esotropia and exotropia being almost
equal.

Treatment of persistent strabismus entails correction
of any refractive error, occlusion of the better seeing eye, if
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amblyopiais present, and finally, surgical correction to
realign the eyes. Vanderveen, et al. [22] suggest that
because of the variability in alignment, conservative
management of strabismus is warranted in the first
instance. Children with neurological impairment have a
higher incidence of strabismus and poorer surgical
outcomes [24], which may be due to variability in
strabismic angle and decreased fusional capacity [25].
However, they can benefit functionally and cosmetically
fromsurgical correction. Under-correction of esotropiais
recommended asit hasatendency to overcorrect later due
to hypertonicity of horizontal extraocular muscles where
themedial rectusisstronger than thelateral rectusmuscle.
On surgical weakening of the medial rectus muscle,
hypertonicity of lateral rectus causes a consecutive
exotropia[25]. Brodsky, et al. [24] recommend standard
surgical correction for small exodeviations, but it may be
progressively decreased for larger exodeviations when
thereisco-existing neurologica impairment [25].

In ROP-treated eyes, around 20% devel op amblyopia
secondary to anisometropia and/or strabismus (Web
Table I11). In our study, 20% eyes were amblyopic.
Treatment comprises correction of the refractive-error,
followed later by occlusion therapy or penalization of the
better seeing.

Anterior Segment- associated Morbidity

Glaucoma and cataract are the major morbidities of the
anterior segment in eyeswith resolved ROP.

Glaucoma: Approximately 2% of ROP-treated eyes
develop glaucoma by the age of 6 years [26]. There are
several mechanisms, including secondary to laser-
treatment whichismorelikely in preterm eyeswith ROPon
account of the anterior segment changes described above.
Acute glaucoma can occur as early as two weeks after
laser treatment, and i s characterised by ahazy corneadue
to raised intraocular pressure and shallow anterior
chamber. The differential diagnosis is anterior segment
ischemiain which the intraocular pressureis low. Laser-
treatment can cause glaucomaasaresult of inflammation,
or acute angle closure glaucoma secondary to choroidal
congestion and anterior displacement of the iris lens

diaphragm[27].

Other mechani smswhich canlead to glaucomainclude
neovascularization of theangleand irisin an untreated eye
with advanced ROP, which may be another advantage of
anti-VEGF preparations[16]. One must bear in mind that
pupil dilationfor retinal examination could result in acute
angle-closure glaucoma in ROP patients, which can be
avoided by prophylactic iridectomy in predisposed eyes
[28]. Open angle glaucoma can aso occur following
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vitrectomy for ROP, reported in 14.5% of cases[29].

Glaucomaistreated medically or surgicaly by surgical
peripheral iridectomy, trabeculectomy or glaucomaimplant
surgery. Although rare, glaucoma can lead to the loss of
what little remaining vision a child may have, rendering
themtotally blind.

Cataract: In the ETROP trial, 1.9% of eyes developed
cataract by six months of age [30]. In ROP treated eyes,
localized cataract can occur dueto inadvertent injury with
laser application[27]. Thelens, whichisrelatively largein
the small preterm eye, can aso be damaged during
intravitreal anti-VEGF injections, and can occur after
vireo-retinal surgery for Stage 4 or 5 ROP. Cataract can
asofollow severe anterior segment ischemia, arareentity
that has been reported following intense | aser-treatment
of APROP[31].

Visually-significant cataracts can be a late
manifestation of ROP in early adult life, as reported by
Kaiser, et al. [32], where the mean age of individuals
undergoing cataract surgery was 40.3 years.
Unfortunately, cataract surgery in ROP eyes is
complicated by retinal detachment in almost a quarter of
cases, being far higher than in the genera population.
Individual swith cataract, who were previously treated for
ROP, need careful and detailed pre-operative assessment,
including ultrasound B scan, with detail ed examination of
the retina as soon as possible after cataract surgery to
detect retinal breaks, peripheral scarring or macular
dragging. Patients who were highly myopic are at even
greater risk, but all should be counselled about the early
symptoms of retinal detachment, and to have regular
retinal examination.

Posterior Segment-related Morbidity

Structural changes in the retina of eyes with regressed
ROP can cause unfavorablevisual outcomesif the macula
and posterior pole are involved. Between 4.6% and 33%
of treated eyes devel op macular dragging with or without
retinal folds, dueto peripheral retinal scarring and traction
(WebTablelll).

Innocuous changesinclude vascular tortuosity (58%),
narrowing of retinal vessels(53%), temporal crescent (7%),
and optic disc drag in 19% of eyes. Changesintheretinal
periphery include vitreous membranes (65%) and
peripheral tractional retinal detachment (16%) (Web Table
I11). In our study, posterior segment pathology was noted
in 17 eyes (14.1% of ROP-treated eyes) with retinal, disc
and macular pathol ogies occurring with equal frequency
(WebTablelll).

Retinopathy of prematurity is, therefore, a condition
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which can affectindividualsuntil lateinlife, andlife-long
follow-upisrequired. For thosewith visual impairment use
of low vision aid and visual rehabilitation should be done.

Other Visual Functions

Individuals treated for ROP have been reported to have
reduced peripheral visual fields[33-36], whichislessafter
laser-treatment than cryotherapy, which is more
destructive. However, the degree of loss (average of 15
degrees) isnot likely to beclinically significant. Contrast
sensitivity was found to be reduced in prematurely-born
children, with or without ROP or neurological deficit, in
comparison to term infants and was found to be most
reduced in cryo- treated eyes[35]. Childreninthe CRY O-
ROP study were much morelikely to have defectsin color
vision than the general population, reflecting changes at
themacula[36].

SUMMARY

Although acute ROP is a condition which occurs very
early in the life of preterm infants, it can have
complications and implications which last a life-time.
Thereispreliminary evidencethat anti-V EGF agentsmay
ameliorate some of the complications of laser treatment,
particularly for the severest formsof ROPwhereextensive
laser treatment isrequired.

The structural and functional outcomes in ROP-
treated eyes include preventable conditions such as
amblyopia, and treatable conditions such as refractive
errors, strabismus, and retinal detachment. Children who
arevisually impaired can benefit from low vision services,
and those who are blind can be offered rehabilitation.
Many children born preterm, particularly those with
birthweights less than 1000g, also have central nervous
system abnormalities such as cerebra palsy,
periventricular leukomalacia etc, which compound their
disability.

Although most of the data on short and longer term
outcomes of ROP come from high income settingswhere
infantsfollowed up were more preterm than in India, our
study, although not large, confirmssimilar findingsamong
ROP-treated children.

Infants treated for ROP aswell as those who develop
ROP not requiring treatment require follow-up to detect
and manage complications, but there are no agreed
recommendations on the timing [20]. The author
recommends that the first examination by an
ophthalmol ogist experienced in child-eyecarebeasearly
as6 months after the ROP hasregressed, to detect and treat
refractive errors, strabismus and amblyopia. Infants who
developed ROP that did not require treatment can be
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followed up later, and the age of 2.5 years has been
recommended[20]. Infantswho arevisualy impaired from
retinal sequelae and/or neurological deficits should start
vision stimulation and rehabilitation early, to try to reduce
thedevelopmental delay associated with severevisual loss
of early onset. As the child reaches school-age, frequent
change in spectacles, replacement of broken glasses and
amblyopiatherapy all need to be emphasized not only to
parents but also to medical care providers. Lastly,
particularly in a country like India where ROP is an
emerging problem, awareness amongst ophthalmol ogists,
physicians, pediatricians, teachers and therapists is
mandatory to reduce the burden of blindness due to ROP
and its sequel ae.

Contribution of Authors: PV: Conceptualization of review
processand main author in manuscript writing; TK: Responsible
for PubMed search of all references and formulating the tables
apart from initial help in outlaying; CG: Refining and repeated
editing of both the manuscript and references.

Funding: Aravind Eye Hospital, Madurai. Competing interest:
None stated.

REFERENCES

1. Fielder A, BlencoweH, O’ Connor A, Gilbert C. Impact of
retinopathy of prematurity on ocular structures and visual
functions. Arch Dis Child Fetal Neonata Ed.
2015;100:F179-84.

2. Gilbert C. Retinopathy of prematurity: A globa
perspective of the epidemics, population of babies at risk
and implicationsfor control. Early Hum Dev. 2008;84.77-
82.

3. Blencowe H, Lawn JE, Vazquez T, Fielder A, Gilbert C.
Preterm-associated visual impairment and estimates of
retinopathy of prematurity at regional and global levelsfor
2010. Pediatr Res. 2013;74:35-49.

4. 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;121:1684-94.

5. Group. CfRoPC. Multicenter trial of cryotherapy for
retinopathy of prematurity: Preliminary results. Arch
Ophthalmol. 1988;106:471-9.

6. Mintz-Hittner HA, Kennedy KA, Chuang AZ, Group B-
RC. Efficacy of intravitreal bevacizumab for stage 3+
retinopathy of prematurity. N Engl JMed. 2011;364:603-
15.

7. Gilbert C, Fielder A, Gordillo L, Quinn G, Semiglia R,
Visintin P, et al. Characteristics of infants with severe
retinopathy of prematurity in countries with low,
moderate, and high levels of development: Implicationsfor
screening programs. Pediatrics. 2005;115:€518-25.

8. World Health Organization . Born too soon: the Global
Action Report on Preterm Birth. 2012.

9. Hellgren KM, Torngvist K, Jakobsson PG, Lundgren P,
Carlsson B, Kallen K, et al. Ophthalmologic outcome of
extremely preterm infants at 6.5 years of age: Extremely

VoLUME 53, SUPPLIMENT 2. NovEMBER 15, 2016



VIJAYALAKSHMI, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

INDIAN PEDIATRICS

preterm infants in Sweden Study (EXPRESS). JAMA
Ophthalmol. 2016.

Yang CS, Wang AG, shih YF, Hsu WM. Long-term
biometric optic components of diode laser-treated
threshold retinopathy of prematurity at 9 yearsof age. Acta
Ophthalmol. 2013;91:e276-82.

Quinn GE, Dobson V, Kivlin J, Kaufman LM, RepkaM X,
Reynolds JD, et al. Prevalence of myopia between 3
monthsand 5 1/2 yearsin preterm infantswith and without
retinopathy of prematurity. Cryotherapy for Retinopathy
of Prematurity Cooperative Group. Ophthalmology.
1998;105:1292-300.

Nissenkorn|, Yassur Y, Mashkowski D, Sherf |, Ben-Siral.
Myopiain premature babies with and without retinopathy
of prematurity. Br JOphthalmol. 1983;67:170-3.

Wang J, Ren X, Shen L, Yanni SE, Leffler N, Birch EE.
Development of refractive error inindividual childrenwith
regressed retinopathy of prematurity. Invest Ophthalmol
VisSci. 2013;54:6018-24.

Quinn GE, Dobson V, Davitt BV, Wallace DK, Hardy RJ,
Tung B, et al. Progression of myopiaand high myopiainthe
Early Treatment for Retinopathy of Prematurity study:
findingsat 4to 6 yearsof age. JAAPOS. 2013;17:124-8.
Quinn GE, Dobson V, Davitt BV, Hardy RJ, Tung B,
PedrozaC, et al. Progression of myopiaand high myopiain
the early treatment for retinopathy of prematurity study:
findingsto 3 yearsof age. Ophthalmology. 2008;115:1058-
64el.

Geloneck MM, Chuang AZ, Clark WL, Hunt MG,
Norman AA, Packwood EA, et al. Refractive outcomes
following bevacizumab monotherapy compared with
conventional laser treatment: A randomized clinical trial.
JAMA Ophthalmol. 2014;132):1327-33.

KlufasMA, Chan RV. Intravitreal anti-VEGF therapy asa
treatment for retinopathy of prematurity: What we know
after 7 years. J Pediatr Ophthalmol Strabismus.
2015;52:77-84.

Yang CS, Wang AG, Shih YF, Hsu WM. Astigmatism and
biometric optic components of diode laser-treated
threshold retinopathy of prematurity at 9 yearsof age. Eye
(Lond). 2013;27:374-81.

Davitt BV, Dobson V, Quinn GE, Hardy RJ, Tung B, Good
WV, et al. Astigmatism in the Early Treatment for
Retinopathy of Prematurity Study: findings to 3 years of
age. Ophthalmology. 2009;116:332-9.

Holmstrom G, Larsson E. Long-term follow-up of visual
functions in prematurely born children—a prospective
population-based study up to 10 years of age. J AAPOS.
2008;12:157-62.

VanderVeen DK, Bremer DL, Fellows RR, Hardy RJ,
Neely DE, Palmer EA, et al. Prevalence and course of
strabismus through age 6 yearsin participants of the Early
Treatment for Retinopathy of Prematurity randomized
trial. JAAPOS. 2011;15:536-40.

VanderVeen DK, Coats DK, Dobson V, Fredrick D,
Gordon RA, Hardy RJ, et al. Prevalence and course of
strabismus in the first year of life for infants with

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

OcuLARMoRBIDITY WiTH ROP

prethreshold retinopathy of prematurity: Findings from
the Early Treatment for Retinopathy of Prematurity study.
Arch Ophthalmol. 2006;124:766-73.

Yang CS, Wang AG, Sung CS, HsuWM, LeeFL, Lee SM.
Long-term visual outcomes of laser-treated threshold
retinopathy of prematurity: A study of refractive status at
7 years. Eye (Lond). 2010;24:14-20.

Bang GM, Brodsky MC. Neurological exotropia: do we
need to decrease surgical dosing? Br J Ophthalmol.
2013;97:241-3.

Brodsky MC, Fray KJ, Glasier CM. Perinatal cortical and
subcortical visual loss: mechanisms of injury and
associated ophthalmologic  signs.  Ophthalmology.
2002;109:85-94.

Bremer DL, Rogers DL, Good WV, Tung B, Hardy RJ,
Fellows R. Glaucoma in the Early Treatment for
Retinopathy of Prematurity (ETROP) study. J AAPOS.
2012;16:449-52.

Trigler L, Weaver RG, Jr., O'Neil JW, Barondes MJ,
Freedman SF. Case series of angle-closure glaucoma after
laser treatment for retinopathy of prematurity. J AAPOS.
2005;9:17-21.

Wu SC, LeeYS, WuWC, Chang SH. Acute angle-closure
glaucoma in retinopathy of prematurity following pupil
dilation. BMC Ophthalmol. 2015;15:96.

lwahashi-Shima C, Miki A, Hamasaki T, Otori Y,
Matsushita K, Kiuchi Y, et al. Intraocular pressure
elevation is a delayed-onset complication after successful
vitrectomy for stages 4 and 5 retinopathy of prematurity.
Retina. 2012;32:1636-42.

Davitt BV, Christiansen SP, Hardy RJ, Tung B, Good WV,
Early Treatment for Retinopathy of Prematurity Co-
operative Group. Incidence of cataract development by 6
months' corrected age in the Early Treatment for Retino-
pathy of Prematurity study. J AAPOS. 2013;17:49-53.
Gunay M, Sekeroglu MA, Celik G, Gunay BO, Unlu C,
Ovali F. Anterior segment ischemiafollowing diode laser
photocoagulation for aggressive posterior retinopathy of
prematurity. Arch Clin Exp Ophthalmol. 2015;253:845-8.
Kaiser RS, Fenton GL, Tasman W, Trese MT. Adult
retinopathy of prematurity: retinal complications from
cataract surgery. Am JOphthalmol. 2008;145:729-35.
Quinn GE, Dobson V, Hardy RJ, Tung B, Palmer EA,
Good WV, et al. Visual field extent at 6 years of age in
children who had high-risk prethreshold retinopathy of
prematurity. Arch Ophthalmol. 2011;129:127-32.

. O’Connor AR, Wilson CM, Fielder AR. Ophthalmological

problems associated with preterm birth. Eye (Lond).
2007;21:1254-60.

Larsson E, Rydberg A, Holmstrom G. Contrast sensitivity
in 10 year old preterm and full term children: apopulation
based study. Br JOphthalmol. 2006;90:87-90.

Dobson V, Quinn GE, Abramov |, Hardy RJ, Tung B,
Siatkowski RM, et al. Color vision measured with
pseudoisochromatic plates at five-and-a-half yearsin eyes
of children from the CRYO-ROP study. Invest
Ophthalmol VisSci. 1996;37:2467-74.

S142

VoLUME 53, SUPPLIMENT 2. NovEMBER 15, 2016



WEB TABLE | FUNCTIONAL AND STRUCTURAL OUTCOMES IN CLINICAL TRIALS OF RETINOPATHY OF PREMATURITY

CRYO-ROP trial383940 ET-ROP trial142141:42 BEAT-ROP16
Gestatcoridage/Birthweight <1251g <1251g <30weeksor <1500g
Follow up period 3.5yearsfor refractiveerrors®; 4-6 years;*L; 6 years'4 2.5years
10yearsfor visual impairment38
Response rate 72.8%favourableretinal outcome  74.9%in Type 1 ROP eyes 109/150 (73%)
in treated eyes3® (152/203 eyes)*?
UnfavourableVisua Outcomes (VA< 6/60) Type1 ROP- 25.1% in treated
44 4% intreated vs. 62.1%in vs 32.8% untreated eyes
untreated eyes3® (P<0.001)
Type2 ROP- 23.6%intreated vs No data- too young
19.4% inuntreated eyes
(P=0.18)*2
Myopia Mod <2D to <6D All treated eyes: Spherica equivalent
Treated 20.5% Any myopiaTypel-67.8%and (not retreated eyes)
Untreated 15.5% Type2 - 75%; Laser: -7.34D (+7.44D)
High<6D High myopia(>-5D): IVB: -1.36D (+3.34D)All
Treated 37.7% Typel-37.2%and Type2: 45%  zone1treated eyes. very
Untreated 27.2%39 at 6 yearsof agel4 high myopia ?8D:
Lower BW andincreasing severity Laser51.8%
of ROP were strong predictors of IVB 3.4%
myopiaand high myopia*©
Astigmatism Nodata(Therewasatendency for  All treated eyes Nodata
agreater proportion of treated eyes  Any 42-52% High (>5D)18- 23%
rather than of control eyestohave  at 4-6 years*L.
astigmatic errorsof 1 D or more3®
Amblyopia No data 16.6% intreated vs. 19.6%in No data
untreated eyeswith bilateral
symmetric disease®
Unfavourable Retinal 27.2%intreated vs47.9%in 8.9% for early-treated eyesvs No data
outcomes untreated eyes3® 15.2% for conventionally
managed eyesfor al highrisk
prethreshold. (p<0.001).42
Strabismus no data 42.2%
at 6 yearsof age?! No data

GA = gestational age; BW = hirth weight.
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WEB TABLE |1 SEQUELA OF RESOLVED RoP IN TREATED AND UNTREATED EYES: VISUAL IMPAIRMENT AND REFRACTIVE ERRORS

Investigator/ year, Birthweight and Visuallyimpaired  Myopia/ mean Astigmatism (%), Anisometropia
No., (Meanfollowup,y)  gestational age V1) (%) sph eqv (%) meanspheqv, type (%)
(mean, range) (%)

Shah, 2016® India BW: 1509.6 8% 4.16%/-5.1D 89.6%, (-2.08), 46.5%

25 cases(6.91) (85-2080g WTR: 83.7% (27.9%>1D,
GA: 32(28-35) 18.6%>2)
wks

HellegrenKM, etal 2016° BW: 348-1190g 2.1%: blind; Refractiveerror: >2D: 6.5% >2D:9.3%

Sweden 434 cases (6.6) GA: 22-26 wks 4.8%:VI 29.7%

Myopia>3D:4.1%
Hyperopia >3D:
17.1%

Yang, 2013 and Yang, BW: 1256+315g Mean VA:6/10; 93%/ -4.49D 98% >1D No data

20131018 Tgiwan, China  GA: 28.80+2.35 novisua impair-  >-6D myopia: 80% >3D

24 cases(9.2+0.5) wks ment 28.3% 50% WTR

98%

Al-Otaibi, 201244 BW:896.9+331.5 30% 64% Not reported Not reported

Saudi Arabia57 cases (400-1800)g Mean: -6.69D;

(5.2+25) GA: 26.5+3.1 28.9% had myopia
(21-41) wks >-6D

Yang, 20102 Taiwan, BW: 1213+302g 6.9%.1eye(1.79%) 77%/3.8D >3D: 35%, 46.70%

China30 cases(7) GA:28.7+2.6 wks  with: unfavourable >6D myopia: Mean: -3.0

structural outcome  16.7% +1.6D

Dhawan, 2008 India  BW: 1,137 Not reported 80.30% Not reported 12.90%

93 cases(Median: 2) (500-1800)g
GA: 29.24 (28-34)
wks

McL oone, 200846 Mean values not 13.5% (7% un- 50% overal. Not reported Not reported

Ireland 25 cases(11) quoted. All had favourable Treated: 35%

BW <1500g & GA structural out- >-4D.

<31 wks come) ROPresolved,
no treatment:
21%, al <-1D

Osping, 2005%" Canada ~ BW: 828 (530-1335)g 9.5% (3- CP, 62%/-49D>-4D 64.4%/-2D, 9.52% (diff of 1D)

21 cases(5or more) GA: 25.7(23-35) wks 1- RD) in47.6% WTR:96.3%

Vijayalakshmi (unpub- BW 1359.2+457.8 31.7% Refractiveerrorsin  Myopic astig- 7.6%

lished data) 2015, India  (545-2700)g 67.2% of eyes. matism - 65%,

66 cases(Medianage: 3.5) GA: 30.7+3.0 Simplemyopiain  includinghigh
(25-40) wks 5%, hypermetropia myopia 21.2%,

in3.4%

hypermetropic
astigmatism, 1.2%

BW = birth weight; GA = Gestational age; wks = week; D = dioptre; CP = cerebral palsy; RD = retinal detachment; sph eqv =
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WEB TABLE |11 SEQUELAE OF RESOLVED ROP IN LASER-TREATED AND UNTREATED EYES: OTHER CONDITIONS

Investigator/year Amblyopia  Strabismus Posterior Authors comments (type of ROP)
(%) (%) segment findings
Shah, 201643 No data No data Discdragging Most treated eyes had favourable
2.1% anatomical and visual outcomes.
Anisometropiaand high refractiveerror are
common causes of visual impairment. Long-
term follow-up ismandatory (Zone 1AP-
ROP)
Hellegren, 2016° Nodata 17.4% (n:68): Strabismus No data EPT children at 6.5 yearsof age, major eye
79.4% (n:54): Esotropia and visual problemswerefrequently found.
20.6% (n:14): Exotropia Treatment-requiring ROPwasastronger
impact factor than GA on visual impairment
and strabismus, but not on refractive errors,
asawhole. Inmodern neonatal intensive
care settings, ophthalmol ogic problems
continueto account for ahigh proportion of
long-term sequel ae of prematurity.

Yang, 2013%nd!8 Total 5 25% ( 3/6 Esotropia) Macular dragging Higher rate and severity of astigmatism and
(20.8%) 2% (1eye) myopiain |laser-treated eyeswith threshold
3anisometric ROP than term controls. Refractive status
1strabismic reflectsaltered anterior segment.
1highmyopia

Al-Otaibi, 201244 Not reported 54.4% of Macular dragging or Most diode laser-treated eyeshad

which 43.9% retinal detachment favourablevisual and structural outcomes.
had esotropia 33% Strabismusand highrefractiveerrorsare
important causes of visual impairment.

Yang, 201023 53.3% 30%-alw PVL Macular dragging Strabismus significantly associated with
(16 children) 5 esotropia, 1.7% (1eye) PVL (p=0.002)

4 exotropia.
Dhawan,2008*>  Nodata 16.13% Tortuous vessels: Eyestreated with laser for threshold ROP
8 esotropia 58.2%, Narrow developretina residua, refractiveerrors,
7 exotropia vessals: 53.3%, and ocular motility disorders. Frequent and
Temporal crescent: long-term follow-up required.
7.1%, Discdrag:
18.5%, Macular
heterotopia: 14%,
Vitreousmembranes:
65%,
Peripheral RD:16.3%

McL oone, 20084  20% 32% strabismus, 2total RD, Good long term visual outcomein laser
4 trabismic, 4 esotropia, 1macular fold treated eyeswith favourable structural
laniso- 4 exotropia outcomes (Threshold ROP).
metropic

Ospina, 200547  19% 28.50% Straight vessels; 21.4%; Retinal scarring and RD relatively rare
4mixed, Macular distortion: 7.1%causes of visual morbidity 75 yearsafter
1strabismic Diischooding: 4.7% laser. Neurological sequelaeof extreme

prematurity and amblyopiaimportant
causes (Threshold ROP)

Vijaya akshmi 20% 25% (n:30) strabismus  Structural pathology in - ROP affected more mature childrenwith late

(unpublished 14 Esotropia 17 eyes(14.1%); RD (5), presentation (>stage 4, 8.3%). 24/66

data) 2015 16 Exotropia macular dragand children had visionimpairment, 20 of

degeneration (3), disc

whom had developmental delay. National

pathology (5) choroidal  coordinationisneeded for early detection,
scarring (2) peripheral management and long termfollow up of al
glial tissue(1), ERM (1) prematureinfantsdischarged from NICU.

RD = retinal detachment; a/w = associated with; PVL = periventricular leucomalacia; CP= cerebral palsy; IVH= intraventricular

haemorrhage; ERM = extra retinal membrane

INDIAN PEDIATRICS

VoLUME 53, SUPPLIMENT 2. NovEMBER 15, 2016



