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Abstract
Retinopathy of prematurity is a vasoproliferative
retinopathy occurring primarily, but not exclusively, in
premature infants. The condition is a major cause of
pediatric blindness in developed countries. Although
acute retinopathy of prematurity regresses spontaneously
for more than 90% of infants, a chronic or late proliferative phase follows in some eyes whereby tractional
retinal detachments, macula ectopia and scarring, and
significant visual loss occur. While retinopathy of prematurity was considered untreatable 10 to 20 years ago,
the condition has become controllable in recent years.
Cryopexy or laser are useful for arresting progression of
ROP to avoid vitreo-retinal complications.
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Introduction
‘Retrolental fibroplasia’ was first termed by Terry in 1942
to describe the histological findings in some blind babies
born prematurely.1 This was, in fact, what is now known to
be end-stage cicatrization from retinopathy of prematurity
(ROP).
ROP was rarely seen before the 1940s. The incidence
gradually increased in the late 1940s and early 1950s until
ROP became the commonest cause of blindness in children
in America and some European countries.2 Retrospectively,
it was noticed that premature infants born during this
period were placed in incubators and treated with nearly
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100% oxygen.3 When Campbell4 and Kinsey5 suggested that
ROP might be related to oxygen therapy in premature babies,
oxygen use was curtailed resulting in a dramatic decrease in
the incidence of ROP. However, this was associated with an
increase in mortality and morbidity in the form of severe
neurological deficits such as cerebral palsy.6 Although the
subsequent development of oxygen monitoring by arterial
blood gas and pulse oximetry has greatly reduced morbidity
for premature babies, the improvement of neonatal care has
led to the increased survival of prematurely born infants
during the past few decades. Consequently, another surge in
the rate of ROP has appeared.3,7

Definitions
ROP can be defined as a vasoproliferative retinopathy
occurring primarily, but not exclusively, in premature
infants.2 During the acute phase, normal vasculogenesis is
disrupted. Although acute ROP regress spontaneously for
more than 90% of infants, in some eyes, a chronic or late
proliferative phase follows whereby tractional retinal
detachments, macula ectopia, scarring, and significant
visual loss occur.8 While ROP was considered untreatable
10 to 20 years ago, the condition has become controllable in
recent years.3

Pathogenesis
Understanding of the pathogenesis of ROP is based on
knowledge of the normal development of fetal retinal
blood vessels. According to Ashton’s theory,9 which mainly
differentiated from those of Michaelson10 and Cogan,11 the
retinal vascular development begins during the 16th week
of gestation. Mesenchymal tissue containing spindle cells,
which originate from the primitive hyaloid system, is the
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source of the retinal vessels. Mesenchyme grows centrifugally from the optic disc in a wave-like fashion, reaching
the nasal ora serrata at the 36th week of gestation and the
temporal ora at around term. The vascular precursor grows
in the nerve fiber layer. Mesenchymal growth is followed
by a capillary meshwork that later remodels to form mature
arterioles and veins.
According to Flynn 12 and Kusher et al, 13 the vascular
endothelium in ROP could be destroyed by some undefined
noxious agents, while the less vulnerable mesenchyme and
mature arteries and veins survive and unite via the few
remaining vascular channels to form the mesnchymal arteriovenous shunts. Later, the tissues that form the shunt thicken,
divide, and differentiate into normal capillary endothelium
in cases where ROP regresses. In cases where the membranes
proliferate, the primitive cells inside the shunts multiply and
break through the internal limiting membrane of the retina,
and tractional retinal detachment may ensue.

Incidence and risk factors
ROP is rare in infants with a birth weight of >2000 g.
According to the current available evidence, low birth weight
and small gestational age are the 2 most important factors
associated with ROP. According to several studies, more
than 90% of premature babies have some degree of ROP if
their birth weight is less than 750 g.14-16 The rates drop to
75% and 47% for babies weighing 750 to 999 g and 1000 to
1250 g, respectively. The rate of severe ROP (grade 3 or
above) development is also related to the birth weight, the
rate being 37%, 22%, and 9% for birth weights of less than
750 g, 750 to 999 g and 1000 to 1250 g respectively.15
The role of oxygen in the development of ROP has been
debated for decades.17,18 A recent large-scale study into the
role of supplemental therapeutic oxygen for prethreshold ROP (STOP-ROP) has invited much attention. 19-21
The study was based on the assumption that retinal neovascularization and later development of tractional retinal
detachment is caused by retinal hypoxia. The goal of the
study was to determine the efficacy and safety of supplemental therapeutic oxygen for infants with prethreshold
ROP in reducing progression to threshold ROP and the
need for retinal ablative treatment. Infants with prethreshold
ROP and median pulse oximetry of <94% saturation were
randomly divided into a conventional treatment group,
with pulse oximetry targeted at 89% to 94% saturation, or
the supplemental oxygen treatment group, where the
pulse oximetry was targeted at 96% to 99% saturation for
at least 2 weeks. The treatments were continued until both
eyes reached one of the study endpoints of threshold
disease requiring retinal ablative treatment, regression of
ROP to zone III for 2 consecutive weeks, or full retinal
vascularization.
Among the 649 infants enrolled in the study, the rate of progression to threshold ROP in at least 1 eye was not significantly different between the groups (48% in the conventional
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treatment group versus 41% in the supplemental oxygen
group). No significant differences were found in the rates
of adverse structural outcomes of retinal detachment or
folds (4.4% for conventional treatment versus 4.1% for
supplemental oxygen) and macular dragging (3.9% for
conventional treatment versus 3.9% for supplemental
oxygen). A subgroup analysis suggested a statistically
significant benefit of supplemental oxygen for infants who
had prethreshold disease without plus disease in the progression to threshold disease (46% [91/196] for conventional
treatment versus 32% [63/195] for supplemental oxygen).
However, pneumonia, exacerbation of chronic lung disease,
or both occurred in more infants in the supplemental
oxygen group than in the conventional group (13.2% versus
8.5%). Also, in the supplemental oxygen group, there was
an increased need for oxygen, diuretics, and admission to
hospital at 3 months of corrected age. The authors thus
concluded that no clear beneficial effect of carefully timed
supplemental oxygen administration for severe ROP
was shown.19 On the other hand, although the relative riskbenefit of supplemental oxygen for each infant must be individually considered, clinicians need no longer be concerned
that supplemental oxygen, at the level used in the study, will
exacerbate active prethreshold ROP.2
The role of hospital nursery lighting in ROP is another
area of debate. Reports supporting22 and refuting23,24 the role
have been published. The results of a large prospective
randomized controlled trial (the LIGHT-ROP study) have
recently concluded that a reduction in ambient-light
exposure does not alter the incidence of ROP.25,26
Surfactant administration in the treatment of neonatal
respiratory distress syndrome has also been linked to the
development of ROP. Although Repka demonstrated that
surfactant administration significantly reduced the incidence
and severity of ROP in the extremely low-birth-weight
population, 27 other studies have failed to show a similar
effect.28,29 However, surfactant replacement therapy may
have a beneficial effect on the development of cicatricial,
severe ROP.30,31 While some researchers have argued that,
owing to its effects on improved survival rates, surfactant
may produce a larger proportion of infants at risk of developing ROP,32 others have found that improving survival
rates of very premature infants with surfactant administration did not result in an increased number of infants with
neurological or ocular impairments.33-37
Similarly, controversy exists regarding the possible effects
of dexamethasone in increasing the incidence of ROP38-40
and vitamin E administration as a preventive measure in its
progression.41-44
ROP has also been found to be associated with neonatal conditions such as respiratory distress syndrome, patent ductus
arteriosus, apnea and bradycardia, intracranial hemorrhage
sepsis, anemia, and jaundice.25,45,46 However, mere coexistence or causal relationship between these conditions and
ROP cannot easily be confirmed.
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Figure 1. Retinopathy of prematurity zones.

Classification
After decades of confusion and ambiguity resulting from
various descriptions by different investigators, the Committee of the International Classification of ROP (ICROP)
unified the classification system for ROP in the mid1980s.47,48 This is now the most commonly used classification worldwide.

Figure 2. Retinopathy of prematurity stage 1 — demarcation
line. The hemorrhages are perinatal and not related to the
retinopathy of prematurity. (Reprinted with permission from
Dr D. Taylor)

According to the classification, the retina is divided into
zones I to III to specify the location of the disease (Figure
1). Zone I signifies the most posterior zone, demarcated
by a circle centered on the optic nerve, the radius of which
is 2-fold the disc-foveal distance. Zone II is a circle
centered on the optic nerve, the radius being the distance
from the optic nerve to the nasal ora serrata. Zone III is the
temporal crescent of peripheral retina not included in
zones I and II.
The extent of involvement is described as the number
of clock hours. The severity is defined as stages 1 to 5, as
follows (Figures 2 to 6):
• stage 1 — appearance of a demarcation line between the
vascular and avascular retina
• stage 2 — ridge formation, in that the demarcation line
develops into an elevation out of the retinal plane
• stage 3 — ridge with fibrovascular proliferation extending off the retina into the vitreous
• stage 4 — subtotal retinal detachment:
- 4A — extrafoveal
- 4B — retinal detachment involving the fovea
• stage 5 — total retinal detachment.
Plus disease is described as vessel dilatation and tortuosity
in the posterior pole, vitreous haze, iris vascular dilatation,
and pupillary rigidity.

Current concepts in the management of
retinopathy of prematurity
The Cryotherapy for Retinopathy of Prematurity
study
The Cryotherapy for Retinopathy of Prematurity (Cryo-ROP)
study was considered a major landmark study in the battle
HKJOphthalmol
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Figure 3. Retinopathy of prematurity stage 2 — ridge projecting forward into the vitreous. (Reprinted with permission from
Dr D. Taylor)

against ROP.49 This was a carefully designed, randomized,
prospective trial in which 4099 patients were recruited
from 23 centers in the USA during a 2-year period from
January 1986 to November 1987.50-55 All the infants had
a birth weight <1251 g, and survived for at least 28 days.
Starting from 4 to 6 weeks post-delivery, the patients were
examined at least every 2 weeks.
Threshold disease was defined as stage 3 plus ROP in
zones I or II involving at least 5 contiguous or 8 interrupted
clock-hour sectors of the retina. Prethreshold disease was
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Figure 6. Retinopathy of prematurity stage 5 — funnel-shaped
retinal detachment. (Reprinted with permission from Dr D.
Taylor)
Figure 4. Retinopathy of prematurity stage 3 — ridge with new
vessels. (Reprinted with permission from Dr D. Taylor)

cryotherapy was performed using direct observation of the
fundus, avoiding over-treatment and retreatment.
The initial results indicated that cryopexy could significantly
reduce the rate of unfavorable outcomes (defined as retinal
detachment, macula folds, or retrolental mass) by approximately 50% at 1 year — 26% of infants in the treated
group had unfavorable outcomes compared with 47% in
the control group (p < 0.0001). 50-52 At 5.5 years after
randomization, the results supported the long-term efficacy
of cryotherapy for patients with severe ROP.54 The rate
of unfavorable visual outcomes (20/200 or worse) was
47% in the treated group versus 62% for the control group
(p < 0.05). The rate of unfavorable anatomical outcome comparisons also favored treatment (27%) versus no treatment
(45%) [p < 0.001]. The study also showed that fewer treated
eyes (32%) than control eyes (48%) were blind (p < 0.001).
At 10 years post-randomization, the results still favored
treatment — 27% versus 48% for anatomical unfavorable
outcomes in the treated and untreated groups, respectively,
and 44% versus 62%, respectively, for poor visual acuities
of 20/200 or worse.55

Figure 5. Plus disease — marked vascular dilatation and
tortuosity in the posterior pole. (Reprinted with permission
from Dr D. Taylor)

defined as zone I disease of any stage, zone II stage 2 plus
disease, or zone II stage 3 plus disease, but not reaching
threshold clock hours, or without plus disease.50-55 291 infants developed threshold disease so that the overall
incidence of threshold disease was 6%. In 240 infants, both
eyes were affected — in these infants, 1 eye was treated and
the other eye served as a control. In the other 51 infants,
only 1 eye was affected by threshold disease and these
patients were randomized to either the treatment or the
control group. Treatment was trans-scleral contiguous
cryopexy to the peripheral avascular retina using a cryoprobe
such as a hammerhead-shaped pediatric probe. Continuous
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The Cryo-ROP study also examined the natural history
of ROP. It was shown that unfavorable functional and
structural outcomes were directly correlated with increased
posterior involvement and extensiveness of stage 3 plus
disease. ‘Less-than-threshold’ disease had no effect on the
development of grating acuity in children aged between
1 and 4.5 years. However prethreshold disease was associated with reduced acuity at both 3.5 and 4.5 years of
follow-up.53,54
Despite treatment, however, the visual prognosis was still
far from ideal for children in both groups. Only 13% of
treated eyes and 17% of control eyes had visual acuities
20/40 or better at 5.5 years (p = 0.19).54 At 10 years, only
25% of treated eyes and 24% of control eyes attained a distant acuity of 20/40 or better (p = 0.63).55
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Laser photocoagulation
Laser photocoagulation was attempted for ROP as early as
1968.56 This treatment lost favor in later years due to the
difficulty of laser delivery with the early devices. Since the
late 1980s, however, laser photocoagulation became increasingly popular as an alternative to cryopexy for the treatment
of ROP.57 When the 5.5-year follow-up results of the CryoROP study were published in 1996,54 in which the potential
to develop good visual acuities of at least 20/40 seemed to
be jeopardized in the cryotherapy group (although this
tendency was disproved in the 10-year follow up results55),
enthusiasm for the study of laser for treating ROP further
increased.
Laser photocoagulation has been shown in various studies
to be as effective as cryotherapy for preventing cicatricial
complications of ROP.57-60 Diode, krypton, and argon lasers
were of equal efficacy.57,58 Transcleral diode laser has been
shown to be as effective as transpupillary diode laser.61 While
Hammer et al58 showed that laser may be more effective than
cryotherapy for treating zone I disease, Capone et al’s study59
suggested similar results, in that, of 30 eyes of 17 infants
with threshold zone I rush disease, a favorable anatomical
outcome was achieved in 83.3% using diode laser photocoagulation compared with 25% in the Cryo-ROP study.
When compared with cryopexy, Connolly et al showed that
better visual results could be achieved with laser.62 Myopia
induction may also be less likely with laser than with
cryopexy.63,64 Other possible advantages of photocoagulation over cryopexy include ease of reaching the posterior
pole, reduced trauma to the ocular tissues, reduced patient
discomfort, reduced need for general anesthesia, and earlier
regression of ROP.60,65

4 to stage 5 ROP was shown in Trese’s series, in which
anatomical success was achieved in 78% of eyes with stage
4A and 67% with stage 4B disease, with a follow-up period
of at least 6 months.69 Once the ROP has reached stage
5 disease, vitrectomy is needed. Open-sky vitrectomy, in
contrast to closed vitrectomy, has been proposed by some
researchers to be of benefit for treating total retinal
detachment.70-73 By opening the cornea and removing the
lens, the surgeon can directly approach the retrolental
membrane. The wide exposure of the operative field
permits freedom of movement of the surgical instruments.
Dissection of the scar tissue in the vitreous base area is safer
and easier than with the closed method.70 In Hirose et al’s
series, open-sky vitrectomy resulted in anatomical retinal
reattachment for 39.2% of patients and subsequent visual
development of stage 5 ROP was shown to occur, although
it was limited.71 Similarly, in Katsumi et al’s series, 7.3% of
patients attained a visual acuity of 20/200 after the procedures for stage 5 ROP. 72 Although the visual acuities
were relatively low, the eyes were still useful to these
patients, permitting a certain degree of independence and
assimilation into normal life.2
However, these procedures are associated with various
complications such as cataract, microphthalmos, and
glaucoma.74 Also, once the retina is detached, the overall
visual results are poor despite energetic treatment. In Seaber
et al’s series, form identification was possible for only
5 of 51 eyes after successful total or partial anatomic reattachment.75 Moreover, the re-detachment rate is high —
only 13 of 51 eyes remained fully attached 61 months after
surgery. Similarly, in the follow-up of the Cryo-ROP study,
71 of the 72 patients who underwent lensectomy-vitrectomy
had vision of light-perception-only or worse at 5.5 years.54

Long-term morbidities
The recommended techniques of photocoagulation were
generally similar to those of cryopexy. 57-61 Laser was
applied to the peripheral avascular retina up to, but not
including, the ridge. When considering the density of laser
applications, it was shown that near confluent burns could
achieve a reduced rate of disease progression in eyes with
zone II and, to a lesser extent, zone I ROP when compared
with laser spots placed 1 to 1.5 burn width apart.66 However,
reported anterior and posterior segment complications
include corneal iris burns, multiple posterior synechiae at
the pupillary margin, iris atrophy, and hyphema.2 Transient
focal cataract has also been reported, especially where there
is persistent tunica vasculosa lentis and argon laser is used.67
Occasionally, angle closure glaucoma can occur, leading to
the need for surgical iridectomies.68

Buckling and other vitreo-retinal surgeries
The goal of both cryotherapy and laser photocoagulation is
to prevent ROP from reaching stages 4 and 5.2 Buckling and
vitreo-retinal surgeries are needed for patients in whom
cryotherapy and laser therapy has failed. The role of scleral
buckling procedures in reducing progression from stage
HKJOphthalmol
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There is no doubt that ROP is a major cause of pediatric
blindness in developed countries. 2 Even if premature
children are not blinded during the neonatal period, other
long-term ophthalmic morbidities remain a challenge for
ophthalmologists. The most important morbidities include
chronic vitreo-retinal traction, myopia, anisometropia,
amblyopia, and strabismus/pseudostrabismus. Vitreo-retinal
traction and myopia development have attracted much
attention recently (Figures 7 and 8).

Vitreo-retinal traction
Since ROP is a ‘relatively’ new disease entity in ophthalmology, data on the long-term course is still scarce.
However, there is an accepted clinical impression that
premature birth suggests a higher risk of retinal tear or
detachment.76 Moreover, tractional and rhegmatogenous
retinal detachments can occur beyond childhood. These
conditions are reported to be especially common in the
first and second decades of life. In Tasman’s series, the
median age for occurrence of rhegmatogenous retinal
detachment was 14 years and that for tractional and
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premature infants with a birth weight of <1251 g who
received no cryopexy treatment was approximately 20%
from the ages of 3 months to 5.5 years, while the incidence
of high myopia (at least -5 D) was 2% at 3 months, doubling
to 4% at 12 months and remaining stable thereafter.82 The
degree of myopia at 3 months predicts the presence of
myopia and high myopia at 5.5 years. Similar trends have
been observed in other series.84-86

Figure 7. Regressed retinopathy of prematurity with straightened and dragged retinal vessels. (Reprinted with permission
from Dr D. Taylor)

The mechanism of myopia development may be different
for infants with ROP compared with their healthy counterparts. Various reports have shown that myopic eyes in
infants with ROP usually have steep corneas as well as
highly convex and anteriorly displaced lenses. 48-54,87-93
Interestingly, the axial lengths are not particularly long —
the higher stages of acute ROP are associated with shorter
axial lengths.89,91-94
Retinal cryopexy has been implicated as a factor in the
production of myopic eyes in various reports.63-64,83,95-97 However, Quinn et al had the opposite opinion.98 In their recent
analysis, stratification of degree of myopia into different
age groups showed that, at 3 months, the distribution was
similar between treated and control patients.98 At ages up
to 5.5 years, the incidence of myopia less than -8 D was
similar between the 2 groups. Although the incidence of
high myopia (at least -8 D) was higher for the treated
patients than for the control group (39% versus 29%), this
paralleled the reduced proportion of treated than control
eyes that were non-refractable (blind). Thus, Quinn concluded that, at least in some eyes, cryopexy preserved ocular structures — high myopia developed instead of retinal
detachment and inability to refract.98

Need for long-term follow-up

Figure 8. Regressed retinopathy of prematurity with marked
nasal dragging of the retinal vessels. (Reprinted with permission from Dr D. Taylor)

exudative retinal detachments was 5.7 years. 77,78 Faris
noted that rhegmatogenous retinal detachment tends to
occur between the ages of 5 and 15 years. 79 To date,
however, no data is available on the rate of occurrence
of such long-term complications. Continued follow-up
of the Cryo-ROP study group will probably provide
information on the need for vigilant monitoring and
prospective counseling of patients and their parents.76

Myopia development
Correlation between myopia and prematurity has long
been observed. 80-83 It has also been shown that low birth
weight and increased severity of ROP are strong predictors
of myopia and high myopia.80 For example, in Quinn et al’s
study, the incidence of myopia (at least -0.25 D) in

46

As previously mentioned, ROP in the neonatal period can
be associated with various long-term morbidities. In a
New Zealand population study, it was shown that 79%
of children who developed ROP and 60% of at-risk infants
who did not develop ROP had some form of visual defect
such as high refractive errors, strabismus, or amblyopia.99
It was recommended that ex-preterm children, especially
those in whom ROP developed and either regressed or
was treated, should be followed regularly throughout childhood so that their potential visual problems do not go
undetected.100
Data of vitreo-retinal complications of adult patients with
previous ROP are scarce. As noted by Kaiser et al, among
adult patients with a history of premature birth followed
up for up to 23 years (median, 6.2 years) 26% (15/108) of
asymptomatic patients developed a retinal tear or retinal
detachment, 83% of whom had only minimal cicatricial
changes from ROP.76 Although these authors recommended
that all premature patients be monitored for a lifetime,
explanation of the warning symptoms of retinal detachment
and the importance of early ophthalmic consults may be a
more practical approach.
HKJOphthalmol
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Screening for premature infants
Although progressive ROP was once considered an untreatable blinding condition, the results of the Cryo-ROP trial
are encouraging. 50-55 Since successful treatment largely
depends on timely diagnosis and therefore on a thorough
screening strategy, 101 a variety of policies have been
adopted by different clinicians. Some infants are screened
from their 2nd,102 3rd,103 or 4th104 week of life, while others
are examined for the first time in the 8th105 or 10th106 week,
at discharge from the hospital or afterwards, 107-108 when
their condition was ‘sufficiently stable’,109 or when oxygen
therapy had been discontinued.110 While over-screening
leads to a waste of resources and systemic upset to infants,
under-screening may place the involved infants at risk.
The first attempt to determine the ‘optimal timing’ for
detecting ROP was made in 1981 by Palmer, who based
his recommendations on retrospective data.105
Nowadays, it is generally agreed that infants should be
screened for ROP if they weigh <1500 g at birth or are
born at ≤31 weeks gestational age.100 The recommendations
from the Royal College of Ophthalmologists and the
British Paediatric Association are that screening should begin at 6 to 7 weeks postnatally and should continue 2-weekly
until retinal vessels are seen in zone III.111 The frequency
increases to weekly screening if ROP develops, until
it either regresses or reaches threshold level, at which
point treatment should be offered. On the other hand, the
American Academy of Paediatrics, the American Association for Paediatric Ophthalmology and Strabismus and the
American Academy of Ophthalmologists have jointly
recommended screening of infants with a birth weight of
≤1500 g or who are born at a gestational age of ≤28 weeks
and that screening should begin between 4 and 6 weeks
postnatally or 31 to 33 weeks of post-conceptional age,
whichever is earlier. Subsequent timing of examinations
should be based on the initial findings.112
Although the screening protocol may be slightly different
in different countries or centers, screening examinations
are usually carried out by ophthalmologists with particular
expertise in ROP, using indirect ophthalmoscopy and an
indenter to visualize the peripheral retina.84 Timely treatment is now considered the most effective means of blindness prevention for premature infants.

for visual results.100 Arresting acute ROP aims to avoid
vitreo-retinal complications, which usually result in poor
visual results despite aggressive treatment.

The future
Despite the recent advances, much room for improvement
still exists in the prevention and management of ROP.
As previously mentioned, the current treatment for threshold disease as recommended by the Cryo-ROP study only
halved the unfavorable anatomical outcomes.50-54 In addition,
when threshold disease was reached and favorable anatomical outcomes were maintained with or without treatment,
only <20% of eyes had visual acuity 20/40 or better at
5.5 years.54 At 10 years, 44% of treated eyes still had unfavorable visual outcomes.55 Therefore, it seems that the
current treatment regimen as designed by the Cryo-ROP
study is still far from satisfactory.
Could better visual results be attained with more liberal or
earlier treatment? The Early Treatment for ROP (ETROP)
study is now underway in the USA.114 This study will test
the hypothesis that earlier treatment for carefully selected
infants weighing <1251 g at birth will result in better visual
outcome. Intervention will be retinal ablation for a selected
group of patients with prethreshold diseases. Prethreshold
disease is defined as zone I disease of any stage, stage 2
plus disease at zone II, or <5 contiguous or 8 cumulative
clock hours of stage 3 plus disease at zone II. The percentage risk of progression to blindness without treatment is
calculated based on various risk factors, including birth
weight, gestational age, ethnicity, singleton versus multiple
birth status, outborn versus inborn status, severity of ROP,
and rate of progression of ROP. When the risk of unfavorable outcome exceeds 15%, the infants will be randomized
into treatment or control groups. It is estimated that it will
take at least 3 years before the initial results are available.114
While ROP progresses to advanced stages despite rigorous
intervention for some babies, it spontaneously regresses before the threshold stage for the majority. Genetic factors have
been implicated in determining the progression of ROP to
advanced stages.115,116 For example, missense mutations in
the Norrie disease gene have been associated with the risk
of progression to advanced stages.115,117 Further studies into
the genetic aspect may shed new light on the understanding
of ROP.

Current status
With the accumulation of knowledge of ROP, more has
been learnt. Currently, most ophthalmic experts agree that
ROP is a treatable blinding disease that warrants screening.
From the economic viewpoint, it has been estimated that
up to 350 infants are saved from blindness annually in the
USA and US$65 million per year is saved to tax-payers for
special education, disability, and lost productivity.87
While both cryopexy and laser are useful for arresting
progression of ROP, laser might be superior to cryopexy
HKJOphthalmol
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In future, molecular mechanisms may also play a role in the
prevention and management of ROP. Although the precise
pathways that regulate apoptosis and retinal vascularization
in ocular development remain uncertain, there is considerable evidence that vascular endothelial growth factor (VEGF)
is important in the pathogenesis of retinal neovascular
diseases. Hypoxia of the peripheral, non-vascularized retina
has been shown to increase VEGF expression in experimentally induced retinal neovascularization.118,119 VEGF receptor protein has been shown to be concentrated in preretinal
neovascular growths in a model of ROP.120 These results
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suggest that avenues of research toward therapies using
VEGF receptor antagonists might be rewarding.

Conclusion
Prevention of ROP includes adequate prenatal care to
minimize premature birth and appropriate systemic intensive care to reduce tissue hyperoxia/hypoxia swings. 121

References
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

48

Terry T. Extreme pre-maturity and fibroblastic overgrowth
of persistent vascular sheath behind each crystalline lens: I.
Preliminary report. Am J Ophthalmol 1942;25:203-204.
Nguyen QD, Tawansky K, Hirose T. Recent advances in
retinopathy of prematurity. In: Lit ES, Azar NF, Jakobiec
FA, editors. International ophthalmology clinics. Philadelphia: Lippincott Williams &Wilkins; 2001;41:129-151.
Wright KW. Retinopathy of prematurity and pediatric tumors.
In: Wright KW editor. Textbook of ophthalmology. Baltimore:
Williams & Wilkins; 1997:337-348.
Campbell K. Intensive oxygen therapy as a possible cause
for retrolental fibroplasia. A clinical approach. Med J Aust
1951;2:48-50.
Kinsey VE. Retrolental fibroplasias. Cooperative study of
retrolental fibroplasias and the use of oxygen. Arch
Ophthalmol 1956;56:481-543.
Nelson K, Grether J. Causes of cerebral palsy. Curr Opin
Pediatr 1999;11:487-491.
Schaliz-Delfos N, Cats B. Retinopathy of prematurity: the
continuing threat to vision in preterm infants. Dutch survey
from 1986 to 1994. Acta Ophthalmol Scand 1997;75:72-75.
Flynn J, Bancalari E, Bawol R, et al. Retinopathy of
prematurity: diagnosis, severity and natural history. Ophthalmology 1991;94:620-629.
Ashton NW. Oxygen and the growth and development of retinal vessels. Am J Ophthalmol 1996;62:412-435.
Michaelson IC. The mode of development of the vascular
system of the retina with some observation on its significance for certain retinal diseases. Trans Ophthalmol Soc
UK 1949;68:137-180.
Cogan DG. Development and senescence of the human
retinal vasculature. Trans Ophthalmol Soc UK 1963;83:
465-489.
Flynn JT. Acute proliferative retrolental fibroplasia: multivariate risk analysis. Trans Am Ophthalmol Soc 1983;81:
549-591.
Kusher BJ, Essner D, Cohen IJ, et al. Retrolental fibroplasia:
II. Pathologic correlation. Arch Ophthalmol 1977;95:29-38.
Phelps D. Retinopathy of prematurity. Pediatr Clin North
Am 1993;40:707-714.
Palmer E, Flynn J, Hardy R, et al. Incidence and early course
of retinopathy of prematurity. Ophthalmology 1991;98:
1628-1640.
Drouilhet J, Pelke S, Sroat D, et al. Retinopathy of
prematurity: incidence and severity in Hawaii. Hawaii Med
J 1994;53:12-14.
Simons B, Flynn J. Retinopathy of prematurity and associated factors. Int Ophthalmol Clin 1999;39:29-48.
Kinsey VE, Arnold HJ, Kalina RE, et al. PaO2 levels and
retrolental fibroplasia: a report of the cooperative study.
Pediatrics 1977;60:655-668.
Hay WW Jr, Bell EF. Oxygen therapy, oxygen toxicity,
and the STOP-ROP trial. Pediatrics 2000;105(2):424-425.
Mills MD. STOP-ROP results suggest selective use of
supplemental oxygen for prethreshold ROP. Arch Ophthalmol
2000;118(8):1121-1122.

The management of ROP begins with a reliable evidencebased screening protocol. All interested parties must cooperate in developing and implementing reliable screening
protocols. Timely treatment is essential for halting ROP
progression. Future management success will probably rely
on discovering new modes of treatment and prevention.121
There is still a long road ahead for ophthalmologists and
neonatologists in this battle against pediatric blindness.
21. Flynn JT, Bancalari E. On supplemental therapeutic
oxygen for prethreshold retinopathy of prematurity (STOPROP), a randomized, controlled trial. I: Primary outcomes.
J AAPOS. 2000;4:65-66.
22. Terry TL. Fibroblastic overgrowth of persistent tunica
vasculosa tentis in premature infants, II: report of cases —
clinical aspects. Arch Ophthalmol 1943;29:36-53.
23. Hepner WR, Krause AC, Davis ME. Retrolental fibroplasia
and light. Pediatrics 1949;3:824-828.
24. Locke JC, Reese AB. Retrolental fibroplasia: the negative
role of light, mydriatics, and the ophthalmoscopic examination in its etiology. Arch Ophthalmol 1952;48:44-47.
25. LIGHT-ROP cooperative Group. The design of the
multicenter study of light reduction in retinopathy of prematurity (LIGHT-ROP). J Pediatr Ophthalmol Strabismus 1999;
36:257-263.
26. Reynolds JD, Hardy RJ, Kennedy KA, et al. Lack of efficacy
of light reduction in preventing retinopathy of prematurity.
Light Reduction in Retinopathy of Prematurity (LIGHT-ROP)
Cooperative Group. N Engl J Med 1998;338:1572-1576.
27. Repka M, Hudak M, Parsa C, Tielsch J. Calf lung surfactant
extract prophylaxis and retinopathy of prematurity. Ophthalmology 1992;99:531-536.
28. Tubman T, Rankin S, Halliday H, Johnston S. Surfactant replacement therapy and the prevalence of acute retinopathy
of prematurity. Biol Neonate 1992;61 (Suppl 1):54-58.
29. Rankin S, Tubman T, Halliday H, Johnston S. Retinopathy
of prematurity in surfactant treated infants. Br J Ophthalmol
1991;76:202-204.
30. Termote J, Schalij-delfos N, Cats B, et al. Less severe retinopathy of prematurity induced by surfactant replacement
therapy. Acta Paediatr 1996;85:1491-1496.
31. Pennefather P, Tin W, Clarke M, et al. Retinopathy of
prematurity in a controlled trial of prophylactic surfactant
treatment. Br J Ophthalmol 1996;80:420-424.
32. Kennedy J, Todd D, Watts J, John E. Retinopathy of prematurity in infants less than 29 weeks’ gestation: 3-1/2 years
pre- and post-surfactant. J Pediatr Ophthalmol Strabismus
1997;34:289-292.
33. Gerdes J, Gerdes M, Beaumont E, et al. Health and
neurodevelopmental outcome at 1-year adjusted age in 508
infants weighing 700 to 1100 grams who received prophylaxis with one versus three doses of synthetic surfactant.
American Exosurg Neonatal Study Groups I and II. J Pediatr
1995;126 (Suppl 5, pt 2):26-32.
34. Gong A, Anday E, Boros S, et al. One-year follow-up
evaluation of 260 premature infants with respiratory distress
syndrome and birth weights of 700 to 1350 grams randomized to two rescue doses of synthetic surfactant or air placebo.
American Exosurg Neonatal Study Groups I. J Pediatr 1995;
126 (Suppl 5, pt 2):68-74.
35. Kraybill E, Bose C, Corbet A, et al. Double-blind evaluation of development and health status to age 2 years of
infants weighing 700 to 1350 grams treated prophylactically
at birth with a single dose of synthetic surfactant or air
placebo. J Pediatr 1995;126 (Supple 5, pt 2):33-42.
36. Sell M, Cotton R, Hirata T, et al. One-year follow-up of
273 infants with birth weights of 700 to 1100 grams after

HKJOphthalmol

Vol.6 No.1

REVIEW

37.

38.

39.

40.

41.

42.
43.

44.
45.
46.
47.

48.
49.
50.

51.

52.

53.

prophylactic treatment of respiratory distress syndrome
with synthetic surfactant or air placebo. American Exosurg
Neonatal Study Groups I. J Pediatr 1995;126 (Suppl 5,
pt 2):20-25.
Walther F, Jullet M, Schumacher R, et al. One-year followup of 66 premature infants weighing 500 to 699 grams treated
with a single dose of synthetic surfactant or air placebo
at birth: results of a double-blind trial. American Exosurg
Neonatal Study Groups I. J Pediatr 1995;126 (Suppl 5, pt
2):13-19.
Ramanathan R, Siassi B, deLemos R. Severe retinopathy
of prematurity in extremely low birth weight infants after
short-term dexamethasone therapy. J Perinatol 1995;15:
178-182.
Durand M, Sardesai S, McEvoy C. Effects of early dexamethasone therapy on pulmonary mechanics and chronic
lung disease in very low birth weight infants: a randomized,
controlled trial. Pediatrics 1995;95:584-590.
Tsukahara H, Watanabe Y, Yasutomi M, et al. Early (4-7 days
of age) dexamethasone therapy for prevention of chronic
lung disease in preterm infants. Biol Neonate 1999;76:
283-290.
Owens WC, Owens EU. Retrolental fibroplasia in premature infants: II. Studies on the prophylaxis of the disease:
the use of alpha tocopheral acetate. Am J Ophthalmol 1949;
32:1631-1637.
Kretzer FL, Mehta RS, Johnson AT, et al. Vitamin E protects
against retinopathy of prematurity through action on spindle
cells. Nature 1984;389:793-795.
Burton GW, Joyce A, Ingold KU. Is vitamin E the only lipidsoluble chain-breaking antioxidant in human blood plasma
and erythrocyte membrane? Arch Biochem Biophys 1983;
221:281-290.
Hager P, Ek J, Kran S. Plasma tocopheral levels and
vitamin E/beta-lipoprotein relationships during pregnancy
and in cord blood. Am J Clin Nutr 1982;36:1200-1204.
Gallo JE, Jacobson L, Broberger U. Perinatal factors
associated with retinopathy of prematurity. Acta Pediatr
1993;82(10):829-834.
Arroe M, Peitersen B. Retinopathy of prematurity: review of
a seven year period in a Danish neonatal intensive care
unit. Acta Pediatr 1994;83:501-505.
Committee for the classification of the late stages of
retinopathy of prematurity. An international classification
of retinopathy of prematurity: II. The classification of
retinal detachment. Arch Ophthalmol 1987;105:906-912.
Committee for the classification of retinopathy of prematurity.
An international classification of retinopathy of prematurity.
Arch Ophthalmol 1984;102:1130-1134.
Andrews A, Hartnett M, Hirose T. Surgical advances in
retinopathy of prematurity. Int Ophthalmol Clin 1999;39:
275-290.
Cryotherapy for Retinopathy of Prematurity Cooperative
Group. Multicenter trial of cryotherapy for retinopathy of
prematurity: preliminary rersults. Arch Ophthalmol 1988;
106:471-479.
Cryotherapy for Retinopathy of Prematurity Cooperative
Group. Multicenter trial of cryotherapy for retinopathy of
prematurity: three-month outcome. Arch Ophthalmol 1990;
108:195-204.
Cryotherapy for Retinopathy of Prematurity Cooperative
Group. Multicenter trial of cryotherapy for retinopathy of
prematurity: one-year outcome — structure and function.
Arch Ophthalmol 1990;108:1408-1416.
Cryotherapy for Retinopathy of Prematurity Cooperative
Group. Multicenter trial of cryotherapy for retinopathy of
prematurity: 3-1/2 year outcome — structure and function.
Arch Ophthalmol 1993;111:339-343.

HKJOphthalmol

Vol.6 No.1

54. Cryotherapy for Retinopathy of Prematurity Cooperative
Group. Multicenter trial of cryotherapy for retinopathy of
prematurity: Snellen visual acuity and structural outcome
at 5-1/2 years after randomization. Arch Ophthalmol 1996;
114:417-424.
55. Cryotherapy for Retinopathy of Prematurity Cooperative
Group. Multicenter trial of cryotherapy for retinopathy of
prematurity: Ophthalmological outcomes at 10 years. Arch
Ophthalmol 2001;119:1110-1118.
56. Nagata M, Kobayashi Y, Fukuda H, et al. Photocoagulation
for the treatment of retinopathy of prematurity. Jpn J Clin
Ophthalmol 1968;22:419-427.
57. Benner J, Huang M, Morse L, et al. Comparison of photocoagulation with the argon, krypton, and diode laser
indirect ophthalmoscopes in rabbit eyes. Ophthalmology
1992;99:1554-1563.
58. Hammer M, Pusateri T, Hess J, et al. Threshold retinopathy
of prematurity: transition from cryotherapy to laser
treatment. Retina 1995;15:486-489.
59. Capone A, Diaz-Rohema R, Sternberg P, et al. Diode laser
photocoagulation for zone I threshold retinopathy of
prematurity. Am J Ophthalmol 1993;116:444-450.
60. McNamara J, Tasman W, Brown G, Federman J. Laser
photocoagulation for stage 3+ retinopathy of prematurity.
Ophthalmology 1991;98:576-580.
61. Seiberth V, Linderkamp O, Vardarli I. Transcleral versus
transpupillary diode laser photocoagulation for the
treatment of threshold retinopathy of prematurity. Arch
Ophthalmol 1997;115:1270-1275.
62. Connolly BP, McNamara A, Regillo CD, et al. Visual
outcomes after laser photocoagulation for threshold
retinopathy of prematurity. Ophthalmology 1999;106:
1734-1738.
63. Connolly BP, McNamara A, Sharma S, et al. A comparison
of laser photocoagulation and trans-scleral cryotherapy
in the treatment of threshold retinopathy of prematurity.
Ophthalmology 1998;105:1628-1631.
64. White JE, Repka MX. Randomized comparison of diode
laser photocoagulation versus cryotherapy for threshold
retinopathy of prematurity: 3-year outcome. J Pediatr
Ophthalmol Strabismus 1997;34:83-87.
65. Palmer EA. Retinopathy of prematurity. In: Focal points:
clinical modules for ophthalmologists. San Francisco: American Academy of Ophthalmology; 1993:11:3
66. Banach MJ, Ferrone PJ, Trese MT. A comparison of dense
versus less dense diode laser photocoagulation patterns for
threshold retinopathy of prematurity. Ophthalmology 2000;
107:324-328.
67. Gold RS. Cataracts associated with treatment for retinopathy of prematurity. J Pediatr Ophthalmol Strab 1996;33:
123-125
68. Lee G, Lee L, Gole G. Angle-closure glaucoma after laser
treatment for retinopathy of prematurity. J AAPOS 1998;2:
383-384.
69. Trese M. Scleral buckling for retinopathy of prematurity.
Ophthalmology 1994;101:23-26.
70. Andrews A, Hartnett M, Hirose T. Surgical advances in
retinopathy of prematurity. Int Ophthalmol Clin 1999;39:
275-290.
71. Hirose T, Schepens C, Katsumi O, Mehta M. Open-sky
vitrectomy in severe retinal detachment caused by advanced
retinopathy of prematurity. In Flynn J, Tasman W, editors.
Retinopathy of prematurity. New York: Springer-Verlag;
1992:95-114.
72. Katsumi O, Mehta M, Matsui Y, et al. Development of vision
in retinopathy of prematurity. Arch Ophthalmol 1991;109:
1394-1398.
73. Hirose T, Katsumi O, Mehta M, Schepens C. Vision in stage

49

REVIEW

74.
75.

76.

77.
78.
79.
80.

81.

82.

83.

84.
85.
86.
87.

88.
89.
90.
91.

92.
93.

50

5 retinopathy of prematurity after retinal reattachment by
open-sky vitrectomy. Arch Ophthalmol 1993;111:345-349.
Knight-Nanan D, Algawi K, Bowell P, O’Keefe M. Advanced
cicatricial retinopathy of prematurity — outcome and
complications. Br J Ophthalmol 1996;80:343-345.
Seaber JH, Machemer R, Eliott D, et al. Long-term visual
results of children after initially successful vitrectomy for
stage V retinopathy of prematurity. Ophthalmology 1995;
102:199-204.
Kaiser RS, Trese MT, Williams GA, et al. Adult retinopathy
of prematurity — outcomes of rhegmatogenous retinal
detachments and retinal tears. Ophthalmology 2001;108:
1647-1653.
Tasman W. Retinal detachment in retrolental fibroplasia.
Graefes Arch Clin Exp Ophthalmol 1975;195:129-139.
Tasman W. Retinal detachment in retrolental fibroplasia. Mod
Probl Ophthalmol 1969;8:371-376.
Faris BM. Retinopathy of prematurity. II. Ocular complications. J Med Liban. 1972;25(5):379-384.
Quinn GE, Dobson V, Repka MX, et al. Development of
myopia in infants with birth weights of less than 1251 g.
The Cryotherapy for Retinopathy of Prematurity Cooperative Group. Ophthalmology 1992;99:329-340.
Fledelius HC. Pre-term delivery and subsequent ocular
development. A 7-10 year follow-up of children screened
1982-84 for ROP. 3) Refraction. Myopia of prematurity.
Acta Ophthalmol Scand 1996;74:297-300.
Quinn GE, Dobson V, Kivlin J, et al. Prevalence of myopia
between 3 months and 5-1/2 years in preterm infants with
and without retinopathy of prematurity. The Cryotherapy
for Retinopathy of Prematurity Cooperative Group. Ophthalmology 1998;105:1292-300.
Holmstrom M, el Azazi M, Kugelberg U. Ophthalmological
long term follow up of preterm infants: a population based,
prospective study of the refraction and its development. Br J
Ophthalmol 1998;82:1265-1271.
Laws D, Shaw DE, Robinson J, et al. Retinopathy of
Prematurity: a prospective study. Review at six months. Eye
1992;6:477-483.
Page JM, Schneeweiss S, Whyte HEA, Harvey P. Ocular
sequelae in premature infants. Pediatrics 1993;92;787-790.
Lue CL, Hansen RM, Reisner DS, et al. The course of myopia in children with mild retinopathy of prematurity. Vision
Res 1995;35:1329-1335.
Majima A. Studies on retinopathy of prematurity. II. Fundus
appearance and ocular functions in cicatricial phase of
very low birthweight infants. Jpn J Ophthalmol 1977;21:
421-435.
Hibino Y, Takahashi M, Majima A. Studies on ocular
functions of cicatricial retinopathy of prematurity. Jpn J
Clin Ophthalmol 1978;32:655-662.
Tane S, Ito S, Kushiro H, Kono J. Echographic biometry
in myopia of prematurity. Jpn J Clin Ophthalmol 1978;32:
622-625.
Gordon RA, Donzis PB. Myopia associated with
retinopathy of prematurity. Ophthalmology 1986;93:
1593-1598.
Hansen JE, Hamed L. Scheimpflug studies of the anterior
segment in myopia associated with retinopathy of
prematurity. In: Chew SJ, Weintraub J, editors. Proceedings
of the 5th Annual International Conference on Myopia. New
York: Myopia International Research Foundation; 1995;
142-145.
Hittner HM, Rhodes LM, McPherson AR. Anterior segment
abnormalities in cicatricial retinopathy of prematurity.
Ophthalmology 1979;86:803-816.
Gallo JE, Fagerholm P. Low-grade myopia in children with
regressed retinopathy of prematurity. Acta Ophthalmol 1993;

71:519-523.
94. Tasman W. Late complications of retrolental fibroplasia.
Ophthalmology 1979;86:1274-1240.
95. Knight-Nanan DM, O’Keefe M. Refractive outcomes in eyes
with retinopathy of prematurity treated with cryotherapy or
diode laser: 3 year follow up. Br J Ophthalmol 1996;80:
998-1001.
96. Algawi K, Goggin M, O’Keefe M. Refractive outcome
following diode laser versus cryotherapy for eyes with
retinopathy of prematurity. Br J Ophthalmol 1994;78:
612-614.
97. Laws F, Laws D, Clark D. Cryotherapy and laser treatment
for acute retinopathy of prematurity: refractive outcomes,
a longitudinal study. Br J Ophthalmol 1997;81:12-15.
98. Quinn GE, Dobson V, Siatkowski M, et al. Does cryotherapy
affect refractive error? Results from treated versus control
eyes in the cryotherapy for retinopathy of prematurity trial.
Ophthalmology 2001;108:343-347.
99. Darlows B, Clement R, Horwood L, Mogridge N. Prospective study of New Zealand infants with birth weight of less
than 1500 g and screened for retinopathy of prematurity:
visual outcome at age 7-8 years. Br J Ophthalmol 1997;81:
935-940.
100. Williams C. Retinopathy of prematurity. In: Focus No.15,
the Royal College of Ophthalmologists of London; 2000.
101. Nicoline ESD, Bart LMZ, Darel WP, et al. Screening for
retinopathy of prematurity: do former guidelines still apply?
J Pediatr Ophthalmol Strabismus 1996;33:35-38.
102. Yu VYH, Hookham DM, Nave JRM. Retrolental fibroplasiascontrolled study of 4 years’ experience in a neonatal intensive care unit. Arch Dis Child 1982;57:247-252.
103. Hittner HM, Godio LB, Speer ME, et al. Retrolental
fibroplasias: further clinical evidence and ultrastructural
support for efficacy of vitamin E in the preterm infant.
Pediatrics 1983;71:423-432.
104. Finer NN, Schindler RF, Peters KL, Grant GD. Vitamin E
and retrolental fibroplasias; improved visual outcome with
early vitamin E. Ophthalmology 1983;90:428-434.
105. Palmer EA. Optimal timing of examination for acute
retrolental fibroplasias. Ophthalmology 1981;88:662-668.
106. Campbell PB, Bull MJ, Ellis FD, et al. Incidence of
retinopathy of prematurity in a tertiary newborn intensive
care unit. Arch Ophthalmol 1983;101:1686-1688.
107. Kalina RE, Karr DJ. Retrolental fibroplasias; experience
over two decades in one institution. Ophthalmology 1982;
89:91-95.
108. Vohr BR, Garcia Coll CT. Increased morbidity in low birth
weight survivors with severe retrolental fibroplasias. J
Pediatr 1985;106:287-291.
109. Schaffer DB, Quinn GE, Johnston L. Sequela of arrested mild
retinopathy of prematurity. Arch Ophthalmol 1984;102:
373-376.
110. Biglan AW, Brown DR, Reynolds JD, Milley JR. Risk factors
associated with retrolental fibroplasias. Ophthalmology
1984;39:307-317.
111. The Royal College of Ophthalmologists British Association
of Perinatal Medicine. Retinopathy of prematurity: guidelines for screening and treatment. London, England: The
Royal College of Ophthalmologists British Association
of Perinatal Medicine; 1995.
112. American Academy of Pediatrics, the American Association
for Pediatric Ophthalmology and Strabismus and the
American Academy of Ophthalmology. Screening examination of premature infants for retinopathy of prematurity. Ophthalmology 1997;104:888-889.
113. Saigal S, Rosenbaum P, Stoskopf B, et al. Comprehensive
assessment of the health status of extremely low birth weight
children at eight years of age: comparison with a reference

HKJOphthalmol

Vol.6 No.1

REVIEW

group. J Pediatr 1994;125(3):411-417.
114. Good W, Hardy R. The multicenter study of early treatment
for ROP (ETROP). Guest editorial. Ophthalmology 2001;
108:1013-4.
115. Haider MZ, Devarajan LV, AL-Essa M, et al. Retinopathy of
prematurity: mutations in the Norrie disease gene and the
risk of progression to advanced stages. Pediatr Int 2001;43:
120-123.
116. Hiraoka m, Berinstein DM, Trese MT, Shastry BS. Insertion
and deletion mutations in the dinucleotide repeat region of
the Norrie disease gene in patients with advanced retinopathy of prematurity. J Hum Genet 2001;46(4):178-181.
117. Shastry BS, Pendergast SD, Hartzer MK, Liu X, Trese MT.
Identification of missense mutations in the Norie disease gene
associated with advanced retinopathy of prematurity. Arch

Ophthalmol 1997;115:651-655.
118. Pierce EA, Avery RL, Foley ED, et al. Vascular endothelial
growth factor/ vascular permeability factor expression in a
mouse model of retina neovascularization. Proc Natl Acad
Sci USA 1995;92:905-909.
119. Alon T, Hemo I, Itin A, et al. Vascular endothelial growth
factor acts as a survival factor for newly formed retinal
vessels and has implications for retinopathy of prematurity.
Nat Med 1995;1:1024-1028.
120. Robbins SG, Rajaratnam VS, Penn JS. Evidence for
upregulation and redistribution of vascular endothelial
growth factor (VEGF) receptors flt-1 and flk-1 in the
oxygen-injured rat retina. Growth Factors 1998;16:1-9.
121. Reynolds JD. The management of retinopathy of prematurity.
Paediatr Drugs 2001;3:263-272.

are pleased to announce the
SERI-ARVO First International Meeting
6 – 9 February 2003 SINGAPORE
The focus of the meeting is to encourage development and
clinical application of basic and
translational research in eye diseases
Topics include:
Ocular Surface And Stem Cell Immunology, Ocular Genetics,
Epidemiology And Research In Asian Eye Diseases: Glaucoma,
Myopia, Diabetic Eye Diseases
We invite abstracts for clinical, basic or epidemiological research to be
considered for oral or poster presentations. Please note that you do not
need to be an ARVO member to register for the meeting or to submit an
abstract.
For more information, please visit our website at www.seri.com.sg
Or contact Ms Karen Chee, Event Manager,
FIRST SERI-ARVO Meeting on Research in Vision and Ophthalmology
11 Third Hospital Avenue, Singapore 168751
Tel: 63228311 or Fax: 63231903
Email: serikc@pacific.net.sg or seri_arvo@snec.com.sg

HKJOphthalmol

Vol.6 No.1

51

