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Abstract
Retinopathy of prematurity (ROP) is the interruption of the physiological development of retinal vascularization due to
preterm delivery and is a proliferative vitreoretinopathy characterized by an evolving pathological process. Many innovations have emerged in the naming, screening, follow-up, and treatment of the disease in the 70 years since then first
defined by Terry. This review is an examination of this difficult and dynamic area of modern-day ophthalmology practice
in the light of current information.
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Follow-up Protocols and Current Approach to
Classification
Retinopathy of prematurity (ROP) was first defined by Terry
in 1942 (retrolental fibroplasia) (1). The disease is one of the
most important causes of blindness in childhood, in both
developed and emerging countries (2). Current data indicate
that while blindness rate due to ROP varies from country to
country, ROP developed in an estimated 184,700 preterm
infants around the world in 2010. Some 20,000 infants experienced severe vision loss or blindness as result of ROP (3).
Birth week and low birth weight are the most important risk
factors among many that have been defined (4). Screening
protocols developed over the years have made great progress in early diagnosis. The American Academy of Pediatrics,
the American Academy of Ophthalmology, the American Association for Pediatric Ophthalmology and Strabismus, and
the American Association of Certified Orthoptists began to
publish guidelines about first examination week, screening,
and follow-up examinations in 1995. Revisions of 2000 and
2006 were updated in 2013, and it now includes statement
that all infants born at 30th gestational week or earlier or

with birth weight of 1500 g or less should be screened (5).
However, screening is also appropriate for infants with greater weight or other gestational age at birth who are considered at risk by pediatrician. Many countries have used international information as a base to create follow-up protocols
in the light of national data. Canadian guideline also calls for
screening infants with gestational age of 30 weeks or less,
while guidelines of UK, Germany and Brazil recommend
screening infants with gestational age of 32 weeks or less.
Birth weight of 1500 g is independent criterion common to
all countries; infants under 1500 g should be screened regardless of birth week.
Using national studies, Turkish premature retinopathy
guide prepared in 2016 by the Turkish Neonatology Association and the Turkish Ophthalmology Association approved
screening of all infants born before 32 weeks. Initial examination was determined to be at 31st week for those born at
27 weeks or less, and postnatal fourth week for those born
after 27th week (6). International Classification of Retinopathy of Prematurity, first published in 1984, expanded in 1987,
and revised in 2005, is used to describe the disease (7–9).
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The international classification system is based on 3 parameters: location of disease (zone), grade of vascular proliferation (stage), and degree of involvement (clock hours).
For classification of the zone, the retina is divided into
3 concentric circles with the optic nerve as the center. The
radius of the circle defining zone I extends from the center
of the optic disc to twice the distance from the center of the
optic disc to the center of the macula. Zone II extends from
border of zone I nasally to ora serrata and temporally to
anatomical equator. Zone III is remaining crescent between
zone II and temporal ora serrata.
Ophthalmoscopic findings at the junction between the
vascularized and avascular retina define 5 stages of the disease. Stage 1 is a faint demarcation line within the retinal
plane. In stage 2, there is a ridge with height, width, and volume gain on demarcation line. Stage 3 includes extraretinal
fibrovascular proliferation formed by growth of fibrovascular
tissue extending into the vitreous. There is subtotal retinal
detachment (involving the macula or not) in stage 4, and
stage 5 is characterized by total retinal detachment.
Degree of spread of the disease is expressed with 12
clock-hour sectors of 30°. Tortuosity increase to at least 2
sectors in the posterior pole arteries and presence of dilatation in the veins is described as plus disease. Plus disease can
be seen at any stage. Vitreous hemorrhage and blurring, vascular engorgement of the iris, and decrease in pupil reactions
often accompany plus disease. Plus is an important criterion
for defining threshold disease. Pre-plus disease is described
as vascular abnormalities of the posterior pole that are insufficient for diagnosis of plus disease, but which demonstrate more arterial tortuosity and more venous dilatation
than normal. Presence of pre-plus disease can be recorded
using staging system as with plus disease, and may be useful
in cases where more frequent follow-up is required.
Current Approach in ROP Treatment
Initially, cryotherapy was used to prevent development of
sequelae. The efficiency, reliability, and long-term results of
transscleral cryotherapy were investigated in the Cryotherapy for Retinopathy of Prematurity (CRYO-ROP) study (10).
Research revealed that cryoablation was successful, effective, and reliable method of stopping ROP progression in
75% of eyes. However, study also emphasized high disability
values and unintended structural consequences observed
in the long term. Broad spectrum of optotype acuities developed after successful treatment, with 75% demonstrating acuities worse than 20/40 at 10 and 15 years of age. In
1967, laser photocoagulation was used by Nagata et al. to
treat ROP and became an increasingly popular approach for
treatment of threshold disease. In the CRYO-ROP study
published in 1988, threshold disease was defined as stage 3
disease or presence of plus through 5 sequential clock hours
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or 8 non-sequential clock hours in zone I or zone II. It is
recommended that infants with threshold disease should be
treated within 72 hours. Current indications for laser therapy in premature retinopathy are based on reports of the Early Treatment of Retinopathy of Prematurity (ETROP) study
(11). Results of the ETROP study, published in 2003, defined
2 groups of pre-threshold disease.
High-risk pre-threshold disease was defined as any of the
following: (1) zone 1 ROP, any stage, with plus disease; (2)
zone 1 ROP, stage 3, without plus disease; or (3) zone II, stage
2 or 3, with plus disease. Low-risk pre-threshold disease was
defined as: (1) stage 1 or 2, not accompanied by plus disease
in zone I; or (2) stage 3, without plus disease in zone II.
ETROP study demonstrated that early treatment provided significant reductions in adverse outcomes in high-risk,
pre-threshold disease. It was determined that negative structural outcome ratio decreased from 15.6% to 9.1% when
compared with conventional timing of laser therapy in highrisk pre-threshold disease, and follow-up was recommended
for low-risk pre-threshold disease.
Although degree of disease regression after laser treatment may vary, it is relatively rapid. In study conducted by
Coats et al., complete regression was observed at 2 weeks
in half of the eyes treated with diode laser, with additional 3
weeks or more of treatment required in the remaining eyes.
(12). In general, response to treatment was observed within
6 or 12 weeks.
Laser photocoagulation is still accepted as classic treatment for ROP (13–16). However, it cannot be said that this
method is smooth and satisfactory in every way. Large part
of the retina is ablated by the laser and the veins are prevented from reaching the periphery. Insufficiently dilated pupils,
lens opacity, or vitreous haze can make performing the treatment difficult.
Growth of vessels toward periphery of the retina can be
induced with intravitreal anti- vascular endothelial growth
factor (VEGF) application, a newer approach to ROP therapy
that can achieve permanent maturation of retinal periphery.
It is a salvage treatment for patients with small pupils and
media opacity. In some series, it has been reported that anti-VEGF therapy can be performed as supportive treatment
when fundus images cannot be obtained or laser treatment
cannot be performed (17–19).
Aggressive posterior ROP (AP-ROP), when angiogenesis
is interrupted at very early stages, can quickly progress to
retinal detachment without pause in conventional, earlier
stages of ROP, and often requires urgent treatment upon
initial examination (9). Laser treatment is problematic in APROP patients when the macula is involved and there is an absence of classical zone and stage arrangement in retinal veins.
Increasingly, studies have raised questions about whether in-
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travitreal injections will only be adjuvant treatment method,
suggesting that anti-VEGF alone may be sufficient.
Some studies of intravitreal aflibercept injection in
high-risk type 1 pre-threshold patients presented promising results using anti-VEGF agent for ROP treatment (20).
Currently, bevacizumab and ranibizumab are primary ROP
intravitreal applications. The Bevacizumab Eliminates the Angiogenic Threat of Retinopathy of Prematurity (BEAT-ROP)
study was important clinical trial with large number of cases.
This study was a prospective, randomized, controlled, multicenter trial that compared intravitreal bevacizumab monotherapy with conventional laser therapy in cases of stage 3+
ROP with zone I or II posterior disease. BEAT-ROP study
demonstrated significantly higher rate of recurrence in zone I
disease with conventional laser therapy compared with intravitreal bevacizumab monotherapy (42% [14 of 33 infants] vs
6% [2 of 31 infants]; p=0.003). However, rate of recurrence
in zone II posterior disease did not differ significantly between 2 groups (12% [5 of 40 infants] vs 5% [2 of 39 infants];
p=0.27). The authors also observed difference in timeline
of recurrence between the 2 groups (16.0±4.6 weeks for
intravitreal bevacizumab vs 6.2±5.7 weeks for conventional
laser therapy). Macular traction was seen more frequently in
cases treated with laser treatment (in 16 of 66 eyes in zone I
cases, and in 6 of 80 eyes in zone II cases). While vitrectomy
was performed in 13 of 66 eyes in laser treatment group and
zone I cases, vitrectomy was performed in 2 of 78 eyes with
zone II ROP cases in bevacizumab group.
Seven infants died during the follow-up period of that study:
5 in bevacizumab group and 2 in laser group. While it must
be noted that the size of BEAT-ROP study (150 infants) was
not large enough to assess safety, results suggested superiority
of intravitreal bevacizumab over conventional laser for treatment-requiring ROP in zone I (zone I, stage 3+ disease) (21).
The Pan-VEGF Blockade for the Treatment of Retinopathy of Prematurity (BLOCK-ROP) study was designed to assess the safety and tolerability of bevacizumab in infants with
APROP who had failed conventional laser therapy. Phase 2 of
this study was to compare effect of bevacizumab at different
doses with laser treatment. Goal was to investigate the risk
of myopia and amblyopia, as well as the effect of various doses of bevacizumab and functional outcomes. Study included
3 groups of infants with type I threshold disease. Method
outlined was 0.75 mg or. 625 mg intravitreal bevacizumab
treatment in 1 eye and laser treatment on the other eye in
the first group and second groups, respectively. Laser therapy was to be performed on both eyes in the third group
(22). Unfortunately, due to difficult enrollment criteria, neither phase published results.
Nazari et al. reported that intravitreal injection of bevacizumab was effective for treatment of severe ROP associated
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with vitreous or retinal hemorrhage, and that no further injections or laser treatment were required (23). Another study
found combination of intravitreal pegaptanib or bevacizumab
injection and laser photocoagulation to be safe, well tolerated
and effective therapy in patients with stage 3+ ROP in zone
I and posterior zone II (24). Furthermore, a review determined that compared with conventional laser or cryotherapy,
intravitreal anti-VEGF injection showed significant benefit in
terms of better final anatomic outcome, induction of prompt
regression, rapid development of peripheral retinal vascularization, and decrease of recurrence rate of neovascularization. Results confirmed effectiveness of anti-VEGF treatment;
however, it was noted that further study is still required (25).
It is hypothesized that intravitreal bevacizumab injection
therapy may not be only be adjunctive therapy for stage 3
ROP, but may be regarded as treatment alternative with potency of replacing other treatments. At present, however,
medical limitations and restrictions on the use of bevacizumab remain due to absence of long-term evidence-based
effect and side-effect results, and use of bevacizumab is still
"off-label" (26). VEGF is powerful neurotrophic and neuroprotective effective growth factor; it is not clear how retinal
functions and neuronal development period are affected by
suppression of VEGF (27). In addition, VEGF has role in development of retinal pigment epithelium (RPE) and choroidal
vessels. Suppression of VEGF in rat model caused choroidal
capillary atrophy and dysfunction in RPE (28). Complications
such as endophthalmitis and traumatic injury of lens secondary to intraocular injection should not be overlooked,
and furthermore, it should be considered that retinal detachment may be triggered by contraction in fibrous membranes (29). In some reports, post-menstrual gestational age
follow-up periods extended up to 89.155±4.277 weeks after
anti-VEGF therapy (30). Therefore, it should be remembered that the length of time required for retinal vascular
maturation after anti-VEGF treatment may result in frequent
follow-ups for long period of time.
Current guidelines published in the USA in early 2013
include statement that intravitreal anti-VEGF therapy may be
performed for zone 1 disease with detailed informed written
consent from parents (5).
Bevacizumab treatment may also be performed after obtaining special permission for each patient with the Ministry
of Health out of indication drug use form in Turkey. RAINBOW study (31) is an international, multi-centered, randomized phase 3 study initiated in 2016 that compares ranibizumab with laser ablation treatment, examining efficiency,
dose, and reliability. Turkey is a participant in the study.
There is still a need for more evidence on this issue;
treatment for these patients is still an important problem
that needs to be resolved.
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Innovations and Current Approach in Imaging
Technology
Ability to record medical examination, overcome transport
problems of patients, and economical use of time make
telemedicine more and more important. RetCam (Clarity
Medical Systems, Inc., Pleasanton, CA, USA) is wide-angle,
digital, pediatric imaging system that provides fast imaging of
the retina periphery with minimal stress to the patient (32).
A more compact version is the RetCam Shuttle. This lighter, more maneuverable and more portable unit is suitable
for telemedicine. Trained technical staff can examine ROP
patients with mobile device and get advice about diagnosis
and treatment from third-line reference centers. Low-cost
scanning programs that include large geographic areas can be
created using remote capability. This technique can easily be
used by nurses and technicians, and is less stressful for the
patient than indirect ophthalmoscopy, which requires more
experience to perform and scleral depression. RetCam can
also be used to reduce variability in approach of the observers. A very useful feature of RetCam is capacity to perform
fundus fluorescein angiography to evaluate vascular structure. Different imaging lenses (130°, 120°, 80°, 30°, and portrait) are available to adjust view for circumstances. In terms
of efficacy, RetCam has been compared with gold standard
of ROP diagnosis, indirect ophthalmoscopy, and has been
praised for its high sensitivity and specificity (33).
Determining the extent of plus disease is typically very difficult, and may lead to differences in observations. One new
diagnostic method uses computer software called ROPtool
(developed at the University of North Carolina, Chapel Hill,
and Duke University, and licensed by FocusROP), which measures the tortuosity of blood vessels in the retina and evaluates
the density of tortuosity for evaluation of plus disease (34).
Other new devices include ICON (Phoenix Clinical, Inc.,
Pleasanton, CA, USA) pediatric retinal camera and the PanoCam (Visunex Medical Systems, Inc., Fremont, CA, USA)
imaging system, which offer higher image quality, area, and
contrast with simultaneous optical coherence tomography
imaging capability.
Another useful development is retinal imaging and camera systems designed for smartphones. A common feature
of many different devices designed for different models is
lenticula placed between smartphone camera and the patient's eyes that take fundus images. This method is easy-toaccess, practical, and allows images to be shared easily (35,
36). More knowledge about this increasingly popular application is needed to determine effectiveness and reliability in
diagnosing and follow-up of ROP disease.
New Treatment Prospects? Systemic Treatments?
Conservative approaches, such as prevention, rational oxygen therapy, and reducing progression of ROP are still of
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concern while developments and studies on screening, diagnosis, and treatment methods are ongoing. It must be accepted that ROP is a multi-system disease, rather than just
an ophthalmological problem. Systemic treatment should be
planned with consideration given not only to underdevelopment of retina, but also the lungs, gastrointestinal system,
liver, and immune system. Insulin-like growth factor I (IGF-I)
is perhaps the most investigated mediator in this regard.
Insulin-Like Growth Factor I (IGF-I) in the Prevention
of Complications of Preterm Birth study was an analysis of
systemic IGF-1 level in infants who developed ROP. Intravenous IGF-1 supplementation was provided by injection
to preterm infants with IGF-1 level below physiological
normal for gestational week until 31st week of gestation
before proliferative findings of ROP development had occurred. Study aimed to suppress proliferative phase by providing physiological vascularization by raising level of IGF-1
to physiological level (37, 38).
Omega 3-fatty acids have also been investigated. In a
study conducted by Connor et al. (39), it was observed that
postnatal omega 3-fatty acid supplementation in oxygen-induced retinopathy model in mice suppressed preretinal proliferation by at least 40% and accelerated vascular arrangement in the avascular area of retina.
In another study, proliferation-suppressing potency of
omega 3-fatty acids was compared with anti-VEGF treatment, and omega 3-fatty acids were reported to be independent of VEGF in retinal neovascularization and retinal
angiogenetic activity (40).
Inhibitory effect on development of ROP disease associated with oxidative stress of antioxidant vitamin E has long
been emphasized (41). In meta-analysis of controlled clinical
studies, 536 patients were evaluated, and it was reported
that ROP at any stage was detected in 39.8% of patients who
were given vitamin E and in 43.5% of the controls, and stage
3 ROP developed in 2.4% of patients in vitamin E group, and
5.3% in control group (42).
Treatment of ROP has gradually reached cellular and molecular dimension. Gene therapies including VEGF; matrix
metalloproteinase-2 inhibitors, which can affect angiogenesis
by digesting basal membrane with components extracellular matrix; and gold nanoparticles used to reduce oxidative
stress are promising approaches in this regard (43).
Small interference RNA products, such as sirna-027
(Sirna Therapeutics, Inc. San Francisco, CA, USA), and ruboxistaurin mesylate (Arxxant; Eli Lilly and Co., Indianapolis, IN, USA), which inhibit tyrosine kinase and block VEGF
and VEGFR synthesis are newly generated anti-VEGF agents
still under investigation in age-related macular degeneration
and diabetic macular edema treatment and could possibly be
used in treatment of ROP (44).
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Although medical advances may open new horizons to
ophthalmologists in diagnosis and treatment of ROP, it appears that it will continue to be a challenging area of daily practice. Establishment of co-operative teams made up
of members of different specialties and full implementation
of screening protocols, establishment of fully equipped
reference centers, increased use of telemedicine, and patient-centered treatment approaches will continue to be the
best hope for many newborns who start unlucky in life.
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