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Retinopathy of prematurity (ROP) is a vasoproliferative retinal disorder that can lead to significant blindness in children, especially in developing countries. It
is mainly associated with early gestational age (<30 weeks of gestation) and low birth weight (≤1,500 g). Vision loss occurs secondary to vitreous
hemorrhage, macular dragging, and retinal detachment.1
The pathogenesis of ROP consists of an initial phase of low VEGF levels and lack of vessels, followed by a phase of high VEGF levels and vessel
proliferation.25 In embryology, the retina does not fully vascularize until 36 weeks nasally and at 40 weeks temporally. Premature infants are born into a high
oxygen environment that leads to downregulation in retinal vascularization, leading to avascular peripheral retina.
Then, as the infant continues to grow, the avascular retina exists in a state of hypoxia, leading to neovascularization (Figure 1).24 Over the past several
decades, research has demonstrated this association, and treatment has been directed toward minimizing the factors stimulating vessel proliferation.6,7

Figure 1. Iris neovascularization limiting dilation and view in a premature baby; right image is one week after bevacizumab injection.
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THE TREATMENT LANDSCAPE
Randomized, controlled trials have helped to transform the treatment of ROP.
The Cryotherapy for Retinopathy of Prematurity (CRYOROP) study, published in 1988, established the benefit of peripheral retinal ablation for threshold ROP.
At 15 years, there was a decrease of >40% in unfavorable structural outcomes and a decrease of 30% in unfavorable visual acuity in treated eyes, compared
with untreated eyes.
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CRYOROP was also important in creating neonatal screening for acute ROP.8 The Early Treatment of Retinopathy of Prematurity (ETROP) study followed
and demonstrated a benefit in earlier laser treatment compared to conventional management.9
Ablation therapy has its disadvantages, including corneal edema, inflammation, cataract formation, intraocular hemorrhage, anteriorsegment ischemia,
synechiae, and intraocular pressure changes. In the long term, these complications can lead to permanent loss of peripheral vision, glaucoma, strabismus,
and severe myopia.
Geloneck et al described the increased presence of very high myopia in the laser group vs the bevacizumab (Avastin, Genentech, South San Francisco, CA)
group at mean age of 2.5 years old among the patients in the Bevacizumab Eliminates the Angiogenic Threat of Retinopathy of Prematurity (BEATROP)
study (Figure 2).
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Figure 2. Preparation of the eye with a speculum and povidoneiodine in the NICU for intravitreal bevacizumab injection.
Spherical equivalent refractions in patients with zone 1 had an average myopia of 1.51 D in the bevacizumab group compared to 8.44 D in the laser group,
and neonates with posterior zone 2 disease were on average 0.58 D in the bevacizumab group compared to 5.83 D in the laser group.10
In addition, most clinicians intubate premature infants to perform laser treatment, thus carrying the risks of the adverse effects of anesthesia. Modern studies
have also demonstrated that disease may progress even after appropriate surgical treatment with laser, thus suggesting the need for additional therapeutic
options.11
Additionally, some patients with aggressive posterior ROP will continue to have poor outcomes after photocoagulation.12 Therefore, antiVEGF agents have
entered the clinical realm to address this problem.

THE EMERGING ROLE OF INTRAVITREAL ANTIVEGF AGENTS
VEGF plays a significant role in angiogenic pathologies.5,6 Bevacizumab was FDA approved in 2004 to treat metastatic colorectal cancer, and it subsequently
emerged for the treatment of neovascular retinal disorders, such as exudative agerelated macular degeneration, and diabetic and retinal occlusive diseases.
Intravitreal injections of antiVEGF molecules such as bevacizumab and ranibizumab (Lucentis, Genentech) have been demonstrated to diminish the
neovascular response in animal models of ROP, and randomized, clinical trials have demonstrated their benefit in ROP in humans.
In the last decade, three randomized, controlled clinical trials and numerous case series have demonstrated the value of the offlabel use of intravitreal
bevacizumab and ranibizumab for ROP. A systematic analysis in 2014 of the offlabel use of bevacizumab and ranibizumab revealed more than 50 studies
documenting the outcomes of antiVEGF treatment for ROP, and additional studies have been published since that time.13
In 2009, Micieli et al published a case series 14 eyes of 10 patients that were treated mainly for zone 1 and posterior zone 2 disease. Favorable outcomes
were seen in 11 of 14 cases after treatment with bevacizumab.14
Lalwani and colleagues found bevacizumab helpful as a rescue treatment in progressive threshold ROP after prior laser treatment.15 In 2009, Law et al also
replicated the use of bevacizumab as an adjunctive treatment for ROP in 13 patients who demonstrated regression of anterior vascular activity and improved
pupillary dilation.16

BEATROP AND BEYOND
The BEATROP study was published in 2011, revolutionizing the role of bevacizumab for the treatment of ROP. This was the first randomized, prospective,
multicenter, controlled trial that compared conventional laser to intravitreal bevacizumab. The primary outcome was recurrence of ROP in one or both eyes
requiring retreatment before 54 weeks of postmenstrual age. The study showed a significant benefit of bevacizumab for zone 1 but not zone 2 disease with
stage 3 plus ROP.
Furthermore, MintzHittner et al showed that development of peripheral retinal vascularization continued in bevacizumabtreated eyes, which was not seen in
the laser group.1 The trial was too small to assess safety (Figure 3, page 48).

Figure 3. Aggressive posterior ROP at week 35 of gestational age; patient received intravitreal bevacizumab. At week 65 of GA, continued vascularization of
the retina without laser.
Further studies have been published in recent years that have continued to demonstrate the efficacy of bevacizumab. Hwang et al studied 54 eyes with type
1 ROP and concluded that bevacizumab and panretinal photocoagulation were both effective treatments in terms of recurrence and complication rates.17
Isaac et al further demonstrated good structural outcomes in both the laser and injection arms in 23 study eyes with type 1 ROP.18
A recent study by Harder et al suggested that 0.375 mg of bevacizumab may be equally effective to the standard 0.625mg dose. Even smaller, ultralow
doses of intravitreal antiVEGF agents may be effective as well.19

INTRAVITREAL RANIBIZUMAB THERAPY
Bevacizumab was the first antiVEGF agent to be used and studied in the treatment of ROP, but ranibizumab has been included in an increasing number of
studies in recent years. Menke et al studied six eyes with stage 3 ROP with plus disease that were treated with intravitreal ranibizumab. They found that
treatment was successful in all cases and suggested that further studies be conducted to evaluate the safety and sequelae of this treatment modality.20
A similar study by Arámbulo et al found that 75% of eyes treated with ranibizumab achieved regression and favorable outcomes,21 concurring with the
previous study that ranibizumab is an effective treatment.
A Turkish study of 36 eyes was later published by Erol et al that compared treatment with bevacizumab and ranibizumab, and the authors found that visual
outcomes with the two treatments were equivalent.22

CHALLENGES OF INTRAVITREAL ANTIVEGF AGENTS
While antiVEGF therapies have proven treatment effects, questions regarding their use persist. As noted above, the BEATROP study was not powered
appropriately to address safety. In total, there were seven deaths in the BEATROP trial: five occurred in the bevacizumab group, although this finding was
not significant.1 Adverse outcomes, including choroidal rupture, membrane contraction with retinal detachment, and delayedonset retinal detachment, have
also been described following antiVEGF treatments.23,24
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Additional concerns have been raised regarding potential systemic effects of intravitreal antiVEGF agents, including potential interference with
neurodevelopment. In 2012 Sato et al reported detectable systemic levels of bevacizumab.25
A recent study by Lien and colleagues attempted to address concerns regarding neurodevelopment by retrospectively reviewing ROP type I patients who
received laser, bevacizumab, or both. Among 61 patients, there was no difference in the Bayley neurodevelopment scale in those patients who received laser
vs those receiving intravitreal bevacizumab alone.
However, there were psychomotor and mental impairments found in the infants who received both treatments, either laser first followed by bevacizumab or
vice versa.26 The authors hypothesized that these findings may have occurred because the infants had to undergo more procedures and anesthesia,
compared to the monotherapy groups.
Also, these patients were treated at a younger age with more type I retinopathy. Continued extensive evaluations of infants are warranted to determine the
possible adverse effects after intravitreal antiVEGF treatments.
In addition to potential side effects, another challenge is the matter of disease recurrence. BEATROP demonstrated a difference between time to recurrence
of neovascularization in the two treatment arms. Stage 3+ ROP recurred at up to seven months after intravitreal antiVEGF compared to laser, which either
failed or succeeded by nine weeks. Consequently, these children must be followed closely for an extended period of up to 80 weeks or beyond.27 This
requirement poses a challenge when patients are lost to followup.
Furthermore, comparing antiVEGF agents, Erol et al found that the rate of recurrence with ranibizumab might be higher than that with bevacizumab.22
Again, continued, extensive evaluation is needed in the use of intravitreal antiVEGF agents.

FUTURE OF ROP TREATMENT
The armamentarium for ROP treatment is growing. There are a number of clinical trials currently in progress that seek to increase the body of knowledge for
treating ROP. There are currently five ongoing clinical trials assessing the safety and efficacy of antiVEGF therapy.
Specific areas of current study include the effective doses of both bevacizumab and ranibizumab to determine the smallest dose that effectively treats ROP
while minimizing the adverse effects. Alternatives to antiVEGF therapy for ROP are also under investigation, with an additional seven studies in progress.
While it is not the magic bullet, antiVEGF is a treatment that can be embraced cautiously.

CONCLUSION
Intravitreal antiVEGF treatment of ROP is slowly becoming an adopted treatment option across the United States and even more so in resourcepoor areas
of the world. Advantages include the relative ease of administration compared to laser, allowance of vascularization of the retina, and much less myopia
compared with ablative therapy.
In reality, a combination treatment that involves laser and injections could be the ideal paradigm for ROP in the future. More cautious investigation is needed
to understand the longterm side effects. The future looks promising, and thanks to continued research, ROP is a more manageable disease. RP
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