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Abstract
Aggressive posterior retinopathy of prematurity (ROP), previously referred to as “Rush disease”, is a rapidly progressive form of ROP. This form of ROP typically presents in very low birth weight babies of early gestational age. Historically, anatomical and functional outcomes have been poor with standard treatment. This review is designed to discuss current knowledge and treatment regarding this aggressive form of ROP. Recommendations regarding management of these difficult cases are detailed.
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Core tip: Neonates with aggressive posterior retinopathy of prematurity often have unfavorable visual outcomes due to the aggressive and destructive nature of the disease. Treatment options, including laser and anti-vascular endothelial growth factor therapy can change the course of the disease, but both with potential side effects. Case studies and recommendations regarding the management of these complicated cases are reviewed. 
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INTRODUCTION
Retinopathy of prematurity (ROP) occurs in premature infants of early gestational age and low birth weight. While screening and treatment options have advanced, it remains a major cause of childhood blindness in middle and high income countries[1]. Aggressive post​erior ROP (APROP) is a rapidly progressing form of the disease characterized by “plus” disease and a more posterior location. The advent of anti-vascular endothelial growth factor (VEGF) therapy for the treatment of retinal neovascularization has provided a new treatment approach for ROP[2,3]. The purpose of this article is to review the current knowledge regarding ROP and discuss treatment guidelines regarding APROP. 

CLINICAL FEATURES AND PATHOGENESIS

In normal retinal development, vasculogenesis begins around 17 wk postmenstrual age (PMA)[4]. Vessels originate at the optic nerve and grow peripherally towards the ora serrata. Normal development can continue until about 39-40 wk, near the time of birth[4]. 

Abnormal angioge​nesis related to ROP can be divided into two phases of oxygenation[4]. Phase I begins at the time of premature birth when increased levels of oxygen relative to the in utero environment cause downregulation of VEGF. A decrease in VEGF terminates vessel formation at the vascular-avascular junction. In Phase II, large areas of avascular retina trigger the release of hypoxia-induced factors, which leads to greater VEGF production. In turn, elevated VEGF drives the abnormal angiogenesis characteristic of ROP. Elevated VEGF levels in eyes with active ROP have been well documented. For example, in infants with Stage 4 ROP, VEGF is present in the vitreous at significantly higher levels compared to non-ROP controls[5]. Infants with active neovascularization demonstrate the highest levels of VEGF, further confirming the causative impact of VEGF in ROP pathogenesis.

In addition to the role in retinal development and ROP pathogenesis, VEGF is an important growth factor in normal development of many organ systems, including central nervous system pathways, lungs, and solid organs[6,7]. The long term effect of VEGF suppression following anti-VEGF therapy in the eye or systemic circulation is unknown.
Stages and zones
ROP is characterized by zones and stages. Zone 1 is a circular area extending from the optic disc with a radius twice the distance from the center of the disc to the center of the macula. Zone 2 forms a ring around Zone 1 extending to the nasal ora serrata. Zone 3 is the remaining retinal area on the temporal ora.
Stage 1 ROP is defined as a flat demarcation line between the vascular and avascular regions of the retina. Progression to Stage 2 is indicated by the development of an elevated ridge at the avascular/vascular junction. Stage 3 is signified by abnormal neovascularization at the ridge. Stage 4 has two designations. Stage 4A is a partial retinal detachment not involving the macula and Stage 4B is a partial retinal detachment including the macula. Stage 5 is total retinal detachment. Vascular activity is denoted by the presence of “plus disease” which indicates increased blood flow to the point of causing vascular dilation and tortuosity. Other indicators of plus disease include engorgement of the iris vessels, vitreous haze, and pupillary rigidity.
APROP (formerly known as Rush disease) is defined as Zone 1 or posterior Zone II ROP with Stage 3 and the presence of plus disease. The neovascularization often appears flat and anterior to the ridge tissue. In APROP, eyes can rapidly progress from Stage 1 to Stage 3 with a high risk for progressing to retinal detachment. 

EPIDEMIOLOGY

Indicators for the potential development of ROP are low birth weight and early gestational age. In the Early Treatment of Retinopathy of Prematurity Study (ETROP), which enrolled infants born from 2000-2002, the incidence of ROP amongst infants weighing < 1251 g was 68%[8]. This finding was very similar to the earlier Cryotherapy for Retinopathy of Prematurity study (CRYO-ROP), which enrolled patients from 1986-1987, suggesting a fairly steady incidence of ROP despite advances in neonatal care and better outcomes for premature infants[8]. The ETROP study did show an increased percentage of infants with Zone 1 ROP over the CRYO-ROP study, possibly due to the greater survival of extremely premature infants. The ETROP study also indicated a racial disparity, with Caucasian infants more likely to develop severe ROP than African-American infants[8]. Worldwide, developing nations are reporting more cases of ROP cases as they acquire better neonatal care. Other developing countries report ROP at higher average birth weights, suggesting the need to tailor screening protocols based on the population[1].

After ROP develops, many eyes spontaneously regress without treatment. It is common for the areas of ROP to involute with down grading of the stage followed by continued growth of normal retinal vessels into the periphery. A study of 82 infants with subthreshold disease showed a predictable course of involution[9]. All 82 infants reached complete involution with the majority reaching complete involution between 39-75 wk PMA. On average, the higher the stage of ROP, the longer it took for involution to be completed[9].

Unfortunately APROP usually leads to less favorable outcomes. One study from Australia found that in a cohort of 304 infants with ROP, 2.5% had developed APROP[10]. Rates of retinal detachment for infants exhibiting APROP treated with laser vary, but appear to remain high. A study of 22 eyes treated by laser found an 18.2% detachment rate[11]. A larger study of 109 eyes with APROP treated by laser showed a 17.4% detachment rate[12]. Risk factors for progressing to detachment despite confluent laser photocoagulation were gestational age of less than 29.5 wk, hemorrhages, need for repeat treatment, and new onset fibrovascular traction after treatment. The BEAT-ROP study showed a lower detachment rate, with only a 2.9% detachment rate for APROP treated with intravitreal bevacizumab and 2.7% for laser[2]. However, BEAT-ROP focused on outcomes within 54 wk post-menstrual age, and data indicates that bevacizumab treatment may delay the timeline of recurrence[3].

CLINICAL TRIALS

Treatment
The standards set by the cCRYO-ROP trial recommended treatment at Stage 3 ROP with at least 5 contiguous or 8 total clock hour sectors in Zone 1 or 2 with plus disease[13-25]. The ETROP study built upon these results by setting an earlier treatment threshold for laser photocoagulation[26-41]. The study showed treatment benefit for any stage in Zone 1 with plus disease, Stage 3 Zone 1 with or without plus disease, and Stage 2 or 3 with plus disease in Zone 2 (type 1 ROP). For type 2 ROP (Zone 1, Stage 1 or 2 without plus and Zone 2, Stage 3 without plus) close observation is recommended.
The BEAT-ROP trial tested the efficacy of intravitreal bevacizumab (IVB) injection versus laser ablation in a randomized trial[2]. Recurrence of ROP within 54 wk PMA for laser in Zone 1 disease was significantly higher than with IVB (42% vs 6%). However for Zone 2 disease the difference between the two therapies was not significant. The trial also showed that while laser permanently ablated the retina, IVB allowed for continued vascularization in the peripheral retina.

A chief critique of Bevacizumab Eliminates the Angiogenic Threat of Retinopathy of Prematurity (BEAT-ROP) was the trial’s end point of 54 wk. The mean age at which infants with Zone 1 ROP were treated was 34.5 ± 1.4 wk for IVB and 33.7 ± 1.6 wk for laser. The mean interval between recurrence and treatment was 19.2 ± 8.6 wk for IVB and 6.4 ± 6.7 wk for laser in infants with Zone 1 ROP. Given the ranges encompassed by 1 or 2 standard deviations from the means, many recurrences may have fallen outside of the 54 wk endpoint[3]. This suggests that for Zone 1 ROP, where IVB showed a statistically significant better outcome, the BEAT-ROP trial may not have given a full assessment of bevacizumab’s ability to prevent recurrence. Furthermore this study was not powered for safety.
Several case reports and case series have indicated the need for a longer duration of monitoring after bevacizumab treatment[42-44]. In one series, 17 eyes in 9 patients developed recurrence after IVB at a mean age of 34.1 wk PMA[43]. The mean age of recurrence was 49.3 wks and the mean age of retinal detachment was 58.4 wk PMA. This series also indicated an altered pattern of recurrence after IVB. Recurrence after laser often presents anterior to the vascular-avascular junction. After IVB, recurrence was noted more posterior to the initial site of extraretinal fibrovascular proliferation. Anterior recurrence was seen in 47% of the eyes. Posterior recurrence alone appeared in 12% of eyes, and 41% showed in both areas[43]. Whereas regression following laser is predictable, treatment with IVB appears to result in short term regression with less predictable long term reactivation.
In addition to the late recurrence following IVB, there are concerns about the systemic effects of administering IVB injections in infants. While not statistically signifi​cant, out of the seven infants who died before the BEAT-ROP endpoint, five were in the IVB treatment arm. One study of 11 patients identified bevacizumab in the systemic circulation after IV injection[45]. There was a statistically significant negative correlation between the serum VEGF titers and the serum bevacizumab titers. Given the role of VEGF in various developmental processes, systemic bevacizumab may pose a risk to preterm infants.

Screening

There has been great interest in the use of telemedicine in screening for ROP. With the number of pre-term infants rising globally and a limited pool of ROP screeners, telemedicine presents a method to satisfy the high demand for screening. The Photographic Screening for Retinopathy of Prematurity (PHOTO-ROP) study investigated the use of telemedicine in conjunction with conventional bedside indirect ophthal​moscopy (BIO)[46-48]. After imaging both fundi using the RetCam-120, tra​ditional BIO was performed. The reading center or bedside clinician then determined which eyes demonstrated clinically significant ROP (CSROP), or ROP severe enough to warrant on-site examination, or ETROP type 1, ROP severe enough to warrant treatment. Using BIO as the reference standard, digital imaging provided sensitive and specific detection of CSROP and ETROP type 1, suggesting it is an effective tool to use in conjunction with traditional screening. Using the reading center data as the reference standard, imaging showed high specificity and positive predictive values, but weaker sensitivity, negative predictive value, and accuracy, suggesting the limitations for using digital imaging as the primary screening modality[47].
The Stanford University Network for Diagnosis of Retinopathy of Prematurity (SUNDROP) structured their trial to better assess the ability for digital imaging to be used as the primary screening tool[49-54]. Their study used RetCam II imaging without simultaneous bedside indirect ophthalmoscopy. Infants were imaged with the same frequency as recommended for BIO. If treatment-warranted ROP (TW-ROP) was identified, follow-up took place using BIO. Digital imaging showed a 100% sensitivity, 99.8% specificity, 93.8% positive predictive value, and 100% negative predictive value[43]. The success of the SUNDROP trial suggests that as imaging technology improves, so does the validity of using a telemedicine approach for ROP screening.

LONG TERM OUTCOMES

Laser

ROP is associated with the long term development of myopia, and more severe ROP is associated with worse visual outcomes[13,55]. Given this baseline tendency towards myopia, it has been difficult to definitively prove a connection between laser treatment and refractive error. Both the CRYO-ROP and ETROP trials found high rates of myopia in patients receiving ablation, but credited the tendency to greater severity of ROP[13,26]. One retrospective study showed that of 43 infants treated by laser, 73% scored 6/12 (20/40) or better on the Snellen acuity chart[56]. However, there was a strong correlation between the refractive error of each eye and the number of laser burns applied. Of the infants with APROP, all of whom received treatment, 40% developed myopia[10]. The authors cautioned that the correlation between refractive error and laser burns includes multiple confounding factors like the need for more laser burns stemming from more severe ROP. In the APROP subset they concede that laser often yields poor functional vision despite improved structural outcomes.

Intravitreal bevacizumab

The landmark BEAT-ROP trial yielded favorable results, but questions over the full efficacy and safety of the drug remain[2-3]. The BEAT-ROP trial enabled a comparison of refractive outcomes between laser treatment and bevacizumab[57]. There was a significantly lower percentage of infants treated with IVB who developed high and very high myopia. The BEAT-ROP group also found a strong correlation between refractive error and laser burns. Given the study’s design of comparing infants with similar severity ROP but different treatment methodology, these results indicate laser ablation plays a role in the development of myopia. Myopia of prematurity, regardless of ROP status, stems from abnormal anterior segment development. The BEAT-ROP group hypothesizes that the greater preservation of the peripheral retina and extension of retinal vessels past the neovascular ridge in IVB treated eyes allows for the continued production of local growth factors necessary for normal anterior segment development, leading to better refractive outcomes[57].

While IVB seems to allow for better visual outcomes, it can result in abnormal vascularization of the retina. One study examined outcomes in infants with APROP or posterior Zone II with plus disease that regressed after one IVB injection[58]. Fluorescein angiography (FA) revealed incomplete vascularization of the peripheral retina in 11/20 (55%) of eyes. Of these, 9 showed fluorescein dye leakage at the vascular-avascular junction. In comparison, laser therapy completely prevents vascularization past the ridge. Treatment with IVB provides an opportunity for continued vascularization in the periphery, but the development of abnormal peripheral retina is also a potential outcome. 

Adult ROP: Baby boomers and the ablation generation

Prior to the 1940s premature birth was often fatal, resulting in no recognition of ROP. With advancement in neonatal survival, ROP emerged as a diagnosis with the baby boomer generation. One study examining 47 patients aged 45 or older that were diagnosed at birth with ROP, but received no treatment. In this study, 88.4% had posterior segment pathology resulting from ROP[59]. Retinal folds were seen most frequently, with retinal detachments, retinal pigmentation, lattice-like degeneration, and retinal tears. Early onset cataract was noted with 74.5% having undergone cataract surgery. Within this group, 51.2% exhibited BCVA of 20/200 or worse[59].

The CRYO-ROP trial began in the 1980s and ushered in the next wave of ROP infants, the ablation generation. The most recent publication reports the visual acuity and anatomical outcomes at 15 years[14]. Of particular interest was the development of retinal folds and detachments in eyes which had no evidence of unfavorable outcomes at 10 years. During this 5 year period, identification of progressive retinal disease occurred in 4.5% (6) of treated eyes and in 7.7% (7) of control eyes. Data from both generations highlights the importance of maintaining close follow-up with ROP patients well past infancy.

Report of a case: A male infant was born at 24 wk gestation with a birth weight of 420 g. At 32 wk, anterior segment examination showed a prominent tunica vasculosa lentis in both eyes and dilated fundus examination showed Stage 2, Zone 1 disease with preplus (Figure 1). One week later, the ROP had significantly worsened with presence of plus disease and flat Stage 3 with extensive hemorrhages at the junction of avascular and vascular retina. 

Informed consent for intravitreal bevacizumab injection was obtained from the patient’s parents. Intravitreal bevacizumab was injected without complication. One week following treatment, regression of Stage 3 and reduction of plus disease occurred. The active ridge completely regressed and normal vasculogenesis continued into Zone 2. At approximately 55 wk, the patient underwent an exam under anesthesia with Retcam photos and fluorescein angiography. Examination showed apparently normal vascularization to mid Zone 2 (Figure 2). Fluorescein angiogram showed evidence of the previous ridge (arrow). At the junction of vascular and avascular retina, areas of neovascularization were present with extensive areas of avascular retina in the periphery (Figure 3). Concern regarding late reactivation of ROP following IVB injection prompted laser photocoagulation to areas of avascular retina. 

TREATMENT RECOMMENDATIONS

The data from the BEAT-ROP study, shows improved outcomes for Zone 1 APROP treated with IVB compared to laser, but no difference for posterior Zone 2 disease. Considering the importance of VEGF in the developing neonate[5,6] and the unknown long term systemic effects of IVB, the use of IVB is generally reserved for Zone 1 APROP. Reactivation and late retinal detachment following IVB is a serious concern with multiple reports citing retinal detachments beyond 60 wk PMA[43,44]. In order to closely monitor these neonates, we recommend weekly examinations following IVB until the child is discharged from the NICU. Following discharge, the infant is examined every 2 wk until 55-60 wk and then undergoes an exam under anesthesia, fluorescein angiogram and Retcam photos. If incomplete vascularization or neovascularization is noted, laser photocoagulation is performed. The infants are followed until 70 wk or until noted to have complete vascular​ization at time of EUA and FA. In our series of over 30 infants, no retinal detachments have occurred following this protocol.
CONCLUSION
APROP can present with uncontrolled neovascularization in Zone 1 that can rapidly progress to retinal detachment. Treatment with laser ablation alone can result in less than favorable outcomes. Use of anti-VEGF agents has shown promising results for the treatment of APROP, but because of unknown systemic and long-term effects on neonatal development, judicious use is recommended. In addition, long term follow up after IVB is necessary to monitor for the development of late recurrence. 
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Figure Legends
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Figure 1  Previous 24 wk infant post menstral age of 32 wk presents with stage 2, zone 1 with preplus which rapidly progresses to aggressive posterior retinopathy of prematurity within 1 wk (image not shown).
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Figure 2  Previous 24 wk infant status post bevacizumab injection a for aggressive posterior retinopathy of prematurity. RetCam imaging of the right eye reveals regressed retinopathy of prematurity with vascularization into zone 2. Plus disease is no longer present. The patient is post menstral age of 55 wk. 
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Figure 3  Fluorescein angiogram of the right eye reveals extensive areas of avascular retina. There is a well demarcated line of advancing vessels with areas of neovascularization present. The arrow depicts the original area of the stage 3 ridge in zone 1 at the time of bevacizumab injection. 
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