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Abstract

Objective: To review the surgical outcome of plasmin enzyme-assisted vitreoretinal surgery in managing stage 5 retinopathy of prematurity (ROP).

Design: Retrospective, consecutive interventional cases series.

Participants: Medical records of 80 eyes (68 patients) with stage 5 ROP, treated with autologous or maternal plasmin enzyme-assisted vitreoretinal surgery, were reviewed.

Methods: All study patients underwent surgery between 1995 and 2004 with plasmin enzyme-assisted vitreoretinal surgery. Thirty-eight eyes had previous vitreous surgery without retinal breaks (Group 1). Fifteen eyes had previous vitreous surgery with iatrogenic breaks (Group 2).  Twenty eyes received previous laser, and/or cryotherapy, and/or scleral buckling, but no vitrectomy (Group 3). Seven eyes did not receive any treatment previously (Group 4).   

Main Outcome Measures: Postoperative anatomic outcome, functional results, and surgical complications in each group of eyes at an average follow-up of 49 months.  

Results: The mean gestational age of the patients was 25.8 ± 2.0 weeks and the mean birth weight was 789.0 ± 291.3 gm. Closed funnel detachment was noted in the majority of eyes (82.5%).  Following surgery of all 80 eyes, anatomic success was achieved in 55 (68.8%) patients.  Six eyes (7.5%) achieved 20/60 to 20/600 visions. Fifty nine eyes (73.8%) achieved vision worse than 20/600 to light perception. Eleven eyes (13.8%) achieved no light perception. Visual results were uncertain in four eyes (5%) because of the inability to measure reliably. 

Conclusion: Plasmin enzyme-assisted vitrectomy in eyes with and without previous vitrectomy surgery can achieve acceptable results. 86.2% of eyes with stage 5 ROP achieve light perception vision or better. Hopefully early intervention or new surgical technique will lead to better visual outcome. 

 Introduction
Currently, the recommended treatment for stage 3 retinopathy of prematurity is peripheral ablation.  Although cryotherapy has been used in the past, laser therapy has greatly replaced that and the timing of treatment has been moved to an earlier stage of the disease, as documented by the Early Treatment for Retinopathy of Prematurity Study.  When retinal detachment is seen in stage 4 retinopathy of prematurity, the treatment of choice currently is lens-sparing vitrectomy with multiple studies showing 90% anatomic reattachment rates and visual acuities averaging 20/50.  Despite adequate screening and interventions, some patients still progress to stage 5 retinopathy of prematurity.  

There have been multiple reports of surgical outcomes in stage 5 retinopathy of prematurity showing a variety of success rates both anatomically and functionally.  These success rates for the most part are much less than we would hope in these eyes.  For this reason, the use of plasmin enzyme to weaken or cleave the vitreoretinal juncture in atraumatic fashion, which has shown to be very difficult in children, specifically premature children, was assessed in this paper.  The aim of this article is to address the issues by reviewing our experience in handling these stage 5 retinopathy of prematurity patients, which have been divided into four groups dealing with both previously operated by vitreous surgery and those in which vitreous surgery has not been performed.

Patients and Methods

A retrospective review of cases with stage 5 retinopathy of prematurity treated with autologous plasmin enzyme was undertaken.  This retrospective study was approved by the Human Investigation Committee at William Beaumont Hospital.  The charts of patients were reviewed from March 1995 to May 2004.  Patients with follow-up of less than six months were excluded from this study.  Data extracted from the chart included the patient’s gender, gestational age, birth weight, multiple birth status, laterality, retinal detachment configuration, previous treatment, surgical outcome, surgical complications, and postoperative follow-up visits.  All detachments were categorized as having open or closed funnels.  Detachment was called a closed funnel if no part of the posterior pole could be observed because the retina was drawn to the center of the eye immediately behind the lens or iris if the eye was aphakic.  Open funnel detachments often had an orange reflex and allowed visualization further into the vitreous cavity.  
Eyes were divided into one of the following groups:  Group 1: Eyes that had received previous vitreous surgery and were without an iatrogenic retinal break.

Group 2: Eyes that had received previous vitreous surgery with the presence of retinal breaks. Group 3: Eyes that had received peripheral ablation by laser or cryotherapy and/or scleral buckling, but no vitreous surgery was performed. Group 4: Eyes that did not receive any previous treatment yet progressed to stage 5 retinopathy of prematurity.

Informed consent regarding the use of plasmin enzyme was obtained prior to surgery.  Both autologous plasmin enzyme from the patients as well as maternal plasmin enzyme was used in this study.  The methods of extracting plasmin enzyme have been published previously.  Measuring visual acuities postoperatively was difficult because of the children’s age as well as associated systemic conditions which precluded completely accurate testing.  Visual results were divided into categories of:  No light perception (no perceived reaction to Light); Light perception (attraction or aversion response to the light); Fixing and following behaviors; and Pattern vision (recognition of targets on a Snellen chart).  Visual evoked potential testing was performed in patients when light perception was considered equivocal.

Surgical Technique
The goal of surgery was to relieve sufficient vitreoretinal traction such that at least the posterior pole could reattach.  Surgical technique has been described before. Briefly, two international units of plasmin enzyme were injected into the vitreous cavity at the beginning of vitrectomy.  Thirty minutes elapsed for enzymatic cleavage of the vitreoretinal interface to occur.  Two-port vitrectomy technique was used primarily.  The eye was entered through the pars plica if lens-sparing vitrectomy was performed and through the iris root if lensectomy and vitrectomy were performed.  Infusing instruments such as an irrigating light pipe, lighted pick, or infusion spatula were used or an infusion was placed at the limbus inferiorly.  Removal of portion of the iris was often performed to minimize retina-iris adhesion postoperatively.  Bimanual dissection was used to circumcise the retrolental preretinal membranes under direct visualization through the operating microscope.  To facilitate dissection of preretinal membranes in detached retina within the funnel, sodium hyaluronate (Healon, Pharmacia and Upjohn, Uppsala Sweden) was used to separate tissue planes.  After completion of membrane peeling, a fluid-air or fluid-Healon exchange was used for postoperative tamponade.  Silicone oil was used when longer tamponade was required.  Postoperatively, the child was positioned in such a fashion that the tamponade agent could encourage retinal reattachment and displace subretinal blood from the posterior pole.
Statistical analysis

Results

One hundred and twenty five eyes received plasmin enzyme-assisted vitrectomy for stage 5 ROP during this period. Eyes with less than 6 months of follow-up were excluded and this resulted in 80 eyes (68 patients) included in this study. There were 38 eyes (35 patients) in group 1, 15 eyes (13 patients) in group 2, 20 eyes (16 patients) in group 3, and 7 eyes (6 patients) in group 4. Most of the ethnic compositions were Caucasians (95.6%). Forty one patients (60.3%) were male and 27 patients (39.7%) were female. Mean birth body weight of the patients was 789 ± 291.3 gm and the mean gestational age was 25.8 ± 2.0 weeks. Multiple births were noted in 12 patients (17.6%). There was high incidence of closed funnel in the study patients. Overall 66 eyes (82.5%) were closed funnel detachment and 12 eyes (17.5%) were open funnel detachment. The demographics of the patients are shown in Table 1.  

The surgical details of the patients are shown in Table 2. Average age for plasmin-enzyme vitrectomy was younger in group 3 and group 4 patients (32.2 ± 18.4 and 30.1 ± 11.4 weeks respectively). These patients did not receive intraocular surgery previously. On the contrary, patients in group 1 and group 2 received plasmin-assisted vitrectomy at an older age (52.5 ± 47 and 62.7 ± 59.1 weeks). The chance of receiving lensectomy was much less (50%) in group 3 eyes. All of the patients in group 4 received lensecomy, because the lens and retrolenticular vitreous were involved and lensectomy was required to address the surgical goals. Immediate flattening of the retina was not necessary unless a retinal break was found. There there was significant higher chance (20%) of requiring retinectomy to flatten the retina intraoperatively in group 2 eyes. None of the eyes in other groups used retinectomy to flatten retina. In term of tamponade agents, there was significant higher chance of eyes using silicone oil (53%) in group 2 eyes. Most of the eyes in other groups used sodium hayluronate or air as a tamponade agent. Reoperation was highest among group 2 eyes (66.7%), followed by group 4 eyes (57.1%) and group 3 eyes (35%), and was lowest in group 1 eyes (10.5%). The average follow-up of the patients was 49.1 ± 31 months. 

The anatomical outcome is shown in Table 3. Completely zone 1 reattachment of the retina was the anatomic criterion for success. Partial attachment (macular and extramacular) in zone 1 were also reported but not included as success.1 Overall anatomic success rate of this study was 68.8%. Group 1 eyes had the highest retinal reattachment rate (78.9%), followed by group 3 (65%) and group 4 eyes (57.1%), and was lowest in group 2 eyes (53.3%). 

Functional results of the surgery are shown in Table 4.  Only few patients achieved pattern vision (5.3% in group 1 eyes, 6.7% in group 2 eyes, 15% in group 3 eyes, and none in group 4 eyes) or fixation and following light vision (2.6% in group 1, 6.7% in group 2, 5% in group 3, and none in group 4).  Pattern vision ranged from 20/60 to 20/600. Most of the eyes have light perception (LP) vision (70%). The overall percentage of no light perception (NLP) was low (13.8%). Group 4 eyes had highest chance of NLP (28.6%) and group 1 eyes had lowest chance of NLP (5.3%). Visual results were uncertain in 4 eyes (5%) because of the inability to measure reliably, but all of them were visual evoke potential (VEP) positive. 
Surgical complications are listed in Table 5.  Reproliferation of the fibrovascular tissues was higher in group 2 and group 4 eyes (53.3% and 42.9%) and lower in group 1 and group 3 eyes (10.5% and 35%). These results corresponded to higher chance of reoperation in group 2 and group 4 eyes (66.7% and 57.1%) and lower chance of reoperation in group 1 and group 3 eyes (10.5% and 35%). Other complications included glaucoma (7.5%), corneal decompensation (5%), phthisis bulbi (5%), vitreous hemorrhage (5%), band keratopathy (3.8%), papillary membrane (3.8%), cataract (2.5%), and conjunctival cyst (1.3%). There was significantly higher incidence of accumulative complications in group 2 (86.7%) and group 4 eyes (71.4%) compared with group 3 (40%) and group 1 eyes (28.9%). All of the patients with glaucoma could be controlled with topical medication without requiring further surgical intervention.

Discussion

Previous studies have shown that the surgical outcomes are relatively poor for stage 5 ROP patients. Successful anatomic outcome ranged from 23%  to 59%.2-10 Better outcome was achieved with the use of plasmin enzyme. Overall anatomic reattachment was achieved in 68.8% of patients in this study. Eyes which had vitrectomy for stage 4 A or B ROP without creating a retinal break and then had a second vitrectomy due to development of stage 5 ROP with plasmin enzyme had the best results.  The second best results were seen in eyes that had previous peripheral ablation and/or scleral buckling.  Eyes without any previous treatment or eyes with previous vitrectomy and retinal breaks presented the poorest surgical outcome and were associated with the highest complication rates.  These results emphasize the importance of timely, early treatment for stage 4A as well as stage 3 retinopathy of prematurity.

Our functional results are disappointing at only 7.5% of patients achieving pattern vision and this is most likely attributable to blood in the subretinal space damaging retinal pigment epithelium and photo receptor, as well as distortion of the subretinal space, as well as the neurosensory retina itself.  There may also be changes in retinal development, particularly in the foveal area that may cause reduction in visual acuity and associated damage in the visual pathway of the central nervous system.  However, the natural history of all of these eyes would be no light perception left without intervention.  Eyes that had received previous vitrectomy without creating a retinal break had a better outcome than those which had iatrogenic breaks during previous vitrectomy.  Retinal breaks in these eyes lead to a combination of retinopathy of prematurity and proliferative vitreoretinopathy, which would be anticipated to have a worse anatomic and visual outcome.  

Unlike adult vitreoretinal surgery in which iatrogenic breaks can be managed by removal of preretinal and subretinal membranes, retinectomies, and photocoagulation,  iatrogenic breaks in most pediatric retinal diseases usually result in inoperable retinal detachment, even with the use of laser, perfluorocarbon, and silicone oil, because of the inability to dissect the vitreous from the inner retinal surface.  Previous studies show 20% success rates with iatrogenic retinal breaks compared to a 44% success rate in eyes without an iatrogenic break.  Our results with plasmin enzyme have better surgical outcomes with reattachment rates of 53% for previously operated eyes with retinal breaks.  It is extremely important for surgeons performing pediatric vitreous surgery to use extreme caution not to create iatrogenic breaks.  This is often difficult because the retina in ROP patients is extremely thin and fragile, particularly in the peripheral retina.  In addition, it can be convoluted due to the nature of the configurations of retinal detachment.  The use of plasmin enzyme allows a more complete dissection at the vitreoretinal interface allowing the retina to open in a more unrestricted fashion due to the reduction in vitreous traction anteriorly.
The surgery for stage 5 ROP remained challenging. Though satisfactory anatomical outcome could be achieved, the functional outcome of stage 5 ROP is still disappointed. However, with the attached retina, there is hope that future therapy, such as gene therapy or stem cell therapy or retinal prosthesis, might benefit these eyes. In addition, surgical reattachment of the retina can still provide some level of vision that is of greater use for the developing infant than the same level of vision is for the adult.11 If left untreated, all of the eyes will end up with no light perception.10 The use of plasmin enzyme enhances the anatomic successful rate. Other factors are important too. Appropriate screening, peripheral ablation, and timely vitreoretinal surgery techniques offer the best possible outcome available for a child affected with ROP.
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