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Abstract
The treatment of diabetic macular edema is rapidly evolving. The era of laser therapy is being quickly replaced by an era of pharmacotherapy. Several pharmacotherapies have been recently developed for the treatment of retinal vascular diseases such as diabetic macular edema. Several intravitreal injections or sustained delivery devices have undergone phase 3 testing while others are currently being evaluated. The results of clinical trials have shown the superiority of some of these agents to laser therapy. However, with the availability of several of these newer agents, it may be difficult to individualize treatment options especially those patients respond differently to various therapies. As such, more effort is still needed in order to determine the best treatment regimen for a given patient. In this article, we briefly summarize the major new therapeutic additions for the treatment of diabetic macular edema and allude to some future promising therapies. 
© 2013 Baishideng. All rights reserved.
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Core tip: This amnuscript concisely reviews most of the new and emerging therapies for diabetic macular edema (DME). It focuses on therapies that have been tested through clinical trials, but also includes therapies that have not. The article focusses on laser therapy, intravitreal anti-vascular endothelial growth factor agents, intravitreal triamciniolne and newer steroid implants, and vitrectomy. It also briefly discusses several other therapeutic approaches that may be available in the near future.
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INTRODUCTION
Diabetic macular edema (DME) is a common manifestation of diabetic retinopathy that causes loss of central vision[1]. Data from the Wisconsin Epidemiologic Study of Diabetic Retinopathy stated that the 10-year cumulative incidence of macular edema was 20.1% among those with type 1 diabetes and 25.4% among people with type 2 diabetes treated with insulin[2]. The ultimate treatment for DME involves strict glycemic and blood pressure control, which was demonstrated by the Diabetes Control and Complications Trial and the United Kingdom Prospective Diabetes Study[3-5]. Additionally, laser treatment for clinically significant macular edema (CSME) has been the mainstay form of treatment after the recommendations by the Early Treatment Diabetic Retinopathy Study (ETDRS) study that demonstrated a 50% reduction in moderate visual loss following focal laser photocoagulation[6,7] with only 3% of patients improving > 3 lines of visual acuity (VA) 36 mo after treatment. Therefore, a variety of other therapies have been studied with the aim of improving vision in more patients as well as preventing deterioration of VA in most. These include surgical options, intravitreal corticosteroids, novel intravitreal vascular endothelial growth factor (VEGF) inhibitors and other various new pharmacotherapies that are currently being investigated. Results from new clinical trials are constantly being published, challenging frequent updates on the most recent therapeutic options for this complex disease. In this report, we discuss the evolution of DME treatment over the past few years and give general guidelines for treatment based on available evidence to date.

LASER PHOTOCOAGULATION
Until the advent of intravitreal anti-VEGF agents, laser photocoagulation has been unequivocally the standard of care for treatment of DME[1]. The efficacy of focal laser treatment may in part be due to occlusion of leaking microaneurysms, but the exact mechanisms by which focal photocoagulation reduces DME is unknown. Histopathological studies show changes located in the retina and retinal pigment epithelium (RPE)[8, 9]. Some researchers have suggested that with reduced retinal tissue following photocoagulation, autoregulation results in decreased retinal blood flow to the macula with lower fluid flow resulting in decreased edema[10]. Others have hypothesized that the reduced retinal blood flow is due to improved oxygenation following photocoagulation. Biochemical and physiological studies propose that resolution of the edema may also result from changes in the biochemical processes within the RPE[11–17]. An indirect effect of retinal photocoagulation on macular edema has also been supported by the effectiveness of grid treatment alone without direct focal treatment of microaneurysms [18，19].
The ETDRS trial (1985)[6], was the first properly performed multicenter, randomized trial to determine the benefits of laser for DME. Three years after randomization, patients treated with focal photocoagulation for CSME had a 50% reduction in the risk of moderate visual loss compared to controls (from 24% to 12%). However a gain of 3 or more lines during the same period was only reported in three percent of the patients. 
The suggested guidelines for laser photocoagulation for DME as provided by the ETDRS[6] is a direct treatment to leaking microaneurysms and grid treatment to diffuse macular leakage and areas of non-perfusion in thickened retina in cases of non-proliferative diabetic retinopathy (NPDR). Because initial PRP may worsen macular edema by increasing the inflammatory component and/or central retinal blood flow[20,21], the ETDRS recommended combination of pan-retinal photocoagulation (PRP) and focal laser photocoagulation for DME in general for selected cases of severe NPDR and early proliferative diabetic retinopathy (PDR). The ETDRS also suggested that if the retinopathy severity allows, eyes with CSME that need PRP may benefit from treatment of the macular edema first followed by PRP 2–4 wk later. Eyes with high risk PDR and CSME on the other hand may be better managed by concomitant treatment of the macular edema in addition to PRP in the same setting because such eyes are at higher risk of bleeding and severe visual loss. 

Although effective, the conventional ETDRS macular photocoagulation protocol causes visible laser scars that can enlarge following treatment and encroach towards fixation[22-24]. In addition, the thermal effects of laser photocoagulation for DME can lead to complications, such as choroidal neovascularisation (CNV)[25,26], subretinal fibrosis[27,28] and visual field loss (i.e. central and paracentral scotomata)[29]. Consequently, this intrinsic damage from visible end point laser photocoagulation has prompted interest of many retinal specialists to treat by reducing laser exposure duration and using a sub-visible clinical end point than originally specified in the ETDRS[30-32]. However, exact evidence to support such practice is still deficient. Recently, the outcomes following modified ETDRS laser protocol and mild macular grid (MMG) laser photocoagulation strategies were evaluated in a randomized controlled trial including 263 eyes with previously untreated DME that were followed for over 12 mo period. The MMG consisted of sub-threshold (non-visible) laser applications in the form of a grid treatment. Though, there was a significantly greater reduction in macular thickness in the modified ETDRS laser protocol group, there was no difference in the mean change in best-corrected VA (0 letters in ETDRS and -2 letters in the MMG group, P = 0.10). The conclusion of this trial suggested that modified ETDRS focal photocoagulation should continue to be the standard approach for treating DME[33].

INTRAVITREAL TRIAMCINOLONE ACETONIDE
In recent years, several studies[34-37] have demonstrated the possible benefits of intravitreal injection of triamcinolone acetonide (IVTA) in the management of refractory DME; especially that IVTA does not appear to have a retinotoxic effect[38]. Triamcinolone acetonide (TA) is a synthetic steroid of the glucocorticoid family with a molecular weight of 434.50. Its decreased water solubility accounts for its prolonged duration of action[39]. The elimination half-life of the commercial preparation of TA in the vitreous humor of rats was recently reported by Oishi et al[40] as 6.08 d. In nonvitrectomized patient eyes, the mean elimination half-life was 18.6 d, while in 1 postvitrectomy patient it decreased to 3.2 d [41].
The precise mechanism of action of corticosteroids is still unknown, however, the rationale could be found in their ability to inhibit arachidonic acid pathway, of which prostaglandin is a product. 

In addition to the anti-inflammatory effect, TA increases the levels of tight-junctions in between endothelial cells[42] and thus lessens vessel leakage. It also has an angiostatic action through VEGF inhibition[43] and therefore may have a useful effect on DME. IVTA has been increasingly used in refractory DME and even as an alternative to macular photocoagulation, although its use is technically off-label for DME. 
In recent years many authors have investigated the possible benefits of intravitreal TA for treating DME. The most considerable evidence reported by Sutter et al[36], in a prospective, double-masked, and randomized trial comparing 4-mg intravitreal TA with placebo. This study reported that 55% of 33 eyes treated with 4 mg of IVTA improved by 5 or more letters of best-corrected visual acuity (BCVA) at 3 mo compared with 16% of 32 eyes treated with placebo (P = 0.002). Macular edema was decreased by 1 or more grades as determined by masked semi-quantitative contact lens examination in 25 of 33 treated eyes (75%) vs 5 of 32 untreated eyes (16%; P < 0.0001). 
Several studies were performed to compare the efficacy and safety between IVTA and other modalities of treatment (e.g. focal/grid photocoagulation[44-47], vitrectomy with internal limiting membrane peeling[48] and intravitreal bevacizumab[49]). The Diabetic Retinopathy Clinical Research network (DRCRnet)[44] group designed a two year multicenter randomized clinical trial to compare IVTA (1- and 4-mg doses) with modified ETDRS focal/grid photocoagulation for the treatment of DME. The mean VA was better in the 4-mg IVTA group at 4 mo than in either the laser or the 1-mg IVTA groups; though this beneficial effect was not maintained. At 2 years after starting the treatment, the mean VA was statistically better in the laser group compared to the steroid-injected groups. Optical coherence tomography (OCT) results generally paralleled the VA results. The 3-year visual outcome results of the DRCRnet were consistent with the previously published 2-year results. Furthermore, the cumulative probability of cataract surgery by 3 years was most frequent in the 4-mg IVTA group (83%) vs the 1-mg IVTA group (46%) and the laser group (31%). The intraocular pressure (IOP) increased by more than 10 mmHg at any visit in 4%, 18%, and 33% of the eyes, in the laser, 1 mg IVTA, and 4 mg IVTA groups respectively. This randomized study pointed out clearly that focal/grid photocoagulation is a better treatment option than IVTA in eyes with DME involving the center of the macula with VA between 20/40 and 20/320. The DRCR net[50] reported another randomized clinical trial evaluating the efficacy of intravitreal ranibizumab (RBZ) with prompt or deferred laser treatment, the combination of IVTA with prompt laser photocoagulation, and laser treatment alone. The 1-year mean change (+/- standard deviation) in the VA letter score from baseline was significantly greater in both RBZ groups but not in the IVTA + prompt laser group (+4+/-13, P = 0.31) compared with the laser group (+3+/-13). Nevertheless, among a subgroup of 62 pseudophakic eyes, VA results were considerably better than for phakic eyes at baseline in the IVTA + prompt laser group such that the degree of improvement appeared comparable to that of the pseudophakic eyes in the RBZ groups and superior to that of the pseudophakic eyes in the sham + prompt laser group at 1 year and 2 years. 
The appropriate dose of IVTA for DME is a controversial topic. As reported by Hauser et al[51] and Audren et al[52] the use of the higher 4-mg dose of IVTA does not have enough advantages over the lower 1- or 2-mg doses. However, Lam et al[53] showed that the higher dose (8 mg vs 4 mg) had a more persistent effect on both VA and central macular thickness (CMT) though associated with more ocular hypertensive responses. 
Despite having the potential for benefit in selected patients (Figure 1), IVTA does carry substantial risks which are related to both the injection itself and the potential toxicity of corticosteroids. Injection-related events include endophthalmitis, vitreous hemorrhage, and retinal detachment. The potential toxicity of corticosteroids includes the development of cataracts[54] and glaucoma[55] Moreover, the treatment effect typically wanes, and patients may require repeated injections that increases the chances for the above-mentioned risks, and therefore, the benefits of its use have to be weighed against the risks.

VEGF ANTAGONISTS
VEGF levels are elevated in the retina and the vitreous of eyes with diabetic retinopathy[56]. Also, when VEGF was injected in mouse eyes it was found to cause breakdown of the inner blood retinal barrier[57]. Therefore, VEGF seemed a reasonable target in the treatment of DME and recently, these agents have quickly become the first line of therapy in patients with center-involved DME. There are four currently available anti-VEGF agents.

Pegaptanib (Macugen; OSI pharmaceuticals, Melville, NY)  

Pegaptanib was the first anti-VEGF agent to be approved by food and drug administration (FDA) for intravitreal injection in patients with wet age-related macular degeneration (AMD). A study of pegaptanib in DME showed a better VA at 36 wk following treatment with 0.3 mg pegaptanib as compared to sham. Mean central thickness decreased 68 micron with pegaptanib vs an increase of 4 micron with sham (P = 0.02). Laser photocoagulation was needed in fewer patients using pegaptanib as compared to sham (25% vs 48%). In a recent study of pegaptanib for patients with DME, VA improved ≥ 10 letters in 36.8% in the pegaptanib group and 19.7% in the sham group and fewer laser treatments were needed in the pegaptanib group[58].
Ranibizumab (Lucentis; Genentech, San Francisco, CA)

 Ranibizumab (RBZ) is an intravitreal anti-VEGF agent that is FDA approved for the treatment of wet AMD, and has been used for the treatment of DME[59]. Several studies have reported the superiority of RBZ as compared to laser treatment. The RESOLVE study[60], a randomized multicenter study, showed that RBZ is more effective in improving vision when compared to sham treatment (with rescue laser) over 12 mo (mean BCVA improvement +10.3 for RBZ vs -1.4 for sham, P = 0.0001). READ 2 study[61] showed that patients who received RBZ alone (group1) gained an average of 7.4 letters at 6 mo as compared to a 0.5 letter loss in patients receiving macular laser therapy only (group 2) and a 3.8 letters gain in patients received both laser treatment and RBZ (group3). At 24 mo, and after allowing for RBZ to groups 2 and 3 starting at 6 mo, the mean improvement in BCVA was 7.7, 5.1 and 6.8 letters in groups 1, 2 and 3 respectively[50]. The OCT findings, however, did not parallel the visual outcome. The mean foveal thickness at 24 mo was 340 μm, 286 μm and 258 μm for groups 1, 2 and 3 respectively.

The RESTORE study[62] was a phase 3 study in Australia that showed that RBZ alone or combined with laser was superior to laser monotherapy in improving BCVA (+6.1 letters for RBZ alone, +5.9 letters for the combination group and +0.8 for the laser group, P < 0.0001). The mean central macular thickness was significantly decreased from baseline (-118.7 μm,-128.3 μm and -61.3 μm for RBZ, RBZ+laser and laser alone respectively). Another phase 3 trial from the DRCRnet[50] showed that RBZ injection with laser (prompt or deferred ) was significantly more effective than laser alone in improving VA in patients with center involved DME after 1 year of treatment (+9 vs +3 letters gain; P < 0.001). Approximately 30% of the patients gained ≥ 15 letters compared to 15% of the laser alone group. Moreover, RBZ was found to significantly decrease the risk of progression of DR. The RISE and RIDE[63] were also phase 3 randomized multicenter studies that addressed the efficacy of RBZ in the treatment of DME. Patients were randomized to 3 groups (sham injection, 0.3 mg RBZ and 0.5 mg RBZ). At 24 mo, 18.1% of the sham group of eyes gained ≥ 15 letters vs 44.8% of the 0.3 mg and 39.2% of the 0.5 mg treated eyes in the RISE study. Similarly, significantly more RBZ treated patients gained ≥ 15 letters in the RIDE study, (12.3% of sham group vs 33.6% of the 0.3 mg and 45.7% of the 0.5 mg RBZ patients). RBZ treated eyes underwent significantly fewer macular laser treatments. The above studies confirm that RBZ rapidly and sustainably improves edema and vision, and reduces the risk of further vision loss and progression of DR in patients with DME.

Bevacizumab (Avastin; Genentech, San Francisco,CA)
Bevacizumab was approved by the FDA for the treatment of colorectal cancer. It has been used off label in the treatment of wet AMD and other ocular diseases including DME[64]. Multiple studies showed the beneficial effect of bevacizumab in the treatment of DME[65-68] (Figure 2).
In addition, a prospective randomized controlled clinical trial (the BOLT study)[69], found that bevacizumab has a greater treatment effect than macular laser treatment in patients with center involving persistent CSME. At 12 mo, there was a statistical significant difference in the mean ETDRS BCVA (P = 0.0006). At 2 years, the mean ETDRS BCVA was 64.4 (ETDRS equivalent Snellen fraction: 20/50) in the bevacizumab group and 54.8 (20/80) in the macular laser therapy group (P = 0.005). Also, there was a mean gain of 8.6 letters in the bevacizumab group vs a loss of 0.5 letters for the macular laser group. Fourty-nine percent of patients gained ≥ 10 letters (P = 0.001) and 32% gained at least 15 letters (P = 0.004) in the bevacizumab group vs 7% and 4% in the macular laser group.

Aflibercept (VEGF Trap-Eye, Regeneron Pharmaceutical, Inc, Tarrytown, NY, United States)

VEGF Trap-Eye (VTE) is the most recent anti-VEGF available for clinical use. Unlike RBZ and bevacizumab, the VTE incorporates the second binding domain of the VEGFR-1 receptor and the third domain of VEGFR-2 receptor to the FC segment of human IgG. It has been investigated in the treatment of wet AMD, DME and retinal vein occlusion. The DA VINCI study[70], a randomized multicenter phase 2 clinical trial compared different doses and dosing regimens of VTE with laser photocoagulation in patients with DME. Patients were assigned randomly to 1 of 5 treatment regimens. VTE 0.5 mg every 4 wk, 2 mg ever 4 wk, 2mg every 8 wk, 2 mg as needed after 3 initial monthly injections or macular laser treatment. The mean improvement in BCVA in the VTE groups at 24 wk ranged from 8.5 to 11.4 letters vs 2.5 letters for the laser group. At 52 wk, the mean improvement ranged from 9.7 to 12 letters in the VTE groups vs -1.3 for laser group .The mean reduction in central retinal thickness in the VTE groups ranged from -165.4 to 227.4 vs -58.4 for the laser group. However, phase 3 studies are still pending.

 Side effects of anti VEGF

The anti-VEGF agents, particularly RBZ and bevacizumab, are currently widely used in the treatment of center involving DME and are usually well tolerated. There are some potential systemic and ocular side effects that are well recognized. The ocular side effects include inflammation, traumatic injury to the lens, retinal detachment, vitreous hemorrhage and endophthalmitis. Fortunately, these occur at relatively infrequent rates. The potential systemic side effects include cardiovascular and cerebrovascular accidents such as myocardial infarction, pulmonary embolism, hypertension, hemorrhage. Although such systemic side effects have been clearly associated with the systemic use of bevacizumab, their relationship to the intravitreal use of anti-VEGF agents is less well understood, and the data so far suggests that no such cause effect relationship exists[56].

VITRECTOMY
The role of the vitreous in the development and progression of DME has been recognized through several mechanical and physiologic mechanisms, all of which are presumed to lead to increased vascular permeability[71-78]. The attachment of the posterior hyaloid is a vital observation in eyes with DME which have a lower rate of posterior vitreous detachment than those without[79], and spontaneous posterior vitreous separation is associated with improvement in DME[79, 80]. Schepens[81] was the first to propose the possible role of vitreous traction in the development of cystoid macular edema associated with retinitis pigmentosa, aphakia, and uveitis. Nasrallah et al[71] reported the first data to suggest that the vitreous can play a role in the pathogenesis of DME. Among their study population with diabetic retinopathy, DME occurred only in 20% of patients with a posterior vitreous detachment (PVD) compared to 55% in those with an attached hyaloid. Furthermore, Hikichi et al[79] reported that over a period of 6 mo, DME resolved spontaneously in 55% of the cases with vitreomacular detachment compared to 25% of the cases with vitreomacular adhesion. The efficacy of pars plana vitrectomy (PPV) has been advocated for the treatment of diffuse DME with taut posterior hyaloid. In 1992, Lewis et al[82] described that PPV was effective for treating DME with thickened and taut posterior hyaloid that did not respond to laser treatment whereby 8 out of 10 patients experience VA and macular thickening improvement. Since then many studies showed that vitrectomy resulted in a decrease of macular edema (Figure 3) and frequently improvement of VA.  
Various mechanisms have been assumed to elucidate the beneficial effects of vitrectomy in DME. The vitreomacular traction in both the antero-posterior and tangential dimensions may be important in the pathogenesis of ME which has been well-demonstrated by optical coherence tomography[83]. On the other hand, Gandorfer et al[76], Ikeda et al[84], and La Heij et al[85] showed that vitrectomy was effective even when there is no evidence of macular traction. One possible explanation is that vitrectomy appears to increase oxygenation of the macula. Kadonoso et al[86] demonstrated increased perifoveal capillary blood flow after vitrectomy in their series. Stefansson[87, 88] reported that vitrectomy with lensectomy allows aqueous to provide increased levels of oxygen to the inner retina and that movement of oxygen trans-corneally to the vitreous has been shown to be more effective in vitrectomized eyes[89].  In addition, the removal of the posterior hyaloid also helps in reducing the load of toxic substances and cytokines, such as histamine, free radical scavengers, and VEGF, which may be harbored in the preretinal space in such eyes[90].
Recently, internal limiting membrane (ILM) peeling has been added to vitrectomy for ME though its effect is not yet certain. The ILM in diabetic eyes contains increased levels of fibronectin, laminin and collagen[91, 92]. Histopathologically, peeled ILM specimens from DME eyes have been shown to be several times thicker than normal ILM, possibly contributing to altered fluid shifts between the vitreous and retina[93]. Moreover, Funatsu et al[94-96] and Aiello et al[56] independently stated a hypothesis that in the vitreous body of diabetic patients there are humoral substances such as VEGF and interleukin 6, generated in the cells of epiretinal membranes, which impair the oculovascular barrier and contribute to the pathogenesis of DME. Similarly, Antonetti and associates demonstrated that increased levels of VEGF in the vitreous decrease levels of occludin, a membrane spanning tight junction protein, which could change the structure of the retinal endothelial junction and may account for the increased vasopermeability in patients with DME[97].
The addition of ILM peel to vitrectomy was suggested to yield a better anatomical as well as functional results[76, 98], and its effectiveness was sustained long term with less recurrence[99]. The mechanism for this was hypothesized to be removal of the scaffold used by astrocytes to proliferate on the retinal surface and the elimination of all tractional forces at the vitreoretinal interface. In addition, it allows the ME to decompress by facilitating the release of extracellular fluid into the vitreous, which restore normal retinal thickness and intraretinal tissue pressure.

         Regression of macular edema after PPVand ILM peel may also be explained by a decrease or elimination of factors enhancing vasopermeability. These factors could be produced by cells within the cortical vitreous and ILM, or they could build up in the vitreous and concentrate in the macular region and provoke or aggravate macular edema. This hypothesis is also supported by the gradual postoperation regression of CSME[100].
Surgical removal of the ILM is challenging and can compromise the already affected retinal tissue. Some of the challenges include poor visibility of the thin transparent membrane, the small dimensions and the sensitivity of the macular tissue, as well as the potential staining dye toxicity during the procedure.[101, 102] In a study by Kumagai et al[103] of 135 eyes, 74 of which underwent ILM peeling, although ILM removal accelerated the absorption of ME, the final VA were similar in both groups. Furthermore, Hartley et al[104] found that PPV with ILM peeling improves anatomy in DME patients, but does not necessarily improve VA. In one of the DRCR studies, 87 eyes with moderate visual loss which underwent vitrectomy for DME and associated vitreomacular traction were reviewed. As an adjunct to vitrectomy, epiretinal membrane peeling was done in 61%, ILM peeling in 54%, PRP in 40%, and injection of corticosteroids at the end of the procedure in 64%. At 6 mo, a median improvement in VA of 3 letters was reported, with VA improving by ≥ 10 letters in 38% (95%CI: 28%–49%) and worsening by ≥ 10 letters in 22% (95%CI: 13%–31%). Greater VA improvement was reported in eyes with worse baseline acuity (P < 0.001) and in eyes that had epiretinal membrane removal (P = 0.006) [105]. In this study, ILM removal was not one of the factors associated with VA improvement following vitrectomy although it was associated with a better anatomical outcome.
In addition to its controversial role in DME, vitrectomy may be associated with several serious and sight threatening potential complications such as ocular haemorrhage, endophthalmitis, retinal tears and detachment, cataract formation, and glaucoma. Aside from cataract, the rate of these is relatively low fortunately. For example, in one study[106] post-vitrectomy complications in eyes with DME were as follows: retinal tears (9.6%), epiretinal membrane (9%), retinal detachment, neovascular glaucoma and rubeosis iridis (each 1.9%). Likewise, the DRCRnet study group[107] reported postoperative complications at 6 mo as vitreous hemorrhage (5 eyes), elevated intraocular pressure requiring treatment (7 eyes), retinal detachment (3 eyes), and endophthalmitis (1 eye). Few changes in results were observed between 6 mo and 1 year follow up. 

STEROID IMPLANTS
Chronic diseases, like DME, may be best controlled by treatment modalities capable of providing a therapeutic effect for a prolonged period. Moreover, new formats of drug delivery like long-acting intravitreal drug delivery implants can overcome many of the limitations of other therapeutic approaches, such as frequent intravitreal injections or systemic side effects, by providing long-term localized delivery of therapeutic agents to the posterior segment at sufficiently high local dosages necessary to elicit the desired therapeutic effects.

The Retisert implant [fluocinolone acetonide(FA) intravitreal implant 0.59 mg; Bausch and Lomb, Rochester, NY] is a first-generation device that has been FDA-approved for the treatment of chronic macular edema due to non-infectious uveitis[108]. It is composed of a non-biodegradable intravitreal implant that is surgically inserted through a 3.5mm incision and sutured to the eye wall, where it provides a relatively consistent delivery for about two and a half years. The initial dose is 0.6 μg a day, which decreases over the first month to about 0.3-0.4 μg a day[109]. In a multicenter clinical trial Pearson et al[110] reported a group of 197 patients randomized to receive either sustained release FA intravitreal implant (Retisert) or modified ETDRS laser for DME. Over the 3-year study period, 58% of the eyes in the Retisert group had no evidence of DME, while only 30% of the laser-treated eyes had resolution of the edema (P < 0.001). VA improvement of > 3 lines was achieved in 28% of eyes in the Retisert group vs 15% in the laser group (P < 0.05). Loss of > 3 lines VA was similar in both groups (19% with Retisert vs 16% with laser). There were significant adverse effects among the Retisert group which included IOP rise in 35%, the rate of filtration surgery was 28%, and in 5% of eyes the device had to be explanted to manage the IOP. The other major obstacles that restricted the widespread use of the this implant for DME include the need for initial surgical implantation, the potential need to explant empty devices and re-implant loaded ones in the operating room for maintenance of therapy, as well as cost. 
Iluvien (Alimera Sciences, Alpharetta, United States), is an injectable second-generation version of the Retisert FA implant that can be delivered in an office setting without surgery using a 25-gauge injector. It can be designed to release either 0.5 μg of FA a day for 18 mo, or 0.2 μg a day for three years. A pharmacokinetic study revealed that each supplied excellent sustained delivery of FA in the eye for at least 1 year and reduced DME[111].
Based on the clinical results and safety profile perceived in the Retisert studies, the Iluvien insert has entered phase 3 testing in DME. The Fluocinolone Acetonide in Diabetic Macular Edema (FAME) study was a randomized, double-masked, multicenter clinical trial that compares the 0.5 μg/d and 0.2 μg/d injectable Iluvien inserts with sham injection among patients with persistent DME despite focal laser. Over 24 mo of follow-up, 28.7% and 28.6 % in the low- and high-dose insert groups, respectively, reported an improvement in ETDRS vision of 15 or more letters compared with 16.2% in the sham group (P = 0.002 for each). The mean improvement in BCVA letter score between baseline and month 24 was 4.4 and 5.4 in the low- and high-dose groups, respectively, compared with 1.7 in the sham group (P = 0.02 and P = 0.016). Subjects needing cataract surgery were more frequent in the insert groups, and their visual benefit was similar to that of subjects who were pseudophakic at baseline. Glaucoma requiring incisional surgery reported in 3.7%, 7.6%, and 0.5% of the low-dose, high-dose, and sham groups, respectively[112].
Another device being studied in the setting of DME is Ozurdex (dexamethasone intravitreal implant), a biodegradable implant that can be placed in the vitreous cavity by a 22-gauge applicator through a small self-sealing puncture. The implant may contain either 350 or 700 mcg of dexamethasone and the drug is released in a biphasic fashion, with very high doses for up to six weeks, followed by low but therapeutic doses out to six months or more. In a randomized, controlled clinical trial to evaluate the safety and efficacy of dexamethasone intravitreous drug delivery system (DDS) among patients with persistent DME, patients were randomized to treatment with 700 mcg or 350 mcg of DDS or observation. At day 90, more eyes in the 700 (33.3%) and 350 (21.1%) mcg groups reported a BCVA improvement of 10 letters or more compared with the observation group (12.3%; P = 0.007 vs 700-microg group). The treatment benefit was less noticeable at 180 d where 30% of eyes in the 700 mcg group, 19% in the 350 mcg group, and 23% in the observation group experienced a BCVA improvement of 10 letters or more (P ≥ 0.4 for treated vs observed eyes). Moreover, a statistically significant reduction in both OCT retinal thickness and leakage by fluorescein angiography was also demonstrated in both implanted dosages vs controls (P =0.03; day 90).[113]
A prospective, multicenter, open-label, 26-week study was designed to evaluate the safety and efficacy of Ozurdex 0.7 mg received in a single dose by 55 patients with treatment-resistant DME (mean duration of 43 mo) and a history of previous PPV. At Week 8, the mean change from baseline central retinal thickness (403 μm) was -156 μm (P < 0.001) and -39 μm at week 26 (P = 0.004). The mean increase in BCVA from baseline (54.5 letters) was 6.0 letters at week 8 (P < 0.001) and 3.0 letters at week 26 (P = 0.046). At Week 8, a gain of ≥ 10 letters in BCVA were reported in 30.4% of patients[114].
A number of other studies evaluating the Ozurdex implant for the treatment of DME as monotherapy, in combination with laser, and in post-vitrectomized eyes have been carried out as well. The results of the pivotal phase 3 trial (MEAD), comparing two doses of the dexamethasone implant with sham treatment, are not yet available, although recruitment is complete, and full three-year follow-up is expected to be complete by the end of 2012[115]. Another phase 3 trial, PLACID, compared the safety and efficacy of the dexamethasone implant plus laser with sham implant procedure plus laser in the treatment of DME. This one-year trial (results reported at scientific conferences, not yet published) which permitted reinjection of Ozurdex after six months, showed that patients with diffuse DME had better BCVA at 12 mo when treated with Ozurdex plus laser vs laser alone[116]. The trial in postvitrectomized eyes with persistent DME (the CHAMPLAIN study) was a 26-week open-label single Ozurdex injection trial. The study reported that 30% of eyes had experienced a two-line improvement in BCVA by 13 wk, although this effect diminished by the study endpoint of 26 wk[114]. 
In terms of adverse events, the dexamethasone implant was well tolerated and most events were mild in severity. High IOP was successfully managed with either observation or topical medications; none required laser or surgical intervention to control the IOP. There was no statistically significant difference between groups in the occurrence of any of the non-ocular adverse events[113].
MISCELLANEOUS
Micorpulse Laser
The value of conventional laser photocoagulation for DME was well established since the ETDRS reported its results and the procedure involves production of visible burns in the retina, which when observed; indicate that the thermal spread has reached the overlying neurosensory retina with a temperature high enough to alter its natural transparency. Enlargement of laser scars after treatment has been reported[23]. A sub-threshold micropulse diode laser (with 810 nm and 577 nm lasers), seems to have a theoretical advantage since the laser burns will selectively affect deeper layers with relative sparing of the inner neurosensory retina, thus reducing the scarring and paracentral scotomas post-treatment[15].
Using a micropulse mode, laser energy is delivered with a train of repetitive short pulses (typically 100 to 300 microseconds “on” and 1700 to 1900 microseconds “off”) within an “envelope” whose width is typically 200 to 300 milliseconds[117]. Micropulse power as low as 10% to 25% of the visible threshold power has been revealed to be sufficient to show consistent RPE-confined photo thermal effect with sparing of the neurosensory retina on light and electron microscopy[118].
Micropulse has been demonstrated to be as effective as conventional argon laser for DME by several authors[15,119-122]. In order to assess the efficacy of subthreshold micropulse diode laser photocoagulation for DME, a prospective, nonrandomized interventional case study was carried out evaluating forty-three eyes (36 patients) with CSME and a central macular thickness (CMT) of < 600 micron on OCT. A significant reduction of CMT was detected within the first 3 mo of the laser treatment, but the changes of BCVA and macular volume were not significant. After 12 mo, 94.7% of the patients had a VA that was either improved or preserved within 0.2 logMAR. Laser scars were not identified in any patient in this study[121].
 In another prospective, randomized study using multifocal electroretinography (MfERG) the efficacy of subthreshold micropulse diode laser was compared against double-frequency neodymium YAG (Nd:YAG) laser. Thirty three patients (46 eyes) with CSME were randomized to either SDM (810 nm) laser or the conventional double-frequency Nd:YAG (532 nm) laser. At 6 mo, no statistically significant differences were reported for all of the following: CMT as measured by OCT and macular retinal sensitivity measured using MfERG (as a primary outcome measures), BCVA and contrast sensitivity (as secondary outcome measures), between the two groups. The authors concluded that subthreshold micropulse diode laser photocoagulation showed an equally good effect on VA, contrast sensitivity, and DME as compared to conventional Nd:YAG laser photocoagulation with a potentially better preservation of retinal tissue and electrophysiological indices[122].
In the anti-VEGF era, subthreshold tissue-sparing therapy may play a major role in the management of DME in the future, especially when considering combining it with intravitreal injections. This regimen may prove helpful in reducing the number of injections needed to control the edema. However, future studies are needed in this regard.

Anti-tumor necrosis factor alpha (or Tumor necrosis factor antagonist)
Several levels of evidence suggest an inflammatory basis for DME[123]. Moreover, many authors reported data supporting the important role of an altered local expression of TNF in the pathogenesis of DME [124,125] and that low-grade subclinical inflammation is responsible for many of the characteristic vascular lesions of diabetic retinopathy[123]. Along this line, treatment modalities have been tried with variable success.

The monoclonal anti-TNF antibody Infliximab neutralizes TNF actions and has been used for inflammatory arthritic conditions and Crohn’s disease since 1998 with a favorable safety profile[126]. Studies in patients with arthritis have shown that anti-TNF therapy negatively affects vascular permeability and angiogenesis by decreasing VEGF[127], which has been implicated directly in the pathogenesis of DME and diabetic retinopathy[61,128]. Likewise, repeated treatment in one diabetic patient produced a further significant improvement of DME, suggesting that the clinical response to anti-TNF dosing regimens is individualized, as observed in patients with arthritis, or in patients with uveitic macular edema[126].
The efficacy and safety of infliximab in treating patients at risk of vision loss secondary to DME refractory to laser photocoagulation was evaluated by a small phase III prospective, double-blind, randomized, placebo-controlled study . At weeks 0, 2, 6, and 14, eleven patients received infliximab (5 mg/kg) intravenously, followed by placebo at weeks 16, 18, 22, and 30, or vice versa. VA improved from 23.5+10.3 (mean + SD letters read) at baseline to 30.4+13.4 letters at week 16 in 8 infliximab-treated eyes that were eligible for analysis, and the effect was sustained till the completion of placebo treatment (31.4 + 12.1). A higher proportion of eyes experienced VA improvement in the infliximab-treated eyes (P = 0.017). Infliximab treatment was well tolerated in this study[129].
Further studies examined the use of intravitreal TNF inhibitors but the results were not encouraging. An interventional, retrospective, multicenter study by Wu and associates, evaluated the short-term visual and anatomical outcomes after intravitreal injections of two TNF α inhibitors (adalimumab 2 mg or infliximab 1 mg or 2 mg) in 39 eyes with refractory DME. No apparent benefit for treatment was reported in any of the study groups. Additionally, no ocular side effects were documented in the eyes injected with either adalimumab or 1 mg of infliximab, while severe uveitis was reported in 42% (8 of 19) of the eyes receiving 2-mg infliximab. All were controlled with topical steroid therapy except three eyes (37.5%) required PPV[130]. Similarly, in a prospective, noncomparative, interventional small case series of four patients, with age-related macular degeneration, half of the cases developed intraocular inflammation with high intraocular pressure 3 and 5 wk after the infliximab injection, respectively. One case was controlled with topical medication, and one case required posterior vitrectomy[131]. Tsilimbaris et al[132], in a pilot study of seven patients with refractory DME, reported no definite benefit to intravitreal etanercept after 2 consecutive intravitreal injections of 2.5 mg (0.1 mL) at a two-week interval. Three months after initiation of therapy, analysis of the data shows a tendency for improvement of VA, a slight worsening of hard exudates and fluorescein leakage, while hemorrhages remained stable, however, no statistical significance for therapy was attained. No adverse reactions or adverse events were observed in any patient. Therefore, the role of TNF inhibition in patients with DME remains to be determined.

PKC beta-isoform inhibitors (or Ruboxistaurin)
Substantial data suggest that the Protein Kinase-C β (PKC-b) may play an important function in regulating endothelial cell permeability and is an important triggering component for VEGF[132]. Inhibition of PKC β-isoform activity was shown to reduce diabetes-induced retinal permeability and ischemia-induced retinal neovascularization[133,134]. Zhu et al[135] also reported that the enhanced endothelin-1 (ET-1) expression associated with the activation of PKC occurs in early diabetes, and PKC inhibitor could reverse the up regulation of ET-1. 
Ruboxistaurin (RBX), an orally active PKC-b inhibitor, has revealed inconsistent results against DME. In several animal models, RBX improved hyperglycemia-induced diabetic microvascular complications, including diabetic retinopathy and DME[133]. The PKC-b Inhibitor-Diabetic Retinopathy study 2 (PKC-DRS2)[136], documented that treatment with oral RBX (32mg/d) decreased moderate visual loss [9.1% of placebo-treated patients vs 5.5% of RBX-treated patients (40% risk reduction, P = 0.034)], macular edema progression (68% vs 50%, P = 0.003), and the need for laser treatment for macular edema (26% less frequent in eyes of RBX-treated patients, P = 0.008), with increasing occurrence of visual improvement in patients with nonproliferative retinopathy. Although RBX was well tolerated and reduced the risk of visual loss, it did not prevent DR progression. On the other hand, the protein kinase C-Beta inhibitor Diabetic Macular Edema study (PKC-DMES)[137] reported some evidence that ruboxistaurin was associated with reduced progression of DME, although this was a secondary endpoint. Ruboxistaurin has not received approval from the United States FDA. 

Nicotinic acetylcholine receptor antagonist (Mecamylamine)
In the 1950s, mecamylamine [a nonspecific nicotinic acetylcholine (nACh) receptor antagonist] was approved as an oral antihypertensive agent[138]. In animal models, it could inhibit angiogenesis and vascular permeability by blocking nACh receptors on vascular endothelial cells. Its application using a topical ocular formulation containing 0.1% or 1% mecamylamine 3 times daily in rabbits resulted in detectable levels of mecamylamine in the retina and suppressed CNV in mice[139]. A multicenter phase I/II clinical trial reviewed the safety and bioactivity of topical mecamylamine in twenty-three patients with chronic DME. Over a period of 12 wk, all eyes were treated twice daily with topical 1% mecamylamine. The mean improvement in BCVA was 2.8, 1.9, 2.4, 0.8, and 3.1 letters at 1, 4, 8, 12, and 16 wk respectively, with little associated change in mean excess foveal thickness. There were no recognized drug-related safety problems[140]. 
Although these findings are encouraging especially for a topical formulation, further studies are needed to address the efficacy of the medication especially in relation to other available therapies such as the intravitreal anti-VEGF agents.

Pharmacologic vitreolysis (Microplasmin -ThromboGenics)
As discussed above in the section on “vitrectomy”, vitreous traction is one of the causes for persistence of DME in some cases. Inducing a posterior vitreous detachment (PVD) could be one line of management for these cases. Although the surgical vitrectomy instrumentation and techniques have markedly improved in recent years, surgery is still associated with several potential complications[141,142]. As a result, it would be useful to have a biochemical agent that could cleave the vitreoretinal interface selectively with a relatively good safety profile. 
Recently, pharmacologic vitreolysis has been explored as a new modality of treatment to manage DME. Microplasmin, which is approved by the US-FDA, has shown promise in inducing a posterior vitreous detachment when given as a single intravitreal injection. Microplasmin is a truncated form of plasmin, an enzyme that dissolves protein formations that are crucial to blood clot (thrombus) formation; similar protein formations are seen linking the vitreous to the retina in the eye. It has the benefit of reaching a peak of action after 15-30 min of administration and continuing in a plateau for another 90 min then decreases to undetectable levels in 24 hours[143]. A phase 2, multicenter, placebo-controlled, double-masked, clinical trial was designed to evaluate the safety and efficacy of a preoperative intravitreous injection of microplasmin in patients (n = 125) scheduled for vitreous surgery. The rate of total PVD at the time of surgery were reported in 10%, 14%, 18%, and 31% in the placebo group, 25-microg, 75-microg, and 125-microg microplasmin groups, respectively. The secondary end point of resolution of vitreomacular interface abnormality precluding the need for vitrectomy at the 35-d time point was observed at the rates of 3%, 10%, 15%, and 31% respectively. However, a more definitive evaluation of the efficacy of microplasmin in the management of patients with DME in phase 3 clinical trials is warranted.[144]

OTHERS THERAPIES
A range of new additional medical and surgical therapies and investigational modalities show potential for the management of refractory DME. Nepafenac, the amide analog of the NSAID amfenac, is hydrolyzed by the uveal tissue and retina[145] where it could probably reduce vascular permeability by inhibiting the inflammatory cascade. A small case series[146] suggested that topical nepafenac might have a beneficial effect in the treatment of DME. 
Another example is Sirolimus that has been documented to inhibit the production and activity of many growth factors related to the development of diabetic retinopathy. In a phase 2 clinical study[147], it was shown that repeated subconjunctival sirolimus injections were well-tolerated with no significant drug-related undesirable events. There was an inconsistent treatment effect related to sirolimus, which deserved further assessment by a randomized trial to reveal any possibility of treatment benefits.
In advanced cases of extensive lipid maculopathy where other treatments are usually ineffective and where an increased risk of subretinal fibrosis exists, surgical removal of massive deposition of macular hard exudates was tried by several retina surgeons[148]. Takagi et al[149], Sakuraba et al[150], and Takaya et al[151] have removed macular hard exudates surgically following vitrectomy. Despite good anatomical results, sustained VA improvement was not observed because of atrophic or degenerative changes. At present, more experience is required to understand the long-term benefit and timing of such a modality of treatment.

Lastly, the new ultra-widefield fluorescein angiography (capturing an image up to 200 degrees) offers a significant tool for assessment of the macula as well as the retinal periphery, and may yield additional information as to any potential role for the peripheral retina in the pathogenesis of DME. Freyler et al[152], suggested a likely association between DME and peripheral non-perfusion after a study with a 60-degree wide-angle angiography camera. In 2005, Kimble et al[153] reported that peripheral capillary nonperfusion was detected in 84% of patients with CSME and nonproliferative retinopathy. The RaScaL (Ranibizumab + Scatter Laser) study, a small pilot trial, hypothesized that DME is driven predominantly by peripheral retinal ischemia. The patients were randomized to either conventional treatment (macular laser plus IVTA) or a novel treatment strategy of ultra-widefield fluorescein angiography-directed peripheral laser plus intravitreal RBZ. This study revealed a higher recurrence of DME needing retreatment in macular laser + steroid (4/5) vs RaScal (1/5), and improvement in central foveal thickness in both groups which was better in RaScal at 6 mo. These findings need to be confirmed by larger studies. In addition the differential effect of ranibizumab vs peripheral scatter laser on DME needs to be addressed[154].
In summary, although laser photocoagulation has been the gold standard of therapy for DME, it is being quickly replaced by intravitreal pharmacotherapy as evidenced by three phase 3 clinical trials supporting the superiority of ranibizumab for center involved edema. The role of other agents such as intravitreal triamcinolone injections, steroid implants and aflibercept, as well as that of vitrectomy remains to be determined. While the use of intravitreal triamcinolone and vitrectomy appear to be currently limited to cases that have failed other available therapeutic options, the former may be effective in pseudophakic patients who have no personal or family history of glaucoma, and the latter in cases with evidence of vitreomacular traction. Several new treatment modalities for DME are in the horizon of which topical therapy may play a major role in the future with all the advantages the topical route may offer compared to the intravitreal route. 

REFERENCES 
1 Bhagat N, Grigorian RA, Tutela A, Zarbin MA. Diabetic macular edema: pathogenesis and treatment. Surv Ophthalmol 2008; 54: 1-32 [PMID: 19171208]

2 Klein R, Klein BE, Moss SE, Cruickshanks KJ. The Wisconsin Epidemiologic Study of Diabetic Retinopathy. XV. The long-term incidence of macular edema. Ophthalmology 1995; 102: 7-16 [PMID: 7831044]

3 The effect of intensive treatment of diabetes on the development and progression of long-term complications in insulin-dependent diabetes mellitus. The Diabetes Control and Complications Trial Research Group. N Engl J Med 1993; 329: 977-986 [PMID: 8366922]

4 Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998; 352: 837-853 [PMID: 9742976 DOI: 10.1016/S0140-6736(98)07019-6]

5 Tight blood pressure control and risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group. BMJ 1998; 317: 703-713 [PMID: 9732337 DOI: 10.1136/bmj.317.7160.703]

6 Photocoagulation for diabetic macular edema. Early Treatment Diabetic Retinopathy Study report number 1. Early Treatment Diabetic Retinopathy Study research group. Arch Ophthalmol 1985; 103: 1796-1806 [PMID: 2866759 DOI: 10.1001/archopht.1985.01050120030015]

7 Early photocoagulation for diabetic retinopathy. ETDRS report number 9. Early Treatment Diabetic Retinopathy Study Research Group. Ophthalmology 1991; 98: 766-785 [PMID: 2062512]

8 Tso MO, Wallow IH, Elgin S. Experimental photocoagulation of the human retina. I. Correlation of physical, clinical, and pathologic data. Arch Ophthalmol 1977; 95: 1035-1040 [PMID: 869746 DOI: 10.1001/archopht.1977.04450060121012]

9 Apple DJ, Goldberg MF, Wyhinny G. Histopathology and ultrastructure of the argon laser lesion in human retinal and choroidal vasculatures. Am J Ophthalmol 1973; 75: 595-609 [PMID: 4735264]

10 Wilson DJ, Finkelstein D, Quigley HA, Green WR. Macular grid photocoagulation. An experimental study on the primate retina. Arch Ophthalmol 1988; 106: 100-105 [PMID: 3337683 DOI: 10.1001/archopht.1988.01060130106038]

11 Ogata N, Tombran-Tink J, Jo N, Mrazek D, Matsumura M. Upregulation of pigment epithelium-derived factor after laser photocoagulation. Am J Ophthalmol 2001; 132: 427-429 [PMID: 11530069 DOI: 10.1016/S0002-9394(01)01021-2]

12 Ogata N, Ando A, Uyama M, Matsumura M. Expression of cytokines and transcription factors in photocoagulated human retinal pigment epithelial cells. Graefes Arch Clin Exp Ophthalmol 2001; 239: 87-95 [PMID: 11372550 DOI: 10.1007/s004170000235]

13 Shinoda K, Ishida S, Kawashima S, Wakabayashi T, Uchita M, Matsuzaki T, Takayama M, Shinmura K, Yamada M. Clinical factors related to the aqueous levels of vascular endothelial growth factor and hepatocyte growth factor in proliferative diabetic retinopathy. Curr Eye Res 2000; 21: 655-661 [PMID: 11148602 DOI: 10.1076/0271-3683(200008)2121-VFT655]

14 Spranger J, Hammes HP, Preissner KT, Schatz H, Pfeiffer AF. Release of the angiogenesis inhibitor angiostatin in patients with proliferative diabetic retinopathy: association with retinal photocoagulation. Diabetologia 2000; 43: 1404-1407 [PMID: 11126410 DOI: 10.1007/s001250051546]

15 Akduman L, Olk RJ. Subthreshold (invisible) modified grid diode laser photocoagulation in diffuse diabetic macular edema (DDME) Ophthalmic Surg Lasers 1999; 30: 706-714 [PMID: 10574491]

16 Olk RJ. Modified grid argon (blue-green) laser photocoagulation for diffuse diabetic macular edema. Ophthalmology 1986; 93: 938-950 [PMID: 3763140]

17 Olk RJ. Argon green (514 nm) versus krypton red (647 nm) modified grid laser photocoagulation for diffuse diabetic macular edema. Ophthalmology 1990; 97: 1101-112; discussion 1101-112; [PMID: 2234840]

18 Striph GG, Hart WM, Olk RJ. Modified grid laser photocoagulation for diabetic macular edema. The effect on the central visual field. Ophthalmology 1988; 95: 1673-1679 [PMID: 3231435]

19 Lee CM, Olk RJ. Modified grid laser photocoagulation for diffuse diabetic macular edema. Long-term visual results. Ophthalmology 1991; 98: 1594-1602 [PMID: 1961650]

20 Ferris F. Early photocoagulation in patients with either type I or type II diabetes. Trans Am Ophthalmol Soc 1996; 94: 505-537 [PMID: 8981711]

21 Meyer CH. Current treatment approaches in diabetic macular edema. Ophthalmologica 2007; 221: 118-131 [PMID: 17380066 DOI: 10.1159/000098257]

22 Schatz H, Madeira D, McDonald HR, Johnson RN. Progressive enlargement of laser scars following grid laser photocoagulation for diffuse diabetic macular edema. Arch Ophthalmol 1991; 109: 1549-1551 [PMID: 1755735 DOI: 10.1001/archopht.1991.01080110085041]

23 Morgan CM, Schatz H. Atrophic creep of the retinal pigment epithelium after focal macular photocoagulation. Ophthalmology 1989; 96: 96-103 [PMID: 2919053]

24 Focal photocoagulation treatment of diabetic macular edema. Relationship of treatment effect to fluorescein angiographic and other retinal characteristics at baseline: ETDRS report no. 19. Early Treatment Diabetic Retinopathy Study Research Group. Arch Ophthalmol 1995; 113: 1144-1155 [PMID: 7661748 DOI: 10.1001/archopht.1995.01100090070025]

25 Lewen RM. Subretinal neovascularization complicating laser photocoagulation of diabetic maculopathy. Ophthalmic Surg 1988; 19: 734-737 [PMID: 2461540]

26 Lewis H, Schachat AP, Haimann MH, Haller JA, Quinlan P, von Fricken MA, Fine SL, Murphy RP. Choroidal neovascularization after laser photocoagulation for diabetic macular edema. Ophthalmology 1990; 97: 503-10; discussion 510-1 [PMID: 1691477]

27 Guyer DR, D'Amico DJ, Smith CW. Subretinal fibrosis after laser photocoagulation for diabetic macular edema. Am J Ophthalmol 1992; 113: 652-656 [PMID: 1376019]

28 Rutledge BK, Wallow IH, Poulsen GL. Sub-pigment epithelial membranes after photocoagulation for diabetic macular edema. Arch Ophthalmol 1993; 111: 608-613 [PMID: 8489438 DOI: 10.1001/archopht.1993.01090050042025]

29 Hudson C, Flanagan JG, Turner GS, Chen HC, Young LB, McLeod D. Influence of laser photocoagulation for clinically significant diabetic macular oedema (DMO) on short-wavelength and conventional automated perimetry. Diabetologia 1998; 41: 1283-1292 [PMID: 9833934 DOI: 10.1007/s001250051066]

30 Ishiko S, Ogasawara H, Yoshida A, Hanada K. The use of scanning laser ophthalmoscope microperimetry to detect visual impairment caused by macular photocoagulation. Ophthalmic Surg Lasers 1998; 29: 95-98 [PMID: 9507251]

31 Okuyama M, Okisaka S. Automatic static threshold perimetry is useful for estimating the effects of laser photocoagulation on diabetic maculopathy. Ophthalmic Res 1998; 30: 207-215 [PMID: 9667051 DOI: 10.1159/000055477]

32 Roider J. Laser treatment of retinal diseases by subthreshold laser effects. Semin Ophthalmol 1999; 14: 19–26 PMID:10790572 DOI: 10.3109/08820539909056059

33 Fong DS, Strauber SF, Aiello LP, Beck RW, Callanan DG, Danis RP, Davis MD, Feman SS, Ferris F, Friedman SM, Garcia CA, Glassman AR, Han DP, Le D, Kollman C, Lauer AK, Recchia FM, Solomon SD. Comparison of the modified Early Treatment Diabetic Retinopathy Study and mild macular grid laser photocoagulation strategies for diabetic macular edema. Arch Ophthalmol 2007; 125: 469-480 [PMID: 17420366 DOI: 10.1001/archopht.125.4.469]

34 Martidis A, Duker JS, Greenberg PB, Rogers AH, Puliafito CA, Reichel E, Baumal C. Intravitreal triamcinolone for refractory diabetic macular edema. Ophthalmology 2002; 109: 920-927 [PMID: 11986098 DOI: 10.1016/S0161-6420(02)00975-2]

35 Massin P, Audren F, Haouchine B, Erginay A, Bergmann JF, Benosman R, Caulin C, Gaudric A. Intravitreal triamcinolone acetonide for diabetic diffuse macular edema: preliminary results of a prospective controlled trial. Ophthalmology 2004; 111: 218-24; discussion 224-5 [PMID: 15019365 DOI: 10.1016/j.ophtha.2003.05.037]

36 Sutter FK, Simpson JM, Gillies MC. Intravitreal triamcinolone for diabetic macular edema that persists after laser treatment: three-month efficacy and safety results of a prospective, randomized, double-masked, placebo-controlled clinical trial. Ophthalmology 2004; 111: 2044-2049 [PMID: 15522370 DOI: 10.1016/j.ophtha.2004.05.025]

37 Karacorlu M, Ozdemir H, Karacorlu S, Alacali N, Mudun B, Burumcek E. Intravitreal triamcinolone as a primary therapy in diabetic macular oedema. Eye (Lond) 2005; 19: 382-386 [PMID: 15309024 DOI: 10.1038/sj.eye.6701512]

38 Lang Y, Leibu R, Shoham N, Miller B, Perlman I. Evaluation of intravitreal kenalog toxicity in humans. Ophthalmology 2007; 114: 724-731 [PMID: 17224183 DOI: 10.1016/j.ophtha.2006.08.044]

39 Sobrin L, D'Amico DJ. Controversies in intravitreal triamcinolone acetonide use. Int Ophthalmol Clin 2005; 45: 133-141 [PMID: 16199972 DOI: 10.1097/01.iio.0000176353.56990.3b]

40 Oishi M, Maeda S, Hashida N, Ohguro N, Tano Y, Kurokawa N. Pharmacokinetic behavior of intravitreal triamcinolone acetonide prepared by a hospital pharmacy. Jpn J Ophthalmol 2008; 52: 489-492 [PMID: 19089571 DOI: 10.1007/s10384-008-0584-0]

41 Beer PM, Bakri SJ, Singh RJ, Liu W, Peters GB, Miller M. Intraocular concentration and pharmacokinetics of triamcinolone acetonide after a single intravitreal injection. Ophthalmology 2003; 110: 681-686 [PMID: 12689886 DOI: 10.1016/S0161-6420(02)01969-3]

42 Sears JE, Hoppe G. Triamcinolone acetonide destabilizes VEGF mRNA in Müller cells under continuous cobalt stimulation. Invest Ophthalmol Vis Sci 2005; 46: 4336-4341 [PMID: 16249516 DOI: 10.1167/iovs.05-0565]

43 Gardner TW, Antonetti DA, Barber AJ, LaNoue KF, Levison SW. Diabetic retinopathy: more than meets the eye. Surv Ophthalmol 2002; 47 Suppl 2: S253-S262 [PMID: 12507627 DOI: 10.1016/S0039-6257(02)00387-9]

44 . A randomized trial comparing intravitreal triamcinolone acetonide and focal/grid photocoagulation for diabetic macular edema. Ophthalmology 2008; 115: 1447-149, 1447-149, [PMID: 18662829 DOI: 10.1016/j.ophtha.2008.06.015]

45 Beck RW, Edwards AR, Aiello LP, Bressler NM, Ferris F, Glassman AR, Hartnett E, Ip MS, Kim JE, Kollman C. Three-year follow-up of a randomized trial comparing focal/grid photocoagulation and intravitreal triamcinolone for diabetic macular edema. Arch Ophthalmol 2009; 127: 245-251 [PMID: 19273785 DOI: 10.1001/archophthalmol.2008.610]

46 Lam DS, Chan CK, Mohamed S, Lai TY, Lee VY, Liu DT, Li KK, Li PS, Shanmugam MP. Intravitreal triamcinolone plus sequential grid laser versus triamcinolone or laser alone for treating diabetic macular edema: six-month outcomes. Ophthalmology 2007; 114: 2162-2167 [PMID: 17459479 DOI: 10.1016/j.ophtha.2007.02.006]

47 Maia OO, Takahashi BS, Costa RA, Scott IU, Takahashi WY. Combined laser and intravitreal triamcinolone for proliferative diabetic retinopathy and macular edema: one-year results of a randomized clinical trial. Am J Ophthalmol 2009; 147: 291-297.e2 [PMID: 18929352 DOI: 10.1016/j.ajo.2008.08.024]

48 Kim YM, Chung EJ, Byeon SH, Lee SC, Kwon OW, Koh HJ. Pars plana vitrectomy with internal limiting membrane peeling compared with intravitreal triamcinolone injection in the treatment of diabetic macular edema. Ophthalmologica 2009; 223: 17-23 [PMID: 18849632 DOI: 10.1159/000161878]

49 Soheilian M, Ramezani A, Bijanzadeh B, Yaseri M, Ahmadieh H, Dehghan MH, Azarmina M, Moradian S, Tabatabaei H, Peyman GA. Intravitreal bevacizumab (avastin) injection alone or combined with triamcinolone versus macular photocoagulation as primary treatment of diabetic macular edema. Retina 2007; 27: 1187-1195 [PMID: 18046223 DOI: 10.1097/IAE.0b013e31815ec261]

50 Elman MJ, Aiello LP, Beck RW, Bressler NM, Bressler SB, Edwards AR, Ferris FL, Friedman SM, Glassman AR, Miller KM, Scott IU, Stockdale CR, Sun JK. Randomized trial evaluating ranibizumab plus prompt or deferred laser or triamcinolone plus prompt laser for diabetic macular edema. Ophthalmology 2010; 117: 1064-1077.e35 [PMID: 20427088 DOI: 10.1016/j.ophtha.2010.02.031]

51 Hauser D, Bukelman A, Pokroy R, Katz H, Len A, Thein R, Parness-Yossifon R, Pollack A. Intravitreal triamcinolone for diabetic macular edema: comparison of 1, 2, and 4 mg. Retina 2008; 28: 825-830 [PMID: 18536598 DOI: 10.1097/IAE.0b013e318165767e]

52 Audren F, Lecleire-Collet A, Erginay A, Haouchine B, Benosman R, Bergmann JF, Gaudric A, Massin P. Intravitreal triamcinolone acetonide for diffuse diabetic macular edema: phase 2 trial comparing 4 mg vs 2 mg. Am J Ophthalmol 2006; 142: 794-799 [PMID: 16978576 DOI: 10.1016/j.ajo.2006.06.011]

53 Lam DS, Chan CK, Mohamed S, Lai TY, Li KK, Li PS, Tsang CW, Chan WM, Shanmugam MP. A prospective randomised trial of different doses of intravitreal triamcinolone for diabetic macular oedema. Br J Ophthalmol 2007; 91: 199-203 [PMID: 16973659 DOI: 10.1136/bjo.2006.102848]

54 Gillies MC, Islam FM, Larsson J, Pasadhika S, Gaston C, Zhu M, Wong TY. Triamcinolone-induced cataract in eyes with diabetic macular oedema: 3-year prospective data from a randomized clinical trial. Clin Experiment Ophthalmol 2010; 38: 605-612 [PMID: 20528977 DOI: 10.1111/j.1442-9071.2010.02341.x]

55 Quiram PA, Gonzales CR, Schwartz SD. Severe steroid-induced glaucoma following intravitreal injection of triamcinolone acetonide. Am J Ophthalmol 2006; 141: 580-582 [PMID: 16490518 DOI: 10.1016/j.ajo.2005.10.004]

56 Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah ST, Pasquale LR, Thieme H, Iwamoto MA, Park JE. Vascular endothelial growth factor in ocular fluid of patients with diabetic retinopathy and other retinal disorders. N Engl J Med 1994; 331: 1480-1487 [PMID: 7526212 DOI: 10.1056/NEJM199412013312203]

57 Derevjanik NL, Vinores SA, Xiao WH, Mori K, Turon T, Hudish T, Dong S, Campochiaro PA. Quantitative assessment of the integrity of the blood-retinal barrier in mice. Invest Ophthalmol Vis Sci 2002; 43: 2462-2467 [PMID: 12091451]

58 Sultan MB, Zhou D, Loftus J, Dombi T, Ice KS. A phase 2/3, multicenter, randomized, double-masked, 2-year trial of pegaptanib sodium for the treatment of diabetic macular edema. Ophthalmology 2011; 118: 1107-1118 [PMID: 21529957 DOI: 10.1016/j.ophtha.2011.02.045]

59 Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung CY, Kim RY. Ranibizumab for neovascular age-related macular degeneration. N Engl J Med 2006; 355: 1419-1431 [PMID: 17021318 DOI: 10.1056/NEJMoa054481]

60 Massin P, Bandello F, Garweg JG, Hansen LL, Harding SP, Larsen M, Mitchell P, Sharp D, Wolf-Schnurrbusch UE, Gekkieva M, Weichselberger A, Wolf S. Safety and efficacy of ranibizumab in diabetic macular edema (RESOLVE Study): a 12-month, randomized, controlled, double-masked, multicenter phase II study. Diabetes Care 2010; 33: 2399-2405 [PMID: 20980427 DOI: 10.2337/dc10-0493]

61 Nguyen QD, Shah SM, Heier JS, Do DV, Lim J, Boyer D, Abraham P, Campochiaro PA. Primary End Point (Six Months) Results of the Ranibizumab for Edema of the mAcula in diabetes (READ-2) study. Ophthalmology 2009; 116: 2175-81.e1 [PMID: 19700194 DOI: 10.1016/j.ophtha.2009.04.023]

62 Mitchell P, Bandello F, Schmidt-Erfurth U, Lang GE, Massin P, Schlingemann RO, Sutter F, Simader C, Burian G, Gerstner O, Weichselberger A. The RESTORE study: ranibizumab monotherapy or combined with laser versus laser monotherapy for diabetic macular edema. Ophthalmology 2011; 118: 615-625 [PMID: 21459215 DOI: 10.1016/j.ophtha.2011.01.031]

63 Nguyen QD, Brown DM, Marcus DM, Boyer DS, Patel S, Feiner L, Gibson A, Sy J, Rundle AC, Hopkins JJ, Rubio RG, Ehrlich JS. Ranibizumab for diabetic macular edema: results from 2 phase III randomized trials: RISE and RIDE. Ophthalmology 2012; 119: 789-801 [PMID: 22330964 DOI: 10.1016/j.ophtha.2011.12.039]

64 Chung EJ, Roh MI, Kwon OW, Koh HJ. Effects of macular ischemia on the outcome of intravitreal bevacizumab therapy for diabetic macular edema. Retina 2008; 28: 957-963 [PMID: 18698297 DOI: 10.1097/IAE.0b013e3181754209]

65 Arevalo JF, Sanchez JG, Wu L, Maia M, Alezzandrini AA, Brito M, Bonafonte S, Lujan S, Diaz-Llopis M, Restrepo N, Rodríguez FJ, Udaondo-Mirete P. Primary intravitreal bevacizumab for diffuse diabetic macular edema: the Pan-American Collaborative Retina Study Group at 24 months. Ophthalmology 2009; 116: 1488-197, 1497.e1 [PMID: 19545900 DOI: 10.1016/j.ophtha.2009.03.016]

66 Haritoglou C, Kook D, Neubauer A, Wolf A, Priglinger S, Strauss R, Gandorfer A, Ulbig M, Kampik A. Intravitreal bevacizumab (Avastin) therapy for persistent diffuse diabetic macular edema. Retina 2006; 26: 999-1005 [PMID: 17151486 DOI: 10.1097/01.iae.0000247165.38655.bf]

67 Kook D, Wolf A, Kreutzer T, Neubauer A, Strauss R, Ulbig M, Kampik A, Haritoglou C. Long-term effect of intravitreal bevacizumab (avastin) in patients with chronic diffuse diabetic macular edema. Retina 2008; 28: 1053-1060 [PMID: 18779710 DOI: 10.1097/IAE.0b013e318176de48]

68 Soheilian M, Ramezani A, Obudi A, Bijanzadeh B, Salehipour M, Yaseri M, Ahmadieh H, Dehghan MH, Azarmina M, Moradian S, Peyman GA. Randomized trial of intravitreal bevacizumab alone or combined with triamcinolone versus macular photocoagulation in diabetic macular edema. Ophthalmology 2009; 116: 1142-1150 [PMID: 19376585 DOI: 10.1016/j.ophtha.2009.01.011]

69 Rajendram R, Fraser-Bell S, Kaines A, Michaelides M, Hamilton RD, Esposti SD, Peto T, Egan C, Bunce C, Leslie RD, Hykin PG. A 2-year prospective randomized controlled trial of intravitreal bevacizumab or laser therapy (BOLT) in the management of diabetic macular edema: 24-month data: report 3. Arch Ophthalmol 2012; 130: 972-979 [PMID: 22491395]

70 Do DV, Nguyen QD, Boyer D, Schmidt-Erfurth U, Brown DM, Vitti R, Berliner AJ, Gao B, Zeitz O, Ruckert R, Schmelter T, Sandbrink R, Heier JS. One-year outcomes of the DA VINCI Study of VEGF Trap-Eye in eyes with diabetic macular edema. Ophthalmology 2012; 119: 1658-1665 [PMID: 22537617 DOI: 10.1016/j.ophtha.2012.02.010]

71 Nasrallah FP, Jalkh AE, Van Coppenolle F, Kado M, Trempe CL, McMeel JW, Schepens CL. The role of the vitreous in diabetic macular edema. Ophthalmology 1988; 95: 1335-1339 [PMID: 3226682]

72 Nasrallah FP, Van de Velde F, Jalkh AE, Trempe CL, McMeel JW, Schepens CL. Importance of the vitreous in young diabetics with macular edema. Ophthalmology 1989; 96: 1511-156; discussion 1511-156; [PMID: 2587046]

73 Dillinger P, Mester U. Vitrectomy with removal of the internal limiting membrane in chronic diabetic macular oedema. Graefes Arch Clin Exp Ophthalmol 2004; 242: 630-637 [PMID: 15221304 DOI: 10.1007/s00417-003-0849-8]

74 Figueroa MS, Contreras I, Noval S. Surgical and anatomical outcomes of pars plana vitrectomy for diffuse nontractional diabetic macular edema. Retina 2008; 28: 420-426 [PMID: 18327133 DOI: 10.1097/IAE.0b013e318159e7d2]

75 Foos RY, Kreiger AE, Forsythe AB, Zakka KA. Posterior vitreous detachment in diabetic subjects. Ophthalmology 1980; 87: 122-128 [PMID: 7383541]

76 Gandorfer A, Messmer EM, Ulbig MW, Kampik A. Resolution of diabetic macular edema after surgical removal of the posterior hyaloid and the inner limiting membrane. Retina 2000; 20: 126-133 [PMID: 10783944 DOI: 10.1097/00006982-200002000-00004]

77 Harbour JW, Smiddy WE, Flynn HW, Rubsamen PE. Vitrectomy for diabetic macular edema associated with a thickened and taut posterior hyaloid membrane. Am J Ophthalmol 1996; 121: 405-413 [PMID: 8604734]

78 Ikeda T, Sato K, Katano T, Hayashi Y. Vitrectomy for cystoid macular oedema with attached posterior hyaloid membrane in patients with diabetes. Br J Ophthalmol 1999; 83: 12-14 [PMID: 10209427 DOI: 10.1136/bjo.83.1.12]

79 Hikichi T, Fujio N, Akiba J, Azuma Y, Takahashi M, Yoshida A. Association between the short-term natural history of diabetic macular edema and the vitreomacular relationship in type II diabetes mellitus. Ophthalmology 1997; 104: 473-478 [PMID: 9082275]

80 Tachi N, Ogino N. Vitrectomy for diffuse macular edema in cases of diabetic retinopathy. Am J Ophthalmol 1996; 122: 258-260 [PMID: 8694095]

81 Schepens CL, Avila MP, Jalkh AE, Trempe CL. Role of the vitreous in cystoid macular edema. Surv Ophthalmol 1984; 28 Suppl: 499-504 [PMID: 6463849 DOI: 10.1016/0039-6257(84)90232-7]

82 Lewis H, Abrams GW, Blumenkranz MS, Campo RV. Vitrectomy for diabetic macular traction and edema associated with posterior hyaloidal traction. Ophthalmology 1992; 99: 753-759 [PMID: 1594222]

83 Massin P, Duguid G, Erginay A, Haouchine B, Gaudric A. Optical coherence tomography for evaluating diabetic macular edema before and after vitrectomy. Am J Ophthalmol 2003; 135: 169-177 [PMID: 12566020 DOI: 10.1016/S0002-9394(02)01837-8]

84 Ikeda T, Sato K, Katano T, Hayashi Y. Improved visual acuity following pars plana vitrectomy for diabetic cystoid macular edema and detached posterior hyaloid. Retina 2000; 20: 220-222 [PMID: 10783963 DOI: 10.1097/00006982-200002000-00023]

85 La Heij EC, Hendrikse F, Kessels AG, Derhaag PJ. Vitrectomy results in diabetic macular oedema without evident vitreomacular traction. Graefes Arch Clin Exp Ophthalmol 2001; 239: 264-270 [PMID: 11450490 DOI: 10.1007/s004170000251]

86 Kadonosono K, Itoh N, Ohno S. Perifoveal microcirculation before and after vitrectomy for diabetic cystoid macular edema. Am J Ophthalmol 2000; 130: 740-744 [PMID: 11124292 DOI: 10.1016/S0002-9394(00)00575-4]

87 Stefánsson E. Ocular oxygenation and the treatment of diabetic retinopathy. Surv Ophthalmol 2006; 51: 364-380 [PMID: 16818083 DOI: 10.1016/j.survophthal.2006.04.005]

88 Stefánsson E. The therapeutic effects of retinal laser treatment and vitrectomy. A theory based on oxygen and vascular physiology. Acta Ophthalmol Scand 2001; 79: 435-440 [PMID: 11594975 DOI: 10.1034/j.1600-0420.2001.790502.x]

89 Wilson CA, Benner JD, Berkowitz BA, Chapman CB, Peshock RM. Transcorneal oxygenation of the preretinal vitreous. Arch Ophthalmol 1994; 112: 839-845 [PMID: 8002844 DOI: 10.1001/archopht.1994.01090180139048]

90 Christoforidis JB, D'Amico DJ. Surgical and other treatments of diabetic macular edema: an update. Int Ophthalmol Clin 2004; 44: 139-160 [PMID: 14704528 DOI: 10.1097/00004397-200404410-00015]

91 Kohno T, Sorgente N, Goodnight R, Ryan SJ. Alterations in the distribution of fibronectin and laminin in the diabetic human eye. Invest Ophthalmol Vis Sci 1987; 28: 515-521 [PMID: 3557864]

92 Ljubimov AV, Burgeson RE, Butkowski RJ, Couchman JR, Zardi L, Ninomiya Y, Sado Y, Huang ZS, Nesburn AB, Kenney MC. Basement membrane abnormalities in human eyes with diabetic retinopathy. J Histochem Cytochem 1996; 44: 1469-1479 [PMID: 8985139 DOI: 10.1177/44.12.8985139]

93 Matsunaga N, Ozeki H, Hirabayashi Y, Shimada S, Ogura Y. Histopathologic evaluation of the internal limiting membrane surgically excised from eyes with diabetic maculopathy. Retina 2005; 25: 311-316 [PMID: 15805908 DOI: 10.1097/00006982-200504000-00010]

94 Funatsu H, Yamashita H, Noma H, Mimura T, Yamashita T, Hori S. Increased levels of vascular endothelial growth factor and interleukin-6 in the aqueous humor of diabetics with macular edema. Am J Ophthalmol 2002; 133: 70-77 [PMID: 11755841 DOI: 10.1016/S0002-9394(01)01269-7]

95 Funatsu H, Yamashita H, Ikeda T, Mimura T, Eguchi S, Hori S. Vitreous levels of interleukin-6 and vascular endothelial growth factor are related to diabetic macular edema. Ophthalmology 2003; 110: 1690-1696 [PMID: 13129863 DOI: 10.1016/S0161-6420(03)00568-2]

96 Funatsu H, Yamashita H, Ikeda T, Mimura T, Shimizu E, Hori S. Relation of diabetic macular edema to cytokines and posterior vitreous detachment. Am J Ophthalmol 2003; 135: 321-327 [PMID: 12614749 DOI: 10.1016/S0002-9394(02)01971-2]

97 Antonetti DA, Barber AJ, Khin S, Lieth E, Tarbell JM, Gardner TW. Vascular permeability in experimental diabetes is associated with reduced endothelial occludin content: vascular endothelial growth factor decreases occludin in retinal endothelial cells. Penn State Retina Research Group. Diabetes 1998; 47: 1953-1959 [PMID: 9836530 DOI: 10.2337/diabetes.47.12.1953]

98 Bahadir M, Ertan A, Mertoğlu O. Visual acuity comparison of vitrectomy with and without internal limiting membrane removal in the treatment of diabetic macular edema. Int Ophthalmol 2005; 26: 3-8 [PMID: 16786177 DOI: 10.1007/s10792-006-0008-4]

99 Yanyali A, Horozoglu F, Celik E, Nohutcu AF. Long-term outcomes of pars plana vitrectomy with internal limiting membrane removal in diabetic macular edema. Retina 2007; 27: 557-566 [PMID: 17558316 DOI: 10.1097/01.iae.0000249390.61854.d5]

100 Yamamoto T, Hitani K, Tsukahara I, Yamamoto S, Kawasaki R, Yamashita H, Takeuchi S. Early postoperative retinal thickness changes and complications after vitrectomy for diabetic macular edema. Am J Ophthalmol 2003; 135: 14-19 [PMID: 12504691 DOI: 10.1016/S0002-9394(02)01819-6]

101 Kamura Y, Sato Y, Isomae T, Shimada H. Effects of internal limiting membrane peeling in vitrectomy on diabetic cystoid macular edema patients. Jpn J Ophthalmol 2005; 49: 297-300 [PMID: 16075329 DOI: 10.1007/s10384-005-0199-7]

102 Ikagawa H, Yoneda M, Iwaki M, Isogai Z, Tsujii K, Yamazaki R, Kamiya T, Zako M. Chemical toxicity of indocyanine green damages retinal pigment epithelium. Invest Ophthalmol Vis Sci 2005; 46: 2531-2539 [PMID: 15980245 DOI: 10.1167/iovs.04-1521]

103 Kumagai K, Ogino N, Furukawa M, Demizu S, Atsumi K, Kurihara H, Iwaki M, Ishigooka H, Tachi N. [Internal limiting membrane peeling in vitreous surgery for diabetic macular edema]. Nihon Ganka Gakkai Zasshi 2002; 106: 590-594 [PMID: 12385125]

104 Hartley KL, Smiddy WE, Flynn HW, Murray TG. Pars plana vitrectomy with internal limiting membrane peeling for diabetic macular edema. Retina 2008; 28: 410-419 [PMID: 18327132 DOI: 10.1097/IAE.0b013e31816102f2]

105 Flaxel CJ, Edwards AR, Aiello LP, Arrigg PG, Beck RW, Bressler NM, Bressler SB, Ferris FL, Gupta SK, Haller JA, Lazarus HS, Qin H. Factors associated with visual acuity outcomes after vitrectomy for diabetic macular edema: diabetic retinopathy clinical research network. Retina 2010; 30: 1488-1495 [PMID: 20924264 DOI: 10.1097/IAE.0b013e3181e7974f]

106 Pendergast SD. Vitrectomy for diabetic macular edema associated with a taut premacular posterior hyaloid. Curr Opin Ophthalmol 1998; 9: 71-75 [PMID: 10182105 DOI: 10.1097/00055735-199806000-00013]

107 Haller JA, Qin H, Apte RS, Beck RR, Bressler NM, Browning DJ, Danis RP, Glassman AR, Googe JM, Kollman C, Lauer AK, Peters MA, Stockman ME. Vitrectomy outcomes in eyes with diabetic macular edema and vitreomacular traction. Ophthalmology 2010; 117: 1087-1093.e3 [PMID: 20299105 DOI: 10.1016/j.ophtha.2009.10.040]

108 Jaffe GJ, Ben-Nun J, Guo H, Dunn JP, Ashton P. Fluocinolone acetonide sustained drug delivery device to treat severe uveitis. Ophthalmology 2000; 107: 2024-2033 [PMID: 11054326 DOI: 10.1016/S0161-6420(00)00466-8]

109 Driot JY, Novack GD, Rittenhouse KD, Milazzo C, Pearson PA. Ocular pharmacokinetics of fluocinolone acetonide after Retisert intravitreal implantation in rabbits over a 1-year period. J Ocul Pharmacol Ther 2004; 20: 269-275 [PMID: 15279731 DOI: 10.1089/1080768041223611]

110 Pearson PA, Comstock TL, Ip M, Callanan D, Morse LS, Ashton P, Levy B, Mann ES, Eliott D. Fluocinolone acetonide intravitreal implant for diabetic macular edema: a 3-year multicenter, randomized, controlled clinical trial. Ophthalmology 2011; 118: 1580-1587 [PMID: 21813090 DOI: 10.1016/j.ophtha.2011.02.048]

111 Campochiaro PA, Hafiz G, Shah SM, Bloom S, Brown DM, Busquets M, Ciulla T, Feiner L, Sabates N, Billman K, Kapik B, Green K, Kane F. Sustained ocular delivery of fluocinolone acetonide by an intravitreal insert. Ophthalmology 2010; 117: 1393-9.e3 [PMID: 20202684 DOI: 10.1016/j.ophtha.2009.11.024]

112 Campochiaro PA, Brown DM, Pearson A, Ciulla T, Boyer D, Holz FG, Tolentino M, Gupta A, Duarte L, Madreperla S, Gonder J, Kapik B, Billman K, Kane FE. Long-term benefit of sustained-delivery fluocinolone acetonide vitreous inserts for diabetic macular edema. Ophthalmology 2011; 118: 626-635.e2 [PMID: 21459216 DOI: 10.1016/j.ophtha.2010.12.028]

113 Haller JA, Kuppermann BD, Blumenkranz MS, Williams GA, Weinberg DV, Chou C, Whitcup SM. Randomized controlled trial of an intravitreous dexamethasone drug delivery system in patients with diabetic macular edema. Arch Ophthalmol 2010; 128: 289-296 [PMID: 20212197 DOI: 10.1001/archophthalmol.2010.21]

114 Boyer DS, Faber D, Gupta S, Patel SS, Tabandeh H, Li XY, Liu CC, Lou J, Whitcup SM. Dexamethasone intravitreal implant for treatment of diabetic macular edema in vitrectomized patients. Retina 2011; 31: 915-923 [PMID: 21487341 DOI: 10.1097/IAE.0b013e318206d18c]

115 A Study of the Safety and Efficacy of a New Treatment for Diabetic Macular Edema.NCT00168389; http: //clinicaltrials.gov/ct2/show/NCT00168389?term=dexamethasone and diabetic macular edema&rank=4; Accessed July 25, 2011

116 Loewenstein A. Update on corticosteroids for treatment of DME. Retin Today. 2011 July/August: 68-71

117 Dorin G. Subthreshold and micropulse diode laser photocoagulation. Semin Ophthalmol 2003; 18: 147-153 [PMID: 15513476 DOI: 10.1076/soph.18.3.147.29812]

118 Kim SY, Sanislo SR, Dalal R. The selective effect of micropulse diode laser upon theretina. Invest Ophthal Vis Sci 1996; 37: S779

119 Figueira J, Khan J, Nunes S, Sivaprasad S, Rosa A, de Abreu JF, Cunha-Vaz JG, Chong NV. Prospective randomised controlled trial comparing sub-threshold micropulse diode laser photocoagulation and conventional green laser for clinically significant diabetic macular oedema. Br J Ophthalmol 2009; 93: 1341-1344 [PMID: 19054831 DOI: 10.1136/bjo.2008.146712]

120 Ulbig MW, McHugh DA, Hamilton AM. Diode laser photocoagulation for diabetic macular oedema. Br J Ophthalmol 1995; 79: 318-321 [PMID: 7742274 DOI: 10.1136/bjo.79.4.318]

121 Ohkoshi K, Yamaguchi T. Subthreshold micropulse diode laser photocoagulation for diabetic macular edema in Japanese patients. Am J Ophthalmol 2010; 149: 133-139 [PMID: 19875091 DOI: 10.1016/j.ajo.2009.08.010]

122 Venkatesh P, Ramanjulu R, Azad R, Vohra R, Garg S. Subthreshold micropulse diode laser and double frequency neodymium: YAG laser in treatment of diabetic macular edema: a prospective, randomized study using multifocal electroretinography. Photomed Laser Surg 2011; 29: 727-733 [PMID: 21612513 DOI: 10.1089/pho.2010.2830]

123 Adamis AP, Berman AJ. Immunological mechanisms in the pathogenesis of diabetic retinopathy. Semin Immunopathol 2008; 30: 65-84 [PMID: 18340447 DOI: 10.1007/s00281-008-0111-x]

124 Limb GA, Webster L, Soomro H, Janikoun S, Shilling J. Platelet expression of tumour necrosis factor-alpha (TNF-alpha), TNF receptors and intercellular adhesion molecule-1 (ICAM-1) in patients with proliferative diabetic retinopathy. Clin Exp Immunol 1999; 118: 213-218 [PMID: 10540181 DOI: 10.1046/j.1365-2249.1999.01067.x]

125 Limb GA, Hollifield RD, Webster L, Charteris DG, Chignell AH. Soluble TNF receptors in vitreoretinal proliferative disease. Invest Ophthalmol Vis Sci 2001; 42: 1586-1591 [PMID: 11381065]

126 Sfikakis PP, Kollias G. Tumor necrosis factor biology in experimental and clinical arthritis. Curr Opin Rheumatol 2003; 15: 380-386 [PMID: 12819464 DOI: 10.1097/00002281-200307000-00003]

127 Cañete JD, Pablos JL, Sanmartí R, Mallofré C, Marsal S, Maymó J, Gratacós J, Mezquita J, Mezquita C, Cid MC. Antiangiogenic effects of anti-tumor necrosis factor alpha therapy with infliximab in psoriatic arthritis. Arthritis Rheum 2004; 50: 1636-1641 [PMID: 15146434 DOI: 10.1002/art.20181]

128 Simó R, Hernández C. Advances in the medical treatment of diabetic retinopathy. Diabetes Care 2009; 32: 1556-1562 [PMID: 19638526 DOI: 10.2337/dc09-0565]

129 Sfikakis PP, Grigoropoulos V, Emfietzoglou I, Theodossiadis G, Tentolouris N, Delicha E, Katsiari C, Alexiadou K, Hatziagelaki E, Theodossiadis PG. Infliximab for diabetic macular edema refractory to laser photocoagulation: a randomized, double-blind, placebo-controlled, crossover, 32-week study. Diabetes Care 2010; 33: 1523-1528 [PMID: 20413522 DOI: 10.2337/dc09-2372]

130 Wu L, Hernandez-Bogantes E, Roca JA, Arevalo JF, Barraza K, Lasave AF. intravitreal tumor necrosis factor inhibitors in the treatment of refractory diabetic macular edema: a pilot study from the Pan-American Collaborative Retina Study Group. Retina 2011; 31: 298-303 [PMID: 21099452 DOI: 10.1097/IAE.0b013e3181eac7a6]

131 Arias L, Caminal JM, Badia MB, Rubio MJ, Catala J, Pujol O. Intravitreal infliximab in patients with macular degeneration who are nonresponders to antivascular endothelial growth factor therapy. Retina 2010; 30: 1601-1608 [PMID: 21060271 DOI: 10.1097/IAE.0b013e3181e9f942]

132 Tsilimbaris MK, Panagiotoglou TD, Charisis SK, Anastasakis A, Krikonis TS, Christodoulakis E. The use of intravitreal etanercept in diabetic macular oedema. Semin Ophthalmol 2007; 22: 75-79 [PMID: 17564925 DOI: 10.1080/08820530701418243]

133 Xu X, Zhu Q, Xia X, Zhang S, Gu Q, Luo D. Blood-retinal barrier breakdown induced by activation of protein kinase C via vascular endothelial growth factor in streptozotocin-induced diabetic rats. Curr Eye Res 2004; 28: 251-256 [PMID: 15259294 DOI: 10.1076/ceyr.28.4.251.27834]

134 Suzuma K, Takahara N, Suzuma I, Isshiki K, Ueki K, Leitges M, Aiello LP, King GL. Characterization of protein kinase C beta isoform's action on retinoblastoma protein phosphorylation, vascular endothelial growth factor-induced endothelial cell proliferation, and retinal neovascularization. Proc Natl Acad Sci U S A 2002; 99: 721-726 [PMID: 11805327 DOI: 10.1073/pnas.022644499]

135 Zhu Q, Xu X, Xia X, Gu Q, Ho PC. Role of protein kinase C on the alteration of retinal endothelin-1 in streptozotocin-induced diabetic rats. Exp Eye Res 2005; 81: 200-206 [PMID: 16080914 DOI: 10.1016/j.exer.2005.01.025]

136 Aiello LP, Davis MD, Girach A, Kles KA, Milton RC, Sheetz MJ, Vignati L, Zhi XE. Effect of ruboxistaurin on visual loss in patients with diabetic retinopathy. Ophthalmology 2006; 113: 2221-2230 [PMID: 16989901 DOI: 10.1016/j.ophtha.2006.07.032]

137 Effect of ruboxistaurin in patients with diabetic macular edema: thirty-month results of the randomized PKC-DMES clinical trial. Arch Ophthalmol 2007; 125: 318-324 [PMID: 17353401 DOI: 10.1001/archopht.125.3.318]

138 STONE CA, TORCHIANA ML, NAVARRO A, BEYER KH. Ganglionic blocking properties of 3-methylaminoisocamphane hydrochloride (mecamylamine): a secondary amine. J Pharmacol Exp Ther 1956; 117: 169-183 [PMID: 13332559]

139 Kiuchi K, Matsuoka M, Wu JC, Lima e Silva R, Kengatharan M, Verghese M, Ueno S, Yokoi K, Khu NH, Cooke JP, Campochiaro PA. Mecamylamine suppresses Basal and nicotine-stimulated choroidal neovascularization. Invest Ophthalmol Vis Sci 2008; 49: 1705-1711 [PMID: 18385094 DOI: 10.1167/iovs.07-0089]

140 Campochiaro PA, Shah SM, Hafiz G, Heier JS, Lit ES, Zimmer-Galler I, Channa R, Nguyen QD, Syed B, Do DV, Lu L, Monk J, Cooke JP, Kengatharan MK, Hsu HH. Topical mecamylamine for diabetic macular edema. Am J Ophthalmol 2010; 149: 839-51.e1 [PMID: 20189159 DOI: 10.1016/j.ajo.2009.12.005]

141 Han DP, Abrams GW, Aaberg TM. Surgical excision of the attached posterior hyaloid. Arch Ophthalmol 1988; 106: 998-1000 [PMID: 3390064 DOI: 10.1001/archopht.1988.01060140144042]

142 Vander JF, Kleiner R. A method for induction of posterior vitreous detachment during vitrectomy. Retina 1992; 12: 172-173 [PMID: 1439247 DOI: 10.1097/00006982-199212020-00013]

143 Verstraeten TC, Chapman C, Hartzer M, Winkler BS, Trese MT, Williams GA. Pharmacologic induction of posterior vitreous detachment in the rabbit. Arch Ophthalmol 1993; 111: 849-854 [PMID: 8512489 DOI: 10.1001/archopht.1993.01090060139038]

144 Benz MS, Packo KH, Gonzalez V, Pakola S, Bezner D, Haller JA, Schwartz SD. A placebo-controlled trial of microplasmin intravitreous injection to facilitate posterior vitreous detachment before vitrectomy. Ophthalmology 2010; 117: 791-797 [PMID: 20138368 DOI: 10.1016/j.ophtha.2009.11.005]

145 Ke TL, Graff G, Spellman JM, Yanni JM. Nepafenac, a unique nonsteroidal prodrug with potential utility in the treatment of trauma-induced ocular inflammation: II. In vitro bioactivation and permeation of external ocular barriers. Inflammation 2000; 24: 371-384 [PMID: 10850858 DOI: 10.1023/A: 1007001131987]

146 Callanan D, Williams P. Topical nepafenac in the treatment of diabetic macular edema. Clin Ophthalmol 2008; 2: 689-692 [PMID: 19668417 DOI: 10.2147/OPTH.S3965]

147 Krishnadev N, Forooghian F, Cukras C, Wong W, Saligan L, Chew EY, Nussenblatt R, Ferris F, Meyerle C. Subconjunctival sirolimus in the treatment of diabetic macular edema. Graefes Arch Clin Exp Ophthalmol 2011; 249: 1627-1633 [PMID: 21567211 DOI: 10.1007/s00417-011-1694-9]

148 Fong DS, Segal PP, Myers F, Ferris FL, Hubbard LD, Davis MD. Subretinal fibrosis in diabetic macular edema. ETDRS report 23. Early Treatment Diabetic Retinopathy Study Research Group. Arch Ophthalmol 1997; 115: 873-877 [PMID: 9230827 DOI: 10.1001/archopht.1997.01100160043006]

149 Takagi H, Otani A, Kiryu J, Ogura Y. New surgical approach for removing massive foveal hard exudates in diabetic macular edema. Ophthalmology 1999; 106: 249-56; discussion 256-7 [PMID: 9951473 DOI: 10.1016/S0161-6420(99)90054-4]

150 Sakuraba T, Suzuki Y, Mizutani H, Nakazawa M. Visual improvement after removal of submacular exudates in patients with diabetic maculopathy. Ophthalmic Surg Lasers 2000; 31: 287-291 [PMID: 10928665]

151 Takaya K, Suzuki Y, Mizutani H, Sakuraba T, Nakazawa M. Long-term results of vitrectomy for removal of submacular hard exudates in patients with diabetic maculopathy. Retina 2004; 24: 23-29 [PMID: 15076940 DOI: 10.1097/00006982-200402000-00004]

152 Freyler H. [Peripheral fluorescence angiography in diabetic retinopathy]. Klin Monbl Augenheilkd 1985; 186: 184-186 [PMID: 3999600 DOI: 10.1055/s-2008-1050901]

153 Kimble JA, Brandt BM, McGwin G. Clinical examination accurately locates capillary nonperfusion in diabetic retinopathy. Am J Ophthalmol 2005; 139: 555-557 [PMID: 15767077 DOI: 10.1016/j.ajo.2004.08.073]

154 Suner I, Hammer M, Grizzard S. RaScaL study - results of a pilot study of combination peripheral scatter laser and ranibizumab for diabetic macular oedema associated with peripheral non-perfusion. 11th Euroretina Congress. London, UK: May 26-29, 2011

P-Reviewers Sharma A, Ido Y       S-Editor Wen LL             L-Editor                  E-Editor

[image: image1.jpg]



Figure 1 Horizontal spectral-domain optical coherence tomography scans of the macula before (A) and after (B) 1 mg of intravitreal triamcinolone therapy in a patient with diabetic macular edema in the right eye. Four months following treatment, the macular edema almost completely resolved (B). The Snellen visual acuity improved from 20/200 to 20/60.
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Figure 2 Horizontal spectral-domain optical coherence tomography scans of the macula before (A and B) and after (C and D) intravitreal bevacizumab therapy in a patient with diabetic macular edema. Note extensive cystoid macular edema in both eyes (A and B) and subretinal fluid in the right (A). Six months following treatment with 3 injections of bevacizumab, the macular edema almost completely resolved in both eyes (C and D). The Snellen visual acuity improved from 20/125 to 20/70 in the right eye, but did not change significantly in the left, likely due to atrophic changes in the outer retina as seen on optical coherence tomography.
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Figure 3 Spectral-domain optical coherence tomography scans of the macula before (A) and after (B) pars plana vitrectomy in a patient with diabetic macular edema  in the left eye. Note the focal vitreomacular adhesion with associated cystoid macular edema and intraretinal hard exudates. Seven months following surgery, the macular edema completely resolved (B), but the Snellen visual acuity was not changed and measured 20/400 likely due to atrophic changes in the outer retina as seen on optical coherence tomography. 
