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Abstract
Diabetic macular edema (DME) is a common cause of 
visual impairment in diabetic patients. It is caused by 
an increase in the permeability of the perifoveal capil-
laries and a disruption of the blood retinal-barrier. The 
pathogenesis of DME is multifactorial. Several thera-
peutic modalities have been proposed for the treatment 
of DME. Corticosteroid treatments have emerged as an 
alternative therapy for persistent DME or refractory to 
conventional laser photocoagulation and other modali-
ties, due to anti-inflammatory, anti-vascular endothe-
lial growth factor and anti-proliferative effects. Many 
studies have demonstrated the beneficial therapeutic 
effect of corticosteroids with improvement to both 
retinal thickness and visual acuity in short-term on the 
treatment of DME. Peribulbar and intravitreal injec-
tions have been used to deliver steroids for DME with 
frequent injections due to the chronic and recurrent na-
ture of the disease. Steroid-related side effects include 
elevated intraocular pressure, cataract, and injection 
related complications such as endophthalmitis, vitreous 
hemorrhage, and retinal detachment particularly with 
intravitreal steroid injections. In order to reduce the 
risks, complications and frequent dosing of intravitreal 
steroids, intravitreal implants have been developed 
recently to provide sustained release of corticosteroids 

and reduce repeated intravitreal injections for the man-
agement of DME.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Despite the documented ocular side effects of 
corticosteroids by the time being they are still consid-
ered as one of the essential effective adjunct modalities 
for the treatment of diabetic macular edema especially 
in refractory and persistent cases.
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INTRODUCTION
Diabetic macular edema (DME) is considered to be a 
process of  low-grade inflammation in which numerous 
inflammatory cells, mediators and cytokines are involved 
and subsequently lead to increase in vascular permeability[1-6]. 

Corticosteroids are anti-inflammatory agents that 
stabilize retinal capillaries and tend to reduce their per-
meability by enhancing the activity or density of  the tight 
junctions in the retinal capillary endothelium[6-8] as well 
inhibit and downregulate the metabolic pathway of  the 
vascular endothelial growth factor[9-12] in order to decrease 
the leakage of  plasma proteins into the interstitial tissue 
compartment and help to restore the osmotic gradient 
between blood and tissue compartments, and eventually 
will resolve edema formation[7,13,14]. 

Corticosteroid has emerged as an alternative therapy 
for persistent DME or refractory to conventional laser 
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photocoagulation and other modalities[15-23]. Many studies 
have demonstrated the beneficial therapeutic effect of  
corticosteroids such as triamcinolone and dexamethasone 
on the treatment of  diabetic macular edema[15-27]. Various 
routes have been used to deliver steroid for DME treat-
ment including peribulbar injection, intravitreal injection 
and intravitreal implants.

PERIBULBAR OR SUBTENON’S STEROID 
INJECTIONS 
Peribulbar or subtenon’s steroid injections have been used 
to treat diabetic macular edema either as monotherapy 
or as adjunctive therapy to laser[16,17,24,28]. Although they 
are not considered ideal to obtain a therapeutic dose of  
cortisone at the level of  the retina[29,30], short-term effi-
cacy has been demonstrated with transient improvement 
to both retinal thickness and visual acuity but less effec-
tive than intravitreal therapy[16,17,30]. However, a phase Ⅱ 
study sponsored by the national eye institute, showed no 
benefit in reducing retinal thickness by adding peribulbar 
steroids to focal laser treatment for eyes with mild DME 
and good visual acuity[6,24]. Although, subtenon’s approach 
is clearly less invasive than the intravitreal one[31], it is 
not free of  potential complications such as accidental 
injection directly into the choroidal or retinal circulation, 
perforation of  the ocular bulb, occlusion of  the central 
retinal artery and cataract[31]. Other complications re-
ported are blepharoptosis, orbital fat atrophy, strabismus 
and conjunctival necrosis[31,32]. It is important to add, that 
intra-ocular pressure (IOP) is not increased by the use of  
the posterior sub-Tenon’s approach in comparison to an-
terior sub-Tenon or intravitreal triamcinolone acetonide 
(IVTA) injections with the exception of  steroid responder 
patients, the risk of  IOP elevation is 44% steroid responders 
compared to 13% in non steroid responders[28,31-34].

INTRAVITREAL TRIAMCINOLONE 
ACETONIDE INJECTION 
Intravitreal triamcinolone acetonide (IVTA) injection 

has been widely used to treat DME particularly diffuse 
macular edema that persist after appropriate laser treat-
ment (Figures 1 and 2). Many clinical trials have been 
conducted to evaluate the efficacy of  IVTA therapy for 
DME[18-23,35-52]. IVTA has shown significant improvements 
in diabetic macular edema and visual acuity in the short 
term and found to be transient. The therapeutic effect is 
typically seen within 1 wk and the duration of  the effect 
increased with increasing dosage. However, in many pa-
tients re-injections are needed every three to six months 
as the effect diminishes[18,19,42,44,53-57]. 

The Diabetic Retinopathy Clinical Research Network 
(DRCR) compared 2 doses of  IVTA as monotherapy to 
focal/grid laser photocoagulation in 840 eyes with DME. 
The 4-mg IVTA group had better visual acuity at four 
months; however, at 16 mo, two years and three years, 
the laser group had better visual acuity than either IVTA 
groups. In addition, the laser group had fewer incidences 
of  cataract and glaucoma[27,58,59]. 

In the second randomized controlled trial by the 
DRCR network, focal/grid laser alone was compared to 
4 mg of  intravitreal triamcinolone plus laser. Two ad-
ditional arms utilized intravitreal ranibizumab. Similar to 
the previous study, the triamcinolone plus laser showed 
superiority compared to laser alone in terms of  visual 
acuity at 24 wk follow-up. However, at one and two 
years, the treatments appeared equivalent in terms of  vi-
sual acuity outcome, but with increased rates of  cataract 
and elevated intraocular pressure in the triamcinolone 
plus laser group[60,61]. In the subgroup analysis of  patients 
who were pseudophakic at baseline, the triamcinolone 
plus laser group appeared superior to the laser alone 
treatment and equivalent to the treatment arms utilizing 
ranibizumab[60,61]. 

Recently, Gillies et al[62] reported the 24-mo results of  
a randomized controlled trial of  intravitreal triamcinolone 
plus laser versus laser treatment only for diabetic macu-
lar edema which showed that treatment with IVTA plus 
macular laser resulted in a doubling of  improvement in 
vision compared with laser only over 2 years in eyes with 
DME, but associated with cataract and raised intraocular 
pressure. 
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Figure 1  Intravitreal triamcinolone acetonide injection. A: External aspect demonstrating intravitreal triamcinolone acetonide (IVTA) injection through the inferior 
pars plana in sterile conditions; B: Vitreous cavity aspect demonstrating IVTA injection with inferior deposition of triamcinolone acetonide  crystals over the retinal sur-
face on a patient with diabetic macular edema refractory to laser photocoagulation.
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The role of  IVTA as adjunctive treatment to panreti-
nal photocoagulation (PRP) for patients with proliferative 
diabetic retinopathy (PDR) and DME is being evaluated, 
and clinical studies have demonstrated the effectiveness 
of  combination in preventing exacerbations of  macular 
edema with improvement in visual acuity and macular 

thickness in patients having PDR and DME[49-51,63,64]. 

However, a recent study demonstrated no beneficial ef-
fect of  combined IVTA plus PRP and macular photoco-
agulation in coexisting high-risk PDR and DME in terms 
of  visual acuity and macular thickness compared with 
standard treatment[65]. 
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Figure 2  Diabetic macular edema before and after intravitreal triamcinolone acetonide injection.
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INTRAVITREAL STEROID 
SUSTAINED-RELEASE IMPLANTS 
Nevertheless, the utilization of  IVTA is not free of  risks. 
The most common side-effects of  IVTA are steroid-
induced elevation of  IOP varying from 20% to 70%, 
cataract in about 15%-20%, and crystalline maculopa-
thy[18,19,21,22,52,66-71]. Other complications include endo-
phthalmitis, intraocular hemorrhages, detachment of  the 
retina[52,70,71-74]. In order to reduce the risks , complications 
and frequent dosing of  intravitreal steroid , intravitreal 
steroid sustained-release implants have been developed.

Ozurdex (Allergan, Irvine, CA, United States) is a 
biodegradable dexamethasone injectable intravitreal im-
plant approved by the FDA to treat patients with macular 
edema due to retinal vein occlusion, as well as noninfec-
tious posterior uveitis (Figure 3). Studies have shown the 
benefit of  Ozurdex in treating DME with improvement 
in visual acuity and macular thickness[75,76]. Analysis of  171 
eyes with persistent DME that were treated with either 0.7 
mg or 0.35 mg of  Ozurdex, a best corrected visual acu-
ity (BCVA) improvement of  10 letters or more was seen 
in more eyes in the 0.7 mg group (33.3%) and 0.35 mg 
group (21.1%) than the observation group (12.3%; P = 
0.007) with decreased central foveal thickness and leakage 
on fluorescein angiogram at 90 d compared to observa-
tion[75]. However, at 180 d, no significant difference was 
found between Ozurdex groups and the observation 
group. There was no significant difference in the number 
of  patients with cataract among the study groups. Both 

the 0.7-mg and 0.35-mg group had IOP elevation, 15% 
of  patients who had received Ozurdex implants had 
an IOP increase of  10 mmHg or more from baseline, 
compared with 2% among patients from the observation 
group. All cases were successfully managed by observa-
tion or with topical IOP lowering medications. However, 
the rate of  IOP elevation was lower than what has been 
reported for IVTA[75]. In addition, 0.7 mg of  Ozurdex for 
treatment-resistant DME in vitrectomized eyes has been 
evaluated prospectively and showed significant improve-
ment in both vision and vascular leakage from diabetic 
macular edema at 26 wk compared to baseline and may 
have a role in management of  difficult to treat DME in 
vitrectomized eyes with acceptable safety profile[75,76]. 

Retisert (Bausch and Lomb, Rochester, NY, United 
States) is another non-biodegradable sustained-release 
fluocinolone acetonide intravitreal implants that is ap-
proved by the FDA for the treatment of  non-infectious 
uveitis. It is designed to release 0.59 mg/d of  drug for 
about two-and-a-half  years. Recently, the 3-year efficacy 
and safety results of  a 4-year study evaluating fluocino-
lone acetonide (FA) intravitreal implants in eyes with 
persistent or recurrent DME has been published. They 
included 196 eyes with refractory DME. Patients were 
randomized 2:1 to receive 0.59-mg FA implant (n = 127) 
or standard of  care (SOC additional laser or observa-
tion; n = 69). The implant was inserted through a pars 
plana incision. Overall, VA improved 3 lines in 16.8% 
of  implanted eyes at 6 mo (P = 0.0012; SOC, 1.4%); in 
16.4% at 1 year (P = 0.1191; SOC, 8.1%); in 31.8% at 2 
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Figure 3  Ozurdex biodegradable dexamethasone injectable intravitreal implant in a patient with non-proliferative diabetic retinopathy, diabetic macular 
edema, and supero-temporal branch retinal vein occlusion. 
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years (P = 0.0016; SOC, 9.3%); and in 31.1% at 3 years 
(P = 0.1566; SOC, 20.0%). The number of  implanted 
eyes with no evidence of  retinal thickening at the cen-
ter of  the macula was higher than SOC eyes at 6 mo (P 
< 0.0001), 1 year (P < 0.0001; 72% vs 22%), 2 years (P 
= 0.016), and 3 years (P = 0.861). The most common 
adverse events included cataract progression in 91% of  
phakic eyes, and about 61% of  implanted eyes had an 
IOP of  ≥ 30 mmHg at any time and 33.8% required 
glaucoma surgery by 4 years. Despite cataract progression 
and elevated IOP, the 0.59-mg FA intravitreal implant 
significantly improved VA, Diabetic Retinopathy Severity 
Score, reduced central macular thickening, and may be 
used as an effective treatment for eyes with persistent or 
recurrent DME[77]. 

Iluvien (Alimera Sciences, Alpharetta, GA, United 
States) is another FA implant, which is biodegradable 
and releases FA at a rate of  either 0.2 or 0.5 μg per day 
for up to three years. The Fluocinolone Acetonide for 
Macular Edema (FAME) studies conducted over a 36-mo 
period included a total of  956 patients with DME. The 
study consisted of  two separate prospective, random-
ized, controlled, double-masked, multicenter clinical trials 
conducted to assess the efficacy and safety of  low dose 
(releasing 0.2 μg/d) and high dose (0.5 μg/d) intravitreal 
FA (Iluvien) in patients with DME. At 24 mo, 28.7% 
of  the low-dose and 28.6% of  the high-dose group had 
15 or more letter improvement, compared to 16.2% in 
the sham group (P = 0.002 for each)[78]. At 24 mo, 3.7% 
of  the low-dose, 7.6% of  the high-dose, and 0.5% of  
the sham group required incisional glaucoma surgery. 
Cataract developed more frequently in the treatment 
group, with about 75% of  the initially phakic patients 
undergoing cataract surgery at 24 mo[78]. At month 36, 
the percentage of  patients who gained ≥ 15 in letter was 
28.7% (low dose) and 27.8% (high dose) in the FA insert 
groups compared with 18.9% (P = 0.018) in the sham 
group[79]. Preplanned subgroup analysis demonstrated a 
doubling of  benefit compared with sham injections in 
patients who reported duration of  DME ≥ 3 years at 
baseline; the percentage who gained ≥ 15 in letter score 
at month 36 was 34.0% (low dose; P < 0.001) or 28.8% 
(high dose; P = 0.002) compared with 13.4% (sham). At 
36 mo, almost all phakic patients in the FA insert groups 
developed cataract, but their visual benefit after cataract 
surgery was similar to that in pseudophakic patients. The 
incidence of  incisional glaucoma surgery at month 36 
was 4.8% in the low-dose group and 8.1% in the high-
dose insert group[80]. 

Novel delivery approaches using sustained release ap-
proaches are likely to provide much needed benefit for 
patients with refractory DME resistant to more conven-
tional and conservative therapy, though long-term data 
is so far not known. The need to perform initial surgery 
as well as the need to remove the empty device could be 
considered a hurdle to use non-biodegradable delivery 
systems releasing corticosteroids, also with many con-
cerns about the side effects. Compared to other steroid 

systems, the biodegradable dexamethasone delivery sys-
tem is easier to apply and does not need to be removed. 
The safety and performance of  an applicator-inserted 
dexamethasone drug delivery system was evaluated and 
also compared to the incisional placement. The results 
have revealed that the applicator-inserted dexamethasone 
drug delivery system performed well and effectively, and 
provided safe sutureless intravitreal placement of  dexa-
methasone delivery system[79]. 

CONCLUSION
Despite the documented ocular side effects of  cortico-
steroids, they are still considered as one of  the effective 
adjunct modalities for the treatment of  DME especially 
for refractory and persistent cases that failed to respond 
to standard conventional laser photocoagulation or anti-
angiogenics. Corticosteroids have the advantage of  re-
peatability, as long as the IOP and cataract side effects are 
not significant, due to their potent anti-inflammatory and 
anti-vascular endothelial growth factor effect that main-
tain and help in reducing blood retinal barrier disruption 
in diabetic patients. However recently, in order to reduce 
the risks, minimized the side effects and frequent dos-
ing of  intravitreal steroid injections, intravitreal steroid 
sustained-release implants have been developed.
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