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Abstract Diabetic macular edema (DME) remains an

important cause of visual loss worldwide. Corticosteroids

have a role in the treatment of some patients with advanced

or recurrent DME. The best studied steroids for this indi-

cation are triamcinolone acetonide, dexamethasone, and

fluocinolone acetonide. All steroids are associated with

risks of cataract and intraocular pressure elevation. In

addition, intravitreal injection of any medication is associ-

ated with such risks as infectious endophthalmitis, which

has led to the investigation of various extended-release

steroid implants. At this time, no steroid is approved by the

United States Food and Drug Administration for the treat-

ment of DME.
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Introduction

Diabetic macular edema (DME) remains an important

cause of visual loss worldwide. Diabetic retinopathy is

thought to occur through a number of metabolic pathways,

including the formation of reactive oxygen species, the

formation of advanced glycation endproducts, the accu-

mulation of polyol through the action of the enzyme aldose

reductase, and activation of protein kinase C via expression

of vascular endothelial growth factor (VEGF) [1].

Tighter control of systemic factors, such as hyperten-

sion, hyperglycemia, and hyperlipidemia, is generally

beneficial in reducing retinopathy in patients with both type

1 [2] and type 2 [3] diabetes mellitus. Focal/grid photo-

coagulation has demonstrated efficacy in a large, pro-

spective, randomized clinical trial (RCT) [4]. Nevertheless,

many patients continue to lose vision despite these inter-

ventions [5], which has led to the investigation of phar-

macologic therapies for DME [6]. The two major categories

of medications currently used to treat DME are anti-VEGF

agents and corticosteroids.

The two most commonly used anti-VEGF agents are

bevacizumab and ranibizumab. Bevacizumab (Avastin,

Genentech, South San Francisco, CA), a recombinant

humanized full-length antibody against all isoforms of

VEGF-A, is FDA-approved for the systemic treatment of

metastatic colorectal and other cancers [7]. Off-label in-

travitreal bevacizumab has been reported to have short-

term efficacy in the treatment of DME in multiple RCTs

[8, 9]. Ranibizumab (Lucentis, Genentech, South San Fran-

cisco, CA), a recombinant humanized antibody fragment

against all isoforms of VEGF-A, is FDA-approved for the

intravitreal treatment of exudative age-related macular

degeneration [10, 11] and macular edema secondary to ret-

inal vein occlusion at a 0.5 mg dose [12, 13]. Ranibizumab
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at a 0.3 mg dose was FDA-approved for the treatment of

DME [14, 15].

The mechanism of action of corticosteroids in the

treatment of DME is thought to be multifactorial [16].

Corticosteroids are powerful non-specific anti-inflamma-

tory agents and have also been reported to antagonize the

action of VEGF [17, 18]. Data available to date suggest

that corticosteroids are most effective against DME when

delivered intravitreally. The Diabetic Retinopathy Clinical

Research (DRCR) network conducted a RCT and reported

that peribulbar triamcinolone acetonide was not associated

with significant benefits in patients with mild DME [19].

Three potent synthetic corticosteroids with similar

chemical structures have been investigated as intravitreal

treatments for DME: triamcinolone acetonide, dexameth-

asone, and fluocinolone acetonide [20]. In general, intra-

vitreal medications are cleared relatively rapidly from the

eye [21]. Triamcinolone acetonide, dexamethasone, and

fluocinolone acetonide all have been reported to have an

elimination half-life in the vitreous of 2–3 hours in animal

models [20]. In order to increase the duration of action, the

medication may be dissolved slowly from a crystal struc-

ture (e.g., triamcinolone acetonide) or a specific slow-

release device may be utilized (e.g., dexamethasone, fluo-

cinolone acetonide) [20].

Intravitreal triamcinolone acetonide, a suspension, is

typically effective for about three months in a non-vitrec-

tomized eye [22], so repeated injections may be necessary

to maintain the treatment effect. Intravitreal injections are

associated with approximately a 0.05 % risk of infectious

endophthalmitis per injection [23]. Intravitreal corticoste-

roids are also associated with additional risks of cataract

onset/progression [24], pseudo-endophthalmitis [25], and

elevated intraocular pressure (IOP) [26].

In order to mitigate the cumulative risks associated

with repeated intravitreal injections, extended-release

steroid implants have been investigated for the treatment

of DME. In addition, it has been suggested that extended

delivery of lower doses of steroids may be more effective

than intermittent bolus delivery of high doses [27]. In

general, non-bioerodable implants are associated with

more precise control of drug release than are bioerodable

implants [21].

Triamcinolone Acetonide

At least four different preparations of triamcinolone ace-

tonide have been used in various clinical trials: Kenalog-40

(Bristol-Myers Squibb, Princeton, NJ) [28], Triesence

(Alcon, Ft. Worth, TX) [29], Trivaris (Allergan, Irvine,

CA) [30], and preservative-free triamcinolone acetonide

obtained from compounding pharmacies [31]. In a large

RCT, the DRCR network compared two doses (1 and

4 mg) of intravitreal triamcinolone acetonide with photo-

coagulation in the treatment of DME. The DRCR reported

that photocoagulation was associated with generally more

favorable anatomic and visual outcomes at two years [32]

and three years [33•] follow-up. Nevertheless, triamcino-

lone may be effective for selected patients, especially those

with poor presenting visual acuity and those with persistent

or recurrent DME (Fig. 1) [34].

More recently, combination therapy with photocoagu-

lation and/or anti-VEGF drugs has been investigated. In a

RCT, the DRCR randomized patients with DME to receive

prompt focal/grid photocoagulation, ranibizumab plus

prompt photocoagulation, ranibizumab plus deferred pho-

tocoagulation, or triamcinolone acetonide plus prompt

photocoagulation. The DRCR reported that, compared with

photocoagulation, ranibizumab plus photocoagulation

(prompt or deferred) was associated with significantly

improved visual outcomes at one year. Triamcinolone

acetonide plus photocoagulation was associated with gen-

erally more favorable outcomes than was photocoagulation

in pseudophakic eyes only [35]. The DRCR subsequently

reported 2-year outcomes from this same RCT that were

similar to the 1-year outcomes [36•]. In a separate RCT, the

DRCR reported that adding either ranibizumab or triam-

cinolone acetonide to focal/grid photocoagulation was

associated with improved outcomes in eyes also receiving

panretinal photocoagulation [37].

In a RCT from Iran, focal/grid photocoagulation, bev-

acizumab, and bevacizumab plus triamcinolone acetonide

were associated with similar visual outcomes at two years

[38]. In a RCT from Korea, bevacizumab, triamcinolone

acetonide, and combined bevacizumab plus triamcinolone

acetonide were associated with similar outcomes at

Fig. 1 a A 74-year-old woman with type 2 diabetes mellitus presented

with bilateral recurrent diabetic macular edema (DME) following

photocoagulation. Visual acuity was 20/80 OD and 20/200 OS. An

optical coherence tomography (OCT) slice OD demonstrates cystoid

macular edema (CME) and subretinal fluid. b An OCT map OD

demonstrates macular thickening. c An OCT slice OS demonstrates

CME and subretinal fluid. d An OCT map OS demonstrates macular

thickening. e The patient was treated with intravitreal triamcinolone

acetonide, 4 mg in 0.1 cc, OU. Two months later, visual acuity

improved to 20/40 OD and 20/60 OS. An OCT slice OD demonstrates

improvement in CME and subretinal fluid. f An OCT map OD

demonstrates improvement in macular thickening. g An OCT slice OS

demonstrates improvement in CME and subretinal fluid. h An OCT map

OS demonstrates improvement in macular thickening

c
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one year [39]. In a RCT from Australia, triamcinolone

acetonide plus focal/grid photocoagulation was associated

with better visual outcomes than was photocoagulation

alone, but risks of cataract and IOP elevation were reported

[40].

Dexamethasone

In a pilot study of 12 patients followed for three months, a

single injection of intravitreal dexamethasone (0.4 or

0.8 mg) was not beneficial in the treatment of DME [41].
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This was a small study with a short follow-up period, and a

more definitive RCT would be necessary to draw any further

conclusions.

A bioerodable, extended-release dexamethasone implant

(Ozurdex, Allergan, Irvine, CA), which is injected in the

clinic, has received US FDA approval for the treatment of

macular edema associated with retinal vein occlusion [42]

and noninfectious posterior segment uveitis [43]. The

device contains 700 lg of dexamethasone in a solid, bio-

erodable polymer. In a monkey model, peak concentrations

of dexamethasone were detected in the vitreous and retina

for the first two months, followed by a gradual decrease to

below the limits of quantitation by six months [44].

In a phase II RCT, a 700-lg dexamethasone implant was

associated with significantly improved anatomic and visual

outcomes in patients with persistent DME, defined by the

study investigators as DME persisting for at least 90 days

following photocoagulation or medical therapy [45•]. In a

subsequent analysis of these data, the study investigators

reported similar efficacy of the dexamethasone implant in

patients with multiple patterns of DME [46]. In a small,

open-label clinical trial, a single dexamethasone implant

was associated with improved outcomes in vitrectomized

eyes with DME at 26 weeks follow-up [47].

Fluocinolone Acetonide

A non-bioerodable, extended-release fluocinolone acetonide

implantable device (Retisert, Bausch ? Lomb, Rochester,

NY), which must be sutured to the sclera in an operating

room, has received US FDA approval for the treatment of

noninfectious posterior segment uveitis [48]. The device

contains 0.59 mg of fluocinolone acetonide coated with

polyvinyl alcohol and releases approximately 0.5 lg per day

for approximately three years [21]. In two phase III RCTs,

the device was associated with improved visual and ana-

tomic outcomes in eyes with DME, but also with high rates

of cataract progression and IOP elevation [49, 50]. In a more

recent evaluator-masked clinical trial, the device was asso-

ciated with improved outcomes in eyes with persistent or

recurrent DME (defined by the study investigators as DME

status-post at least one focal/grid photocoagulation at least

12 weeks prior to study entry) at three years [51•].

A much smaller, non-bioerodable, extended-release

fluocinolone acetonide injectable device (Iluvien, Alimera,

Alpharetta, GA), which is injected in a clinic setting, has

been investigated for the treatment of DME [52]. The

pharmacokinetic and efficacy study of fluocinolone aceto-

nide inserts in patients with DME (FAMOUS) study was a

phase II RCT that randomized 37 patients to receive either

a 0.2- or 0.5-lg/day device. The group reported sustained

intraocular release of medication in both groups at one year

[27]. The Fluocinolone Acetonide for Macular Edema

(FAME) studies were two phase III RCTs that collec-

tively randomized 956 patients with persistent DME fol-

lowing photocoagulation to receive a 0.2-lg/day implant, a

0.5-lg/day implant, or a sham injection. The primary end

point was improvement in best-corrected visual acuity of at

least 15 letters at 24 months. In both treatment groups,

approximately 28 % of patients achieved this end point, as

opposed to approximately 16 % of sham-treated patients.

Subsequent cataract surgery was reported in 41 % of

patients receiving a 0.2-lg/day implant, 51 % of patients

receiving a 0.5-lg/day implant, and only 7 % of patients

receiving the sham injection. Increased IOP requiring in-

cisional glaucoma surgery was reported in 3.7 % of

patients receiving a 0.2-lg/day implant, 8.1 % of patients

receiving a 0.5-lg/day implant, and only 0.5 % of patients

receiving a sham injection [53].

In late 2011, the US FDA announced that it would not

approve the Iluvien device for DME. Subsequently, the

device has achieved approval in several European nations

and the pharmaceutical company has re-applied for US

FDA approval.

Conclusion

At this time, no steroid has achieved US FDA approval for

the treatment of DME. Nevertheless, steroids do have a role

in the treatment of certain patients with persistent or recur-

rent disease, especially pseudophakes. The Iluvien implant

is not FDA-approved in the US and is only available through

a clinical trial. The other extended-release devices (Ozurdex

and Retisert) are FDA-approved for diagnoses other than

DME, and are not frequently used in an off-label capacity

because of their high costs. Therefore, in the US, the various

preparations of triamcinolone acetonide are used most fre-

quently as off-label treatments for DME. As data from RCTs

continue to accumulate, a better understanding of the role of

pharmacologic therapy for DME will be reached.
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