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Abstract: Diabetic macular edema (DME) is a potentially sight-threatening disease that 

predominantly affects patients with type 2 diabetes. The pathogenesis is complex, with many 

contributing factors involved. In addition to overexpression of vascular endothelial growth 

factor in the diabetic eye, there is an inflammatory pathway that contributes to the breakdown 

of the blood-retina barrier and nonperfusion. In addition to vascular endothelial growth factor 

inhibitors, clinical and experimental investigations underline the great potential of steroids in 

the treatment of DME. Fluocinolone acetonide is currently the only corticosteroid approved 

for the treatment of DME in Europe. It is manufactured as an intravitreal insert, releasing 

fluocinolone acetonide at a rate of 0.2 µg per day. Phase III clinical studies have demonstrated 

that the beneficial effect of the fluocinolone acetonide insert lasts up to 3 years. Improvement in 

visual acuity was especially remarkable in patients with a prolonged duration of DME of at least 

3 years at the initiation of therapy. Cataract formation occurs in nearly all phakic eyes treated, 

and needs to be considered when the indication for treatment is made. Given the efficacy versus 

potential complications of the insert, fluocinolone acetonide represents a promising second-line 

treatment option in patients with DME. Fluocinolone appears to be especially beneficial for 

patients whose options for visual recovery have seemed limited up until now.
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Introduction
Diabetic retinopathy is a sight-threatening disease and represents the most frequent 

cause of blindness among people of working age in industrialized Western nations.1–3 

After a duration of diabetes mellitus of 5 years, 29% of type 2 diabetics suffer from 

diabetic retinopathy, 78% of patients are affected after 15 years, and 16% develop 

the proliferative stage of the disease.2 In type 1 diabetics, the numbers are reported 

to be very similar, with 17% of type 1 diabetics presenting with proliferative diabetic 

retinopathy after 5 years, 98% after 15 years, and 67% after 35 years of suffering from 

the disease.2,3 While the development of diabetic macular edema (DME) is the major 

cause of visual impairment in type 2 diabetics, proliferative diabetic retinopathy is 

predominantly seen in type 1 diabetics. Approximately 90% of type 1 diabetic patients 

become legally blind because of proliferative diabetic retinopathy and/or the devel-

opment of macular edema, despite several effective treatment options, such as laser 

treatment and vitreoretinal surgery being available.3 In addition to timely and tight 

glycemic control to achieve near-normal glycosylated hemoglobin levels and blood 

pressure below 130/80 mmHg, prevention of visual loss depends on timely detec-

tion of the sight-threatening complications of diabetic retinopathy, such as macular 
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edema, and immediate initiation of adequate therapy. Until 

recently, laser treatment was the only evidence-based treat-

ment option available to preserve vision in patients with 

DME.4–6 However, laser treatment is not always beneficial, 

especially in diffuse DME involving the fovea. With regard 

to the variable and sometimes unsatisfactory functional 

results following laser photocoagulation, new pharmaco-

logical strategies have been proposed in order to improve 

the visual outcome, including use of vascular endothelial 

growth factor inhibitors and steroids.7–13 These pharmacologi-

cal monotherapies are based on our growing understanding 

of the complex and multifactorial pathogenesis of DME. 

At present, two pharmacological treatments are approved 

in many European countries for the treatment of DME, ie, 

intravitreal injection of the vascular endothelial growth factor 

(VEGF) inhibitor, ranibizumab (Lucentis®, Novartis, Basel, 

Switzerland), as a first-line treatment and the fluocinolone 

acetonide-loaded insert (Iluvien®, Alimera Sciences Inc, 

Alpharetta, GA) as a second-line treatment in refractory 

cases of DME. The present review discusses predominantly 

the use of steroids for the treatment of DME and introduces 

the rationale for fluocinolone acetonide as a therapeutic agent 

for this condition.

Pathophysiology of DME
The common pathway for the pathogenesis of DME is break-

down of the blood-retina barrier, resulting in an abnormal 

inflow of fluid in the neurosensory retina. Vascular leakage 

and retinal nonperfusion are mediated by numerous growth 

factors.14 However, according to our current understanding 

of the pathogenesis of macular edema, the formation of 

edema and leakage result not only from an overexpression 

of VEGF-A, but also from inflammatory responses.15

In the multifactorial pathogenesis of DME, sustained 

hyperglycemia upregulates several vasoactive factors, 

including VEGF, protein kinase C, and angiotensin II. All 

these factors are interrelated in a very complex fashion, and 

contribute to development of the structural and functional 

changes seen in diabetic retinopathy.15–20 Upregulation of 

VEGF leads to a breakdown of the blood-retinal-barrier 

and increased vascular permeability, resulting in leakage of 

fluid and plasma constituents, such as lipoproteins, into the 

retina.20–22 VEGF is now an important target in the treatment 

of DME using VEGF inhibitors such as ranibizumab or 

bevacizumab. However, there are many other factors being 

upregulated in the vitreous cavity in the pathogenesis of DME 

which also affect the blood-retina barrier, ie, high glucose 

levels in endothelial cells are associated with mitochondrial 

overproduction of reactive oxygen species, which inactivate 

glyceraldehyde-3-phosphate dehydrogenase and also con-

tribute to vascular endothelial damage.20,23

Furthermore, it is not only the impaired blood-retina bar-

rier that contributes to the pathogenesis of macular edema, 

but also dysfunction of Müller cells, which are the principal 

glial cells of the retina. Müller cells are important structures 

for fluid clearance from the retina and help to maintain the 

homeostasis of the retinal extracellular space. Under normal 

conditions, Müller cells facilitate transcellular water transport 

via ion (Kir4.1) and water channels such as aquaporin 4. In 

the diabetic retina, Müller cells downregulate expression 

of Kir4.1 channels, leading to intracellular accumulation 

of potassium ions and increased intracellular osmotic pres-

sure, finally resulting in intracellular edema facilitated by 

aquaporin 4 channels.24 Animal models have shown that 

corticosteroids are able to regulate aquaporin 4 expression 

and to stimulate efflux of potassium ions associated with 

water transport out of the cell, which finally leads to reduc-

tion of the intracellular edema.24

In addition, it has been shown in experimental animal 

models of the diabetic retina that leukocytes accumulate 

in the diabetic retina mediated by increased expression of 

specific adhesion molecules, such as intercellular adhesion 

molecule-1, and may trigger relevant mechanisms in the 

pathogenesis of DME, such as retinal vascular leakage and 

nonperfusion.25,26 Intravitreally applied corticosteroids have 

been shown to be able to attenuate leukostasis and the associ-

ated breakdown of the blood-retina barrier in DME, as seen 

by a downregulation of mRNA expression of intercellular 

adhesion molecule-1 and its protein by 70.0% (P , 0.0001) 

and 56.4% (P = 0.0003), respectively, in response to treatment 

with dexamethasone.25

Against this background, it seems reasonable not to target 

VEGF alone, but also to block the inflammatory pathways. 

Corticosteroids are not only able to attenuate the effects driven 

by overexpression of VEGF-A, but also reduce inflammation. 

They represent a class of drugs that, among other effects, 

counteract these mechanisms by interrupting intercellular 

adhesion molecule-1, interleukin-6, and VEGF-A pathways, 

reducing aquaporin 4, decreasing paracellular permeability 

and water and solute flux, and increasing tight junction 

integrity and transepithelial resistance.14

Profile of fluorinated glucocorticoids
Corticosteroids are derived from the adrenal cortex and 

include both glucocorticoids and mineralocorticoids. 

One can differentiate natural glucocorticoids, such as 
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cortisol, cortisone, and corticosterone, from the synthetic 

glucocorticoids, prednisolone and fluocinolone acetonide. 

In contrast with the natural glucocorticoids and predniso-

lone, triamcinolone acetonide, dexamethasone, and fluoci-

nolone acetonide are devoid of mineralocorticoid receptor 

activity and are among the most potent as well as selective 

glucocorticoid receptor agonists. Because of their chemical 

structures, fluocinolone acetonide, triamcinolone acetonide, 

and dexamethasone are referred to as fluorinated glucocor-

ticoids (Figure 1) but have some molecular differences, ie, 

fluocinolone acetonide and triamcinolone acetonide have a 

stable C16–C17 acetonide group, whereas dexamethasone 

has a methyl group on the C16 position and a hydroxyl group 

on the C17 position. Fluocinolone acetonide is further dif-

ferentiated from triamcinolone acetonide and dexamethasone 

by a fluorine on the C6 position.27

Their high potency and selectivity allow for a smaller 

initial drug load and a lower release rate to achieve high 

enough vitreal and retinal concentrations and provide thera-

peutic efficacy in the macular region.27 Today, these three 

glucocorticoids represent those which are most frequently 

used for intraocular application. The vitreous elimination 

half-life of the solubilized fraction of fluocinolone acetonide, 

triamcinolone acetonide, and dexamethasone is similar and 

very short, ranging from 2 to 3 hours.27 An extended dura-

tion of action may be achieved via dissolution of crystals 

(triamcinolone acetonide, Kenalog®, Bristol-Myers Squibb, 

New York, NY, USA) or by drug-release systems for fluoci-

nolone acetonide and dexamethasone, which help to provide 

an even more prolonged pharmacological effect with these 

relatively more highly water-soluble steroids.27 For fluocino-

lone acetonide, this extended pharmacological effect within 

the eye can be established by nondegradable controlled-

release systems, which may be injected (Iluvien) or surgically 

implanted (Retisert®, Bausch and Lomb, Irvine, CA, USA) 

into the vitreous cavity via the pars plana. A degradable 

extended-release injectable drug implant is also available for 

dexamethasone (Ozurdex®, Allergan, Irvine, CA, USA).28 At 

present, fluocinolone acetonide as an injectable intravitreal 

insert (Iluvien) is the only steroid approved for the treatment 

of chronic refractory DME in Europe.

Fluocinolone acetonide  
in the treatment of DME
Based on the results of the Early Treatment of Diabetic Retinopa-

thy Study (ETDRS), laser photocoagulation has typically been 

considered the gold standard for the treatment of focal DME.29 

However, although the distinction of different types of DME was 

recently questioned, it is also known that patients with so-called 

diffuse macular edema or refractory DME in particular do not 

respond to laser treatment as effectively.30,31 Therefore, other 

therapeutic agents, such as intravitreally applied corticosteroids, 

have been sought to treat eyes with DME. There are numerous 

studies describing improvement in visual acuity and decreased 

retinal thickness, as measured by optical coherence tomogra-

phy, using different steroids, such as triamcinolone acetonide 

suspensions32,33 and an intravitreal dexamethasone drug delivery 

system (Ozurdex).32–35 The observed treatment effects could be 

maintained for up to 6 months using variable triamcinolone 

acetonide doses of 1–20 mg and for approximately 4 months 

using the dexamethasone implant.34,36,37 However, neither agent 

is currently approved for the treatment of DME.

Fluocinolone acetonide is approved in many European 

countries for the treatment of DME as the 190 µg intravitreal 

insert which can be injected into the eye. The slightly brown-

ish insert is applied intravitreally through the 25-gauge needle 

of a single use applicator and releases 0.2 µg per day.

Before approval, the intravitreal insert was investigated 

in several trials. The prospective, randomized, interventional, 

multicenter FAMOUS (Fluocinolone Acetonide in Human 

Aqueous) study, published in 2010,38,39 included 37 patients 

with DME persisting after at least one previous laser photo-

coagulation (focal/grid) who were randomized 1:1 to receive 

an intravitreal 0.2 µg/day or 0.5 µg/day insert. Aqueous levels 

of fluocinolone acetonide after 12 months were the primary 

endpoint and change in visual acuity compared with baseline 

at 12 months was the secondary endpoint. The study revealed 

excellent sustained intraocular drug release over the study 

period, with a peak of 3.8 ng/mL at one week and one month, 

respectively, after administration of the 0.5 µg/day insert, 

and 3.4 ng/mL and 2.7 ng/mL one week and one month, 

respectively, after administration of the 0.2 µg/day insert.38 

Both dosages provided stable long-term release of the drug, 

with comparable peak levels in the aqueous of above 2 ng/mL 
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Figure 1 Molecular formula for fluocinolone acetonide.
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for approximately 3 months, followed by steady-state levels 

of 1.0–0.5 ng/mL through 36 months for the low-dose insert 

versus levels of 1.5–1.1 ng/mL through 24 months for the 

high-dose insert.39 An improvement in visual acuity of 7.5, 

6.9, and 5.7 letters at months 3, 6, and 12 for the 0.5 µg/day 

insert and 5.1, 2.7, and 1.3 letters at months for the 0.2 µg/day 

insert was seen.38 A mild increase in mean intraocular pres-

sure was observed after administration of the 0.5  µg/day 

insert, but not after administration of the 0.2 µg/day insert.38 

However, it became apparent that there was a dose effect for 

steroid-induced ocular hypertension, with aqueous levels of 

fluocinolone acetonide .  1  ng/mL moderately increasing 

the risk of glaucoma in susceptible patients.39

The long-term clinical efficacy of the 0.2 µg/day versus 

the 0.5 µg/day fluocinolone acetonide insert was assessed 

in the FAME (Fluocinolone Acetonide in Diabetic Macular 

Edema) study,40 which was designed as two parallel, prospec-

tive, randomized, sham injection-controlled, double-masked, 

multicenter clinical trials. The study included 956 patients 

with persistent DME despite at least one previous laser 

photocoagulation. Participants were randomized 1:2:2 to 

receive a sham injection, the low-dose insert, or the high-

dose insert. The percentage of patients with an improvement 

of $15 ETDRS letters from baseline best-corrected visual 

acuity after 2 years of follow-up was the primary outcome 

measure of this study. Secondary outcomes included other 

parameters of visual function and foveal thickness.

The study demonstrated a significant improvement 

of $15 letters compared with baseline in 28.7% and 28.6% 

of the low-dose and high-dose insert groups, respectively, 

compared with 16.2% in the sham group. This benefit was 

observed at 3 weeks and at all subsequent time points there-

after. Between baseline and 2 years, patients improved by 

4.4 letters in the low-dose group and 5.4 letters in the high-

dose group, compared with 1.7 in the sham group. Foveal 

thickness was significantly more improved in treated patients 

compared with the sham group for the entire duration of 

follow-up. Lens opacification requiring cataract extraction 

and intraocular lens implantation was more frequent in the 

treated group. Patients who were phakic at baseline and at 

the end of follow-up at 24 months experienced an improve-

ment in visual acuity during the early phase of the trial, but 

then deteriorated significantly and had lower visual acuity 

than the sham group.40 Cataract extraction was performed 

in 41.1% of patients on the low-dose insert group, 50.9% 

on the high-dose insert group, and 7% of the sham group, 

which constituted 74.9% of all phakic subjects at baseline in 

the low-dose insert group and 84.5% in the high-dose insert 

group compared with 23.1% in the sham group. The visual 

benefit for patients who underwent cataract surgery was 

similar to that in subjects who were already pseudophakic 

at baseline. Increased intraocular pressure was seen in 3% 

of both treatment groups.40 When increased pressure was 

prolonged or could not be controlled by topical treatment, 

other intraocular pressure-lowering procedures were per-

formed, such as incisional glaucoma surgery in 8.1% of the 

high-dose insert group, 3.7% in the low-dose insert group, 

and 0.5% in the sham group.40 Retreatment was required in 

20% of patients in all groups during follow-up, but patients 

from the active treatment groups were less likely to receive 

additional treatment for DME. All in all, the FAME trial 

clearly showed a significant functional benefit for patients 

treated with fluocinolone acetonide 0.2 µg/day or 0.5 µg/day 

over a follow-up period of 24 months, with a superior risk-

to-benefit ratio for the lower-dose insert. For a summary, 

please refer to Table 1.

A preplanned analysis at 36 months was conducted to 

assess the efficacy of Iluvien as a function of median DME 

duration at baseline, and demonstrated that the percentage 

of patients who had gained at least 15 ETDRS letters was 

28.7% and 27.8% for patients treated with the low-dose 

insert or high-dose insert, respectively, compared with 

18.9% (P = 0.018) in the sham group. Values were slightly 

higher when considering only those patients still in the 

trial at month 36, ie, 33.0% in the low-dose insert group, 

31.9% in the high-dose insert group, and 21.4% in the sham 

group (P = 0.030).41 Of note, when looking at patients with 

a duration of DME of more than 3 years at baseline, the 

percentage of patients who gained $ 15 ETDRS letters was 

doubled comparing the low-dose group with the sham group 

(34% versus 13.4%, P , 0.001). Cataract development in 

initially phakic patients was seen in 81.7% of the low-dose 

insert group, 88.7% of the high-dose insert group, and 5.4% 

of the sham group, but again their visual benefit after cataract 

surgery (performed in 80%, 87.2%, and 27.3%, respectively) 

was similar to that in pseudophakic patients.41 The incidence 

of incisional glaucoma surgery at month 36 was 4.8% in 

the low-dose insert group and 8.1% in the high-dose insert 

group.41 In summary, this study underlined that the treatment 

benefit is maintained over a period of 3 years.

Another prospective, multicenter clinical trial inves-

tigated 3-year efficacy and 4-year safety in 196 eyes with 

refractory DME.42 In this study, patients received a fluocino-

lone acetonide implant (Retisert®, Bausch and Lomb) which 

is surgically implanted through a pars plana incision and 

designed to release fluocinolone acetonide at an initial rate 
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Table 1 Clinical characteristics of patients according to treatment allocation

Baseline Sham 
n = 185

0.2 μg/day 
n = 375

0.5 μg/day 
n = 393

Total 
n = 953

Time since diagnosis of DME in years, mean ± SD 3.9 ± 3.78 3.6 ± 2.92 3.5 ± 2.60 3.6 ± 2.99
Phakic eyes at entry, n (%) 121 (65.4) 235 (62.7) 265 (67.4) 621 (65.2)
Baseline IOP, mean ± SD 15 ± 3.07 15.2 ± 2.94 15.2 ± 2.87 15.2 ± 2.94
Baseline BCVA in ETDRS letters, mean ± SD 54.7 ± 11.27 53.3 ± 12.69 52.9 ± 12.21 53.4 ± 12.23
Center point thickness μm, mean ± SD 451.3 ± 151.97 460.8 ± 160.00 485.1 ± 173.78 469.0 ± 164.78
Follow-up 24 months
Gain $ letters (%) 16 28 28
Mean improvement in letters 1.7 4.4 5.4
Center point thickness # 250 μm (%) 40 51 47
Cataract surgery (%) 
Initially phakic patients, %

7 
23.1

41.1 
74.9

50.9 
84.5

Laser trabeculoplasty (%) 0 0.8 2.3
Incisional glaucoma surgery (%) 0.5 3.7 8.1

Abbreviations: BCVA, best-corrected visual acuity; DME, diabetic macular edema; ETDRS, Early Treatment Diabetic Retinopathy Study; IOP, intraocular pressure;  
SD, standard deviation.

Figure 2 Wide field fundus photograph for a patient with chronic, refractory, 
diffuse diabetic macular edema.
Note: The patient had undergone laser photocoagulation previously.

of approximately 0.6 µg/day, decreasing over the first month 

to a steady rate of 0.3–0.4 µg/day for a duration of approxi-

mately 30 months and currently approved for patients with 

uveitis. Patients were randomized 2:1 and compared with 

standard of care, ie, laser photocoagulation or observation. 

The primary efficacy outcome was an improvement in visual 

acuity of $15 letters at 6 months, while secondary outcomes 

included resolution of macular retinal thickening and change 

in diabetic retinopathy severity score. The authors observed 

an overall improvement in visual acuity of at least three lines 

in 16.8% of treated eyes at 6 months (P = 0.0012), 16.4% at 

one year (P = 0.1191), 31.8% at 2 years (P = 0.0016), and 

31.1% at 3 years (P = 0.1566). After treatment, the number 

of eyes with flat maculae was higher, as was the rate of 

improvement in visual acuity, along with a lower rate of 

decline in diabetic retinopathy severity score. An increase 

in intraocular pressure to over 30 mmHg was recorded in 

61.4% of implanted eyes versus 5.8% in the control group 

at any time, and 33.8% required surgery for ocular hyperten-

sion by 4 years. By 4 years, 91% of implanted phakic eyes 

had undergone cataract extraction compared with 20% in the 

standard of care group.42

Summary of current  
treatment options
Fluocinolone acetonide, which is to date approved in 

European countries as a 0.2 µg/day drug-release insert for 

the treatment of macular edema, provides significant and 

longlasting improvement of function and reduction in retinal 

thickness. As clinical studies have shown, the insert is more 

effective in chronic cases of DME compared with more 

recent onset disease. With regard to ocular complications, 

one needs to take into account that cataract surgery will 

become necessary in nearly all patients who are phakic at 

the initiation of treatment. An increase in intraocular pres-

sure may occur, but surgical intervention becomes necessary 

only in a limited number of patients. Therefore, fluocinolone 

acetonide may represent an effective second-line treatment 

option for patients with chronic, refractory, diffuse DME, 

which to date comprise a group of patients with limited 

prospects for visual recovery (Figures 2 and 3). At present, 

as a first-line treatment, laser photocoagulation remains 

relevant for focal vasogenic DME not involving the fovea, 

and may help to maintain good visual acuity. Anti-VEGF 

treatment seems indicated in new focal DME involving the 
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fovea or new diffuse DME. In clinical trials, the combination 

of intravitreal ranibizumab with prompt or deferred laser was 

more effective over a period of review of one year compared 

with prompt laser alone for the treatment of DME involving 

the central macula.43 With regard to 3-year follow-up com-

paring prompt or deferred laser combined with ranibizumab, 

visual outcomes were better in patients with deferred laser 

photocoagulation compared with laser treatment performed 

at initiation of treatment with ranibizumab.44 Additional 

laser photocoagulation of peripheral ischemic areas should 

be considered in patients receiving anti-VEGF treatment for 

DME (Figure 4). However, the widened spectrum of pharma-

cological options will help us to maintain and improve visual 

acuity in patients with acute or chronic DME.
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