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Abstract

Macular edema (ME) may complicate anterior,
intermediate, and posterior uveitis, which may
be because of various infectious, neoplastic or
autoimmune etiologies. BRB breakdown is
involved in the pathogenesis of Uveitic ME
(UME). Optical coherence tomography has
become a standard tool to confirm the diag-
nosis of macular thickening, due to its non-
invasive, reproducible, and sensitive features.
Retinal fluorescein and indocyanine green
angiography is helpful to study the macula and
screen for associated vasculitis, detect ischemic
areas and preretinal, prepapillary or choroidal
neovascular complications, and it may provide
information about the etiology and be needed
to assess the therapeutic response. UME due to
an infection or neoplastic infiltration may
require a specific treatment. If it remains
persistent or occurs in other etiologies, immu-
nomodulatory treatments may be needed.
Intravitreal, subconjunctival, or subtenon cor-
ticosteroids are widely used. Their local use is
contraindicated in glaucoma patients and lim-
ited by their short-lasting action. In case of
bilateral sight-threatening chronic posterior
uveitis, systemic treatments are usually
needed, and corticosteroids are used as the
standard first-line therapy. In order to reduce
the daily steroid dose, immunosuppressive or
immunomodulatory agents may be added,
some of them being now available intravitre-
ally. Ongoing prospective studies are assessing
biotherapies and immunomodulators to deter-
mine their safety and efficacy in this indication.
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published online 3 June 2016

Introduction

Macular edema (ME) is characterized by a
retinal thickening in the macular area due to the
breakdown of the blood-retinal barrier (BRB).
Extracellular fluid accumulates in the intraretinal
area or collects in the subretinal space.
Inflammatory ME may complicate anterior,
intermediate or posterior uveitis that may be due
to various infectious, neoplastic, or autoimmune

etiologies. Uveitis is the fifth leading cause of
visual impairment in developed countries and
responsible for about 20% of legal blindness.1,2

ME is the main condition associated with vision
loss in uveitis, decreasing the visual acuity (VA)
too20/40 in about one-third of posterior uveitis
patients.3,4 Panuveitis and intermediate uveitis
usually occur in conjunction with ME, with an
incidence of 66% and 65%, respectively.4

The most common known causes of Uveitis
Macular Edema (UME) are HLA B27 positive
anterior uveitis, juvenile idiopathic arthritis,
intermediate uveitis due to sarcoidosis, multiple
sclerosis, and pars-planitis, infections, posterior
uveitis due to systemic diseases such as
sarcoidosis, Behcet's disease, or due to intra-
ocular dysimmunity such as Irvine Gass
syndrome post-cataract surgery, Birdshot
retinochoroidopathy (retinal vasculitis and
depigmented choroiditis associated with
HLA-A29), sympathic ophthalmia, and
infectious retinitis.5

ME is a significant risk factor for visual loss in
uveitis: it has indeed been shown that 45% of
patients with posterior uveitis presented with a
decrease in VA, and 28% of them also had
a ME.4

Therefore in posterior uveitis, ME is the most
common complication and the main cause of
decreased VA. For example in Birdshot
retinochoriopathy, a 5-year cumulative incidence
of cystoid ME (CME) of 50% has been shown in
eyes free of CME at baseline.6

When uveitis and ME are associated, the
visual prognosis depends on the status of the
outer retinal layers, and uveitis duration, type,
and etiology. A low VA (o20/60) has been
found respectively in 64% and 28% of cases of
panuveitis and intermediate uveitis alone, and
respectively 59% and 85% of them also had
a ME.4

UME secondary to anterior and intermediate
uveitis can benefit from an early management
including work-up and efficient treatment in
secondary care center. Chronic, bilateral UME
associated with posterior uveitis usually needs a
step-wise approach with immunosuppressive
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therapy, which may be best managed easily in a tertiary
care center.

Pathophysiology of UME

The main cause of macular thickening in inflammatory
conditions is inflammatory ME. However, other causes
can increase the macular thickness in ocular inflammation
condition, such as (1) inflammatory choroidal
vascularization, (2) vitreo-macular traction by
inflammatory epiretinal membrane, (3) contiguity with
papillary edema, (4) central serous chorioretinopathy
exacerbated by the use of steroid therapy.
Inflammatory ME is due to breakdown of the BRB.The

BRB is mainly formed of tight junctions between
endothelial cells of non-fenestrated capillaries and retinal
pigment epithelial (RPE) cells. Tight junction proteins
include zonula occludens, occludins, and VE-cadherins.
At the level of retinal capillary endothelium, the inner

BRB breakdown may be due to many factors including
vascular endothelium growth factor (VEGF), a signal
protein produced by cells stimulating vasculogenesis and
angiogenesis that is extensively produced by Müller cells.
VEGF modulates occludin and VE-cadherin adhesion and
expression; its interaction with its receptor induces a
cascade of intracellular phosphorylations causing the
degradation of tight junction proteins. Occludin and
cadherin phosphorylation, induced by pro-inflammatory
cytokines and metalloproteinases secreted by leukocytes,
promotes leukocyte migration through intact capillary
walls into surrounding body tissue. Diapedesis is a
chemotactic process corresponding to the migration of
leukocyte toward the retinal tissue and involving their
adhesion to the activated endothelium, through the
expression of various adhesion proteins, including
selectins and ICAM-1 and a conformational change in
integrin.7,8

Factors other than VEGF promoting the BRB
breakdown include pro-inflammatory cytokines such as
TNF-α, IL-1, TGF-β, angiotensin II, as well as adenosine,
histamine, and glucose.7,8 Increased levels of IL-6 and IL-8
have been found in the aqueous humor of patients with
intermediate uveitis.9

At the level of RPE, the outer layer of the BRB, the
adhesion between photoreceptors and the RPE is
maintained through active transport mechanisms, mainly
from the trans-epithelial space to the extraretinal space.
That could be damaged in acute inflammatory conditions
of the choriocapillaris,10–13 diffuse choroiditis, and
scleritis. Therefore, ME could occur in the presence of
healthy retinal capillary endothelium. For exemple, UME
usually occurs in VKH menigo-uveitis showing diffuse
significant thickened choroiditis, inducing choroidal folds
and delayed arterial, capillary, and venous choroidal

perfusion, while the retinal vessels used to remain intact
as shown using retinal angiography.13

The BRB integrity also depends on other retinal cell
types. On one hand, Müller cells, the main type of retinal
glial cells, establish connections between the different
retinal cell layers and have multiple functions including
maintaining the homeostasis of the retinal extracellular
milieu through aquaporins and transmembrane
potassium channels (Kir). The latter are located on cell
interdigitations in the inner retina around retinal
capillaries that allow water and potassium transfer to the
retinal capillaries. Changes in potassium transport lead to
neuronal hyperexcitability and edema. Müller cells also
have a neuroprotective role through the release of
neurotrophic factors, glutamate uptake and degradation,
synthesis of the antioxidant glutathione. They release
immunomodulatory cytokines including interleukins
(ILs)-1, -13, -4, and -10 which are involved in retinal
homeostasis. However, activated Müller cells may also
synthesize pro-inflammatory cytokines. Moreover, Müller
cell dysfunction impairs glutamate catabolism and
dysregulate ion homeostasis, contributing to the
development of a retinal edema and neuronal death.
On the other hand, the inner and outer plexiform layers

of the retina contain numerous synaptic vesicles and are
composed of bipolar, ganglion, and amacrine cells that
are involved in the BRB function.

Imaging in UME

Diagnosis is usually made based on imaging examination.
Functional signs usually include a drop in near VA; a
macular syndrome may be associated with a type of
micropsia, metamorphopsia, and positive relative
scotoma or blurred vision like looking through a water
drop. The visual loss may be highly variable, but in cases
with chronic degeneration of the outer retina, the visual
effects may be significant. When an acute macular
ischemia is associated, like in Behcet's disease, the
decrease in VA may persist despite appropriate
emergency treatment administration.
Optical coherence tomography (OCT) is the gold

standard technique for the diagnosis of ME, regardless of
its etiology, since it is non-invasive, reproducible, and
sensitive. It accurately quantifies the retinal macular
thickness using mapping, may show fluid accumulation
either at the inner (Figures 1 and 2) or outer plexiform
layer (Figure 3), a non-uniform photoreceptor outer/inner
segment line, the presence of subretinal fluid
(Figures 2–4), hyperreflective dots (Figure 5), epimacular
membranes (Figure 6), and vitreomacular traction
(Figure 7). Intra-retinal fluid accumulation between
retinal septa typically produces a cystoid shape
(Figures 1–3). Other causes of thickened macula in
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inflammatory conditions are easily detected such as pre-
epithelial inflammatory neovascularization (Figure 8) and
subretinal fluid in contiguity with papillary edema
(Figure 5). OCT also enables analyzing the optic nerve
head and the thickness of the optic fibers that could be
damaged in uveitic glaucoma.
Retinal fluorescein angiography (FA) usually shows

evidence of dye diffusion in the macular area, which may
be associated with dye pooling in the cystoid spaces.
Recent studies have investigated the concordance
between retinal FA and OCT findings for the diagnosis of
inflammatory ME, and results have shown a moderate
agreement. Among 255 patients (479 eyes), 40% showed
angiographic leakage while no ME was evidenced on
OCT, and conversely 34% showed ME on OCT without
angiographic leakage.14,15 However, some technical
biases may have influenced the results, including time-
domain OCT and fast software issues. Apart from
inflammatory conditions, discrepancies between OCT and
FA findings for ME have been shown by Gaucher et al
who have suggested several mechanisms, in particular a
very slow protein flow and an intracellular location of the
edema.16

In an inflammatory context, retinal FA is still a useful
tool. In addition to analyzing the macular ‘leakage’, FA
enables assessment of inflammatory retinal lesions.
In particular, it allows detecting associated vasculitis,
which may be venous, arterial, or mixed, and even
sometimes occlusive. It can also provide information
about the etiology of uveitis and facilitates the
detection of preretinal, prepapillary, or choroidal
neovascularization (CNV). Moreover only FA can
demonstrate macular ischemia. Finally, it can be used to
assess the therapeutic response to the treatment.

Etiological diagnosis

The etiological work-up is guided by initial findings
including (1) age, sex, immune status of the patient,
(2) intra-ocular and periocular signs, (3) retinal fluorescein
and indocyanine green angiography findings,
(4) associated systemic features obtained from direct
questioning, clinical examination, and ancillary tests.
The age of the patient is an important factor.

Before the age of five, main causes include infections
(toxoplasmosis, toxocarosis), systemic inflammation such

Figure 1 Thirty-eight-year old woman with spondyloarthropathy HLA B27 positive, showing severe anterior uveitis associated with
UME. (a): posterior synechiae and fibrinous deposit in the anterior chamber; (b): horizontal central OCT scan showing UME.
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as idiopathic juvenile arthritis and neoplasia (leukaemia,
retinoblastoma). In teenagers and young adults, main
causes include infections (such as Toxoplasmosis, Herpes
virus), systemic inflammation (such as sarcoidosis,
spondyloarthropathies, Behcet’s disease, multiple
sclerosis, and connective tissue diseases). In the elderly
patients the main causes include systemic inflammation
(sarcoidosis, BRC), Irvine-Gass syndrome, retinal
infections, and neoplasia (lymphoma).
Although compatible with Behcet’s disease and

sarcoidosis, unilateral UME often indicates an infectious
cause. UME associated with granulomatous corneal
precipitates and iris nodules can indicate causes such as
sarcoidosis and infectious causes.
UME associated with hypopion can suggest causes

such as HLA B27, but may also be compatible with
Behcet’s disease that may remain unilateral in the first
years, infections, and neoplasia.
UME associated with focal retinitis lesion can also

suggest infectious causes, while compatible with Behcet’s
disease, that may remain unilateral at the first years of the
disease.

Figure 2 Sixty-year old woman with sarcoidosis (a): retinal photography showing candle wax drippings; (b): late phase of fluorescein
angiography showing pooling and leakage; (c): OCT showing intra-retinal and sub-retinal fluid accumulation.

Figure 3 Fifty-eight-year old woman with Birdshot retinochor-
iopathy showing mainly outer retinal ME.
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Figure 4 Twenty-three-year old woman with Vogt–Koyanagi–Harada disease. (a): ME retinal photography; (b): ME due to subretinal
fluid accumulation.
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Figure 5 Eleven-year old girl with Bartonellosis infection showing a swelling optic nerve head, hyperreflective dots and
macular edema.

Figure 6 Thirty-year old man with Toxocarosis infection. (a): vitreous inflammation and fuzzy retinal photography; (b): focal retinitis
in retinal periphery; (c): epiretinal membrane and ME.
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The main causes of UME associated with retinal vein
vasculitis are summarized (Table 1).
The specific form of ME associated with active retinal

phlebitis with candle wax drippings in a relatively broad
translucent segmental sleeve is likely to be due to
sarcoidosis.
ME may also be secondary to scleritis, choroiditis, or

due to acute choriocapillaris lesions inducing outer BRB
breakdown. The UME associated with posterior scleritis
suggests as main causes: rheumatoid arthritis (RA),
Behcet’s disease and SLE, and types of
spondyloarthropathy-associated disease, especially
Crohn's disease. Scleritis may also be secondary to
sarcoidosis or related to herpes virus infection,
tuberculosis or spirochetes infection (syphilis, Lyme
disease).12 Regarding Vogt–Koyanagi–Harada disease,

the ME may be due to polylobed subretinal and
intraretinal fluid accumulation associated with vitreous
inflammation. In addition, Vogt-Koyanagi–Harada
disease-related choroiditis results in major diffuse
thickening and secondary choroidal perfusion delay that
affects the choroidal arteries, capillaries, and vortices,
while no evidence of venous vasculitis is observed in the
retina.13

UME associated with retinal arteriolar vasculitis
suggests few causes such as infections (Herpes virus,
spirochetosis, tuberculosis), systemic vasculitis (Behcet’s
disease, connectivitis, and necrotizing angeiitis),
idiopathic retinal vasculitis, arteriolar macroaneurysms,
and neuroretinitis (IRVAN) syndrome.
UME associated with choroidal nodules (visualised

with fluorescein and indocyanine green angiography)

Figure 7 Fifty-one-year old woman with zoster virus retinitis. (a): whitish vitreo-retinal adherence; (b): OCT showing tractional ME.
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suggests causes such as sarcoidosis, BRC, tuberculosis,
sympathetic ophthalmia, or numerous micronodules
associated with the Vogt–Koyanagi–Harada disease.17–19

Others deep lesions seen using retinal angiography could
be of etiological interest. For example, The choroidal
fluorescence blocked by multiple clumps measuring

50 μm in diameter that appear as whitish punctate
lesions in the fundus associated with numerous vitreous
cells, is suggestive of a non-Hodgkin lymphomatous
infiltration.20 Sectorial-shaped choroidal ischemic areas
may cause sectorial pigmentary changes in the most
severe cases, which may be suggestive of connective

Figure 8 Twenty-year old woman with inflammatory choroidal neovascularization (a): whitish edematous focal deep macular lesion;
(b): OCT showing hyper-reflective pre-epithelial focal lesions corresponding to choroidal neovascularization; (c): multiple hyper-
reflective dots corresponding to inflammatory intra-retinal deposits.
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tissue disorders such as scleroderma, lupus, polyarteritis
nodosa and granulomatosis with polyangiitis, an
uncommon inflammation of the blood vessels, resulting in
blood flow restriction to major organs.10

The main causes of ME associated with focal retinal and
choroidal lesions are summarized in Table 2.

Treatment of inflammatory ME and related AEs

Corticosteroids

In patients with some specific infectious or neoplastic-
related ME, the first-line treatment is based on treating the
underlying cause. However, ME symptomatic treatment
may require the use of anti-inflammatory agents.

Corticosteroids are powerful anti-edematous agents
and are widely used locally, that is, via subconjunctival,
parabulbar, subtenon capsule, or intravitreal
injection.
Mild sub-clinical ME could resolve after dexamethasone

(DXM) topical treatment alone, especially in acute anterior
uveitis, often due to spondyloarthropathies.
Regarding subconjunctival injection, high-DXM levels

have been shown in the aqueous humor, and a significant
vitreous distribution within the 3 h following its
injection.21 Repeated subconjunctival administration may
resolve ME complicating severe anterior uveitis
(Figure 9). Subtenon triamcinolone injection leads to
vitreous concentration similar to those obtained after
intravitreal injection, although highly variable vitreous
concentrations have been reported, with levels ranging
between 0 and 4.94 μg/ml.22 Shen et al have measured
the aqueous humor, vitreous, and plasma concentrations
after 1subtenon triamcinolone injection and shown that
the concentration was twice as high in the vitreous as in
the aqueous humor, and 98 times higher than in the
plasma.23 Both subconjunctival (10 mg) and parabulbar
(20-40 mg) triamcinolone injections result in similar
intraocular pressure (IOP) in secondary ocular
hypertension with equivalent efficacy found for both
routes.24 Intravitreal triamcinolone has been used as an
unlicenced preparation. Ozurdex, a slow-release DXM
implant, is now available as a licenced preparation for
local treatment of non-infectious posterior uveitis. Other
longer acting slow release agents are available but are not
yet licenced for this indication.
The short-term efficacy of steroid injections is well

established. For example in patients with uveitis and ME,
a single subtenon injection of triamcinolone has been

Table 2 ME associated to focal retinal and choroïdal lesions and cellular vitreous, main causes

Focal retinal lesion: main causes Numerous retinal lesions: main causes

Infections Mainly one only focal lesion
Mainly unilateral
Granulomatous uveitis

Sarcoïdosis Whitish granulomatous retinal and choroïdal lesions
irregularly scattered
Often bilateral
Granulomatous uveitis

Birdshot RC Deep peripapillary or diffuse depigmented oval lesions
Toxoplasmosis Bilateral
Toxocarosis No granulomatous uveitis
Herpes virus
Syphilis VKHarada Bilateral numerous choroïdal lesions, granulomatous

uveitis
Tuberculosis, others bacteria
Mycosis Sympathic ophthalmia Bilateral granulomatous choroïdal lesions,

granulomatous uveitis

Behcet’s Focal or several retinal lesions
Bilateral, often no simultaneous
No granulomatous uveitis

Non Hodgkin ocular lymphoma Small whitish lesions making fluorescein masking
Could be granulomatous, typically no synechiae

Table 1 Inflammatory ME may be associated with retinal vein
vasculitis whose main causes are:

Systemic autoimmune
disorder

Sarcoidosis
Behcet’s disease
Multiple sclerosis
Collagen disease (disseminated lupus
erythematosus, sclerosis, relapsing
polychondritis)
Necrotizing vasculitis (granulomatosis
with polyangiitis, rheumatoid arthritis,
polyarteritis nodosa)

Ocular dysimmunity BRC, intermediate uveitis, pars planitis,
multifocal choroiditis, sympathic
ophthalmia, Irvin-Gass syndrome

Infection Viral, herpes virus in particular,
bacterial, parasitic or fungal infections

Intraocular tumor Primary non-Hodgkin oculo-cerebral
lymphoma

Idiopathic disorder No cause identified and no evidence of
extraocular disease
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shown to induce ME resolution in 57% of cases.25 The
efficacy is greatest at 1 month after injection, but relapse
will normally occur by 6 months following treatment.25

Using a slow-release DXM implant (Ozurdex), a complete
resolution of the vitreous inflammation has been observed
after 6 months in 47% of 77 uveitis patients with an initial
vitreous Tyndall effect of at least 1.5+.26 A significant
improvement in persistent inflammatory ME has been
shown in terms of centrofoveal thick ness27 and VA in
more than 85% of patients at 4 months.28 The efficacy
duration may differ and a median time to recurrence is 5
months.29,30

The fluocinolone acetonide implant (0.2 microg/day
Iluvien) releases the drug through 36 months while 0.5
microg/day Retisert releases the drug through 30 months,
release timing consistent with the clinical results timing
on diabetic ME.28

Regarding adverse events (AEs), corticosteroid-induced
glaucoma is well-known. In addition, triamcinolone use
can result in secondary hypertension requiring medical
treatment after 2 months as shown in 35-65% of patients,
and an IOP421 mmHg has recently been found in 40.8%
of eyes in patients with uveitis associated with Behcet’s
disease treated with 4 mg of intravitreal triamcinolone.31

A meta-analysis has shown that 32% of patients had
ocular hypertension after having received 4 mg of
intravitreal triamcinolone versus 15% after injection of
0.7 mg slow-release DXM implant (Ozurdex).32 Some

known predisposing factors include glaucoma, high
baseline IOP, young age, ocular hypertension associated
with a previous corticotherapy, and the presence of
uveitis.25,32 Because of the high rate of ocular
hypertension, glaucoma and cataract associated with
intravitreal triamcinolone, its use is now rare, whereas use
of Ozurdex is becoming more widespread. Available
formulations of Triamcinolone are indicated in the United
States for ocular inflammation unresponsive to topical
steroids, while in the European Union they remain not
approved for any indication.
Lowder et al26 (HURON Study Group) have conducted

a prospective, randomized, controlled study to assess the
safety and efficacy of 2 doses of DXM intravitreal implant
in 229 patients with non-infectious intermediate or
posterior uveitis. Seventy-seven patients were injected
with 0.7 mg DXM implant (Ozurdex) and 23% of patients
required treatment for high IOP at 6 months, while
cataracts were found in 15% of phakic eyes at 6 months.
More recent studies have found a higher rate of ocular
hypertension, for example, an IOP 425 mmHg has been
found in 30% of injected eyes with a peak in ocular
hypertension at 2 months.30,32 However, all these cases of
hypertonia have resolved with local treatment. Ozurdex
is indicated in the United States, the European Union, and
other countries worldwide for the treatment of
inflammation of the posterior segment of the eye
presenting as non-infectious uveitis. In patients who had

TREATMENT ALGORITHM FOR MACULAR EDEMA ASSOCIATED WITH NON-INFECTIOUS UVEITIS IN ADULTS

Unilateral Bilateral

Acute Chronic

Topical DXM x12/d initially First-line: Oral prednisolone
Corticosteroid > 0.2mg/kg/day

Subconjunctival DXM daily x5

Persistent ME *Second-line: MMF/AZA/MTX
Low doses of Cyclosporine A + 
antimetabolites 

Phakic No glaucoma Pseudophakic
Young Aphakic Elderly
Systemic inflammatory disease IOL iris fixation Vitrectomized eye
Raised baseline ocular pressure No history of ocular hypertension *Third-line: anti-TNF-α/IFN-α 
Chronic glaucoma
Uveitic glaucoma
*Infectious retinitis scar

Oral prednisone Parabulbar triamcinolone IVT slow-release DXM

*In case of unilateral recurrence,
possibility to add a single IVT slow-release DXM 
injection
by changing the immunosuppressive treatment

Abbreviations: AZA, azathioprine; DXM, dexamethasone; IOL, intraocular lens; IVT, intravitreal; MMF, mycophenolate mofetil; MTX, methotrexate
*Avoidance of local therapy to avoid triggering a reactivation. 

*Fourth-line:

Other biotherapies alkylating agents/cyclosporine 

Figure 9 Treatment algorithm.
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received a fluocinolone acetonide implant (Retisert),
filtrating surgery was required in 40% of implanted eyes
after upto 3 years. Cataracts have been reported in all
treated eyes.33 In the United States Retisert is indicated for
the treatment of chronic non-infectious uveitis affecting
the posterior segment of the eye.
The limitations of topical corticosteroids therefore

include glaucoma and cataracts, and they are short-acting
molecules since their efficacy is limited to a few months, a
period after which retreatment is necessary in cases of
recurrence of intraocular inflammation. Furthermore,
their use may also delay or exacerbate retinal infection,
including herpes virus or toxoplasmosis. Moreover, the
intermittent treatment of inflammatory exacerbations has
not been shown to prevent the progressive visual loss.34,35

However, these topical treatments are mainly used in
cases of unilateral uveitis, or when the use of systemic
corticosteroids is contraindicated, and they can also be
used occasionally in association with a systemic treatment
(Figure 9). In cases of sight-threatening chronic bilateral
posterior uveitis, the systemic route is often necessary and
steroids are the standard first-line treatment. Their AEs
are well known and include Cushing syndrome, induced
diabetes, dyslipidemia, and fluid retention that can be
managed in strict compliance with preventive lifestyle
changes. When daily glucocorticoid doses exceed 0.2 mg/
kg/day to prevent uveitis recurrence,
immunosuppressive or immunomodulatory agents are
needed for their anti-inflammatory activity and because
they are steroid-sparing. Many of the second and third
line immunosuppressive agents are unlicensed for this
indication in the UK.

Immunosuppressive agents

Conventional immunosuppressive drug classes include
calcineurin inhibitors (cyclosporine, tacrolimus),
antimetabolites (azathioprine, methotrexate,
mycophenolate mofetil MMF) and alkylating agents
(cyclophosphamide, chlorambucil). Treatments with
azathioprine, cyclosporine A, methotrexate (MTX) or
MMF have shown a 83% reduction in ME development
during the follow-up of BRC patients.6 Recently, MMF
has shown a moderate long-term efficacy with a
remission rate of 50% but a ME has appeared in 37% of
treated eyes.36 Moreover inhibiting inflammation could
benefit patients with chronic inflammatory diseases, such
as RA, psoriasis, inflammatory bowel diseases, and
systemic lupus erythematosus that had been shown
associated with an increased risk of cardiovascular
disease.37

AEs of conventional immunosuppressants include a
relative risk of malignancy increased by 1.5 (mainly
lymphoma, leukaemia, vesical neoplasia), increased risk

of infection, medullar, adrenal, and gonadic
insufficiency.38 Moreover, each molecule has its own
tissue toxicity. Regarding cyclosporine, a renal toxicity
has been shown in a prospective study conducted in 27
BRC patients with initially normal renal function treated
with cyclosporine A at a dose of 5 mg/kg/d. A 30% drop
in glomerular filtration has been shown. After
cyclosporine A cessation, an irreversible loss in
glomerular filtration has been correlated with the
cyclosporine A exposure.39 Moreover chronic kidney
disease is thought to be a potential risk factor for
cardiovascular death.40

Immunomodulatory agents

Because of these potentially serious AEs, the use of
immunomodulatory drugs has been preferred.

Polyvalent immunoglobulins

Polyvalent immunoglobulins (PI) have shown a moderate
efficacy on VA which increased by 2 lines in 50% of eyes
with an initial VA less than or equal to 20/30. When
present, the ME was improved on FA in half of cases.41

Several parameters have limited the wide use of PI,
including their human origin which limits their safety to
the current knowledge, and their high cost and modest
activity on ME. However, only benign AEs such as
headache, eczematous lesions, and hyperthermia have
been reported.

Anti-TNF and anti-TNFR antibodies

Monoclonal antibodies are used for the treatment of
refractory uveitis. The most frequently used are the
monoclonal anti-TNF antibodies, including infliximab
and adalimumab, whereas the soluble TNF receptor
known as etanercept has been shown to be less effective42

and seems related to the occurrence of uveitis.43

Infliximab has shown a rapid efficacy, especially in
Behcet’s uveitis, its improvement being observed within a
few days.44 A review of published data on the use of anti-
TNF agents in Behcet’s disease has shown a clinical ocular
response in 89% of 174 patients from 16 prospective open-
labeled studies with a median follow-up of 16.2 months.
The combination of infliximab with azathioprine and/or
cyclosporine A appears superior to infliximab in
monotherapy for sustained ocular remission.45 Apart
from uveitis in Behcet’s disease, anti-TNF agents, in
particular infliximab, may be effective in the treatment of
ocular inflammation associated with RA, juvenile
idiopathic arthritis, spondyloarthropathy, Crohn’s
disease, sarcoidosis, and BRC.46
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In refractory uveitis, adalimumab has shown an effect
in 68% of 31 patients who responded at 10 weeks, and the
response persisted after 50 weeks in 12 of these patients
(39%). Thus, 1/3 of patients were unresponsive to initial
therapy and further 2/3 became resistant to treatment.47

Its action may be limited to the duration of treatment.48,49

The efficacy of Golimumab, a novel fully human anti-
TNF-α monoclonal antibody, has been shown in uveitis
associated with Behcet’s disease, idiopathic juvenile
arthritis, and idiopathic retinal vasculitis in very few
retrospective case reports.50

One of the potentially serious AEs related to anti-TNF-α
antibodies is a reactivation of latent Mycobacterium
tuberculosis. Moreover, a wide variety of systemic and
organ-specific autoimmune processes, including lupus
and lymphoma, have been reported since the early 2000 s.
In particular, an aggressive and rare hepatosplenic T-cell
lymphoma has been reported in young patients treated
for inflammatory bowel disease (Crohn’s disease) with a
combination of corticosteroids, thiopurine, and
infliximab.51 However, the different sources of
pharmacovigilance have failed to address the question of
a causal or artifactual association.52 An increased risk of
non-melanoma skin cancer has been found associated
with the use of a combination of anti-TNF and MTX in RA
and with the use of PUVA, cyclosporine, and anti-TNF in
psoriasis while the risk of melanoma is slightly
increased.53,54 Thus, biotherapies could be classified
according to their potential oncogenic AEs.

Other newer biotherapies

More recently, the efficacy of other monoclonal
antibodies, including anti-ILs-1, -2, -6 and -17, has been
suggested in refractory uveitis.55 In particular,
Daclizumab, an anti-IL-2 antibody, has been used in BRC
patients refractory to traditional immunomodulatory
therapies. Eight patients reviewed retrospectively have
been initially treated with 1 mg/kg of intravenous
Daclizumab at 2-week intervals. Over a mean follow-up
of 25 months, 7 patients have achieved either a
stabilization or an improvement in VA in both eyes and a
complete resolution of the vitreous inflammation, while 6
patients have achieved a resolution of the vasculitis on
retinal FA. However, 2/8 patients have developed AEs,
including increased transaminase levels and leukopenia,
leading to daclizumab discontinuation.56

The efficacy of tocilizumab, an anti-IL-6 receptor
antibody, has been shown in a few cases of uveitis
refractory to anti-TNF-α agents.57,58

Regarding rituximab, an anti-CD20 monoclonal
antibody, it has shown its efficacy in a few cases of
various inflammatory eye diseases (uveitis, scleritis,

idiopathic inflammatory pseudotumor, or granulomatosis
associated with polyangiitis).59

Secukinumab is a human anti-IL-17 monoclonal
antibody approved for the treatment of uveitis, RA, and
psoriasis. Three multicenter randomized double-blind
placebo-controlled dose-ranging phase III studies
conducted in 118 patients with uveitis in Behcet’s disease,
125 with quiescent non-infectious non-Behcet’s uveitis
and 31 active non-infectious non-Behcet’s uveitis have
shown no significant difference in uveitis recurrence
between patients treated with secukinumab and the
placebo group. However, secukinumab has been
associated with a significant reduction in mean number of
total post-baseline immunosuppressive medications used
in one of the study (SHIELD study). No visual loss has
been reported in any treatment group during the follow-
up in the three studies.60

Interferon (IFN) therapies

Other immunomodulatory drugs are interferons (IFNs),
which are intracellular cytokines. IFN-α mediates a wide
range of biological effects, including direct antiviral,
immunomodulatory, antiproliferative, antiangiogenic and
antitumor activities. IFN-α can upregulate the class I and
class II major histocompatibility complex, induce natural
killer cell activity, and enhance dendritic cell activation.61

The efficacy of IFN-α and IFN-β has been shown in the
treatment of inflammatory ME. A meta-analysis of
patients with Behcet’s disease has shown an ocular
response in 94% of patients with a 50% decrease in disease
activity after 4 weeks.62 The efficacy of IFN-α has also
been shown in more than 75% of Behcet’s uveitis
patients.63–65 A sixfold decrease in mean uveitis attack
rate has been observed on treatment compared with
previous treatment phases.64–66

The efficacy of IFNs has been suggested in non-Behcet
ME such as BRC67 and idiopathic uveitis.68,69 For
example, among 12 patients treated with daily IFN-α, 83%
presented a response and 100% of ME resolved.70

A single-centre prospective, randomized study has
compared the efficacy of 44 mcg of subcutaneous IFN-β 3
times per week versus 20 mg of subcutaneous MTX once a
week in the treatment of ME complicated by uveitis. The
low dose of IFN-β appeared more effective than MTX,
with respectively a mean decrease in macular thickness of
206 μm versus a mean increase of 47 μm.71 However, it
should be noted that MTX is not considered a standard
treatment for inflammatory ME.
One of the most limiting effects of IFN treatment is the

occurrence of numerous AEs. Its immediate AEs,
including fever, arthralgia, and flu-like syndrome, are
usually controlled with oral paracetamol. IFN-α-induced
depression is a common and dangerous AE.72 For
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example, among 11 patients with posterior uveitis treated
daily with 6 million international units (MIU) of IFN-α2b
for at least 2 weeks, 4 experienced depression, and one of
them attempted suicide.70 Psychiatric side effects has tend
to limit INF use to a greater extent. Other common AEs of
IFN-α include leukopenia, thrombocytopenia, and
occurrence of serum antinuclear, anti-DNA, antithyroid
antibodies. Overt clinical autoimmune thyroid disease,
autoimmune hepatitis, and sarcoidosis lesions with
positive skin biopsy have also been reported.73

In addition, inflammatory and vascular intraocular AEs
have been reported with IFN-α and may limit its use in
posterior uveitis. A few case reports of Vogt–Koyanagi–
Harada-like disease, a T-cell-mediated autoimmune
response against melanocytes, have been described.74–76

Furthermore, a few case reports of granulomatous
panuveitis suggesting sarcoidosis have also been
described in HCV-infected patients treated with ribavirin
in combination with IFN-α2b, pegylated or not. Only 1
patient required systemic corticosteroids.77

In 29-60% of IFN-α-treated hepatitis patients,
IFN-associated retinopathy including retinal arteriolar or
venular occlusion78 usually occurs within the first
6 months of treatment and resolves while treatment is
continued.79

The conventional treatment of ME in Irvin-Gass
syndrome includes acetazolamide, a carbonic anhydrase
inhibitor that enhances retinal liquid transport to the
choroid, whose AEs include paresthesia, hypokalemia,
sulfur allergy, nausea, stomach pain, and renal colic,
needing preventive urinary alkalinization and potassium
supplementation.

Benefits of intravitreal injections

Intravitreal injections of molecules other than
corticosteroids have shown an experimental and clinical
interest. Intravitreal IFN-α2b has been tested in rabbit
eyes and it has shown a good tolerance for doses up to 1
MIU.80 A single intravitreal injection of infliximab (1 mg)
has been shown to decrease inflammation in the aqueous
humor, vitreous, and retinal veins although a persistent
ME was observed in 9/11 eyes.81 Intravitreal injections of
bevacizumab, an anti-VEGF monoclonal antibody widely
used in the treatment of CNV in age-related macular
degeneration and diabetic ME, have shown a transient
positive effect on macular thickness.82 Another
retrospective study has compared 3 groups treated with
either 1.25 mg of intravitreal bevacizumab, 4 mg of
intravitreal triamcinolone acetonide, or 40 mg of posterior
subtenon triamcinolone acetonide. The respective mean
central foveal thickness decreased from baseline by 167,
327, 166 μm. Kaplan–Meier survival analysis has shown
that the median effect duration was respectively 16, 30,

and 12 weeks. A 5- mmHg increase in IOP was observed
in 10, 45, and 40% of eyes, respectively.83 However, in
another randomized study comparing intravitreal
bevacizumab and triamcinolone injections, the
bevacizumab-treated group did not show any significant
decrease in central foveal thickness.84 Moreover, acute
intraocular inflammation has been described with an
incidence of 1.30% in eyes having received a total of 693
intravitreal bevacizumab injections.85

The efficacy of intravitreal MTX injections (400 μg) has
been shown on the control of the intraocular
inflammation with an increase in VA in 30/38 (79%)
injected eyes. Among the responsive eyes, 73% achieved a
sustained response with a mean time to relapse of 17
months.86 Side effects were described while MTX
intravitreal injections were used for treating vitreoretinal
lymphoma. The most common cause was corneal
epitheliopathy, which usually appeared after the third
injection and began to subside when the intervals
between injections increased.87

The efficacy of sirolimus has been suggested on
vitreous inflammation without significant difference
between subconjonctival and intravitreal injections.88

In case of ME related to inflammatory CNV, the long-
term efficacy of intravitreal bevacizumab has been
reported by Mansour et al in a study of 81 patients with
uveitis.89 They have observed a significant increase in VA
in patients with histoplasmosis, multifocal choroiditis,
punctate inner chorioretinopthy and toxoplasmosis, as
well as a significant decrease in foveal thickness in the
overall patient group. At 3 years, significant sustained
visual improvement of 2.7 lines and foveal flattening of
98 μm have been observed in numerous inflammatory
ocular diseases without major complications after a
median of 3 intravitreal bevacizumab injections.89

Prospective studies are ongoing to assess the efficacy of
intravitreal ranibizumab and aflibercept on
inflammatory CNV.

Preventive treatment

Surgical treatment of vitreoretinal traction and epiretinal
membrane is rarely beneficial, but if performed, it should
be associated with an effective immunosuppressive
treatment because of the high risk of increased intraocular
inflammation during the immediate post-surgery period.
Anti-inflammatory eye drop formulations either alone or
in combination with topical prednisolone may be more
effective to prevent the onset of Irvine-Gass syndrome
than prednisolone alone.90 The recurrence of ME during
the period following cataract surgery may be prevented in
eyes with history of uveitis using an effective
immunosuppressive treatment at the time of the surgery
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and with a closer follow-up for prompt treatment in case
of post-operative inflammation recurrence.

Conclusion

In conclusion, the set of topical intravitreal therapies
available is expanding, with the current use of
corticosteroids followed by the use of immuno-
suppressive agents. However, severe bilateral uveitis still
requires systemic treatments and it is anticipated that new
drugs effective in this indication will continue to emerge,
but prospective controlled studies will be needed for their
assessment. However, at this stage of drug development,
we recommend following the proposed therapeutic
algorithm (Figure 9) for the treatment of non-
infectious UVE.
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