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Abstract: Macular edema (ME) is the most common sight-threatening complication in

uveitis. The diagnostic and therapeutic management of the uveitic macular edema (UME)

might be challenging due to the complex diagnostic workup and the difficulties physicians

face to find the underlying cause, and due to its usually recurrent nature and the fact that it

can be refractory to conventional treatment. Some of the mild cases can be treated with

topical steroids, which can be combined with non-steroid anti-inflammatory drugs. However,

immunomodulators such as methotrexate, tacrolimus, azathioprine, cyclosporine and myco-

phenolate mofetil together with anti-tumor necrosis factor-α (anti-TNF alpha) monoclonal

antibodies such as adalimumab and infliximab, may be required to control the inflammation

and the associated ME in refractory cases, or when an underlying disease is present. This

review of the literature will focus mostly on the non-infectious UME.

Keywords: non-infectious uveitis, macular edema, NSAIDs, anti-TNF alpha, corticosteroids,
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Introduction
Uveitis is the inflammation of the uveal tract, the vascular layer between the sclera

and the neuroretina, which can lead to significant visual impairment. Uveal tract

consists posteriorly of the choroid, in the middle part of the ciliary body and

anteriorly of the iris.

The retina has a double blood supply and each one has a blood-retinal barrier.

Choroidal vasculature covers 80% of eye’s blood supply. The inner blood-retina

barrier (BRB) is formed by tight junctions between adjacent endothelial cells and the

outer BRB by tight junctions between the retinal pigment epithelium (RPE) cells

(tight junction proteins include zonula occludens, occludins and VE-cadherins). The

outer BRB is essential for maintaining the integrity of the retina and is the one

responsible for removal of the metabolic wastes and transportation of nutrients, water

and ions. It also separates the neuroretina from the fenestrated choriocapillaris.1

Inflammation to any of the uveal tract structure is called uveitis. Uveitis can be

classified further into anterior, intermediate, posterior and panuveitis according to

the primary location of the inflammation. The most common form of intraocular

inflammation is anterior uveitis (AU), followed by posterior uveitis and panuveitis,

while intermediate uveitis is the least common.2,3 Classification of uveitis following

the International Uveitis Study Group classification system (SUN)4–6 is depicted in

Tables 1 and 2.
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Pathophysiology of uveitic macular
edema (UME)
Themain cause leading to the UME is the breakdown of either

inner either outer or both BRBs and is a consequence of

chronic inflammation. Extracellular fluid is accumulated either

in the intraretinal or the subretinal space.7 A UME might

complicate an anterior, intermediate or a posterior uveitis.

The UME can be found in the outer nuclear layer or

extend more superficially or deep before resulting to affect

all retinal layers, and might even present in the form of a

serous retinal detachment due to an RPE dysfunction.8,9 In all

cases, it appears to result from the sum-up of cytotoxic and

vasogenic effects due to the immunological aggression.10

UME occurs when there is compromised equilibrium of

water influx and efflux as a result of the inflammation and the

overwhelming of compensatory mechanisms. A breach in the

BRB will lead to a vasogenic edema due to the increase of

oncotic pressure. Sometimes a dysfunction of the RPE pump

and transmembrane ionic channels (Na+, K+, Cl-, HCO3-)

and aquaporin 1 (AQP1) might be the cause; in this case no

evidential leak is visible on the fluorescein angiography but a

serous retinal detachment might exist.11,12 Different

Table 1 Anatomic Classification of uveitis following the International Uveitis Study Group classification system (SUN*).

Type of uveitis Primary site of inflammation† Includes

Anterior uveitis Anterior chamber Iritis

Iridocyclitis

Anterior cyclitis

Intermediate uveitis Vitreous Pars planitis

Posterior cyclitis

Hyalitis

Posterior uveitis Retina or choroid Focal, multifocal, or diffuse choroiditis

Chorioretinitis

Retinochoroiditis

Retinitis

Neuroretinitis

Panuveitis Anterior chamber, vitreous and retina or choroid

* SUN = Standardization of uveitis nomenclature.

† As determined clinically

Note: Reprinted from the American Journal of Opthalmology, Volume 140, Issue 3, Jabs DA, Nussenblatt RB, Rosenbaum JT, Standardization of Uveitis Nomenclature (SUN)

Working Group, Standardization of uveitis nomenclature. Results of the First International Workshop, 509-516, copyright (2005), with permission from Elsevier.5

Table 2 The SUN* Working Group Descriptors of Uveitis.

Category Descriptor Comment

Onset Sudden

Insidious

Duration Limited Uveitis lasting <3 months

Persistent Uveitis lasting >3 months

Course Acute Episode characterized by

sudden onset and limited duration

Chronic Repeated episodes separated by periods of inactivity without treatment, lasting >3 months

Recurrent Persistent uveitis with relapse

in <3 month·, after discontinuing treatment

*SUN = Standardization of uveitis nomenclature.

Note: Reprinted from the American Journal of Opthalmology, Volume 140, Issue 3, Jabs DA, Nussenblatt RB, Rosenbaum JT, Standardization of Uveitis Nomenclature (SUN)

Working Group, Standardization of uveitis nomenclature. Results of the First International Workshop, 509-516, copyright (2005), with permission from Elsevier.5
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therapeutic strategies and pathophysiology implicate in the

acute phase of inflammation and chronic stages where atrophy

and fibrosis occur.13 The inner BRB breakdown can be trig-

gered by many factors, including vascular endothelial growth

factor (VEGF), TNF-a, TGF-β, IL-1, angiotensin II (pro-

inflammatory cytokines), adenosine, histamine and glucose.

The VEGF is a protein greatly produced by Müller cells and

cells that promote neovascularization and causes degradation

of tight junction proteins by intracellular

phosphorylations.14,15

Müller cells are the most important macroglial cells and

their role is to ensure the homeostasis of the retinal extracel-

lular milieu, facilitating the transfer of nutrients and evacuat-

ing metabolic by-products.16 They ensure structural integrity

and provide a link between neural elements and the vascular

network. Müller cells consist also an important source of

pigment epithelium-derived factor, contributing in the regula-

tion of retinal angiogenesis. In conditions of stress, Müller

cells secrete significant amounts of VEGF, which result in an

increase in vascular permeability and neovascularization.16 In

the presence of inflammation, Müller cells swell, resulting in

the formation of edema. This swelling has also been observed

in inflammatory ME after surgery and is presumably derived

by the presence of arachidonic acid and prostaglandin E2.17,18

The overall synthesis of potassium-rectifying channels (Kir)

decreases also in the presence of inflammation. These func-

tional alterations in Müller cells lead to the formation of

cytotoxic ME and favor the formation of intracellular edema

and accumulation of subretinal fluid, both characteristics of

UME.19 This edema lacks leakage on the angiogram despite

manifest edema on the optical coherence tomography (OCT)

and is more commonly observed in older individuals, probably

because there is a progressive loss of Kir channels with age

and Müller cells are less able to excrete water and potassium

ions.9

In inflammatory conditions, a vasogenic component

coexists. Activated Müller cells and microglial cells synthe-

size VEGF together with pro-inflammatory cytokines and

metalloproteases (such MMP-9) that lead to phosphorylation

of occludin and VE-cadherin resulting in losing the integrity

of the BRB, as desmosomes between capillary endothelial

cells and between the cells of RPE are lost.13

The outer BRB is important for maintaining the adhesion

between the RPE and photoreceptors. This is achieved by

mechanisms of active transportation from trans-epithelial

space to the extraretinal space. Inflammatory conditions

that involve the choriocapillaris, choroid and sclera could

damage the outer BRB and despite the healthy retinal capil-

lary endothelium, a macular edema (ME) might occur.20,21

In uveitic ocular inflammation despite the inflamma-

tory UME, other causes may increase also the macular

thickness, such as:

1. Inflammatory choroidal neovascularization

2. Inflammatory epiretinal membrane (ERM) forma-

tion with associated vitreomacular traction

3. Central serous chorioretinopathy exacerbated by

steroid therapy

4. Contiguity with papillary swelling.

Etiology of non-infectious UME
Non-infectious known causes of UME are:

1. HLA-B27 positive uveitis (HLA-B27 associated

diseases, including psoriasis, ankylosing spondyli-

tis, inflammatory bowel disease, and reactive arthri-

tis). A chronic AU, intermediate uveitis, a

combination of anterior and intermediate uveitis

may occur. AU can be also associated with

hypopyon.22

2. Juvenile idiopathic arthritis (JIA). The most com-

mon form of uveitis is chronic AU, which is almost

always asymptomatic in the initial stages. However,

it can be sight-threatening due to complications,

such as glaucoma, cataract, band keratopathy and

UME.23

3. Sarcoidosis. Sarcoidosis-related uveitis is often bilat-

eral and associated with numerous, whitish irregularly

scattered granulomatous retinal and choroidal lesions.24

4. Multiple sclerosis (MS). MS patients have ten times

higher prevalence of intermediate uveitis which is

often associated with retinal vasculitis.25

5. Pars-planitis. An idiopathic chronic intermediate

uveitis which can be associated with AU and retinal

vasculitis.26

6. Adamantiades–Behçet’s disease. Uveitis is bilateral,

often no simultaneous and no granulomatous with

coexisting focal or multiple retinal lesions.27

7. Irvine–Gass syndrome and any postoperative ME.

Even though the postoperative ME is not considered

a typical UME, it should be included in the differ-

ential diagnosis of non-infectious UME as most of

the time it is related with postoperative inflamma-

tion and uveitis.28 Onset is 4–12 weeks with a peak

at 4–6 weeks postoperatively. Patients’ typical
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symptom is deterioration of vision after an initial

period of improvement following surgery.29

Uveitis-glaucoma-hyphema syndrome is caused

by mechanical trauma due to malpositioned intrao-

cular lens over adjacent structures (iris, ciliary body,

iridocorneal angle) and can lead to chronic inflam-

mation, secondary iris neovascularization and

ME.30

8. Drug-induced (or medically induced) uveitis. A

number of medications; topical (metipranolol, gluco-

corticosteroids, brimonidine and prostaglandin ana-

logs), periocular, intraocular (cidofovir, anti-VEGF

agents [ranibizumab, bevacizumab, aflibercept] and

triamcinolone acetonide), systemic (cidofovir, rifa-

butin, bisphosphonates, sulfonamides, tumor necro-

sis factor inhibitors [TNF-a], oral fluoroquinolones

and diethylacarbamazine) and vaccines (bacille

Calmette–Guérin, measles, mumps and rubella,

hepatitis B and varicella) have been associated with

uveitis. Mechanisms underlying drug-induced uvei-

tis are unclear but it is suggested that both toxic and

inflammatory reactions play a role.31,32

9. Other collagen diseases including systemic lupus

erythematosus (SLE), scleroderma, relapsing poly-

chondritis, necrotizing vasculitis, granulomatosis with

polyangiitis (GPA) (formerly known as Wegener’s dis-

ease), rheumatoid arthritis, polyarthritis. Non-granulo-

matous mild AU may occur in SLE patients. However,

severe sight-threatening retinal vasculitis with macular

involvement is more frequent.33

10. Birdshot chorioretinopathy (BCR). BCR is strongly

associated with HLA-A29 allele and it is believed to

be T-cell driven. Typical manifestations include

bilateral non- granulomatous uveitis with deep peri-

papillary or diffuse hypopigmented characteristic

multiple cream-colored, irregular choroidal

lesions.34

11. Sympathetic ophthalmia. It is a rare entity, typically

presented as a bilateral, granulomatous panuveitis

that occurs after surgery or ocular trauma to one eye

threatening vision in the other eye.35

12. Intraocular tumor: primary non-hodgkin oculo-cere-

bral lymphoma. Typically, it presents as a chronic

posterior uveitis with small whitish choroidal

lesions, which is the most common masquerade.

AU is unusual.36

13. Vogt–Koyanagi–Harada (VKH) disease. Ocular find-

ings include severe bilateral, chronic granulomatous

panuveitis with serous retinal detachment, optic disc

swelling and hyalitis.37

14. Idiopathic uveitis. No cause/extraocular disease is

identified.

ME is the main reason for visual loss in patients with

uveitis, causing a visual acuity (VA) drop below 20/40 in

about 30% of patients with posterior uveitis. VA deterio-

rates in 45% of the patients with posterior uveitis, in 64%

of panuveitis and 28% of intermediate uveitis of which the

28%, 59% and 85%, respectively, were complicated with

ME. UME is more frequently found in panuveitis with an

incidence of 66%.38

The systemic diseases associated with a poor visual

prognosis are juvenile chronic arthritis and sarcoidosis.38

Epidemiology and prevalence of
uveitis and UME
Most of the epidemiological data of uveitis have been

studied in the developed world.39

The incidence and prevalence of uveitis is between

0.017–0.052% and 0.038–0.714%, respectively, in the

population per year.2,3,40,41

Epidemiology changes with geographic location. AU

prevalence is low in South Africa, posterior uveitis is more

common in Africa, panuveitis is more common in Japan

and in India panuveitis is more frequent than posterior

uveitis.42–45

The prevalence of non-infectious uveitis has not been

thoroughly studied separately from the prevalence of

infectious uveitis. A recent original investigation carried

out in the US made an effort to study the prevalence of

non-infectious uveitis standalone.46 This study reports that

non-infectious uveitis affected an estimated 298,801 adults

(estimated prevalence 121/100,000) and 21,879 children

(estimated prevalence 29/100,000) in the United States in

2015. AU prevalence was 98/100,000 representing the

81% of all non-infectious uveitis cases, followed by non-

infectious panuveitis (prevalence 12/100,000), posterior

uveitis (prevalence 10/100,000) and intermediate uveitis

(prevalence 1/100,000). A smaller study of 927 patients in

France studying severe sight-threatening uveitis found that

68% of the cases were non-infectious.47 However, this

sample is not representative as it covers only severe cases.

The prevalence mentioned below is the total preva-

lence of uveitis recorded, unless stated otherwise.
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Anterior uveitis
The most common uveitis is AU with prevalence up to 90%

of all the cases of uveitis in primary care and 50–60% in

tertiary centers. HLA-B27 AU is the most common type of

non-infectious uveitis in most of the developed countries

(except Japan and Italy).48–50

AU is less frequent in areas with low prevalence of HLA-

B27 such as India, South Africa, Japan and Korea.42,51,52

Seronegative spondyloarthropathies (ankylosing spondy-

litis, psoriatic arthritis, reactive arthritis and Reiter syn-

drome) are the most usual underlying cause of AU with a

prevalence of 5% of all uveitis and 8–12% of acute AU.52–57

Analyzing further, the prevalence of uveitis in systemic

autoimmune diseases: 2–9% of patients with inflammatory

bowel disease, 7–16% of patients with psoriatic arthritis,

12–37% of patients with reactive arthritis and 20–40% of

patients with ankylosing spondylitis will develop AU.48

ME is less common in AU compared to patients with

intermediate uveitis, posterior uveitis or panuveitis.15,58,59

Approximately, 11% of patients with isolated AU and 60%

of patients with JIA-associated uveitis will develop

ME.60,61 The frequency of ME in patients with AU fluc-

tuates between 9% and 28%.38,61–63

Intermediate uveitis
Intermediate uveitis is the least common type of uveitis

(15% of all types).64 In most cases of intermediate uveitis,

there is no underlying cause identified and they are classi-

fied as idiopathic (60–100%). Non-infectious diseases that

cause intermediate uveitis include sarcoidosis, MS and

intraocular lymphoma (masquerade syndrome).65,66

Despite the fact that intermediate uveitis is the least com-

mon type of uveitis, it is the form with the highest fre-

quency of ME, fluctuating between 25% and 70%.38,61–63

Posterior uveitis
It is the second most common uveitis (15–30% of all cases).64

Non-infectious common etiologic factors include sarcoidosis,

VKH disease and BCR.43 Sarcoidosis is responsible for 1–

13% of uveitis cases in Western World.65,67

According to previous studies, ME rate in posterior

uveitis is 19–34%.38,61–63

Panuveitis
The prevalence of panuveitis is greatly variable between

geographic locations. It is less common in Europe and the

USA and more frequent in Asia, Africa and South

America.52,68,69 Japan has a high prevalence of panuveitis

due to VKH, Adamantiades–Behçet disease and

sarcoidosis.70 VKH panuveitis is rare in Europe with a

prevalence of 0–3% and more common in Asia with a

prevalence of 11–29%. Adamantiades–Behçet panuveitis

has a higher prevalence in Asia and the Mediterranean

region (15% in Portugal and 18% in Italy).51

The rate of ME in patients with panuveitis is 18–

66%.38,61–63

ME in non-infectious uveitis
In non-infectious uveitis, ME is the most common com-

plication, as it occurs in 8.3% of patients, followed by

epiretinal membrane and glaucoma (6.3% and 4.2%,

respectively).71

ME in HLA-B27 uveitis ranges between 2% and 32%

of cases.72–77 According to a recent study from Turkey,

ME in ankylosing spondylitis occurs in about 17.5% of

patients and is more frequent in males than in females

(18.9% vs 14.3%, respectively),78 while the rate of ME

in JIA uveitis is 60%.60,61,79

ME in patients with intermediate uveitis occurs in 60%

of cases approximately.61,80–83 The rate of ME in sarcoi-

dosis is 27.3%, while in patients with Admantiades–

Behçet’s disease it ranges from 15% to 63%.61,84–86 On

the other hand, in BCR uveitis, ME rate is 100%.61

Diagnostic imaging in UME
Diagnosis is usually confirmed using imaging systems,

mainly the OCT and fundus fluorescein angiogra-

phy (FFA).

Usually, a non-infectious UME presents with visual

disturbances that are highly variable such as drop in near

VA, metamorphopsia, micropsia, blurred vision and posi-

tive relative scotomas. In chronic cases where the outer

retina has undergone degenerative structural changes, the

visual effects can be significant.

The gold standard technique for confirming the diag-

nosis of UME is the OCT.87,88

Optical coherence tomography (OCT)
OCT provides in vivo near-histological cross-sectional

images of the retina. The layers of the retina can be

visualized and a detailed analysis of the pathology affect-

ing various structural layers can be done.

Fluid accumulation can be detected in any layer.

Furthermore, a quantification of macular thickness can be

made, the outer/inner segment line of the photoreceptors can
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be visualized and examined, intraretinal or subretinal fluid

can be seen as well as the presence of ERM or vitreomacular

traction. OCT advantages are that it is a non-invasive, repro-

ducible and sensitive imaging system.89,90

Fundus fluorescein angiography (FFA)
FFA despite being more invasive than OCT is a useful tool

concerning the inflammatoryME.Dye diffusion can be usually

detected in the macular area, which might be associated with

pooling in the cystoid spaces. It can help in finding and staging

the severity of intraocular inflammation, detecting active chor-

oiditis/retinitis lesions and quantification of retinal vascular

(venous, arterial or mixed) leakage. FFA can help to examine

the status of macular vasculature which has a direct relation-

ship with the visual morbidity and is the only imaging system

that can reveal macular ischemia.87,91

Themanagement of conditions such as posterior uveitis has

been revolutionized with the newest ultra-wide field FFA.92,93

Furthermore, with the use of FFA the therapeutic response to a

therapeutic intervention can be assessed.

Representative cases with UME on OCT and FFA are

depicted in Figures 1 and 2.

Diagnostic management of UME
When uveitis-related ME is present, physicians need to

rule out any infectious or autoimmune underlying disease.

Figure 1 Macular edema secondary to intermediate uveitis in a 58-year-old male patient (left eye). (A) OCT. (B) FFA – typical petaloid pattern.

Abbreviations: OCT ,optical coherence tomography ; FFA, fundus fluorescein angiography.

Figure 2 Macular edema secondary to UGH syndrome in a 60-year-old male patient (right eye).

Abbreviation: UGH, uveitis-glaucoma-hyphema.
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Initial survey should focus on personal medical and sur-

gical history, previous ocular redness, trauma or ocular

surgery.

General signs should be researched (fever, sweating and

weight loss) and then various organs including skin (herpe-

tic eruption, aphtha, psoriasis or any previous cutaneous

eruption or depigmentation), lung (asthma, breathlessness),

digestive (abdominal pain, diarrhea, blood stools and hepa-

titis), joint pain, urinary tract (blood, ulceration) and ner-

vous system (headache, dizziness, sensitive trouble,

hypoacusia) should be assessed.

Lifestyle should also be considered, ie alcohol, smok-

ing, toxicomania, and risk of any sexually transmitted

disease, presence of pets at home (cat scratch/Lyme dis-

ease), risk factors such as raw meat or badly washed salad

(toxoplasmosis).

A particular attention should be given to recent travel-

ing and possible administration of immunotherapy, which

cause a tremendous increase of ME incidence (ie,

Fingolimod, Paclitaxel, Taxane).94

Slit lamp examination should focus on the presence of

conjunctival injection, cells in the anterior chamber, the

lens status and the presence of cells or floaters in the

anterior vitreous. Fundus examination might reveal snow-

banking in intermediate uveitis, white cells in the vitreous

or inflammatory deposit along the vascular arcade.

During the examination of the fundus, the acuteness or

the chronicity of the disease might also be noticed. The

presence of exudate will argue for a longstanding edema.

The association with an optic nerve swelling could be a

sign of worse visual prognosis and therefore should be

addressed during the first consultation. Unfortunately, it

does not contribute to the etiological orientation.

Bilateral complete peripheral fundus examination is

mandatory as it could reveal peripheral ischemia or inflam-

matory lesions.

As mentioned above, OCT and especially spectral-

domain OCT remains the most commonly used imaging

technique to assess the patient. It is a useful tool as it

allows follow-up. ME should be assessed on focusing on

two points: the retinal thickness map and the presence of

cyst in the retina. Normal range of central foveal thickness

is 182 µm±23. Nevertheless as individual variation might

happen, it is always good to have the contralateral eye

scanned with OCT to allow comparison, especially in the

absence of intraretinal cysts.95

FFA is very useful for the differential diagnosis of ME

especially in the young diabetic patient where an ME

might be associated with an almost normal appearance of

the peripheral fundus, whereas the angiography will reveal

extended zone of ischemia and microaneurysms’ leak

responsible for the ME.96 Not every retinal leaking is

associated with the presence of inflammatory disease and

the angiography by its analysis of retinal vascularization is

helpful. For example, the scarcity and irregularity of the

macular vasculature of a degenerative macular telangiec-

tasia type 2 seen on the FFA would be helpful for the

differential diagnosis of other macular cystic degenera-

tions. Finally, FFA could help to exclude a vascular etiol-

ogy such as vascular occlusion by highlighting tortuous

collaterals, delayed filling of vessels or tortuosity of

vessels.

Furthermore, FFA might show even late vascular leak-

age and be very useful in case where there are no intrar-

etinal cysts and only a mild macular thickening is visible

on the OCT. On the other hand, the absence of leakage

with simultaneous presence of cyst should be suggestive of

a different ME cause (ie, X-linked retinoschisis,

Goldmann–Favre syndrome, nicotinic retinopathy,

Iatrogenic cause such as nab-Paclitaxel, sirolimus).97,98

It is important to mention also that fundus autofluores-

cence can be helpful in revealing white dot syndromes.99

Once the correct diagnosis of ME is made and no

obvious etiology such as Irvine–Gass exists, then blood

tests are required.

Some authors suggest that clinical examination might

be sufficient to make a diagnosis of an underlying disease

(lupus, Adamantiades–Behçet’s disease, cytomegalovirus

(CMV)-related retinitis, VKH); nevertheless, one should

always keep in mind that an accurate diagnosis is of out-

most importance as a mistreatment might be harmful.100

The blood test should be tailored following the local

incidence of infectious disease, taking into account possi-

ble previous patient’s trip and their phenotype (ie,

Caucasians and HLA-B27, Mediterraneans and

Adamantiades–Behçet disease, Asians and VKH).49

Classically, a blood test might include the following

items:

1. Electrolytes with renal and liver function, blood

glucose, red cells count with platelets and inflam-

matory parameters

2. Tailored infectious tests: syphilis, Lyme, cat scratch

disease, HIV, herpes simplex virus and herpes zos-

ter virus, CMV, Epstein–Barr virus, toxoplasmosis,

human herpes virus-6 (HHV-6), tuberculosis
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(QuantiferonTB) , West Nile virus or other tropical

diseases depending on patients trip or demography.

3. Tailored immunologic tests: lysozyme, angiotensin

converting enzyme, plasmatic protein electrophor-

esis, nuclear antibody (±anti-centromere, anti-

dsDNA, anti-histone), ANCA, rheumatoid factor,

complement C3, human leukocyte Antigen (HLA)

B27, B51, A29.

Radiological exams such as chest computed tomography

for sarcoidosis, brain magnetic resonance imaging for

lymphoma or positron emission tomography-computed

tomography for vasculitis or sinus X-ray for GPA should

be done following clinical examination results.

Unfortunately, there are no standard screening tests. It

is recommended to exclude the most common infectious

causes and especially syphilis as an inadequate immuno-

suppressive treatment in those patients might have dra-

matic consequences.101 Also, it is highly recommended

to rule out sarcoidosis as it may take various clinical

appearances.102

More invasively, in case of unexplained UME, even with a

complete clinical and laboratory workup, an anterior chamber

tap and a vitreous biopsy might be necessary.103,104

Classically, a high CD4/CD8 ratio will argue for sar-

coidosis (sensitivity and specificity up to 100% and 96%,

respectively), whereas a high CD8 count and the presence

of viral DNA will argue for a viral infection.105 Analysis

of CD19 could be helpful to rule out a tumoral etiology.106

Sometimes an intraocular lymphoma might mimic a

UME thus ratio of IL-10/IL-6>1 in the aqueous humor

will be highly suggestive of this cause.107

Therapeutic management
Infectious UME should be treated with the appropriate

etiological treatment. Herein, we will focus on the various

UME of non-infectious causes.

An accurate initial diagnosis of ME etiology is of out-

most importance, as even with the right treatment, a pos-

sible resistance to it might raise doubts over whether the

initial investigations were not properly done.

Irvine–Gass syndrome or pseudophakic

ME or postoperative ME
The treatment nowadays is mainly based on the prevention

of its occurrence. The European Society of Cataract and

Refractive Surgeons has largely modified their recommen-

dations following PREMED studies.108,109

Topical steroidal and non-steroidal anti-inflammatory

drops have clearly led to a drop of the incidence of ME.

Principle of action is mainly related to the decrease of

postoperative blood-aqueous barrier breakdown.110

In case of occurrence of ME, despite topical preven-

tion, it is recommended to associate topical steroids and

non-steroids anti-inflammatory drops with oral or topical

carbonic anhydrase inhibitors usually for a couple of

months. Vitrectomy and grid macular laser were used

with some success before the introduction of anti-VEGF

injections and intravitreal steroid implants.111,112

Periocular steroid injections remain the first-line treatment

after failure of topical or oral therapy, followed by intravi-

treal anti-VEGF agents, like ranibizumab and bevacizu-

mab, or intravitreal steroids as intravitreal administration

of triamcinolone was found to be more efficient compared

to periocular administration.113,114 One injection might be

sufficient with low recurrence rate but for severe cases,

repeated injections are often necessary.115,116

Third-line treatment usually consists of intraocular

implants. However, physicians should be cautious with

this therapeutic option as there is a risk of ocular hyperten-

sion and/or migration of the implant in the anterior cham-

ber which can lead to endothelial cells damage.117–119 In a

recent study from France, Ozurdex implant improved VA

by at least 15 EDTRS letters, while half of the patients did

not need a second injection within the first year.120

In some cases, a combination of the above therapies

might be considered (ie, intravitreal anti-VEGF and ster-

oids with topical NSAIDs).121

Rarely, in case of refractory ME in presence of an iris-

fixated intraocular lens, even with a previous complete

vitrectomy, extraction of the lens and replacement with a

scleral-fixated lens might be necessary to resolve the ME.122

Over the last decade, some new therapeutical perspec-

tives are coming out such as oral mineralocorticoid-recep-

tor antagonists or subcutaneous interferon-alpha.123,124

Health care professional’s decision about the most

appropriate treatment should be made taking into account

patient’s health, comfort and safety profile.

ME related to corneal grafts
MΕ following penetrating keratoplasty is a common com-

plication but recently with the development of new endothe-

lial grafting techniques (Descemet’s stripping endothelial

automated keratoplasty and Descemet’s membrane
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endothelial keratoplasty), which are supposed to be less

invasive, their incidence has increased.125,126 Keratoplasty-

related ME, usually, resolves spontaneously or with topical

anti-inflammatory treatment alone, within a few weeks,

without affecting the final visual outcome of patients.125–127

ME related to immunological diseases
This kind of ME can be caused by entities, such as

Adamantiades–Behçet’s disease, Sarcoidosis, HLA-B27

spondyloarthritis, VKH, JIA and inflammatory bowel

disease.

Initial treatment remains oral and topical steroid and

non-steroid anti-inflammatory drugs. In case of unilateral

ME, periocular use of steroids is indicated, whereas in

bilateral form, systemic steroids are usually preferred.

Immunomodulatory treatment such as methotrexate (a

folic acid analog which inhibits leukocyte division),128

tacrolimus and sirolimus (macrolides which inhibit T

lymphocyte),129 azathioprine (a purine analog which

reduces the peripheral T and B lymphocytes and down-

regulates interleukin-2 synthesis and IgM production),130

mycophenolate mofetil (an inhibitor of the purine synthesis

pathway),131 cyclosporine (which is produced from the

fungus Tolipocladium inflatum and inhibits T-cells),132 and

Type I interferons (cytokines which play an important role

in the regulation of innate and adaptive immune response

and in the stabilization of the BRB)133,134 were introduced

with the hope that they would be more efficient and reduce

the side effects of steroids.135–138 Those corticosteroid-

sparing agents are of outmost importance for chronic dis-

eases, nevertheless immunomodulatory treatment has also

side effects such as nephrotoxicity, neurotoxicity, gastroin-

testinal disturbances, flu-like syndrome, leucopenia, throm-

bocytopenia, hypercholesterolemia, hyperglycemia,

potentially increased risk of non-hodgkin lymphoma, and

requires frequent clinical observation and lab tests (renal

and liver function tests, glucose and lipids profile, full blood

count).138 Unfortunately, there is no clear evidence for a

standardized protocol and, therefore, the choice of the mole-

cule will depend on the physician’s experience and the

patient’s state.139,140

In case of failure (due to ineffectiveness or side effects),

the more recent anti-TNF alpha treatment can be used as first

line or rescue treatment (etanercept, infliximab, adalimumab)

as the pro-inflammatory cytokine TNF-alpha was found to be

involved in the pathogenesis of non-infectious uveitis.141–149

Infliximab (a mouse-human chimeric IgG1 monoclonal anti-

body against TNF-alpha, administered intravenously) and

adalimumab (a human IgG1 monoclonal antibody against

TNF-alpha administered subcutaneously) have proven their

efficiency to reduce steroids dependence even in cases refrac-

tory to standard immunosuppressive therapy for sarcoidosis,

whereas etanercept seems to be less effective than Infliximab

for ocular inflammations.150,151 Systemic administration of

anti TNF-alpha agents has been linked with serious adverse

events, including malignancies, infections (ie tuberculosis)

and autoimmune diseases.152

Intravitreal administration of methotrexate can also be

considered according to a British study published in 2009,

but this was reported prior to the arrival of the new

immunomodulatory agents.153

In cases of persisting UME to conventional pharmacolo-

gical treatment, pars plana vitrectomy (with or without inter-

nal limiting membrane peeling) may be indicated.154

Although the mechanism of UME regression following sur-

gical intervention is not fully understood, there is some

evidence that reduction of inflammatory mediators in the

vitreous body leads to reduction of antigen presentation.155

ME related to ocular diseases
Retinitis pigmentosa might be associated with uveitis and

ME at any stage of the disease.156,157 The pathophysiology

of this edema is poorly understood, it might be related to

inflammatory reaction due to autoantibodies and abnormal

vascular permeability.158 Topical or systemic carbonic

anhydrase inhibitors are used as first-line treatment and

in case of resistance intravitreal triamcinolone acetonide

has shown good results.159,160

Birdshot retinopathy usually responds to systemic ster-

oids, but sometimes resistance even to immunosuppressive

agents might threaten the visual outcome.161 More recent

anti-TNF alpha agents can be good alternative therapeutic

options in those situations.162 However, even these anti

-TNF alpha agents might fail to achieve a resolution of

ME. Recently, Leclercq et al reported the effectiveness of

tocilizumab in refractory birdshot UME cases.163

Medically induced ME
Taxane-induced ME often needs withdrawal of treatment

as topical dorzolamide has little effectiveness and anti-

VEGF agents do not seem to have better results.164 ME

in this condition is probably related to aquaporin interac-

tion rather than inflammatory reactions.165 This might

explain the reason that only the first injection of subcon-

junctival triamcinolone is effective, whereas the second

one does not seem to be beneficial.166
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Fingolimod, commonly used nowadays in MS, has the

particularity to induceME usually a fewmonths after initiation

in approximately 0.5% of patients.167,168 Withdrawal of treat-

ment is not always necessary, as steroid or non-steroid treat-

ment can be effective with continued Fingolimod use.169,170

Patients with UME should be monitored closely initi-

ally. It is important to examine them 4–6 weeks after steroid

treatment initiation to check intraocular pressure and the

effectiveness of the treatment. A collaborative follow-up

with a rheumatologist or immunologist is recommended in

case of auto-immune disease. OCT monitoring and angio-

graphy should be repeated in conjunction with a regular VA

assessment and complete slit lamp examination.

A summary of the most important studies and the

algorithm involving the treatment of non-infectious UME

is depicted in Table 3 and Figure 3, respectively.

Prognosis
Uveitis-related ME is considered as a risk factor for

severe vision loss.171 The prognosis depends on the etiol-

ogy of the uveitis and also the severity of the ocular

inflammation and the activity of the potentially coexist-

ing systemic disease,172 for example a UME secondary to

Adamantiades–Behçet disease will have a poorer prog-

nosis compared to a sarcoidosis related UME. The loca-

tion of the inflammation and the type of the lesion are also

important prognostic factors; for example, coexisting

vitreoretinal interface alterations and posterior location

of the uveitis are bad prognostic factors.173

The prognosis of pediatric UME has drastically

improved over the last decades despite its chronicity and

legal blindness decreased by more than 50% with a strict

control of the inflammation.174,175 These data highlight the

significance and the need for aggressive treatment such as

long-lasting intravitreal steroids.176

Impact of UME on VA and quality of
life
Regardless of its cause, ME leads to reduced VA which

can affect patients’ quality of life.177 Lardenoye et al in

a cross-sectional study reported that 43% of patients

with UME presented significant visual loss (≤20/60).
Factors associated with poor vision were advanced age

of the patients, chronic inflammation, and specific uvei-

tis entities with intraocular lymphoma and BCR having

the worse visual prognosis among the non-infectious

causes, while HLA-B27-related uveitis, sarcoidosis and

Adamantiades–Behçet disease seem to have lower pro-

portions of impaired vision secondary to ME.61 The

same group had previously demonstrated that 35% of

patients with uveitis experienced significant visual

reduction.38 In a large retrospective study conducted

by Durrani et al, VA <6/18 was found in 47% of

patients with UME (27% due to UME alone and 20%

UME combined with cataract).178 Taylor et al, in a

retrospective study, observed that UME was associated

with reduced overall visual field sensitivity, while eyes

with cystoid UME had VA almost four lines worse

compared to eyes without cystoid UME.179 The propor-

tion of eyes with vision <20/40 was 70% when cystoid

UME was present vs 30% in eyes without cystoid UME.

In a more recent retrospective study in a pediatric popu-

lation with JIA, it was found that the impact on vision

was more significant when both macular thickening and

cysts were present, and that the central macular thick-

ness was correlated with VA, but not with disease

activity.60

Systemic treatment for UME is associated with sys-

temic adverse events, such as diabetes, osteoporosis and

hypertension affecting the quality of life of these patients.

Systemic immunomodulatory treatment is also associated

with significant adverse events, such as skin reaction, renal

and liver dysfunction.137 On the other hand, local ocular

administration of steroids has a high risk of inducing

ocular complications. Up to 40% of patients might need

surgery to control IOP whereas this rate remains at <10%

in case of systemic steroids.180

Conclusion
ME is a common, sight-threatening complication of non-

infectious uveitis and can persist or recur despite

improvement or resolution of the ocular inflammation.

The diagnostic and therapeutic management of non-

infectious UME remains one of the biggest challenges

in ophthalmology. New pharmaceutical agents such as

ACTHAR gel (a repository adrenocorticotropic hormone

injection for the treatment of sarcoidosis),181 the selec-

tive janus kinase 1 inhibitor filgotinib (for the treatment

of rheumatoid arthritis and possibly for active non-infec-

tious uveitis)182,183 and ustekinumab (a monoclonal anti-

body targeting the p40 subunit of interleukin-12 and

interleukin-23 which can be a safe therapeutic option

for psoriatic arthritis and Crohn’s disease)184,185 are

expected with great interest. Moreover, the role of

vitrectomy with or without peeling of the internal
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Table 3 Non-infectious UME. Summary of the most important studies

Study Design Number of patients/eyes Key results

Vallet et al145 (2016) Multicenter,

observational,

infliximab vs

adalimumab

160 patients 1. Mean response to treatment: 90%

2. Mean complete response: 27%

3. Median time to response: 2 months

4. Rate of serious adverse events: 13%

5. Both treatment are equivalent

Diaz-Llopis et al146 (2012) Prospective case series

adalimumab in

refractory uveitis

39 JIA, 16 pars planitis,

13 Adamantiades –

Behçet

131 patients 1. Mean visual acuity at baseline: 0.38±0.44 logMAR improved

to 0.26±0.39 logMAR at month 6.

2. Mean macular thickness reduction from 296.95 μm±102 to

240.11 μm±36.1

3. 40 patients had clear visible cystic changes initially

4. 28 of these 40 patient had complete regression of Cystoid ME

5. Improvement of macular edema was significantly correlated

with visual acuity

Arida et al144 (2011) Meta-analysis

infliximab and

Adamantiades–Behçet’s

disease

369 patients 1. 89% response to infliximab vs 60% etanercept (ten patients)

2. 65% complete response

3.Combination of cyclosporine A and/or azathioprine seem to

have better outcome than Infliximab alone

Calvo-Rio et al147 (2011) Multicenter,

anti-TNF-alpha and

Adamantiades–Behçet

disease

124 patients (221 eyes) 1. Anti-TNF-alpha used in combination with conventional

immunosuppressive treatment

2. At baseline 80 eyes with macular thickening and 49 eyes

with cystoid macular edema.

3. Macular edema decreased from 420 μm±119.5 to 271 μm

±45.6.

4. Complete response after 12 months: 67.7%

Mesquida et al148 (2018) Retrospective:

tocilizumab

for refractory uveitic

macular edema (non-

infectious)

16 eyes of 12 patients 1. Mean visual acuity at baseline 0.78±0.18 logMAR improved

to 0.42±0.17 logMAR at month 12.

2. Mean macular thickness reduction was 274 μm at month 12.

3. Mean duration of macular edema: 13.2 years

Calvo-Rio et al149 (2016) Open-label, multicenter

study.

Golimumab for

spondyloarthritis-

related uveitis

15 patients (18 eyes) 1. Visual acuity improved from 0.62±0.3 to 0.84±0.3 after 2

months

2. Macular edema decreased from 295 μm±42.2 to 259.2 μm

±10.3

Jaffe et al162 (2016) Multicenter,

multinational Phase III

study, adalimumab in

non-infectious uveitis

110 patients adalimumab group

vs 107 placebo group

1. Median time to treatment failure: 13 weeks in placebo

group vs 24 weeks in adalimumab group

2. Risk of macular edema recurrence is 67% lower in case of

previous treatment with adalimumab

Thorne et al for the MUST

Research Group114

(2019)

Multicenter,

randomized clinical trial

192 patients (235 eyes with

UME)

1. Intravitreal triamcinolone acetonide and intravitreal dexa-

methasone implant had larger reductions in central subfield

thickness than periorbital triamcinolone.

2. Intravitreal dexamethasone implant was noninferior to

intravitreal triamcinolone at 8 weeks.

3. The risk of having IOP≥24 mmHg was higher in the intravi-

treal treatment groups compared to the periocular group.

No significant difference between the two intravitreal

treatment groups was found.

Abbreviation: JIA, juvenile idiopathic arthritis.
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limiting membrane should be studied deeper, as the

mechanism of UME improvement after vitrectomy is

still unclear.183
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