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IMPORTANCE Uveitis is characterized by inflammation of the uvea—the middle portion of the
eye composed of theiris, ciliary body, and choroid—causing eye redness, pain, photophobia,
floaters, and blurred vision. Untreated uveitis may cause cataracts, glaucoma, macular
edema, retinal detachment, optic nerve damage, and vision loss.
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OBSERVATIONS Uveitis predominantly affects individuals aged 20 to 50 years. Anterior uveitis
affects the iris and ciliary body (41%-60% of cases); intermediate uveitis affects the pars
plana (attachment point of vitreous humor) and peripheral retina (9%-15%); posterior uveitis
involves the choroid and/or retina (17%-23%); and panuveitis involves all uveal layers
(7%-32%). Uveitis is classified as noninfectious or infectious, with toxoplasmosis, herpes,
tuberculosis, and HIV comprising 11% to 21% of infectious cases in high-income countries and
50% in low- and middle-income countries. Incidence and prevalence of uveitis are influenced
by genetic factors (eg, human leukocyte antigen-B27), environmental factors (eg, air
pollution), and infection rates. In the US and Europe, 27% to 51% of uveitis cases are
idiopathic, and 37% to 49% are associated with systemic disease, such as axial
spondyloarthritis. Treatment goals are to induce and maintain remission while minimizing
corticosteroid use to reduce corticosteroid-related adverse effects. Infectious uveitis requires
systemic antimicrobial treatment. Active inflammatory disorders associated with uveitis
should be treated by the appropriate specialist (eg, rheumatologist). Treatment for uveitis
depends on subtype; anterior uveitis is treated with topical corticosteroids, and mild
intermediate uveitis may be monitored without initial treatment. Patients with moderate to
severe intermediate uveitis, posterior uveitis, and panuveitis are at high risk of
sight-threatening complications and require systemic and/or intravitreal corticosteroids and
immunosuppressive agents. For posterior uveitis, first-line therapy with disease-modifying
antirheumatic drugs such as methotrexate achieved remission of inflammation in 52.1%
(95% Cl, 38.6%-67.1%) of patients, and mycophenolate mofetil controlled inflammation in
70.9% (95% Cl, 57.1%-83.5%). In patients who do not improve or worsen with first-line
therapy, adalimumab extended time to treatment failure to 24 weeks vs 13 weeks with
placebo and reduced frequency of treatment failure from 78.5% to 54.5% (P < .001).

CONCLUSIONS AND RELEVANCE Uveitis is characterized by inflammation of the uvea and
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veitis affects 38 to 714 per 100 000 people worldwide, is
reported to be associated with 3% to 10% of vision im-
pairment in the US and Europe, and has been reported to
be associated with up to one-fourth of cases of blindness in low- and
middle-income countries (based on studies, many of which are al-
most 30 years old).'In aretrospective analysis of US insurance claims
(1998-2012), 5% of patients with noninfectious intermediate uve-
itis, posterior uveitis, or panuveitis developed blindness or low vi-
sion over 5 years.2 Uveitis involves inflammation of the uvea, which
consists of theiris, ciliary body, and choroid. Symptoms include eye
redness, pain, photophobia, floaters, and blurred vision. Prompt oph-
thalmologic evaluation is needed to assess severity, determine eti-
ology, and initiate treatment.
Uveitis has various etiologies, including autoimmune diseases
(eg, multiple sclerosis [1%])'; systemic immune-mediated inflam-
matory diseases (eg, sarcoidosis [2%-17%])>” and autoinflamma-
tory diseases (rare genetic disorders affecting the immune system,
such as Blau syndrome); infections (including tuberculosis [1%-
13%1, syphilis [1%-4%], HIV [1%-14%], and toxoplasmosis
[5%-7%]1)®7°; and adverse reactions to medications (eg, immune
checkpointinhibitors, <0.5%).""* Masquerade syndromes are ocu-
lar conditions with intraocular infiltrating cells, such as lymphoma
(1%-5%)."® There is geographic variation in the etiology and presen-
tation of uveitis due to variation in the prevalence of risk factors such
as infections, air pollution, and tobacco smoking and of genetic
variables.'®"” The underlying cause of uveitis is unidentified in 27%
to 51% of cases (idiopathic uveitis).>"82°
This review summarizes current evidence regarding epidemi-
ology, pathophysiology, diagnosis, and treatment of uveitisin adults.

Methods

MEDLINE and Embase were searched (January 1, 2000, to March 1,
2025) using keywords and MeSH headings related to epidemiology.
pathophysiology, diagnosis, management, and prognosis of uveitis.
We prioritized articles according to study quality (randomized trials
and larger studies), novel findings, and clinical applicability. Of 2995
articles retrieved, 107 wereincluded, consisting of 23 randomized clini-
caltrials, 18 cohort studies, 17 cross-sectional studies, 26 narrative re-
views, 8 meta-analyses, and 15 evidence-based guidelines.

|
Discussion

Epidemiology
Uveitis may occur at any age (Table 1) but presents most frequently
(60%-80% of cases) in young and middle-aged adults (aged 20-50
years).""®2! Uveitis is more common in females than males (57% of
cases areamong women),%? particularly in patients with multiple scle-
rosis (75% female), juvenile idiopathic arthritis (50%-80% female),
and sarcoidosis (55%-64% female).?®> However, uveitis associated
with human leukocyte antigen (HLA)-B27 is more common in men
(male to female ratio, 1.5:1). In the US and Europe, 37% to 49% of
uveitis cases are associated with systemic disease such as axial
spondyloarthritis.>711318

Among patients with uveitis who are evaluated for associated
conditions, 11% to 21% of cases are caused by infection in high-
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income countries, compared with up to 50% in low- and middle-
income countries."® Toxoplasmosis-related (5%-7%) and herpes-
related (5%-15%) uveitis are the most common infectious causes of
uveitis in high-income countries,>*® with tuberculosis-related (8%-
13%) and HIV-related (10%-14%) uveitis more prevalent in low- and
middle-income countries.®'%2425|n Japan, Vogt-Koyanagi-Harada
disease, an autoimmune disease that affects melanin-rich tissues,
accounts for a higher proportion of uveitis cases (Table 1).25%” The
most common form of uveitis in Turkey is Behcet disease (30%), a
chronic, autoimmune multisystem inflammatory disorder associ-
ated with HLA-B51.22 When compared with other regions of the
world, sarcoidosis uveitis is more frequent in Europe and the US
(8%-10%).293°
Epidemiologic data are summarized in Table 1.3.924:26-36

Classification and Etiology
The Standardized Uveitis Nomenclature classified uveitis ana-
tomically into 4 types, depending on the site of inflammation:
anterior (iris and ciliary body), intermediate (pars plana and
peripheral retina), posterior (retina and/or choroid), or panuveitis
(all areas) (Figure 1).8 In the US and Europe, anterior uveitis is
most common (41%-60%), followed by posterior (17%-23%),
intermediate (9%-15%), and panuveitis (7%-32%).%%11930 |n
countries with a lower prevalence of HLA-B27, such as Japan, the
most common type is panuveitis (46%), followed by anterior
(38%), posterior (13%), and intermediate (3%) uveitis.>” Anterior
uveitis is frequently unilateral (53% of cases), while intermediate,
posterior, and panuveitis are typically bilateral (79%, 57%., and
75% of cases, respectively).3®

Anterior uveitis is associated with systemic diseases such as
axial spondyloarthritis (15%-50%) and tuberculosis (1%-13%)
(Table 1).394° Intermediate uveitis is associated with multiple scle-
rosis (1%-5%).2628-2941 Causes of posterior uveitis include toxo-
plasmosis (17%-50%) and sarcoidosis (1%-9%).'8-25282° panuve-
itis is also associated with toxoplasmosis (1%-8%) and sarcoidosis
(5%-29%).18:26-28.29 Tha |nternational Uveitis Study Group pro-
vided a clinical classification of uveitis (Table 1).4%43

Pathophysiology

The healthy eye possesses immune privilege, allowing it to suppress
immune responses against endogenous antigens (eg, S-antigen; a pro-
tein that stops excess sensing of light) and exogenous antigens
(eg, bacterial proteins). This immune privilege is maintained by the
blood-retina barrier; cellular mechanisms, including regulatory
T cells; and cytokine mechanisms, including transforming growth fac-
tor beta and IL-10. Noninfectious uveitis is hypothesized to result
from reduced immune tolerance to retinal proteins, leading to
inflammation.**“* In infectious uveitis, the infectious organism
breaches the blood-retina barrier, and may contain proteins resem-
bling retinal proteins (a process called antigenic mimicry), exacerbat-
ing theinflammatory response (Figure 2). The prevailing theory is that
infectious uveitis begins with pathogen-derived antigen presenta-
tion, while noninfectious uveitis begins with ocular autoantigen pre-
sentation—both involving major histocompatibility complex class Il
molecules activating naive T cells. Naive CD4" T cells differentiate into
Th1and Thi7 subsets on activation and migrate to the retina. These
T cells release proinflammatory cytokines (eg, interferon gamma, IL-2,
IL-17), triggering a cytokine cascade that recruits immune cells such
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Table 1. Major Epidemiologic and Clinical Characteristics of Uveitis

Domain Characteristics
Prevalence 38-714 per 100 000 people globally
Incidence 17-52 per 100 000 people globally

Age distribution
Can present at any age

Most common in young and middle-aged adults (20-50 years), comprising 60%-80% of cases

Gender Overall, slightly more common in females

distribution Female preponderance in multiple sclerosis (75% female), juvenile idiopathic arthritis (50%-80%
female), and sarcoidosis (55%-64% female)
HLA-B27-associated uveitis more common in men (male to female ratio up to 1.5:1)

Laterality Unilateral uveitis is at least as common as bilateral uveitis in specialist and non-specialist clinics

Types of uveitis
uveitis (17%-23%), panuveitis (7%-32%)

Classified anatomically as anterior uveitis (41%-60%), intermediate uveitis (9%-15%), posterior

Specific diseases target distinct locations, with axial spondyloarthritis predominantly anterior (91%)

and multiple sclerosis typically intermediate (80%)

Symptoms Anterior uveitis: eye pain, redness, photophobia
Intermediate uveitis: increased floaters, painless, blurred vision
Posterior uveitis: blurred vision, visual distortion, or asymptomatic
Panuveitis: eye pain, redness, photophobia, blurred vision
Etiology Infectious (11%-50% of cases):
Endophthalmitis (an infection-driven inflammation of the entire eye): endogenous (from
hematogenous spread) or exogenous (following surgery or trauma)
Viral: herpes simplex/herpes zoster (5%-15%), cytomegalovirus (1%-5%), HIV (1%-14%) (rest of
viral causes listed are rare), Chikungunya, Zika, HTLV-1, West Nile, measles, mumps, rubella,
dengue, Ebola
Bacterial: tuberculosis (1%-13%), syphilis (1%-4%), Lyme disease (<1%) (rest of bacterial causes
rare), leprosy, bartonella, leptospirosis, Whipple disease (Tropheryma whipplei)
Parasitic: toxoplasmosis (5%-7%), toxocariasis (<1%) (rest of parasitic causes rare),
onchocerciasis, cysticercosis
Fungal: candidiasis (<1%) (rest of fungal causes rare), aspergillosis, histoplasmosis, Pneumocystis
jirovecii, Cryptococcus
Noninfectious (52%-79%):
With known systemic association: sarcoidosis, Behget disease, Vogt-Koyanagi-Harada syndrome,?
juvenile idiopathic arthritis, tubulointerstitial nephritis with uveitis, IgA nephropathy, multiple
sclerosis, HLA-B27-associated (axial spondyloarthritis, reactive arthritis, psoriatic arthritis,
inflammatory bowel disease)
With no known systemic association: Fuchs’ heterochromic uveitis, Posner-Schlossman syndrome,
multifocal choroiditis with panuveitis, punctate inner choroidopathy, acute posterior multifocal
placoid pigment epitheliopathy, serpiginous choroidopathy, birdshot chorioretinopathy, acute
zonal occult outer retinopathy, multiple evanescent white dot syndrome, sympathetic ophthalmia,
idiopathic retinal vasculitis, and neuroretinitis syndrome
Idiopathic (27%-51%): No identifiable cause despite full workup
Trauma (5%-20%)
Masquerade syndromes (1%-5%):
Neoplastic
Nonneoplastic: ocular ischemia, Schwartz-Matsuo syndrome (anterior uveitis, increased
intraocular pressure, and retinal detachment)
Medication-induced (0.5%): Immune checkpoint inhibitors, bisphosphonates, latanoprost, rifabutin,
fluoroquinolones, sulfonamides, topiramate
Geographic Low- and middle-income countries: Infections account for 50% of uveitis cases, with tuberculosis
distribution being the most common infectious cause (8%-10%)

High-income countries: Infections account for a smaller proportion (11%-21%), most frequently

herpes (10%) and toxoplasmosis (7%)

Sarcoidosis uveitis more common in US and Europe (3%-7% of all cases)
Behget uveitis more common in Turkey and along historical Silk Road regions (China, Iran, Iraq,

Japan, Korea, and Saudi Arabia; 25%-32% of all cases)

Vogt-Koyanagi-Harada disease more common in China, India, Japan, and Korea (5%-8% of all cases)

@ Vogt-Koyanagi-Harada syndrome is
arare autoimmune disorder against
melanocytes, causing bilateral
panuveitis with retinal
detachments, along with neurologic
(meningism), auditory (tinnitus),
and skin (vitiligo, alopecia, poliosis
[a white streak in the hair]) signs.

as macrophages and neutrophils, leading to chorioretinitis, vasculi-
tis, and edema.*”

Clinical Presentation

Patients with anterior uveitis typically present with eye pain (sharp
and worsened by bright light or reading) and perilimbal redness
(Figure 1A). Up to 50% of patients with anterior uveitis have vision
loss, defined as visual acuity letter score less than 61in 1study.*® In
this review, we use the Early Treatment Diabetic Retinopathy Study
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(ETDRS) method to determine visual acuity, in which a score of 85
equals 20/20 on the Snellen chart or LogMAR value of O. In inter-
mediate uveitis, patients report painless floaters and blurred vision.*'
Patients with posterior uveitis may present with vision loss if wide-
spread or involving the macula (Figure 1C) but can be asymptom-
atic with peripheral retina involvement. Panuveitis manifests with
symptoms from all 3 uveal regions. Patients with endophthalmitis,
an infectious panuveitis, may present with sepsis (eg, fever, hypo-
tension) with eye pain and vision loss.
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Figure 1. Clinical Features of Uveitis

| A | Anterior uveitis on gross examina
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A, Anterior uveitis characteristics, including ciliary injection. The iris may present with different types of uveitis. The right panel demonstrates posterior
develop adhesions either anteriorly to the structures of the anterior chamber segment complications, including glaucomatous optic neuropathy. Neovascular
angle and/or corneal posterior surface (anterior synechiae) or posteriorly to the responses, particularly in the form of choroidal neovascular macular

lens (posterior synechiae), causing pupil distortion. Both forms of synechiae membranes, may develop in the chronic phase. Epiretinal membrane formation
increase the risk of raised intraocular pressure and glaucoma. A hypopyon may on the inner surface of the macula can cause visual distortion. A variety of

be present, characterized by an accumulation of white blood cells in the inferior disease mechanisms may result in retinal detachment. Chorioretinal scarring
portion of the anterior chamber (the fluid-filled space between the cornea and and subretinal fibrosis may cause severe visual impairment, and has a poor

iris). B, Anterior chamber cells, flare, and keratic precipitates associated with visual prognosis with limited treatment options. Clinical features suggestive of
anterior uveitis. C, Features of posterior uveitis. The left panel demonstrates infection include uveitis with corneal disease (corneal swelling), iris atrophy, or
acute features, including optic disc swelling (papillitis), with its attendant risk of increased intraocular pressure (herpes); hypopyon with vitritis

optic nerve dysfunction, which may be seen as a complication of uveitic (endophthalmitis); string-of-pearls appearance to the vitreous (fungal);
inflammatory activity directly or secondary to hypotony (low intraocular occlusive retinal vasculitis (tuberculosis); placoid chorioretinopathy, a flat, white
pressure). Occlusive vasculitis, vascular sheathing (a white cuff of inflammation plaque of inflammation (syphilis); and chorioretinitis adjacent to a pigmented
surrounding vessels), hemorrhages, and focal chorioretinal spots can also chorioretinal scar (toxoplasmosis).

Assessment and Diagnosis slit lamp to examine the anterior segment of the eye and a hand-

Patients with suspected uveitis should be referred to an ophthal-  held lens for the fundus (ie, indirect ophthalmoscopy). Signs of an-
mologist for diagnosis and treatment. Urgent same-day referralis  terior uveitis on slit lamp include a cellular infiltrate in the anterior
necessary for vision loss or distortion, especially with eye pain  chamber and keratic precipitates (cell deposits on the posterior cor-
and redness. Patients with visual symptoms and systemic illness  nea) (Figure 1A-B). In intermediate uveitis, a cellular infiltrate ap-
(eg, fever, hypotension) should be referred to the emergency de-  pearsin the vitreous humor (Figure 1B). In posterior uveitis, choroi-
partment for evaluation and treatment due to the risk of vision-  dal and/or retinal inflammation occurs in the ocular fundus
threatening endophthalmitis and potentially life-threatening sep-  (Figure 1C). Figure 3 provides a diagnostic algorithm for patients with
sis. Some signs of uveitis, such as posterior synechiae (iris-lens  suspected uveitis.

adhesions causing a distorted pupil), can be identified without spe- Patients who initially present with unilateral anterior uveitis
cialized equipment. Direct ophthalmoscopy can identify retinitis,  without signs or risk factors for infection or systemic symptoms in-
choroiditis, and optic disc swelling. Definitive diagnosis requiresa  dicating autoimmune disease (eg, joint pain and skin rash) do not
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Figure 2. Uveitis Pathogenesis
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The retina’s immune privilege relies on the blood-retina barrier, which shields autoantigens or cross-reactive foreign peptides to naive T cells. Activated CD4"
ocular tissue proteins from the systemic immune system. This protective T cells differentiate into CD4* T,;1and T,,17 cells that migrate to the affected
mechanism can be compromised, leading to autoimmune reactions. Within the tissue, recruiting inflammatory cells and producing tissue damage. T cells
retina, Tregs marked by CD4*, CD25*, and FoxP3" identifiers contribute to differentiate into CD4" T,;1and Ty,17 cells, producing IFNy and IL-17,
immune tolerance by emitting neuropeptides and anti-inflammatory cytokines. respectively. These facilitate the recruitment and activation of downstream
These Tregs can suppress other T cells that have escaped elimination in the cytokine release and innate inflammatory response, such as IL-6, TNF, and
thymus during development and have the potential to react against granzyme B (a protease involved in programmed cell death), which in turn can
self-antigens, producing cytokines, TGFB, and IL-35 to reduce inflammation. lead to vasculitis and edema.?22
Furthermore, retinal pigment epithelium and retinal cells express certain IFNy indicates interferon gamma; TGF, transforming growth factor beta;
proteins on their surfaces that deactivate lymphocytes, thereby regulating TNF, tumor necrosis factor; Treg, regulatory T cell.

ocular inflammation. Disease is typically associated with major
histocompatibility complex class Il molecule-mediated presentation of

require additional testing. Patients with recurrent or bilateral ante-  severe vitritis, macular edema, retinochoroiditis, and forms of uve-
rior uveitis, intermediate uveitis, posterior uveitis, or panuveitis  itis carrying high risk of visual loss, eg, Behcet disease). The goal of
should be tested for infection (eg, syphilis) and systemicdisease (eg,  therapy is to reduce inflammation in the uvea, thereby lowering the
sarcoidosis). Figure 3 and Figure 4 detail tests for systemic condi-  risk of vision loss.
tions. Aqueous humor and/or vitreous sampling (for microscopy and
culture) should be performed if infection is suspected. Becausein-  Noninfectious Anterior Uveitis
fectious organisms areidentified in only 22% to 32% of cases, anega- ~ Topical Corticosteroids
tive result does not exclude infection.*” Additional systemic test-  For noninfectious anterior uveitis, prednisolone acetate is the most
ing, particularly for syphilis or tuberculosis, is needed. commonly used first-line topical corticosteroid,*® which is admin-
There is no international consensus on the best diagnosticap-  istered initially as hourly steroid drops during waking hours in the
proach for uveitis. Testing varies by regional infection prevalence,  affected eye for 7 days, followed by a frequency taper. Tapering
comorbidities, immunocompromise, and clinical presentation. Pa-  typically reduces the dose by 1drop weekly (6 times daily, 5 times
tients who areimmunocompromised, especially those with HIV, re-  daily, etc) until discontinuation, individualized based on clinical re-
quire comprehensive infectious screening for both HIV-relatedand  sponse. A randomized trial of 78 patients with acute, chronic, and
opportunistic infections, including cytomegalovirus and candida. recurrent anterior uveitis compared the effectiveness of predniso-
lone acetate (1%) and rimexolone (1%) ophthalmic suspensions
Treatment in reducing anterior chamber inflammatory cells, a marker of uve-
Treatment is determined by the patient’s anatomical uveitis sub- itis, as measured by slit-lamp examination at 28 days. Mean ante-
type, infectious exposures, age, comorbidities, country of origin,  rior chamber cell scores decreased from 1.79 to 0.13 (P < .05) with
signs of infection, and sight-threatening features of uveitis (suchas  prednisolone and from 1.81to 0.14 (P < .05) with rimexolone, both
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Figure 3. Algorithm for the Initial Investigation and Management of Care for Patients With Possible Uveitis

Patient with suspected uveitis
Refer to ophthalmology, urgently if severe pain, vision loss, or acute illness

Anterior uveitis Intermediate uveitis, posterior uveitis, or panuveitis

Investigation and treatment
If first episode and no signs or risk factors suggestive of infection
Treat without investigation
If suspected systemic association, recurrent, or risk factors
Investigate with blood testing, urinalysis, and chest radiograph?
If signs of infection (eg, corneal edema, elevated intraocular
pressure, and iris atrophy)
Consider aqueous humor sampling

All patients

If signs of viral infection
Oral antiviral and low-frequency topical steroids

If signs of infection

If no signs of infection
High-frequency topical steroids while awaiting testing results

To reduce pain from ciliary spasm and prevent synechiae
Topical cycloplegics
adverse effects

Consider early systemic immunosuppression

Not acute or vision-threatening disease
Investigation and treatment

Investigate with blood testing, urinalysis,

and chest radiograph
If signs of infection (eg, dense vitritis, retinal necrosis,
and occlusive vasculitis)

Consider aqueous humor and vitreous sampling

Treat with antimicrobials for suspected infection(s)
while awaiting results

If no signs of infection
Exclude infections with testing before inducing remission
with high-dose local and systemic corticosteroids

To reduce corticosteroid load and associated

Acute or vision-threatening disease
Investigation and treatment

All patients
» Investigate with blood testing, urinalysis,
and chest radiograph
All patients
» Treat with broad-spectrum antibiotics or
antivirals while awaiting results
» Consider local and systemic corticosteroids
after 48-72 h following preliminary results
If vision-threatening disease and in absence
of infection
» Treat with systemic
immunosuppression starting with steroids
If acute illness
» Consider joint management with
internists

Patients with possible uveitis will develop symptoms dependent on the
anatomical location of the inflammation and should be referred to an
ophthalmologist for assessment. If the patient is acutely ill or experiencing
vision loss, this should be an urgent referral. The management of anterior
uveitis varies depending on whether it is the first episode or recurrent.
Treatment of intermediate and posterior uveitis and panuveitis varies based on
whether the case is vision threatening.

2Blood testing including complete blood cell count, antinuclear antibody
(juvenile idiopathic arthritis), angiotensin-converting enzyme (ACE)/lysozyme
(biochemical markers of granulomas in sarcoidosis), human leukocyte antigen
(HLA)-B27, kidney panel (creatinine and beta-2 macroglobulin levels for
tubulointerstitial nephritis and uveitis syndrome), and syphilis serology. ACE is

produced by epithelioid cells in granulomas, and lysozyme is a bactericidal
enzyme produced by monocytes and macrophages responding to the
granulomas.

bBlood testing including complete blood cell count, antinuclear antibody,
ACE/lysozyme, HLA-B27, kidney panel, liver panel, serum calcium, C-reactive
protein, interferon gamma release assay (for tuberculosis), and syphilis
serology. Consider additional testing depending on clinical signs or patient
population, such as HLA-B51 (Behcet disease); HLA-A29 (birdshot
chorioretinopathy); HLA-DR4/DRB1*04 (Vogt-Koyanagi-Harada disease);
antineutrophil cytoplasmic antibody (granulomatosis with polyangiitis);

HIV, toxoplasma, Lyme, and Bartonella serology; serum lactate dehydrogenase
level; and serum protein electrophoresis (for lymphoma).

treatments achieving clinically meaningful change. The difference
between the 2 treatments was not statistically significant.*®

Ocular Corticosteroids

Localized corticosteroid injections are used as second-line therapy
for noninfectious anterior uveitis if topical corticosteroids are inef-
fective and when systemic treatment (such as systemic corticoste-
roids) is unsuitable or not tolerated.>® However, in cases of severe
uveitis, systemic corticosteroids are favored. Options include short-
acting steroid injections around the eye (sub-Tenon space overly-
ing the sclera or orbital floor; 1-2 months duration, such as triam-
cinolone acetonide), intermediate-acting steroid implants into the
vitreous (3-6 months duration, such as dexamethasone), and longer-
acting steroid implants into the vitreous (36 months duration, such
as fluocinolone acetonide). A 6-month multicenter randomized clini-
cal trial (RCT) (n = 192) of patients with uveitic macular edema re-
ported significantly reduced macular thickness at 8 weeks with use
of intravitreal triamcinolone implants (39%) and dexamethasone im-
plants (46%) at 8 weeks compared with periocular triamcinolone
implants (23%) (P < .001 vs baseline for all comparisons).>! A re-
cent RCT (n = 160) reported that suprachoroidal triamcinolone im-
proved visual acuity by 15 or more letters in 47% of patients at 4
weeks compared with 16% with placebo (P < .001).>2

Systemic Corticosteroids
Systemic corticosteroids are recommended for severe noninfec-

tious anterior uveitis that does not improve or worsens with topical

JAMA Published online May 28, 2025

orregional corticosteroids.>*>* Treatment typically begins with high-
dose oral prednisone (1 mg/kg/d, up to 60-80 mg daily), tapering
the dosage over 4 to 10 months.>3

Complications Associated With Use of Ocular and Systemic
Corticosteroids

Ocular hypertension, glaucoma, and cataracts can develop from
prolonged topical, periocular, intravitreal implant, and systemic
corticosteroid use. Up to 18% to 24% of patients treated with ste-
roids may require cataract or glaucoma surgery.*®>>°¢ Complica-
tion frequency depends on corticosteroid type, administration
route, application frequency, and treatment duration. Among 192
patients with uveitic macular edema, the intravitreal dexametha-
sone implant had a cumulative risk of ocular hypertension at 24
weeks of 41% (95% Cl, 26%-53%), comparable to intravitreal tri-
amcinolone (30% [95% Cl, 17%-40%], P = .37) but significantly
higher than periocular triamcinolone (20% [95% Cl, 9%-29%],
P =.007).%" In a randomized trial of 160 patients with uveitic
macular edema, suprachoroidal triamcinolone and sham treat-
ment had similar frequency of ocular hypertension (11.5% vs
15.6%) and cataracts (7.3% vs 6.3%), with no significant
differences.>?

Noninfectious Posterior Uveitis

While mild intermediate uveitis may be monitored without initial treat-
ment, patients with moderate to severe intermediate uveitis, poste-
rior uveitis, and panuveitis are at high risk for sight-threatening
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Figure 4. Clinical Approach to Uveitis: Linking Suggestive Features, Etiologies, and Diagnostic Tests
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complications and require systemic and/or intravitreal corticoste-

roids and immunosuppressive agents.

Systemic Corticosteroids

Systemic corticosteroids are typically used to achieve remission in
patients with noninfectious posterior uveitis, regardless of the cause
(Figure 3). For vision-threatening conditions, such as Behcet dis-
ease or Vogt-Koyanagi-Harada syndrome, high-dose intravenous
methylprednisolone (1g once daily for 3 days) may be prescribed.>?
Long-term use of systemic corticosteroids, especially at doses ex-

jama.com

ceeding 7.5 mg daily of prednisone, is associated with risks includ-

ing hyperglycemia and osteoporosis. The SITE retrospective co-
hort study (N = 9263) examined treatment outcomes for ocular
inflammation. Among 47 patients with noninfectious uveitis, 57%

(95% Cl, 33%-83%) attained complete remission of inflammation
within T month after receiving intravenous methylprednisolone
(500-1000 mg once daily up to 3 days), followed by tapering dose
of oral prednisone over 4 to 10 months.>>>7 Treatment aims for rapid
remission, verified by resolution of uveitis findings on eye exami-
nation and imaging (eFigure in the Supplement).>* An RCT that
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Box. Commonly Asked Questions About Uveitis

What Are the Most Common Causes of Uveitis Worldwide?

In high-income countries, 52%-79% of uveitis cases are
noninfectious (systemic diseases such as axial spondyloarthritis
account for 37%-49%). Infectious causes of uveitis such as
tuberculosis and toxoplasmosis are common in low- and
middle-income countries, accounting for up to 50% of cases.

In 27% to 51% of all cases worldwide, no specific cause can be
identified (idiopathic uveitis).

Which Symptoms Suggestive of Uveitis Should Prompt Referral

to Ophthalmology?

Individuals with symptoms of uveitis, such as eye redness, pain,
photophobia, floaters, or blurred vision, should be referred to
ophthalmology. An urgent same-day referral is needed for patients
with sudden vision loss or visual distortion with eye pain or
redness. Patients with uveitis and signs and symptoms of systemic
illness (eg, fever, hypotension) require emergency care.

What Are the First-Line Treatments for Infectious

and Noninfectious Uveitis?

For infectious uveitis, treatment should target the underlying
infection (such as antibiotics for tuberculosis, antiviral
medications for herpes) often combined with corticosteroids.
For noninfectious uveitis, treatment varies by uveitis location.
Anterior uveitis should be treated with topical corticosteroid
drops. First-line treatment for posterior uveitis is DMARDs such as
methotrexate; biologics such as adalimumab are second-line
therapy if uveitis persists or worsens despite initial treatment
with DMARDs.

DMARD indicates disease-modifying antirheumatic drug.

included 255 patients with noninfectious intermediate, posterior, and
panuveitis reported that those treated with systemic therapy (cor-
ticosteroids and/or disease-modifying antirheumatic drugs
[DMARDs] and/or biologics) had clinically meaningful improve-
mentsin visual acuity over 7 years, gaining 7.2 letters compared with
those receiving fluocinolone acetonide implants (95% Cl, 2.1-12)
(P < _01).58-60

Disease-Modifying Antirheumatic Drugs
Evidence-based guidelines recommend systemic corticosteroidsin
combination with DMARDs as first-line therapy for noninfectious pos-
terior uveitis to control severe/persistent inflammation and de-
crease the risk of complications (Box).6"®> DMARDSs alone can be
used for patients with contraindications to or intolerance of corti-
costeroids. Dosing, adverse effects, contraindications, and effect of
DMARDs and biologics are listed in Table 2.

In the SITE cohort of patients with noninfectious uveitis
(N =168), 52.1% (95% Cl, 38.6%-67.1%) of patients with posterior
or panuveitis and 74.9% (95% Cl, 56.1%-90.3%) of patients within-
termediate uveitis receiving weekly methotrexate achieved con-
trol of inflammation (defined as complete suppression of inflam-
mation on examination sustained for 28 days or more) at 12
months.®3 Additionally, 40% to 50% of patients taking methotrex-
ate maintained control of inflammation with a prednisone equiva-
lent dose of 10 mg or less daily. Approximately 15% of patients dis-
continued methotrexate due to lack of efficacy and another 15%
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discontinued it due to adverse effects such as gastrointestinal up-
set or bone marrow suppression.®3

In the SITE study, among 145 patients with noninfectious uve-
itis, treatment with mycophenolate mofetil was associated with con-
trol of inflammation (defined as no inflammatory activity on ocular
examination) at 12 months in 70.9% (95% Cl, 57.1%-83.5%) of pa-
tients with posterior or panuveitis and 76.7% (95% Cl, 49.1%-
95.6%) of patients with intermediate uveitis.®* An open-label, mul-
ticenter RCT of 41 patients with noninfectious intermediate uveitis
reported a lower relapse rate over 15 months with use of predni-
sone plus mycophenolate mofetil compared with prednisone alone
(40.9% vs78.9%, P < .05).5°

In an RCT of patients with Behcet disease (N = 73), among
those without eye involvement at the start of the study (N = 25),
8.3% in the azathioprine group developed uveitis, compared with
61.5% in the placebo group (P < .01).6¢ Additionally, among
patients with Behcet syndrome who already had eye involve-
ment (N = 48), azathioprine reduced recurrent uveitis episodes
(4% vs 65.2%, P < .001). In the SITE cohort of patients with nonin-
fectious uveitis (N = 91), azathioprine was associated with com-
plete control of inflammation on ocular examination at 6 months in
69% (95% Cl, 41%-93%) of patients with intermediate uveitis,
44% (95% Cl, 28%-64%) of those with posterior or panuveitis,
and 24% (95% Cl, 10%-52%) of those with anterior uveitis.®”

In the SITE study of noninfectious uveitis of all etiologies
(N = 373), cyclosporine was associated with controlled inflamma-
tion at 1 year on ocular examination in 51.7% (95% Cl, 42.6%-
61.6%) of patients with posterior or panuveitis and 51.8% (95% Cl,
40.4%-64.2%) of patients with intermediate uveitis.®® In an RCT
of 70 patients with Vogt-Koyanagi-Harada disease, recurrence or
worsening of uveitis at 1year was reported in 15.0% (95% ClI,
3%-27%) of patients receiving cyclosporine plus oral prednisone,
compared with 25.0% (95% Cl, 11%-39%) receiving intravenous
steroid pulse followed by oral prednisone.®® The absolute risk dif-
ference between groups was -10.0% (90% Cl, -27.0% to 6.0%),
meeting the predefined noninferiority margin of 20.0% (P = .001
for noninferiority).

Biologics

For patients with poorly controlled noninfectious posterior uveitis
despite treatment with DMARDs, biologic therapy is second-line
treatment,®"%2 with adalimumab having the strongest evidence of
effectiveness.”®””

Adalimumab was approved by the US Food and Drug Adminis-
tration (FDA) in 2016 to treat adults with noninfectious uveitis
(Table 2).7°7' The VISUAL placebo-controlled RCTs compared the
efficacy of adalimumab in patients with noninfectious posterior
uveitis.”®”" In the VISUAL I trial (N = 217 with active noninfectious
intermediate uveitis, posterior uveitis, or panuveitis despite pred-
nisone for >2 weeks), time to treatment failure (defined by new le-
sions, persistent inflammation, or vision loss =15 letters after week
6) was 24 weeks with adalimumab vs 13 weeks with placebo (haz-
ard ratio, 0.50 [95% Cl, 0.36-0.70]).”° However, adalimumab was
associated with higher rates of adverse events such as reduced vi-
sual acuity and fatigue (1052.4 vs 971.7 per 100 person-years) and
serious adverse events such as pneumonia and demyelination (28.8
vs 13.6 per 100 person-years) compared with placebo.”® In the
VISUAL Il trial (N = 226 with inactive noninfectious intermediate,
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months, achieving 85% success for drug-susceptible tuberculosis.
In a meta-analysis of 49 retrospective studies with 4017 participants
with tubercular uveitis, complete resolution of inflammation on ocu-
lar examination and imaging was achieved in 83% (95% Cl, 77%-
89%) of 1812 patients, and visual acuity improved in 65% (95% Cl,

51%-78%) of 542 patients.®!

Syphilis

Syphilitic uveitis can present at any stage but is most common in sec-
ondary and late latent (after primary symptoms resolved).&2 For early
syphilis, the WHO and Centers for Disease Control and Prevention
(CDC) recommend a single 2.4-million-unit intramuscular benza-
thine penicillin dose.®*2> For ocular syphilis, the CDC recommends
daily intravenous aqueous crystalline penicillin (10-14 days)®° and
the WHO recommends weekly intramuscular benzathine penicillin
(3 weeks).®* A meta-analysis of 32 retrospective studies (670 pa-
tients) with ocular syphilis reported treatment success for improv-
ing visual acuity of 91% (95% Cl, 84%-97%) with antibacterial agents
alone (penicillin, ceftriaxone, tetracycline, or doxycycline), and 95%
(95% Cl, 91%-98%) with antibacterial agents with systemic
corticosteroids.®® Systemic corticosteroids (eg, oral prednisone
[60 mg/day for 1week then tapered]) are typically started 48 hours
before antibiotics to mitigate the inflammatory response, al-

though controlled studies are lacking.

Herpes Simplex and Varicella Zoster Viruses

There is a paucity of high-quality evidence regarding management
of viral uveitis. The Infectious Uveitis Treatment Algorithm Net-
work expert consensus (87% agreement) recommends administra-
tion of both antiviral and anti-inflammatory treatments for herpes
simplex virus (HSV) and varicella zoster virus (VZV) anterior uveitis
based on clinical appearance alone, without confirmatory testing.
Experts advise against using topical corticosteroids alone for viral
uveitis.8”#8 Antiviral treatment for HSV and VZV anterior uveitis con-
sists of acyclovir or its prodrug, valacyclovir.2° These medications
can also be used as preventive therapy to help reduce future recur-
rences, which were experienced by 44.9% of patients within 10
years.%° Although duration of prophylactic therapy should be indi-
vidualized based on disease severity and recurrence history, long-
term prophylaxis with oral acyclovir (400-800 mg twice daily) or
valacyclovir (500 mg once daily) can be used and typically is con-
tinued for 1year after the last episode of inflammation. The treat-
ment of viral posterior uveitis (less common than viral anterior uve-
itis) combines systemic antiviral therapy with intravitreal antiviral

therapy.”'

Cytomegalovirus

No RCTs have examined treatments for cytomegalovirus (CMV)-
related uveitis. A systematic review of retrospective and open-label
studies of 106 patients with CMV anterior uveitis reported inflam-
mation resolution among 90% of patients (95% Cl, 74%-100%)
treated with topical ganciclovir gel and 95% (95% Cl, 88%-100%)
with oral valganciclovir.% Cytomegalovirus posterior uveitis, which
occurs in patients who are immunocompromised, may be treated
with intravenous ganciclovir or oral valganciclovir. Patients with
CMV posterior uveitis and HIV should also receive antiretroviral
medications.®>4 Foscarnet is used for CMV uveitis resistant to

ganciclovir or valganciclovir.
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Candidiasis

Current treatments for ocular candidiasis have not been evaluated by
high-quality RCTs.%® A trial comparing amphotericin B and flucon-
azole in 206 patients with candidemia reported no significant differ-
ence in symptom resolution and fungemia—79% for amphotericin B
and 70% for fluconazole (P = .22).°° The Infectious Diseases Soci-
ety of America (IDSA) recommends systemic antifungal therapy for
candida chorioretinitis without vitritis, with either fluconazole or vori-
conazole for susceptible strains of candida and amphotericin B for re-
sistant strains.®” For patients with macular involvement or vitritis, in-
travitreal amphotericin B is also recommended.®” For patients with
vitritis, vitrectomy may be considered to reduce the fungal load and
excise vitreous abscesses.

Aspergillosis

For patients with uveitis due to aspergillus, IDSA recommends oral
or intravenous voriconazole with either intravitreal voriconazole or
intravitreal amphotericin B, along with vitrectomy.®

Toxoplasmosis

Systemic therapy (pyrimethamine-sulfadiazine or trimethoprim-
sulfamethoxazole) is first-line treatment for ocular toxoplasmosis.>®
A systematic review of 3RCTs (N = 227) comparing antibiotics with
placebo for toxoplasma chorioretinitis reported recurrence rates over
12 to 20 months of 18.9% in the placebo group vs 4.5% in the anti-
biotic group (P < .001).7°° A systematic review of 2 RCTs (N = 86)
comparing different systemic antibiotic regimens (trimethoprim-
sulfamethoxazole vs pyrimethamine-sulfadiazine or azithromycin)
reported that no antibiotic regimen was superior to others in reduc-
ing eye inflammation on ocular examination (62.8% vs 62.8%; rela-
tive risk, 1.08 [95% Cl, 0.59-1.98]).'

Complications of Uveitis

Severe and chronic inflammation due to uveitis may cause vision-
threatening complications such as cataracts (18%-49%), glau-
coma (7%-56%), and macular edema (8%-10%), which can de-
velop despite appropriate treatment (Figure 1).>>°61°2 E|evated
intraocular pressure (ie, ocular hypertension) without nerve dam-
age precedes glaucoma with optic nerve damage causing progres-
sive vision loss. Macular edema impairs detailed central vision.

Prognosis

Infectious Uveitis

Long-term outcome data for infectious uveitis are limited. In a US
study of 77 patients with infectious uveitis (most commonly, her-
petic anterior uveitis and toxoplasmosis),'®® 55.8% of patients
had visual acuity better than 70 letters at presentation, decreasing
to 50.6% after 5 years despite treatment. In 66 patients with ocu-
lar syphilis treated with intravenous penicillin/doxycycline/
ceftriaxone, 71.8% had improved visual acuity, with a mean 30-
letter gain over 10 months.'®* In patients with ocular toxoplasmosis
(N =92), 21% of affected eyes had vision below 35 letters at final
follow-up, with a 33.9% recurrence rate at 3 years after receipt of
antibiotics.'®®

Noninfectious Uveitis
The 7-year MUST cohort of posterior uveitis (N = 177) reported that

visual acuity declined annually, more in eyes with macular edema
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(-1.82vs-0.72 letters/year; P < .01)."°° The VISUAL Il study (N = 214
with noninfectious intermediate, posterior, or panuveitis) re-

Uveitis in Adults: A Review

Conclusions

ported that adalimumab (40 mg subcutaneously every other week)

increased quiescence rates—defined as the absence of active eye
inflammation—from 34% to 85% over 3 years.

Limitations

This review has limitations. First, some publications may have been
missed. Second, the review process lacked a systematic evaluation
of evidence quality. Third, the review is limited by varying study eli-
gibility criteria, outcome measures, and follow-up lengths, as well
as lack of long-term data on the effectiveness of newer treatments.
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