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Abstract

Sarcoidosis is one of the leading causes of inflammatory eye disease. Ocular sarcoidosis can 

involve any part of the eye and its adnexal tissues, and may cause uveitis, episcleritis/scleritis, 

eyelid abnormalities, conjunctival granuloma, optic neuropathy, lacrimal gland enlargement and 

orbital inflammation. Glaucoma and cataract can be complications from inflammation itself or 

adverse effects from therapy. Ophthalmic manifestations can be isolated, or associated with other 

organ involvement. Patients with ocular sarcoidosis can present with a wide range of clinical 

presentations and severity. Multi-disciplinary approaches are required to achieve the best 

treatment outcomes for both ocular and systemic manifestations.
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Sarcoidosis can involve almost any structure within or around the eye. In addition, the first 

recognized clinical manifestation of sarcoidosis often is eye disease. Both ophthalmologists 

and non-ophthalmologists need to be aware of the protean ocular manifestations of 

sarcoidosis.

Epidemiology

Ocular involvement of sarcoidosis has been known since the early 1900s, and has become 

more recognized since mid-1900s.1 Variability in the diagnostic criteria has made 

epidemiologic studies of ocular sarcoidosis challenging.

The prevalence of ocular involvement in different series ranges widely from 13% (Turkish 

study) to 79% (Japanese study) of patients with systemic sarcoidosis.2-4 Ocular involvement 

is the presenting symptom in approximately 20-30%.5, 6 Uveitis was reported in 30-70%, 

and conjunctival nodules were found in 40%.2 In patients with systemic sarcoidosis, females 
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(56%) are more likely to develop ocular involvement compared to males (23%) in a study of 

121 patients with biopsy-proven sarcoidosis.6

Sarcoidosis reportedly may affect children, and most of those cases begin between the ages 

of 8 and 15 years.7 Many patients, however, previously diagnosed as having early onset 

sarcoidosis are now recognized as having Blau syndrome with de novo mutations.8 Age 

distributions of ocular sarcoidosis in adults are bimodal. Two peaks of incidence are 20-30 

years and 50-60 years.2 The mean age at presentation of uveitis is 42 years (range, 4-82).9 

African Americans with biopsy-proven sarcoidosis have a higher likelihood to develop 

ocular involvement compared to Caucasians.10 Race may also influence the age of onset of 

uveitis. Blacks tend to develop uveitis at the mean age of 35-44 years, while whites are more 

likely to have uveitis at the mean age of 43-52 years.9, 11

Sarcoidosis accounted for approximately 1-3% of pediatric uveitis in referral centers,12, 13 

while approximately 10% of adult uveitis was found to be associated with sarcoidosis.14, 15 

An epidemiologic study in the southeastern United States showed that sarcoidosis was the 

cause of uveitis in 11% of the studied population (385 patients: 67% Caucasian, 31% 

African American). Subgroup analysis demonstrated that sarcoidosis accounted for 25% of 

uveitis among the African American patients.15

The majority of sarcoid uveitis is bilateral, and approximately 90% are chronic.9 The 

prevalence of uveitis subtype based on anatomical location varies among different studies, 

partly due to different terminologies used. Dana et al reported that, of 112 eyes with sarcoid 

uveitis, 28% were anterior, 38% were intermediate, 12% were posterior, and 22% were 

panuveitis.9 A Turkish study reported 46% as intermediate, 15% as anterior, and 38% as 

panuveitis.16 Another study from Japan described 75% with iritis and 67% with retinal 

vasculitis.4

The rate of sarcoidosis in patients with multifocal chorioretinitis is variable due to different 

diagnostic criteria and the extent of investigations among different studies. A study by Abad 

et al of 37 patients with multifocal chorioretinitis demonstrated a prevalence (68%) of 

biopsy-proven and presumed sarcoidosis,17 while Ossewaarde-Van Norel at el reported a 

39% rate.18 Of note, 62% of patients in the former study received a chest CT scan,17 but 

only 26% did in the latter.18

A Case Control Etiologic Study of Sarcoidosis (ACCESS) presented evidence for the allelic 

variation at the HLA-DRB1 locus as a significant contributing factor for sarcoidosis. HLA-

DRB1*0401 allele was associated with ocular involvement in both blacks and whites (odds 

ratio 3.49).19

Clinical manifestations of ocular sarcoidosis

Ocular disease may be the initial manifestation in patients with sarcoidosis, and may cause 

severe visual impairment. The involvement may be characterized by granulomatous 

inflammation which can affect any part of the eye and its adnexa. Examples of the clinical 

presentations of ocular sarcoidosis are listed in Table 1. The most common ocular 

manifestations are uveitis, dry eye and conjunctival nodules.
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• Uveitis and fundoscopic abnormalities

Uveitis is the term used to describe an inflammation of the uveal tissues which are 

composed of the iris, ciliary body and choroid. Uveitis commonly affects tissue or space 

adjacent to the uvea such as the anterior chamber, vitreous humor, or retina. Uveitis is most 

commonly classified by anatomical location of the observed inflammation using slit-lamp 

biomicroscopy and fundus examination. Uveitis associated with sarcoidosis can present as 

anterior, intermediate, posterior or panuveitis. The most universally accepted uveitis 

classification, grading and terminologies are published by the Standardization of Uveitis 

Nomenclature (SUN) Working Group.20

In fact, sarcoidosis is well known as a cause of granulomatous inflammation. One can be 

easily confused by multiple authors who state that sarcoid uveitis can be presented as either 

“nongranulomatous” or “granulomatous” uveitis. These clinical pathologic terms are 

essentially misnomers, as they do not represent actual histopathological studies. 

“Granulomatous” uveitis is used when at least one of the following clinical signs are 

observed: 1) large mutton-fat keratic precipitates (KPs) (accumulation of inflammatory 

leukocytes that deposit on the corneal endothelium), 2) iris or trabecular meshwork nodules, 

or 3) choroidal granuloma. It is not uncommon that typical cases of sarcoid uveitis present 

with at least one of these findings. However, these signs may not be observed in all of the 

cases, especially those with early onset, those with less severe inflammation, or those who 

have been successfully treated. On the other hand, these signs are not specific for sarcoid 

uveitis, as they may be noticed in uveitis related to other causes, such as infections. The 

study of 112 eyes with sarcoid uveitis depicted 81% with granulomatous pattern.9

Anterior chamber inflammation is perhaps the most common sign of sarcoid uveitis. It was 

detected in 42 (91%) of 46 patients with biopsy-proven sarcoid uveitis in one study.1 Of 

those 42 patients, 16 (38%) had inflammation only in the anterior chamber, without 

posterior segment involvement.1 Typical clinical presentations in patients with acute 

anterior chamber inflammation may include redness, decreased vision, eye pain and 

photophobia. The degrees of inflammation may be variable from mild to very severe. 

However, the development of hypopyon (pus in the anterior chamber) is unlikely.21 Pain can 

be caused by ciliary spasm or elevated intraocular pressure (IOP). IOP elevation can be 

secondary to an obstruction of trabecular meshwork by a large amount of inflammatory 

leukocytes, trabecular meshwork nodules and inflammation, or peripheral anterior synechiae 

(adhesion of the peripheral iris to the peripheral cornea preventing aqueous outflow through 

the trabecular meshwork in the affected area). In cases with moderate and severe 

inflammation, posterior synechiae (adhesion of the iris to the anterior lens capsule) may 

form and cause an irregular and poorly dilated pupil which may prevent detailed 

examination of the posterior segment. Iris nodules are generally associated with moderate or 

severe inflammation. Without appropriate treatment, severe anterior uveitis can lead to 

anterior segment deformity and predispose to cataract formation. However, mild sarcoid 

uveitis may also be insidious in onset, and the patients can be asymptomatic. The diagnosis 

may only be discovered on screening or routine ocular examination. Early detection is 

crucial to potentially prevent sequelae from chronic inflammation.
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Intermediate uveitis is also a common presentation of ocular sarcoidosis. The patients may 

complain of floaters and/or blurry vision. Vitreous opacity and cystoid macular edema 

(CME) are the leading causes of decreased vision in patients with intermediate uveitis. Pars 

plana exudates and accumulation of white blood cells and vitreous debris on the retinal 

surface may be characterized as snow banks and snow balls (also called, string of pearls) on 

examination. Neovascularization of the optic disc and peripheral retina can also complicate 

peripheral retinal involvement,22 and can lead to vitreous hemorrhage in the minority of 

cases.

In sarcoid posterior uveitis, the retinal lesions usually accompany choroidal inflammation; 

however, either retinal or choroidal involvement can be isolated (Figure 1). Posterior 

involvement is generally bilateral, but can be largely asymmetric. Choroidal granuloma(s) 

may be unifocal or multifocal, and may vary in size from small (Dalen-Fuchs-like nodules 

or sarcoid spots) to large (may simulate choroidal tumors).23, 24 Peripheral granulomas are 

unlikely to cause visual disturbance, but central lesions may lead to severe visual 

impairment. Choroidal neovascularization can develop in such lesions.25 Multifocal 

choroiditis related to sarcoidosis can present with fundoscopic findings very similar to those 

seen in birdshot chorioretinopathy.26 Exudative retinal detachment can rarely be seen in 

patients with ocular sarcoidosis, particularly those with large chorioretinal granulomas. 

Treated or inactive lesions may be noticeable as multifocal peripheral small punched-out 

chorioretinal scars similar to those observed in idiopathic multifocal choroiditis. Retinal 

pigment epithelial changes are observed in many cases, but do not usually cause visual 

loss.22 However, extensive involvement in the posterior pole may cause severe permanent 

visual disability (Figure 2).

Perivascular sheathing is a common finding representing retinal vasculitis associated with 

ocular sarcoidosis. Midperipheral periphlebitis is characteristic. In severe forms with 

scattered whitish-yellow perivascular retinal exudates along the retinal veins, the 

perivascular exudates have been described as “candle-wax drippings”.24 Generally, 

periphlebitis in ocular sarcoidosis is not associated with significant vascular occlusion. 

However, occlusive retinal vascular diseases, such as branch and central retinal vein 

occlusion, have been reported. Intraretinal hemorrhages and retinal or optic disc 

neovascularization with subsequent vitreous hemorrhage may complicate retinal vasculitis 

secondary to sarcoidosis.

CME is a common cause of vision loss in patients with sarcoid uveitis. It may accompany 

severe active inflammation or retinal vasculitis in the posterior pole. It generally responds to 

corticosteroid therapy. Epiretinal membrane formation can also occur.

It has been reported that an incidence of central nervous system involvement is increased 

from 2% to 37% when fundoscopic abnormalities of ocular sarcoidosis are observed in one 

study.24 However, another study did not find such an association.22

• Optic nerve involvement and neuro-ophthalmic manifestations

Neurosarcoidosis is sometimes called “the great imitator” since it can cause nonspecific and 

variable symptoms simulating many other conditions. The symptoms are associated with the 
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location of granuloma formation and related inflammatory sequelae. These symptoms may 

include decreased vision or visual field defects secondary to involvement of the optic nerve 

and its visual pathway, papilledema (see below) secondary to increased intracranial pressure, 

abnormal eye movement, pupillary abnormalities, visual hallucinations, encephalopathy, 

vasculopathy, peripheral neuropathy, myopathy, seizure, aseptic meningitis, hydrocephalus, 

spinal cord involvement and psychiatric symptoms.27

Cranial neuropathy is the most frequent manifestation of neurosarcoidosis. The most 

commonly affected nerves are the optic and facial nerves.28 Involvement of the optic nerve 

may be visible as the optic nerve granulomas or nodules, optic disc edema or optic atrophy. 

Besides resulting from increased intracranial pressure secondary to space occupying lesions 

or hydrocephalus, optic disc edema can be associated to either severe posterior uveitis or 

periphlebitis, or direct involvement of the optic disc, nerve, or nerve sheath by 

granulomatous tissue.29 Irreversibly impaired visual acuity occurs in more than half of those 

with direct optic nerve involvement.30 Facial paresis is a classic manifestation. It was 

believed to be related to either inflammation in the parotid gland, a result from a meningitic 

reaction, or direct compression.30 Lower motor neuron facial nerve paresis can cause 

ipsilateral poor eyelid tone and closure, which may lead to exposure keratopathy, epiphora 

and ectropion. Severe surface abnormalities can progress to corneal ulcers with permanent 

blindness.

Acquired abnormal ocular movements such as nystagmus may be observed in 

neurosarcoidosis.31 Pupillary abnormalities, such as a relative pupillary defect and light-near 

dissociation, as well as visual hallucinations have been reported in sarcoidosis with central 

nervous system involvement.32

• Eyelid and ocular surface disease

Dermatologic manifestations of sarcoidosis are well-known. Partial- or full-thickness 

involvement of the eyelid may be seen. Periorbital erythematous eyelid swelling can be 

present as the only sign of ocular sarcoidosis.33, 34 Erythematous eyelid mass lesions may 

vary in size from small papules35 to a large mass which may mimic eyelid tumors or 

cutaneous scars.36 Collins et al reported a case of a 50-year-old female with systemic 

sarcoidosis, including pulmonary, dermatologic and articular symptoms. The patient had 

chronic eyelid nodules which subsequently caused eye irritation and eyelid deformities with 

mucocutaneous notching. She had extensive scarring of the posterior lamella causing 

entropion and trichiasis. The patient underwent full-thickness wedge resection to treat 

eyelash malposition. Histopathological study showed full-thickness noncaseating granuloma 

of the eyelid.37 A similar case was reported by Moin and coworkers in a 43-year-old African 

American man. The patient had distorted eyelid architecture with madarosis, marked 

forniceal foreshortening and symblepharon. Eyelid, conjunctiva and facial skin biopsies 

demonstrated noncaseating granulomatous inflammation. Extensive destruction of the eyelid 

was partially treated with corticosteroids and methotrexate, prior to undergoing 

reconstruction surgery.38 Rarely granulomatous inflammation may selectively involve small 

eyelid structure such as the Müller muscle, and such lesion may cause eyelid retraction 

which is far more commonly seen in patients with thyroid orbitopathy.39
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Conjunctival involvement is common, but may be overlooked as most conjunctival lesions 

are asymptomatic. Most typical conjunctival nodules are observed at the palpebral 

conjunctivae; however, they may also be located at the bulbar or perilimbal areas.40 Early 

lesions may present as multiple, white, discrete bulbar conjunctival deposits.41 Some 

patients may have significant redness and irritation, and present as acute follicular 

conjunctivitis.42, 43 Cases with chronic cicatricial conjunctivitis with progressive scarring 

and symblepharon have also been reported.44, 45 Large conjunctival granuloma may 

simulate conjunctival tumors.46

Scleritis is uncommonly associated with sarcoidosis, but sarcoidosis should be considered in 

the differential diagnosis of scleritis. Sarcoidosis-associated scleritis may present as anterior 

diffuse,47 anterior nodular,47-49 or posterior scleritis.50 All of the reported cases were 

women with ages ranging from 53 to 64 years old47-49 which were on average older than 

most patients with sarcoid uveitis, except one patient (42-year-old man) with posterior 

scleritis who also had annular ciliochoroidal effusion.50 Sarcoidosis-associated scleritis is 

more likely non-necrotizing, and tends to respond well to oral corticosteroids. A 

clinicopathologic study of 55 patients who were diagnosed with necrotizing scleritis showed 

that only one patient (1.8%) had sarcoidosis. Although the patient presented clinically as 

necrotizing scleritis, the biopsy demonstrated discrete non-necrotizing granulomatous 

inflammation.51

The cornea can also be affected by ocular sarcoidosis. The most common corneal 

involvement is superficial punctate keratitis secondary to keratoconjunctivitis sicca (KCS; 

dry eye). The patients with chronic inflammation may have peripheral band opacities 

resulting from calcium deposits on the Bowman’s subepithelial layer, or so called band 

keratopathy.1 Interstitial keratitis was also reported as a presenting sign of ocular sarcoidosis 

along with an evidence of posterior uveitis and optic disc edema. The patient was 

subsequently diagnosed with sarcoidosis by transbronchial biopsy two years thereafter.52 

Peripheral ulcerative keratitis leading to corneal perforation was also described in a 42-year-

old woman in one report.53

• Lacrimal system and keratoconjunctivitis sicca (KCS)

The lacrimal gland is the most common organ in the orbit affected by sarcoidosis. 

Histopathological studies of biopsy-proven orbital sarcoidosis revealed the main lacrimal 

gland involvement in 42-63%.54-56 Patients with lacrimal gland involvement may or may 

not be symptomatic. If there is significant enlargement of the lacrimal gland, they may 

present with palpable mass or other symptoms due to mass effects. Typical characteristic 

features on computerized tomography (CT) are diffuse enlargement of the gland with 

homogenous enhancement.54

KCS has long been recognized as a common consequence of sarcoidosis.57 Dry eye 

syndrome in sarcoidosis is believed to be related primarily to lacrimal gland inflammation/

infiltration that results in decreased aqueous tear production. Most studies reported abnormal 

imaging and biopsy results of the main lacrimal gland, but to our knowledge none has 

specifically mentioned an involvement of the accessory lacrimal glands. However, full-

thickness eyelid skin involvement has been reported.37 Physiologically, the main lacrimal 
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glands located at the anterolateral part of the orbit are responsible mainly for reflex tear 

secretion, while the small accessory lacrimal glands in the eyelid and conjunctivae produce 

the majority of basal tear. This knowledge may imply that both the main and accessory 

lacrimal glands may be affected in those with severe dry eye associated with sarcoidosis. 

KCS may cause irritation, tearing, corneal epitheliopathy, corneal abrasion, infection and 

permanent corneal scars.

The tear is drained via the puncta through the canaliculi, nasolacrimal sac and duct into the 

nasal meatus. Granulomatous inflammation due to sarcoidosis may directly affect the 

lacrimal drainage system causing lacrimal obstruction and lead to symptomatic epiphora 

(excessive tearing).58, 59

• Orbital involvement

Besides the lacrimal gland, sarcoidosis can also involve other orbital structures, including 

orbital fat, extraocular muscles and the optic nerve sheath.54 Histopathological studies 

showed that the main complaints of patients with orbital sarcoidosis requiring orbital biopsy 

are palpable mass and eyelid swelling.54-56 Other symptoms included ptosis, globe 

displacement, proptosis, redness, pain, vision loss, tearing and diplopia. Age ranged between 

18 and 83 years old, with mean age of approximately 45-55 years. The majority of the 

patients were female. Concurrent systemic sarcoidosis was reported in 34-50% of biopsy-

proven orbital sarcoidosis.54, 56 The lesions were well-circumscribed in 85-90%, with 

10-15% of diffuse or infiltrative patterns. The lesions were solid, but rarely cystic.56 The 

majority of the lesions are located in the anterior orbit, especially anteroinferior.55 Orbital 

mass secondary to sarcoidosis can cause central retinal artery occlusion leading to 

permanent blindness.60

• Glaucoma and cataract

Elevated IOP is common in patients with sarcoid uveitis. A retrospective study in 1986 

reported a high rate of severe visual loss (vision of 20/200 or worse) in 8 of 11 patients with 

concurrent sarcoid uveitis and glaucoma.61 Ocular hypertension and glaucoma may result 

from trabecular meshwork dysfunction due to edema or obstruction from inflammatory 

cells. Severe or chronic anterior chamber inflammation may cause angle closure glaucoma 

secondary to peripheral anterior synechiae formation. A Japanese study revealed a high 

incidence of abnormal gonioscopic findings (61% trabecular nodules and 55% tent-like 

peripheral anterior synechiae) among 159 patients with systemic sarcoidosis.4 Patients with 

uveitic glaucoma have a significant risk of surgical failure when requiring a filtering 

procedure.62 Elevated IOP can also be related to orbital mass effects or side effects from 

corticosteroid therapy.

Cataract formation is also common in patients with sarcoid uveitis and leads to visual loss. 

Any form of corticosteroid therapy, including topical, regional or systemic corticosteroids, 

can cause cataract and ocular hypertension.
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Diagnosis of ocular sarcoidosis

Sarcoidosis is one of several conditions that may simultaneously involve multiple ocular 

tissues with various presentations. For example, patients may present with acute anterior 

uveitis with lacrimal gland enlargement, bilateral multifocal choroiditis with conjunctival 

nodules, or peripheral ulcerative keratitis with orbital inflammation. Sarcoidosis should be 

particularly high on differential diagnoses in those with involvement of multiple ocular 

tissues.

The gold standard for the diagnosis of sarcoidosis is a tissue biopsy. The most common 

biopsy samples are retrieved from the lungs, lymph nodes, skin, conjunctivae, lacrimal 

glands or orbital tissues. However, suspected lesions may not be easily accessible, and 

biopsy may not be a desirable diagnostic choice from the patient standpoint. The lungs and 

hilar lymph nodes are the most commonly affected organs. Therefore, imaging studies, 

including a chest x-ray, a chest CT scan, and occasionally gallium scintigraphy, may help 

aid the diagnosis. Some patients with sarcoidosis may have elevated serum levels of 

calcium, angiotensin converting enzyme (ACE) and/or lysozyme.

The diagnostic criteria for ocular sarcoidosis vary among different experts. In 2009, the first 

International Workshop on Ocular Sarcoidosis (IWOS) published the international criteria 

for the diagnosis of ocular sarcoidosis which aimed for universal use.63 The members of the 

IWOS identified 7 clinical signs suggestive of ocular sarcoidosis, 5 laboratory investigations 

in suspected ocular sarcoidosis, and 4 diagnostic terms for ocular sarcoidosis. (Table 2)

The clinical signs listed are useful for the diagnosis of sarcoid uveitis. However, the IWOS 

did not discuss the criteria for diagnosis of ocular adnexal involvement that was mainly 

diagnosed based on histopathological studies of the accessible lesions. In our practice, we 

generally start with a chest x-ray, and reserve a chest CT scan for highly suspicious patients 

or for whom the diagnosis may change their therapy. Due to the amount of radiation, we are 

less likely to order chest CT scans for younger patients. Elevated serum levels of calcium, 

ACE or lysozyme alone are usually neither sensitive nor specific for the diagnosis.

Conjunctival biopsy is a simple and useful procedure when patients present with 

conjunctival nodules or prominent follicles. Careful examination may reveal these findings. 

There is largely disagreement regarding the yield of random conjunctival biopsy in those 

without visible conjunctival lesions. In various studies the rate of positive random biopsy 

results ranged from 20 to 71% in patients with positive biopsy from other sites, and from 1 

to 28% in those with clinically suspected sarcoidosis without histological 

confirmation.1, 64-66 Nichols et al reported 55% positive conjunctival biopsy rate in patients 

with biopsy-proven sarcoidosis from other tissues, but only 1% positive rate in those with 

negative systemic biopsy. From this study, a strip of conjunctival tissue at least 3 by 10 mm 

in size each was removed from the inferior cul-de-sac of both eyes. The authors found no 

association between an incidence of anterior uveitis and a positive conjunctival biopsy.64 

The presence of conjunctival follicles may slightly increase the likelihood of a positive 

biopsy. Crick et al demonstrated 20% positive conjunctival biopsy rate in biopsy-proven 

sarcoidosis, and the rate was increased to 37% in those with conjunctival follicles.1 In our 
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practice, we reserve a conjunctival biopsy only for those with visible conjunctival nodules 

on exam.

Several non-invasive diagnostic imaging techniques have been studied in patients with 

ocular sarcoidosis. In-vivo confocal microscopy of the conjunctiva was successfully used to 

identify the presence of multinucleated giant cells in patients with sarcoid conjunctival 

nodules with 100% specificity and 50% sensitivity.67 The procedure required technical skills 

and may need an instrument with high resolution and deep penetration ability to improve a 

sensitivity of the test. Rose-Nussbaumer et al recently reported that anterior segment 

spectral-domain optical coherence tomography (OCT) could differentiate a predominantly 

mononuclear pattern of anterior chamber cells in active anterior uveitis associated with 

sarcoidosis or inflammatory bowel disease from a predominantly polymorphonuclear pattern 

in HLA-B27-related uveitis.68 Güngör et al revealed that patients with quiescent sarcoid 

posterior uveitis may have decreased choroidal thickness measurements compared to normal 

controls using an enhanced depth imaging OCT.69

Our group previously studied microarray analysis of gene expression on peripheral blood, 

lung and lymph node, and found that patients with sarcoidosis (with or without uveitis) had 

significant increases in STAT1 and STAT1-regulated chemokines compared to normal 

controls. STAT1 is a transcription factor. It can be activated by interferons which contribute 

to granuloma formation and which occasionally cause granulomatous adverse reactions.70 

The STAT1 upregulated pattern was not observed in patients with ankylosing spondylitis 

(with or without uveitis).71 Subsequent gene expression study on conjunctival granuloma 

tissues showed that the activated form of STAT1 was more frequently detected in 

sarcoidosis patients; however, the activity of STAT1-regulated genes may not be specific to 

only sarcoidosis as STAT1 may also express on other conjunctival granulomatous 

diseases.72 More recently we have analyzed the gene expression pattern from either the 

lacrimal gland or orbital adipose tissue affected by sarcoidosis.73 This study confirmed an 

increased expression of STAT1 and showed that similar transcripts are elevated in the blood 

and solid tissue from patients with sarcoidosis.73

Treatment of ocular sarcoidosis

The primary aims for management of ocular sarcoidosis are to restore vision and to prevent 

complications from related inflammation. Corticosteroid therapy, including topical, regional 

and systemic routes, is the mainstay of treatment. Other immunomodulators may be required 

in some patients who are dependent, unresponsive, or intolerant to corticosteroid treatment.

• Treatment of sarcoid uveitis

1. Topical corticosteroids—The most commonly used topical corticosteroid for anterior 

uveitis is prednisolone acetate. Its dosage can be titrated based on the degree of anterior 

chamber inflammation from once daily to hourly. The relatively new medication, 

difluprednate, generally is more potent. Difluprednate 0.05% given 4 times daily may be at 

least as effective as prednisolone acetate 1% 8 times daily for the treatment of anterior 

uveitis.74 Their side effects are dose-dependent, with the most concern to cause elevated 

IOP and cataract progression.
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Topical corticosteroid drops are used primarily to treat anterior chamber inflammation, but 

typically are insufficient to control posterior segment inflammation. However, it may be 

effective to treat CME associated with florid anterior uveitis.

2. Topical cycloplegics—Cycloplegic eye drops are helpful to relieve pain from ciliary 

spasm and to break or prevent posterior synechiae which are common in patients with 

moderate and severe anterior chamber inflammation. Shorter acting medications such as 

cyclopentolate 1% are generally used in the acute case, and longer acting agents such as 

atropine 1% may be given in those with chronic or severe anterior chamber inflammation.

3. Regional corticosteroid injections and implants—Regional corticosteroid 

injections and implants can be considered in uveitis associated with posterior segment 

involvement or when a patient is poorly responsive or noncompliant to frequent topical 

corticosteroids. The depot injections can be given periocularly or intravitreally.

Periocular injections can be performed using either a transcutaneous or transconjunctival 

route, and either a superior or inferior approach. In our practice, an orbital floor injection is 

typically given through the inferolateral eyelid skin. The most commonly used medication is 

triamcinolone acetonide 20-40 mg. Examples of other alternatives are betamethasone and 

methylprednisolone, which both have a shorter duration of effect compared to triamcinolone 

acetonide. The injection can be repeated as soon as 4-6 weeks after the initial therapy.

Intravitreal triamcinolone acetonide (1-4 mg) injections may be given, especially when 

periocular injections inadequately control inflammation. The effects may last 3-6 months 

after each injection. The patients need to be monitored carefully for elevated IOP. The 

procedure can be performed in clinic under topical or subconjunctival anesthesia.

A biodegradable intraocular implant containing 700 micrograms of dexamethasone given 

through a 22-gauge applicator has been approved for the treatment of uveitis involving the 

posterior segment of the eye. A study of its efficacy and safety for persistent uveitic CME 

showed that a single dexamethasone implant was effective to improve vision and macular 

edema in the majority of the patients. However, recurrence of CME can be observed in 

approximately 65% of the patients at 6 months.75 A study comparing intravitreal 

triamcinolone injections with dexamethasone implants in CME secondary to retinal vein 

occlusion demonstrated similar outcomes and similar incidence of side effects.76

A sustained-release fluocinolone acetonide implant has been approved in the US for chronic 

noninfectious posterior uveitis. The implant is inserted surgically into the vitreous cavity 

through a scleral incision, and may release drug for a median period of 30 months. It is 

effective to control inflammation in the majority of implanted eyes,77 but it is associated 

with high rate of complications, especially elevated IOP and cataractogenesis. 

Approximately 37% of the implanted eyes needed glaucoma surgery in a 3-year follow up 

study.78 A cost-effective study revealed that a fluocinolone implant was reasonably cost-

effective compared to systemic immunosuppressive agents in patients with unilateral 

disease, but not for those who need bilateral implants.79
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4. Systemic corticosteroids—Systemic corticosteroids are used in patients with severe 

bilateral uveitis, when topical and/or regional therapy is insufficient to control inflammation, 

or when the systemic disease also requires therapy. Systemic corticosteroid therapy 

generally is rapidly effective, but a high dose such as 60 mg of prednisone daily should be 

used for a limited duration to avoid both ocular and systemic adverse effects. Prednisone is 

the most commonly used oral corticosteroids in the United States. It is typically prescribed 

1-1.5 mg/kg/day initially, and tapered gradually to avoid relapse. Short-term intravenous 

methylprednisolone is sometimes given in patients with vision-threatening retinal or optic 

nerve lesions, followed by oral prednisone.

5. Systemic immunosuppressive agents—Systemic immunosuppressive agents are 

indicated in patients who are corticosteroid-dependent or –intolerant. A low dose of 

prednisone such as 5 mg per day may be preferable to an immunosuppressant. In some 

circumstances, patients may have already received a systemic immunosuppressant to control 

their systemic manifestations of sarcoidosis. Anti-metabolites80, 81 and calcineurin 

inhibitors82, 83 have been studied for the treatment of sarcoid-related ocular inflammation. 

Examples and dosage of systemic immunosuppressive drugs that may be used for the 

treatment of non-infectious uveitis are listed in Table 3.84 The most commonly used 

medications for chronic eye inflammation including ocular sarcoidosis are methotrexate,85 

mycophenolate mofetil,86 azathioprine87 and cyclosporine.88

6. Biologic agents—Biologics are relatively novel treatment for refractory noninfectious 

uveitis. The knowledge on ocular indications is mainly based on case reports and series, 

with the minority of evidence from several non-randomized trials and one randomized 

double-masked trial.89 To date, biologic agents studied for the treatment of uveitis related to 

sarcoidosis are Tumor Necrosis Factor (TNF)-α inhibitors, including infliximab, 

adalimumab, etanercept and golimumab.

Infliximab has been reported as an effective immunosuppressive agent in most patients with 

refractory uveitis related to multiple causes in a prospective trial.90 However, limited data 

revealed mixed results on its efficacy to control ocular inflammation in sarcoid uveitis in 

particular. Suhler et al prospectively enrolled 31 patients with refractory uveitis for 

infliximab therapy as a concomitant immunosuppressant. Three out of the 31 patients were 

diagnosed with sarcoid panuveitis. All of the 3 patients had improved visual acuity after 

infliximab therapy, but none of them showed an ability to completely control inflammation 

or to reduce doses of concomitant prednisone and immunosuppressive treatment by 

half.90, 91 In contrast, all 4 patients with sarcoid uveitis from different series (2 of Pritchard 

et al’s,92 1 of Doty et al’s,93 and 1 of Benitez-del-Castillo et al’s94) had resolution of ocular 

inflammation several weeks after infliximab therapy, but needed continuation of infliximab 

infusions every 4-8 weeks to prevent relapse.

Erckens and coworkers studied the use of adalimumab as an adjunctive therapy in 41 eyes of 

26 patients with refractory posterior sarcoidosis secondary to sarcoidosis. Eighty-five 

percent of the cases showed improvement of intraocular inflammatory signs, while 15% had 

stable outcomes. The improvement of intraocular inflammation included resolution of 

vasculitis, choroidal involvement, papillitis, macular edema and vitreous haze in the 
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majority of the patients who had the respective signs at baseline.95 A study from our group 

also showed that all 6 patients with sarcoid uveitis, out of 31 patients with various uveitic 

diagnoses, were defined as clinical responders at 10 weeks by demonstrating either 

improvement of visual acuity, ocular inflammation, angiographic findings or an ability to 

taper medications. At 50 weeks, 3 patients (50%) retained clinical success, while the others 

had secondary failure (1 due to loss of efficacy, 1 due to failure to taper corticosteroids, and 

1 due to lost to follow up).96

Etanercept is generally less effective than infliximab and adalimumab for ocular indications. 

It failed to show significant difference in control of uveitis associated with juvenile 

idiopathic arthritis compared with placebo in a randomized trial.97 Baughman et al 

randomized 18 patients with refractory sarcoid uveitis; 9 received etanercept and 9 were 

given placebo. The authors found no significant improvement of ocular inflammation with 

etanercept therapy compared with placebo.98

Golimumab has been reported to be effective for the treatment of various uveitides in 

several series.99-103 Calvo-Río et al reported successful control of inflammation in 2 patients 

with active sarcoid uveitis having previously failed infliximab; however, the follow-up 

periods were limited to 1 and 9 months for each patient.102 Similar findings were reported 

by Cordero-Coma and coworkers who studied the use of golimumab in uveitis; 2 patients 

with sarcoid uveitis who previously failed other TNF inhibitor(s) (1 with panuveitis and 

macular edema, and 1 with intermediate uveitis) achieved complete control of inflammation 

after 6 months of golimumab therapy.103

Due to limited long-term safety and efficacy data, biologic therapy is reserved only as 

secondary or tertiary treatment of uveitis associated with sarcoidosis. Although rarely, there 

are multiple reports and series suggesting that anti-TNF agents (infliximab,104-109 

adalimumab,108-110 etanercept107, 108 and certolizumab111) may cause sarcoidosis-like 

conditions, including uveitis.

• Treatment of scleritis and external eye diseases

Non-steroidal anti-inflammatory drugs (NSAIDs) are usually prescribed as a first-line 

therapy for scleritis. In patients who do not respond to NSAIDs, corticosteroids are typically 

helpful. Concomitant use of oral corticosteroids and NSAIDs may cause significant 

gastrointestinal adverse effects. In patients refractory or intolerant to corticosteroids, 

systemic immunomodulators may be used. Our group reported successful treatment of 

recalcitrant scleritis with rituximab in 75% of patients; however, partly due to rarity, none of 

those patients had scleritis secondary to sarcoidosis.112 In one case report, thalidomide was 

successfully used to treat cutaneous sarcoidosis and nodular scleritis in a patient who failed 

azathioprine and corticosteroid therapy.113 Thalidomide is considered a sedative, hypnotic 

agent, but also has anti-inflammatory activity. It is under special regulations because it can 

cause severe congenital defects.

Besides systemic corticosteroid treatment, cutaneous lesions on the eyelids may be treated 

with intralesional triamcinolone injection36 or oral chloroquine.114 Conjunctival lesions and 

KCS may respond to topical cyclosporine eye drops.115, 116
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• Treatment of orbital disease

Orbital inflammation is also typically responsive to oral corticosteroids and/or 

immunosuppressive agents. In patients with accessible orbital lesions or high suspicion for 

possible malignancy, biopsy or removal of the lesions should be performed. Along with 

orbital lesions, strabismus and/or abnormal eyelid position can also be observed. The 

treatment should initially be maximized with anti-inflammatory therapy. If surgical 

interventions are required, orbital surgery should be carried out first, followed by strabismus 

and eyelid surgery, respectively.

• Treatment of ocular complications

Treatment of ocular complications secondary to ocular inflammation and adverse effects 

from therapy should not be overlooked. Glaucoma, cataract, epiretinal membrane formation 

and CME are common. The use of corticosteroids should be minimized by using alternative 

anti-inflammatory agents in those with significantly elevated IOP. Cataract surgery may be 

considered when quiescence of intraocular inflammation has been achieved for at least 3 

months to avoid postoperative severe inflammatory reaction. Systemic and/or regional 

corticosteroids may also be given during the perioperative period.

The most important and effective way for the treatment of CME is to control intraocular 

inflammation with anti-inflammatory therapy.117 In patients whose CME persists without 

active inflammation, intravitreal injections of bevacizumab118 or ranibizumab119 have been 

reported as possibly effective therapy to improve vision and macular anatomy. Epiretinal 

membrane may be surgically removed in those with visually significant puckers. However, 

treatment of associated inflammation and/or edema should be maximized prior to 

considering surgery to avoid postoperative inflammation and unnecessary surgery.

Prognosis of ocular sarcoidosis

Visual prognosis of ocular sarcoidosis may vary depending upon severity and chronicity of 

eye inflammation, a delay in presentation to a specialist, and ocular complications secondary 

to uveitis.9 A long-term prognostic study of sarcoid uveitis showed that the majority (54%) 

of the patients retained vision of better than 20/40 in both eyes, and only 4.6% had lost 

vision less than 20/120 in both eyes, at 10 years after the onset of uveitis in a setting of an 

ophthalmic referral center.120 The main causes of irreversible vision loss were glaucoma and 

chronic maculopathy related to posterior segment inflammation. Thirty-five (47%) of 75 

patients had extraocular involvement at the uveitis onset, with further 17% during the 

following 10 years. Fifty-one percent of the patients needed oral corticosteroids, and 

additional 11% required immunosuppressive drugs for uveitis treatment. Approximately 

one-fifth of the patients underwent ocular surgery, including cataract extraction (17%), 

trabeculectomy (4%), retinal detachment repair (1%) and epiretinal membrane peel (1%). 

The ocular prognosis of sarcoid uveitis seemed unrelated to the presence of extraocular 

disease.120

In Finland, Karma et al studied 281 patients with biopsy proven sarcoidosis. Of those 281 

patients, 21 patients with uveitis were followed up regularly. Eight patients (38%) had a 

monophasic course of uveitis requiring less than 6 months of treatment, while the remainder 
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(13 patients; 62%) had a relapsing course with multiple recurrences. In the latter group, 

uveitis was subsequently burned out after several years of treatment in 9 of the 13 

patients.121 This study also showed that the chest x-ray finding of hilar adenopathy could 

resolve while the ocular findings persisted. This observation suggests that a subset of 

patients with “idiopathic” uveitis may have sarcoidosis that is not diagnosable by routine 

chest x-ray. A 10-year visual prognostic study of 69 patients with peripheral multifocal 

chorioretinitis revealed that the presence of systemic sarcoidosis had no influence on the 

risks of developing CME, epiretinal membrane, cataract, glaucoma or optic atrophy. CME 

was the main cause of decreased vision. The presence of an epiretinal membrane may not 

necessarily affect final vision.18

Although ocular sarcoidosis can present with a sudden onset and a limited course, it is most 

important to educate the patients of the potential chronicity of ocular inflammation. Long-

term follow up and medication compliance are required for treatment success to prevent 

permanent visual damage from both ocular inflammation and drug-related adverse effects.
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Key points

- Ocular sarcoidosis can involve any part of the eye and its adnexal tissues.

- The most common ocular manifestations are uveitis, dry eye and conjunctival 

nodules.

- Ocular involvement is the presenting symptom in approximately 20-30% of 

patients with sarcoidosis.

- Multi-disciplinary approaches are required to achieve the best treatment outcomes 

for both ocular and systemic manifestations.

- With appropriate treatment, visual prognosis is generally good.
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Figure 1. 
(Right) Color fundus photograph of a 59-year-old male patient with multifocal choroiditis 

secondary to sarcoidosis demonstrates multiple round, creamy, subretinal lesions in the 

superotemporal quadrant of the left eye; (Left) optical coherence tomography study through 

the lesion showed that the lesion primarily involves the choroid (arrow).
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Figure 2. 
Color fundus photograph of a 56-year-old male patient with extensive chorioretinal atrophy 

and scar secondary to longstanding involvement from ocular sarcoidosis.
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Table 1

Examples of clinical manifestations of ocular sarcoidosis

Ocular structures Ophthalmic manifestations

- Eyelids
Eyelid granuloma, madarosis (loss of eyelashes),
poliosis (whitening of lashes), entropion, trichiasis,
lagoghthalmos (if associated with facial palsy)

- Conjunctiva Conjunctival nodules or granuloma, conjunctivitis,
symblepharon, conjunctival cicatrization

- Episclera/sclera Episcleritis, scleritis

- Cornea Peripheral ulcerative keratitis, interstitial keratitis,
exposure keratopathy, band keratopathy

- Trabecular meshwork and anterior
chamber angle

Trabecular granuloma, peripheral anterior
synechiae, ocular hypertension, glaucoma

- Iris Anterior uveitis (iritis), iris nodules/granuloma,
posterior synechiae, pupillary abnormalities

- Lens Cataract

- Pars plana/vitreous Intermediate uveitis

- Retina Retinitis, retinal vasculitis, macular edema

- Choroid Choroiditis, granuloma

- Optic nerve

Papillitis, papilledema (increased intracranial
pressure due to neurosarcoid), granuloma, optic
neuropathy (compressive or infiltrative), optic
atrophy

- Lacrimal gland Granuloma, dacryoadenitis, keratoconjunctivitis
sicca (dry eye)

- Nasolacrimal drainage system Nasolacrimal duct obstruction

- Extraocular muscles and other orbital tissues Granuloma, strabismus, proptosis, optic nerve
compression

- Intracranial lesions involving visual pathway Decreased vision, visual field defects, abnormal
pupillary response, abnormal eye movement
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Table 2

Summary from International Criteria for the Diagnosis of Ocular Sarcoidosis

Ocular signs suggestive for ocular sarcoidosis

1. Mutton-flat keratic precipitates and/or iris nodules

2. Trabecular meshwork nodules and/or tent-shaped peripheral anterior synechiae

3. Snowballs or string of pearls in the vitreous

4. Active or inactive multiple chorioretinal peripheral lesions

5. Nodular and/or segmental periphlebitis and/or macroaneurysms in an inflamed eye

6. Optic disc nodule(s)/granuloma(s) and/or solitary choroidal nodule

7. Bilateral involvement

Laboratory investigations in patients suspected for ocular sarcoidosis

1. Negative tuberculin test in a BCG vaccinated patient or with previous positive PPD (or Mantoux)
 skin test

2. Elevated serum level of angiotensin converting enzyme (ACE) and/or lysozyme

3. Chest x-ray for bilateral symmetric hilar adenopathy

4. Abnormal liver enzyme tests (any 2 of alkaline phosphatase, aspartate aminotransferase (AST),
 alanine aminotransferase (ALT), lactate dehydrogenase (LDH) or gamma-glutamyl transferase
 (GGT))

5. Chest computerized tomography in patients with negative chest x-ray

Diagnostic criteria and terminologies for ocular sarcoidosis

Definite ocular sarcoidosis Biopsy-proven with a compatible uveitis

Presumed ocular sarcoidosis Biopsy not performed; bilateral hilar adenopathy (BHL) with compatible
uveitis

Probable ocular sarcoidosis Biopsy not performed and no BHL detected; presence of 3 suggestive
ocular signs and 2 positive above laboratory tests

Possible ocular sarcoidosis Biopsy negative; presence of 4 suggestive ocular signs and 2 positive
above laboratory tests

Adapted Herbort CP, Rao NA, Mochizuki M, members of Scientific Committee of First International Workshop on Ocular S. International criteria 
for the diagnosis of ocular sarcoidosis: results of the first International Workshop On Ocular Sarcoidosis (IWOS). Ocul Immunol Inflamm. 
2009;17(3):160-169; with permission.
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Table 3

Examples of steroid-sparing systemic immunosuppressive agents that may be used for the treatment of ocular 

sarcoidosis

Medication Dose Expected onset of action

Antimetabolites

- Methotrexate 7.5-25 mg/week PO, SQ or IM 2-12 weeks

- Mycophenolate mofetil 500-1500 mg PO twice daily 2-12 weeks

- Azathioprine 1-4 mg/kg/day PO daily 4-12 weeks

Calcineurin inhibitors

- Cyclosporine 2.5-10 mg/kg/day PO twice daily 2-6 weeks

- Tacrolimus 0.15-0.30 mg/kg/day PO 2-6 weeks

IM = intramuscularly; PO = orally; SQ = subcutaneously

Adapted from Jabs DA, Rosenbaum JT, Foster CS, Holland GN, Jaffe GJ, Louie JS, Nussenblatt RB, Stiehm ER, Tessler H, Van Gelder RN, 
Whitcup SM, Yocum D. Guidelines for the use of immunosuppressive drugs in patients with ocular inflammatory disorders: recommendations of 
an expert panel. Am J Ophthalmol. 2000;130(4):492-513; with permission.
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