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Abstract: Non-infectious uveitis represents a heterogenous group of immune-mediated ocular diseases, which can be associated with 
underlying systemic disease. While the initial choice of treatment of non-infectious uveitis depends on a number of factors such as 
anatomical location and degree of inflammation, topical therapies often remain the initial choice of non-invasive therapy. In this 
narrative review, we aim to describe the literature on non-infectious uveitis, with specific focus on the current perspective on topical 
anti-inflammatory therapy. 
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Introduction and Historical Evolution of the Definition of Uveitis
Uvea originates from the Latin word “uva”, referring to the “black grape” appearance of the uveal tissue underneath the 
sclera.1 One of the earliest descriptions of uveitis was by Hippocrates (460–360 BC), where he observed the effects of 
inflammation on the iris, resulting in irregular adhesions of the pupil.2

In the 1930s, Sir Duke-Elder argued that most cases of uveitis should be accepted as being caused by “infective foci”, 
and that uveitis caused by an infectious agent was “not necessarily due to enlodgement of toxin in the eye but mostly 
represented as an allergic sensitization response”.3 Uveitis is, however, now understood to be a heterogenous group of 
inflammatory disease affecting both the uvea (iris, ciliary body, choroid) as well as its adjacent structures, such as the 
sclera, cornea, vitreous and optic nerve.

Over the years, a number of attempts to develop and further refine the classification of uveitis have been made. In 
1987, the International Uveitis Study Group (IUSG) established an anatomical classification of uveitis which is still 
commonly used today. This includes anterior uveitis, intermediate uveitis (a term coined to replace previous definitions 
such as posterior cyclitis, vitritis, and basal uveoretinitis), posterior uveitis, and finally panuveitis, the latter referring to 
uveitis involving all three anatomical locations.4 This classification was further expanded on in 2005, through the 
Standardization of the Uveitis Nomenclature.5 Here, grading systems were created for anterior chamber cells, anterior 
chamber flare and vitreous haze, with the first two based on Hogan et al’s classification, and vitreous haze grading based 
on the work done by Nussenblatt et al6,7 Finally, this international consensus also included onset (sudden or insidious), 
duration (limited or persistent) and course (acute, recurrent, or chronic) in the classification of uveitis.

However, while these classifications were precise, they did not attempt to describe the cause of uveitis, which could 
ultimately be due to underlying systemic diseases or masquerade syndromes mimicking uveitis. To address this, in 2008, 
the IUSG proposed a simplified clinical classification of uveitis to be used in conjunction with the other classification 
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systems.8 In this classification, uveitis is subdivided into infectious uveitis, owing its aetiology to bacteria, viruses, fungi, 
parasites or other organisms, non-infectious uveitis, which could either have systemic associations or no cause identified 
(idiopathic), and finally masquerade uveitis, further divided into neoplastic and non-neoplastic.

In this narrative review, we aim to describe the literature on non-infectious uveitis, with a specific focus on current 
topical anti-inflammatory therapy. For the purpose of our paper, we will refer to non-infectious uveitis as uveitis 
associated with non-infectious systemic disease, as well as idiopathic uveitis.

Epidemiology and Types of Non-Infectious Uveitis
Uveitis as a category of ocular disease causes up to 5–10% of visual impairment globally.9 It is a major cause of visual 
morbidity with prolonged visual loss occurring in two-thirds of patients, and up to 22% meeting the criteria for legal 
blindness at some point during the course of their disease.10

Non-infectious uveitis represents an important subset of uveitis, and is even more common than infectious uveitis. 
A large retrospective study of insurance claims database in the United States (US) of 4 million eligible patients estimated 
the prevalence of non-infectious uveitis at 121 cases per 100,000 adults, and 29 per 100,000 children.11 In the Asia- 
Pacific region, non-infectious uveitis is more common than infectious uveitis in all countries except for Myanmar and 
Nepal.12 Furthermore, non-infectious uveitis represents 41 to 55% of cases in China, 35 to 63% of cases in Japan and 
25% to 45% of cases in India.12 It can, however, be difficult to generalize the prevalence of uveitis with population-based 
estimates, due to variations in disease definition, methodologies and geographical regions.13 For example, in the review 
by Hsu et al, the majority of uveitis cases are classed as idiopathic (30–60%), in a distinct category from infectious and 
non-infectious uveitis.12 However, on the other hand, others might consider idiopathic uveitis as part of non-infectious 
uveitis.14

The commonest form of uveitis overall is anterior uveitis, which can account for up to 90% of cases in primary care 
and 50 to 60% of cases in tertiary centres.15 Between 38% and 88% of these anterior uveitis cases would actually fall 
under the category of non-infectious uveitis, with no identifiable underlying cause. This further highlights that the 
majority burden of uveitis is non-infectious.15

Non-infectious uveitis can be also associated with systemic disease, with HLA-B27-associated anterior uveitis 
accounting for between 4% and 32% of cases.15 In contrast, in children the commonest systemic association of non- 
infectious uveitis is juvenile idiopathic arthritis (JIA).16

Other types of autoimmune disease associated with non-infectious uveitis include spondyloarthritis, psoriatic arthritis, 
multiple sclerosis, sarcoidosis, Behcet’s disease, and Vogt-Koyanagi-Harada disease.

General Approach to Treatment in Non-Infectious Uveitis
The initial choice of treatment for uveitis is dependent on a number of different factors, including the degree of 
inflammation, the laterality (unilateral versus bilateral), the anatomical location (anterior, intermediate or posterior 
uveitis) and the presence and extent of systemic disease. Other important factors to consider in treatment decisions 
would be the experiences and perspectives of patients and carers. A qualitative study by Tallouzi et al identified different 
core domains which are important to patients with non-infectious uveitis, including visual function, treatment burden, 
treatment side effects, and disease control.17

In non-infectious uveitis, therapy is aimed at suppressing the local immune response. It is often useful for the 
clinician to think of the concept of disease activity versus damage.18–20 Disease activity is the ongoing inflammation from 
the immune response, which might be acute or chronic, and is usually reversible. However, uncontrolled disease activity 
could potentially lead to permanent irreversible damage. Successful immunosuppression would theoretically prevent this 
from happening.

The primary utility of topical therapy in non-infectious uveitis is to control disease activity and limit damage from 
anterior uveitis. For cases of posterior segment uveitis which would include intermediate, posterior, or panuveitis, topical 
therapy alone is usually inadequate due to poor tissue penetration, although it remains crucial as adjunctive therapy.18 

The only exception to this is topical non-steroidal anti-inflammatory drugs (NSAIDs) such as bromfenac, with evidence 
of therapeutic levels in the retina after topical application.21
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In fact, the treatment of non-infectious uveitis would depend greatly on its anatomical type. For example, a general 
stepwise approach for therapy in patients with non-infectious anterior uveitis would usually begin with topical corticos
teroids, followed by systemic corticosteroids, systemic immunomodulators and anti-metabolites such as azathioprine and 
mycophenolate mofetil, and finally biologics such as adalimumab and infliximab. Other local therapies include intravi
treal injections such as triamcinolone acetate, and intraocular implants with dexamethasone or fluocinolone.14 On the 
other hand, the remaining anatomical types are more commonly treated with ocular or periocular injections, or systemic 
treatment with or without these topical agents. A summary of the indications and considerations of initiating therapy in 
non-infectious uveitis is demonstrated in Table 1.

Considerations in the Use of Topical Corticosteroids in Non-Infectious Uveitis
One of the main topical anti-inflammatory agents used is topical steroid. There are a variety of different steroid subtypes, 
but the main ones used in ophthalmology are the glucocorticoids, which have anti-inflammatory and immunosuppressive 
activity. One of the earliest advances in the ophthalmic use of topical corticosteroid eye drops was described by Woods 
et al in the 1950s, wherein they reported the successful treatment of uveitis patients with topical cortisone solution.22 

Seventy years later, it is still impossible to imagine modern ophthalmic practice without topical steroid eye drops. They 
remain the most common method of administering steroids to the eye, with measurable concentrations in the human 
aqueous humour within 15–30 minutes.23–25

Glucocorticoids work by interacting with intracellular glucocorticoid receptors found in the cytosol.26 A number of 
complex and intricate molecular mechanisms have been identified through which glucocorticoids then affect ocular 
inflammation, as depicted in Figure 1. However, these have been largely grouped into four main glucocorticoid-mediated 

Table 1 Indications for Topical Treatments in Non-Infectious Uveitis and 
Important Considerations in Treatment Decisions

Indication Treatment Indicated

Rise in pressure or increased risk of uveitic glaucoma Topical glaucoma agents

Macular oedema Topical corticosteroids 
Topical NSAIDs (off-label)

Posterior synechiae Topical cycloplegics

Anterior chamber flare Topical corticosteroids 
Topical cycloplegics

Anterior chamber cells Topical corticosteroids

Other considerations

Laterality  

● Unilateral  

● Bilateral

Anatomical location  

● Anterior  
● Posterior  

● Intermediate  

● Panuveitis

Presence and extent of systemic disease

Experiences and perspectives of patients and carers  

● Visual function  

● Treatment burden  
● Treatment side effects  

● Disease control
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anti-inflammatory mechanisms. The first entails glucocorticoid receptors binding to glucocorticoid-responsive elements, 
leading to direct effects on gene expression, such as induction and activation of annexin I. This is an anti-inflammatory 
protein which inhibits cytosolic phospholipase A2α, blocking the release of arachidonic acid and by extension its 
subsequent conversion to eicosanoids such as prostaglandins, thromboxanes, prostacyclins, and leukotrienes.27 Another 
mechanism which has been described involves interaction of the glucocorticoid receptor with other transcription factors, 
such as nuclear factor-κB (NF-κB) and activator protein 1, leading to indirect effects on gene expression and prosta
glandin synthesis.27 Glucocorticoids can also affect inflammation by decreasing the mRNA stability for gene coding for 
inflammatory proteins, such as vascular endothelial growth factor (VEGF) and cyclooxygenase 2.28,29 Finally, activated 
glucocorticoid receptors have also been shown to have anti-inflammatory effects which are not mediated by changes in 
gene expression, through influencing second-messenger cascades. An example of this is the phosphatidylinositol- 
3-hydroxykinase – Akt – endothelial nitric oxide synthetase pathway.30 All these mechanisms ultimately lead to 
decreased production of important cytokines and inflammatory mediators, which affects the blood-retina barrier, leading 
to a reduction in fibroblast proliferation, fibrin deposition, retinal oedema, capillary leakage, intraretinal migration of 
inflammatory cells and VEGF levels.

There are a variety of routes through which glucocorticoids can be administered for uveitis. Regional administration 
is often preferred, as it provides higher levels of ocular delivery whilst minimizing systemic side effects, and includes 

Figure 1 Simplified anti-inflammatory pathways of glucocorticoids. 
Abbreviations: NF-κB, Nuclear factor-κB; IκB, inhibitory protein of NF-κB; COX-2, cyclooxygenase-2; c-Jun/Fos, inflammation transcription factor polypeptide subunits; 
MAPK, mitogen-activated protein kinases; cPLA2α, cytosolic phospholipase A2α; 5-LOX, 5-lipoxygenase.27
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topical, sub-conjunctival, periocular (sub-Tenon, orbital floor, peribulbar) and intravitreal routes. Furthermore, if required 
other systemic routes can also be used such as oral and intravenous administration. As mentioned above, topical steroid 
eye drops remain the first-line treatment choice for anterior uveitis. However, initial assessment of the severity of anterior 
uveitis is crucial to decide on the treatment regime, as well as for monitoring of the treatment response. The SUN 
workshop grading of anterior chamber flare and cells remains the gold standard for this.5 Topical steroid eye drops are 
often prescribed as a course of hourly or half-hourly intensive treatment for a week, followed by a slow taper over the 
following weeks, depending on the treatment response.31 Patients with chronic disease sometimes require long-term 
topical steroid eye drops to maintain remission. The exact regime of topical steroid eye drops therapy often remains at the 
discretion of individual clinicians.

Because glucocorticoids are potent drugs with a plethora of molecular effects, side-effects can occur with their use. 
Elevation in intraocular pressure (IOP) is one of the most documented side effects of topical steroid eye drops. Although 
there are several theories and the exact mechanism of how this happens remains unclear, topical steroid eye drops are 
thought to increase aqueous outflow resistance by affecting the extracellular matrix of the trabecular meshwork.32 In fact, 
following the use of topical dexamethasone, between 34% and 42% of individuals can develop an IOP rise from 
a baseline of 6 mmHg to 15mmHg, to a final pressure of 20mmHg to 31mmHg.33 This degree of pressure rise is found in 
nearly all patients with primary open-angle glaucoma. Unfortunately, since many of the early generation topical steroid 
eye drops were introduced prior to modern regulatory requirements, placebo-controlled trials and comparative studies 
looking at their effects on IOP are limited.34

While the effects of IOP elevation with topical steroid eye drops are well known, it is important to consider other risk 
factors for ocular hypertension (OHT) in non-infectious uveitis. It has been shown that risk factors for increased 
incidence of OHT ≥30mmHg include systemic hypertension, prior history of ocular hypertension in the fellow eye, 
anterior chamber cells and peripheral anterior synechiae.35 In contrast, a history of bilateral uveitis and previous 
hypotony were associated with a reduced risk of OHT.35 This highlights the importance of a comprehensive history 
and clinical examination in patients presenting with raised IOP, including gonioscopy to identify synechial closure in 
uveitis.36

Cantrill et al looked at the IOP effects of different topical corticosteroids, including dexamethasone 0.1%, predniso
lone 1.0%, dexamethasone 0.005%, fluorometholone 0.1%, hydrocortisone 0.5%, tetrahydrotriamcinolone 0.25%, and 
medrysone 1.0%.37 Topical steroids were given four times a day for an average of 4.6 weeks, and whilst the study sample 
was small (six men and four women), they confirmed that the more potent the topical steroid, the higher the IOP 
response. To our knowledge, the only prospective randomized controlled trial comparing the safety and efficacy of 
different topical steroid eye drops in uveitis was by the Loteprednol Etabonate US Uveitis Study Group in 1998.38 In this 
study, the authors looked at the use of loteprednol etabonate 0.5% versus prednisolone acetate 1% in the treatment of 
uncomplicated anterior uveitis. They found that while loteprednol was less effective in reducing signs and symptoms, 
only one patient in the loteprednol group (out of 118) developed a pressure rise of more than 10mmHg, compared to 
seven patients in the prednisolone acetate group (out of 103). The treatment regime of the topical steroids was eight times 
a day from day 0 to day 7, six times a day from days 8 to 14, four times a day from days 15 to 21, finally followed by 
a 14-day tapering regime from four times a day to none.

Interestingly, in the majority of cases with topical steroid-induced IOP elevation, the IOP tends to lower sponta
neously back to baseline levels after the cessation of topical steroid therapy.37,39 The different preparations of available 
steroid eye drops are outlined in Table 2.

The other well-known side effect of topical corticosteroids is the development of cataracts, particularly posterior 
subcapsular cataracts.40–42 However, non-infectious uveitis in itself is a risk factor for the development of cataracts, with 
the 5-year risk of developing cataracts being 3-times higher in patients with uveitis compared to controls.43 In fact, in 
a paediatric cohort of patients with juvenile idiopathic arthritis, the prevalence of cataract was 44% (out of 140 children), 
affecting 77% of panuveitis patients, 48% of anterior uveitis patients and 48% of intermediate uveitis patients.44 Other 
risk factors identified for the development of cataracts included the number of uveitis flares per year, the presence of 
cystoid macular oedema, and posterior synechiae. Remarkably, while the use of local corticosteroid injections is a risk 
factor, treatment with topical corticosteroids was not found to be a significant risk factor. This highlights the importance 
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of an appropriate long-term regimen for patients with chronic uveitis who require long-term corticosteroids, to reduce the 
risk of cataract formation. A retrospective review of JIA patients by Thorne et al over 4 years demonstrated that there 
was an 87% reduction in the risk of cataract formation in patients who were using topical steroid eye drops less than three 
times a day, compared to patients using these more than three times a day.45 This is an important consideration when 
counselling patients requiring long-term topical steroid eye drop therapy, as uncontrolled disease activity with frequent 
flares probably constitutes a greater risk of developing cataracts than simply as a side-effect of topical steroid eye drops.

Topical corticosteroids are also used to treat macular oedema associated with uveitis. In a retrospective case series of 
58 patients (72 eyes) with non-infectious uveitic macular oedema treated with topical 0.05% difluprednate, central 
macular subfield thickness decreased by an average of 17%. At 30 days, 76% of eyes had improved, with 48% of eyes 
achieving resolution of macular oedema.46 However, due to the higher rate of complications from glaucoma and 
cataracts, it has not yet been approved by European Medical Agency.47

Considerations in the Use of Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)
Another class of anti-inflammatory agents used in uveitis is the nonsteroidal anti-inflammatory drugs (NSAIDs). In 
ophthalmic practice, topical NSAIDs are commonly used for the treatment of postoperative inflammation and macular 
oedema following cataract surgery. Several types of topical NSAIDs have been approved by the US Food and Drug 
Agency (FDA) for this purpose, including bromfenac 0.09% (Bromday®; ISTA Pharmaceuticals Inc), and bromfenac 

Table 2 A Breakdown of the Characteristic of the Various Topical Steroid Eye Drops, Arranged in Order of Relative Potency

Generic Concentration Preservative- 
Free

Propietary Relative Potency Risk of Rise in 
Intraocular Pressure

Difluprednate 0.05% No Durezol® 

Diflucor® 

Flupred®

High Yes76–79

Prednisolone acetate 1% No Pred Forte® High Yes80

Dexamethasone sodium 

phosphate

0.1% Unit dose Minims® 

Dexamethasone 
Dropodex® 

Dexafree® 

Eythalm®

Moderate Yes – considered to be 

highest risk80,81

Dexamethasone base 0.1% No Maxidex® Moderate Yes – considered to be 

highest risk80,81

Betamethasone sodium 

phosphate

0.1% No Betnesol® 

Vistamethasone®

Moderate Very low risk79,82

Prednisolone sodium 

phosphate

0.5% 

0.1% (SOM) 
0.3% (SOM)

Minims® Predsol® Moderate Yes80

Fluorometholone 0.1% No FML® Low Less than other topical 
corticosteroids80,83

Loteprednol 0.5% No Lotemax® Low Yes, but less than other 
topical corticosteroids84– 

86

Hydrocortisone sodium 

phosphate

0.335% Unit dose Softacort® Low Less than other topical 

corticosteroids80,87

Notes: SOM: some preparation may only available from Special Order Manufacturers in countries such as the UK.

https://doi.org/10.2147/JIR.S288294                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2022:15 6444

Balasubramaniam et al                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


0.07% (Prolensa®; Bausch and Lomb Incorporated, Bridgewater, NJ, US).48 NSAIDs exert their anti-inflammatory action 
by inhibiting the cyclooxygenase enzymes (COX 1 and COX 2), therefore inhibiting the conversion of arachidonic acid 
into inflammatory mediators such as prostaglandins and thromboxanes, as illustrated in Figure 2.49

Similar to glucocorticoids, the main route used for the application of NSAIDs in uveitis is topical administration. 
Although the evidence of their efficacy is limited, topical NSAIDs are frequently used-off label by clinicians for the 
treatment of uveitic macular oedema,47 as they are considered to be safe and effective alternatives in the topical manage
ment of ocular inflammation, due to the serious adverse effects associated with steroid use, as mentioned above.50 

A comparative case series of 67 eyes evaluated the efficacy of bromfenac drops alone, versus bromfenac with intravitreal 
bevacizumab (IVB), versus bromfenac with intravitreal triamcinolone (IVTA) in the treatment of uveitic macular oedema. It 
was shown that while both combinations with IVB and IVTA were effective at improving visual acuity and decreasing 
central macular thickness, bromfenac alone was ineffective with no statistically significant change in visual acuity.51 

Similarly, a retrospective review of 281 patients treated with three times a day topical nepafenac 0.1% for uveitic macular 
oedema failed to demonstrate statistically significant changes in visual acuity and central macular thickness.47

Consideration of Topical Therapies in Uveitic Macular Oedema in Non-Infectious 
Uveitis
Modern treatment of uveitic macular oedema usually requires the use of systemic immunosuppression, intravitreal 
steroids, or intravitreal implants.14 While the level of published evidence on the use of topical therapies for uveitic 
macular oedema is limited, clinicians can sometimes encounter patients who are unsuitable for anything other than 
topical therapies. This would include patients with significant co-morbidities unsuitable for systemic steroids, or who are 
unable to tolerate intravitreal steroids and implants. For these group of patients, it is prudent to consider off-label use of 
topical medications such as dorzolamide, NSAIDs, and topical steroids as summarized in Table 3.

Figure 2 The anti-inflammatory effect of NSAIDs via the arachidonic acid pathway.97,98
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Complications and Consequences of Non-Infectious Uveitis
Chronic inflammation in non-infectious uveitis can increase the risk of many complications, specifically posterior 
synechiae formation, anterior capsule pigment deposition, glaucoma, cataracts, loss of vision, visual disturbance due 
to epiretinal membrane formation or macula oedema, retinal disorders and retinal detachment.43

Loss of vision in anterior uveitis alone is rare. A study of 2526 eyes with a mean follow up of 6.8 years showed that 
the incidence of permanent moderate vision loss (≤20/50) in anterior uveitis was 3.8%.52 The most common cause of this 
was found to be uveitic glaucoma, accounting for up to 31.3% of cases of moderate vision loss. Other causes of 
permanent vision loss in anterior uveitis include cornea scarring, cornea oedema, pupillary membrane, epiretinal 
membrane, macular hole and hypotony. Posterior synechiae can also lead to loss of vision, and have been shown to be 
associated with worse visual outcomes.53,54 Another study reported that for patients with uveitis who do develop vision 
loss, the primary reason was macular oedema, causing reduction of vision to less than 20/40 in up to 30% of patients with 
posterior uveitis.55

In the next section, we will discuss the specific indications of topical therapy to reduce the long-term complications 
and consequences of chronic non-infectious uveitis.

Table 3 Published Evidence About Topical Therapies for Uveitic Macular Oedema

Generic Concentration Preservative- 
Free

Type of 
Medication

Propietary Level of Evidence

Difluprednate 0.05% No Topical steroid Durezol® 

Diflucor® 

Flupred®

Case series reporting good 

effect46,78,88–90

Nepafenac 0.1% No Topical NSAIDs Nevanac® Case series, limited conflicting 

evidence. Controlled prospective 
studies required47,91

Bromfenac 0.09% No Topical NSAIDs Yellox® Case series, limited conflicting 

evidence, Controlled prospective 

studies required51,92

Diclofenac 

sodium

0.1% Yes Topical NSAIDs Voltarol® 

Ophtha

No published evidence for uveitic 

macular oedema 
Evidence only (randomized control 

trial) for post-operative macular 

oedema93

Ketorolac 

trometamol

0.5% No Topical NSAIDs Acular® No published evidence for uveitic 

macular oedema 
Evidence only (randomized control 

trial and randomized, investigator- 

masked, multi-centre clinical trial) for 
post-operative macular oedema.94,95

Dorzolamide 
hydrochloride

2% No Topical NSAIDs Trusopt® No published evidence for uveitic 
macular oedema 

Evidence (case series) for post- 

operative macular oedema95 and for 
macular oedema associated with 

retinitis pigmentosa  

(Case reports;88–90 Prospective non- 
randomized trial96)
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Topical Cycloplegics to Treat Posterior Synechiae and Anterior Lens Capsule Pigment 
Deposition
Topical cycloplegic drugs such as atropine and cyclopentolate are used in anterior uveitis to break existing posterior 
synechiae, and prophylactically to prevent the formation of synechiae in chronic uveitis. Severe posterior synechiae could 
limit the movement of aqueous from the posterior chamber into the anterior chamber, resulting in iris bombe and 
secondary angle closure.

Of the cycloplegic agents, atropine, which is an organic compound derived from tropic acid and tropine, is the most 
potent. It has a slow onset of effect with duration of action lasting up to 2 weeks. On the other hand, cyclopentolate, 
a synthetic compound, has a faster onset of action (30–45 min) and duration of action (24 hours). Their mechanism of 
action is very similar, wherein they are both anticholinergic agents which inhibit contraction of the circular pupillary 
sphincter muscle by blocking muscarinic receptors. This inhibition along with the counteracting radial pupillary dilator 
muscle contraction results in pupillary dilation.56,57

One of the considerations with topical cycloplegics is whether or not they affect aqueous flare measurements in the 
assessment of anterior chamber activity. Studies using laser flare meter as a quantitative method of measuring cells and 
protein in the aqueous have shown that mydriatic agents could reduce laser flare values by 10–20% following dilation in 
normal eyes.58 However, in a cohort of 25 patients with chronic anterior uveitis, it was shown that the measurement of 
flare was not affected by pupillary dilation.59 Similarly, a larger and more recent study of 148 eyes from 83 patients with 
inactive uveitis showed no significant differences in flare after pupillary dilation.60 This is a potentially important 
consideration when monitoring disease activity in patients on long-term cycloplegics.

Both cyclopentolate and atropine are available in preservative-free minims preparations such as cyclopentolate 0.5%, 
cyclopentolate 1% and atropine sulphate 1%.

Adverse effects of cycloplegic agents range from localised ocular effects to generalised systemic effects due to 
absorption. For atropine, the ocular adverse effects include allergic contact dermatitis of the lids, allergic conjunctivitis, 
keratitis, and increased intraocular pressure, and the systemic side effects include dryness of secretions, fever, irritability, 
tachycardia and convulsions. Similarly, for cyclopentolate, the ocular side effects may include irritation, lacrimation, 
allergic blepharoconjunctivitis, conjunctival hyperemia, and increase in intraocular pressure. Systemic side effects 
include drowsiness, ataxia, disorientation, incoherent speech, restlessness, and visual hallucinations.56,57

Topical Glaucoma Agents for Management of Uveitic Glaucoma
As previously mentioned, uveitic glaucoma is one of the most common causes of visual loss in patient with uveitis. As 
mentioned previously, the mechanism of increased IOP in uveitic glaucoma is often complex and multifactorial, 
occurring either due to the inflammatory process itself, or secondary to long-term topical steroid use.61,62

While there are an increasing variety of topical glaucoma drops available, it is useful to be aware of certain glaucoma 
agents which have been associated with drug-induced uveitis.

Brimonidine tartrate, a selective alpha2-adrergic receptor agonist, is a glaucoma agent which in a number of case 
reports link to granulomatous anterior uveitis and increased IOP.63–65 In one of the largest case series of brimonidine- 
associated anterior uveitis (16 patients and 26 eyes), the key clinical features were conjunctival ciliary injection and 
mutton fat keratic precipitates.66 This group of patients had different types of glaucoma, with none of them having a prior 
diagnosis of uveitis. The time between initiation of brimonidine treatment and presentation varied widely between 1 
week to 49 months, with complete resolution of uveitis within 4 weeks of stopping treatment.

Another class of widely used glaucoma agents are prostaglandin analogues, such as latanoprost, travoprost and 
bimatoprost. These are associated with a number of well-known side effects such as eyelash growth, iris and periocular 
skin pigmentation, iris cysts, and conjunctival injections.67,68 In a case series of 94 patients and 163 eyes on 
latanoprost, 6% of patients developed anterior uveitis, while 2% developed cystoid macular oedema.69 Furthermore, 
in a small case series of four patients with anterior uveitis associated with latanoprost use, the anterior uveitis recurred 
after a latanoprost re-challenge.70 A recent systematic review and meta-analysis of 214 studies looked at uveitis and 
cystoid macular oedema associated with uveitis in glaucoma patients. Out of 28,232 patients, the incidence of uveitis 
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and cystoid macular oedema were 0.22% and 0.09%, respectively, with higher frequency of association with latano
prost compared to bimatoprost.71 The cases of uveitis or cystoid macular oedema are often confounded by other effects 
such as ocular surgery, subluxed introcular lens, and aphakia. This makes it difficult to conclude a cause-effect 
relationship.

Ocular Surface Disease Considerations in the Use of Topical Therapy
An important consideration in the use of topical eye drops is the presence of preservatives. Benzalkonium chloride 
(BAK) is the most commonly used preservative in eye drops.72 It has been associated with ocular side effects such as dry 
eyes and ocular surface inflammation.73,74 Ocular surface irritants can impede the recovery of the ocular surface in 
patients with pre-existing ocular surface disease.75 It is important for clinicians to conduct a baseline assessment of the 
patient’s ocular surface before starting treatment, especially when prolonged use of topical therapy is expected.68 Ideally, 
preservative-free formulations of eye drops should be used when possible. Patients with ocular surface disease could 
have exacerbation of their symptoms of uveitis with symptoms such as redness, discharge, fluctuation of vision, gritty 
sensation, and excess tearing. If necessary, the ocular surface should be optimized with the management of blepharitis, 
and support of the tear film with ocular lubrication.

Conclusions
The modern management of non-infectious uveitis often requires systemic corticosteroids, intravitreal injections, 
intraocular implants and systemic immunosuppression therapy. However, topical therapies remain an important non- 
invasive treatment modality for the management of non-infectious uveitis, especially in patients who are unsuitable for 
systemic and invasive therapies. It is important for clinicians to consider the different aspects of topical therapies in non- 
infectious uveitis for the optimisation of treatment response while minimizing side effects.
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