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Central to the management of all ophthalmic disease processes is
preservation of vision and maintenance or restoration of ocular comfort.
The etiology of ophthalmic disease varies and may involve adnexal, surface,
or intraocular pathologic findings of primary or secondary causes. Regardless
of the inciting problem or ocular region affected, inflammation is a common
sequela of disease and may result in keratitis sicca, corneal pigmentation or
vascularization, fibrosis, cataract, glaucoma, synechia, optic nerve atrophy,
retinal degeneration, retinal detachment, phthisis bulbi, or blindness [1].
Prompt appropriate treatment of ocular inflammation is essential if
additional ocular discomfort and loss of vision are to be prevented.

Several excellent reviews discuss the management of ocular inflammation,
and the reader is referred to those sources for a general overview of this topic
[1–3]. This article discusses the current uses of nonsteroidal anti-inflamma-
tory drugs (NSAIDs) in veterinary ophthalmology. Specifically, review of
the recent veterinary ophthalmic literature regarding the indications and
efficacy of systemic and topical NSAIDs is discussed.

Mechanism of action of nonsteroidal anti-inflammatory drugs

Ocular inflammation occurs in response to mechanical, chemical, or
thermal injury or endogenous influences of cellular or humoral origin
secondary to infectious or immune-mediated causes. In-depth reviews of the
pharmacologic action of NSAIDs have recently been published [4–6]. After
cell membrane damage, membrane phospholipid is released and hydrolyzed
by phospholipase A2, resulting in the formation of arachidonic acid (Fig. 1).
Metabolism of arachidonic acid occurs by the cyclooxygenase (COX) and
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lipoxygenase pathways. COX activity results in thromboxane A2, prosta-
glandin E2, (PGE2), PGF2a, and PGI2 (prostacyclin) production, whereas
lipoxygenase activity results in the formation of leukotrienes (LTs). PGs, the
main substances that result in the clinical manifestations of inflammation,
potentiate the effects of other inflammatory mediators, cause breakdown of
the blood–aqueous barrier (BAB), exacerbate photophobia, and lower the
ocular pain threshold [7].

NSAIDs drugs inhibit the constitutive form of COX (COX-1) as well as
the inducible form (COX-2). Constitutive COX-1 enzymes are expressed on
the endoplasmic reticulum of all cells, including platelets; gastrointestinal
(GI) mucosa; vascular endothelium; renal medullary collecting ducts;
interstitium; and pulmonary, hepatic, and splenic sites [8]. COX-1 is
important for normal physiologic function, and PGs, prostacyclin, and

Fig. 1. The arachadonic acid cascade and effects on ocular structures.
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thromboxane synthesized by this enzyme are needed for maintaining
a healthy GI tract and renal system, functional platelets, and blood flow to
specific tissues. By contrast, COX-2, synthesized by macrophages and
inflammatory cells that have been stimulated by cytokines and other
inflammatory mediators, is considered to be associated with inflammation
and pain [9]. It follows that selective inhibition of COX-2 and sparing of
COX-1 provides the ideal anti-inflammatory and analgesic NSAID without
the common side effects associated with COX-1 inhibition, including GI and
renal toxicity and inhibition of thrombocyte function. Although currently
used NSAIDs in veterinary ophthalmology vary in their COX-1 and COX-2
selectivity, most inhibit both isoenzymes [9,10].

Evidence suggests that NSAIDs may exert additional anti-inflammatory
actions other than COX inhibition [8]. Suppression of polymorphonuclear
leukocyte (PMN) cell locomotion and chemotaxis may occur through
a direct effect on the PMN [11]. In experimental models of ocular allergy,
NSAIDs have been shown to decrease expression of inflammatory cytokines
as well as mast cell degranulation [12]. NSAIDs may also exert an anti-
inflammatory effect as free radical scavengers [13]. Finally, as organic acids,
NSAIDs accumulate at sites of inflammation, enhancing their local anti-
inflammatory effects [8,13].

Systemic nonsteroidal anti-inflammatory drugs in veterinary ophthalmology

Acetylsalicylic acid (aspirin) was first synthesized more than 100 years
ago, but the anti-inflammatory, analgesic, and antipyretic properties of
salicylates have been known for more than 3000 years. Currently, many
different systemic NSAIDs are available, including acetylsalicylic acid,
ibuprofen, phenylbutazone, flunixin meglumine, ketoprofen, ketorolac,
piroxicam, acetaminophen, carprofen, etodolac, meloxicam, tolfenamic
acid (TA), naproxen, and deracoxib. Certain NSAIDs have COX-1 and
COX-2 inhibitory effects (eg, aspirin, ketoprofen), whereas others prefer-
entially inhibit COX-2 or are COX-1 sparing to varying degrees (eg,
meloxicam, carprofen, etodolac, deracoxib) [14–17]. In-depth discussion of
the pharmacologic considerations and indications for the numerous
currently available systemic NSAIDs is beyond the scope of this article,
and the reader is referred to several excellent recent veterinary reviews of
this subject [5,6,10,14,18]. Dose recommendations of commercially available
systemic NSAIDs used by veterinary ophthalmologists can be found in
Table 1.

Veterinary ophthalmologists most commonly use systemic NSAIDs in
treating uveitic conditions for which corticosteroids are contraindicated,
such as infectious diseases and diabetes mellitus, and before cataract surgery
for their effects on maintaining mydriasis [2]. Acetylsalicylic acid,
phenylbutazone, and flunixin meglumine have traditionally been the most
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Table 1

Nonsteroidal anti-inflammatory drugs useful for systemic therapy of ocular inflammation in

dogs, cats, and horses

Drug Species Indication Dose, route, frequency

Carprofen Dog Surgical � 4.0 mg/kg IV, SC, IM once at induction

Anti-inflammatory � 2.2 mg/kg PO q12–24 hours PRN

Cat Surgical � 4.0 mg/kg SC lean weight once at

induction

Horse Anti-inflammatory 0.7 mg/kg IV, PO q12–24 hours PRN

Flunixin

meglumine

Dog Surgical 0.25–1.0 mg/kg IV, SC, IM q12–24 hours

for 1–2 treatments

Cat Surgical 0.25 mg/kg SC q12–24 hours for 1–2

treatments

Horse Anti-inflammatory 1.1 mg/kg IV, IM, PO q12–24 hours

Meloxicam Dog Surgical � 0.2 mg/kg IV, SC once

� 0.1 mg/kg IV, SC, PO q12–24 hours

thereafter

Anti-inflammatory � 0.2 mg/kg PO once

� 0.1 mg/kg PO q24 hours thereafter

Cat Surgical � 0.2 mg/kg SC, PO once

� 0.1 mg/kg SC, PO lean body weight

q2–3 days

Anti-inflammatory � 0.2 mg/kg SC, PO once

� 0.1 mg/kg SC, PO lean body weight

q2–3 days

Horse Anti-inflammatory 0.6 mg/kg IV q12–24 hours

Ketoprofen Dog Surgical � 2.0 mg/kg IV, IM, SC, PO once

� 1.0 mg/kg q24 hours thereafter

Anti-inflammatory � 2.0 mg/kg PO once

� 1.0 mg/kg q24 hours thereafter

Cat Surgical � 2.0 mg/kg SC once

� 1.0 mg/kg PO q24 hours thereafter

Anti-inflammatory � 2.0 mg/kg PO once

� 1.0 mg/kg PO q24 hours thereafter

Horse Anti-inflammatory 2.2 mg/kg IV, IM q12–24 hours

Phenylbutazone Dog Anti-inflammatory 10–14 mg/kg PO q8–12 hours

Horse Anti-inflammatory 2.2–4.4 mg/kg IV, PO q12–24 hours

Aspirin Dog Anti-inflammatory,

antithrombotic

10 mg/kg q12 hours PO

Cat Anti-inflammatory,

antithrombotic

10–20 mg/kg q48–72 hours PO

Horse Anti-inflammatory,

antithrombotic

17 mg/kg q48 hours PO

Ketorolac Dog Surgical 0.3–0.5 mg/kg IV, IM

Cat Surgical 0.25 mg/kg IM q12 hours for 1–2

treatments

Etodolac Dog Anti-inflammatory � 15 mg/kg PO q24 hours

Deracoxib Dog Anti-inflammatory � 4 mg/kg PO q24 hours

Abbreviations: IM, intramuscular; IV intravenous; PO, per os; PRN, as needed; SQ,

subcutaneous.

Data from Refs. [5,6,14,15,33,72].
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commonly prescribed NSAIDs in dogs, cats, and horses by veterinary
ophthalmologists [2]. With the advent of US Food and Drug Administra-
tion (FDA) approval for newer systemic NSAIDs with fewer reported side
effects, however, drugs like carprofen and etodolac are being used with
increasing frequency.

Various models of uveitis via disruption of the BAB have been used in the
veterinary ophthalmic research setting, including modified paracentesis
[19,20], disruption of the anterior lens capsule using a neodymium:yttrium
aluminum garnet laser (Nd:YAG) [21–23], topical drug application [24–26],
and corneal surgery [27]. Ward et al [19] used anterior chamber
fluorophotometry to compare the BAB stabilizing effect of several topical
and systemic anti-inflammatory agents in a modified paracentesis model of
BAB disruption in the dog. Evaluation of systemic NSAIDs used in this
study revealed that flunixin meglumine offered good BAB protection, with
aspirin being moderately protective compared with placebo; however, both
drugs were noted to cause some GI bleeding. A second study conducted by
Millichamp et al [22] found that intravenously administered flunixin
meglumine had a significant effect in limiting miosis and reducing production
of PGE2 in the aqueous humor after acute inflammation induction by laser
disruption of the anterior lens capsule in normal adult dogs. Krohne et al [26]
used topical pilocarpine to induce breakdown of the BAB, resulting in
aqueous flare. Using a Kowa FC-1000 (Kowa, Tokyo, Japan) laser flare cell
meter to perform laser flare photometry, the authors found that carprofen
pretreatment resulted in a 68% inhibition of flare, thus providing evidence
that carprofen was an effective systemic ocular anti-inflammatory drug using
this pilocarpine irritativemodel in dogs. TA, approved for use in cats and dogs
in Europe and Canada, was investigated by Roze et al [27] for its value in
controlling ocular inflammation in the dog when administered subcutane-
ously 2 hours before surgery. Intraocular inflammation was induced in this
studywith a 5-mm incision on the cornea, which was subsequently closed with
nonabsorbable suture in a simple interrupted pattern. Researchers found that
TA-treated dogs demonstrated a statistically significant reduction of miosis
compared with untreated dogs and a trend toward reduced ocular discharge
and corneal edema. Additionally, TA-treated dogs had significantly lower
PGE2 levels in their aqueous humor than control dogs after surgery.

Side effects of systemic nonsteroidal anti-inflammatory drugs

Although the usefulness of systemic NSAIDs in veterinary ophthalmol-
ogy is well known, clinicians should be aware of adverse effects that can
occur with use. Systemic treatment with NSAIDs has been associated with
a number of systemic side effects, of which GI adverse effects are considered
the most significant in people and animals [28,29]. These side effects may
necessitate cotreatment with other medications (ie, PG analogues, hista-
mine-2 receptor antagonists, proton pump inhibitors) or result in premature
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discontinuation of systemic therapy because of anorexia, hematemesis,
severe anemia, or, rarely, perforation of gastroduodenal ulcers [30,31]. The
exact mechanisms by which NSAIDs induce GI disease are not fully
understood. Some NSAIDs, including aspirin, are weak acids and easily
transported into GI epithelial cells because of their nonionized and
lipophilic state in intraluminal gastric pH. Once incorporated into epithelial
cells, they become ionized, mitochondrial injury ensues, and direct toxicity
results [32]. In addition to this direct topical effect, NSAIDs impair PG-
dependent mucosal-protective mechanisms through nonselective COX
inhibition, resulting in reduced bicarbonate secretion, reduced mucus
formation, and vascular effects [30].

The incidence of GI adverse effects in dogs treated with oral NSAIDs is
currently unknown, because no large study of dogs receiving NSAIDs has
been performed. Nevertheless, individual reports of NSAID-associated GI
side effects in dogs have been reported secondary to naproxen, aspirin,
piroxicam, indomethacin, flunixin meglumine, ibuprofen, carprofen, and
etodolac administration and have been reviewed elsewhere [31]. Clinical
signs have included melena, vomiting, diarrhea, hematemesis, and GI
ulceration. Clinicians should be aware of these potential adverse effects
when prescribing any oral NSAID for the treatment of ocular inflammation.

Of all veterinary ophthalmic patients commonly treated with systemic
NSAIDs, the horse seems to be at greatest risk from NSAID-associated side
effects. The risks of gastric ulceration and more fatal conditions, such as
colitis, cannot be overemphasized. Recall that even highly selective COX-2
inhibitors continue to inhibit COX-1 to some extent; thus, GI side effects
that occur with traditional NSAIDs, although greatly minimized, are not
eliminated completely. At this time, selective COX-2 inhibitors are still
under patent; thus, no generic forms are currently available. Use of the
human products in horses is generally prohibitively expensive. Etodolac,
a veterinary drug, may be an alternative systemic NSAID for use in horses
particularly in need of a drug with fewer GI side effects (eg, the chronic
uveitis patient that has already had some side effects on traditional
NSAIDs) [33,34]. The cost difference is significant when compared with
more traditionally prescribed NSAIDs, although not necessarily prohibitive,
and this drug merits consideration in selected equine cases. A prudent
approach until COX-2 inhibitors become widely available and affordable
for equine use is to ensure that when systemic NSAIDs are indicated, they
are prescribed in safest possible manner. The maximum dose of flunixin is
1.1 mg/kg twice daily and the maximum dose of phenylbutazone is 4.4 mg/
kg twice daily [6,35]. Clinicians should avoid using systemic NSAIDs at
a higher frequency than intended (ie, more than twice daily), not use
maximum doses for prolonged periods, and reduce drug dose as soon as
clinical signs indicate. Special caution should be exercised in horses that
have other systemic medical problems, such as dehydration, to avoid further
exacerbating known NSAID side effects.
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Additional reported side effects associated with systemic NSAID use
other than the aforementioned GI disturbances include blood dyscrasias;
hypoproteinemia; bronchoconstriction; hepatopathy; nephrotoxicity; fetal
abnormalities when administered to a pregnant animal; and cellulitis,
thrombophlebitis, and tissue necrosis associated with intramuscular or
perivascular injections [14,30,33,35–37]. Hepatotoxicity has been reported
dogs receiving carprofen at clinical doses; although analysis of the data
supported an idiosyncratic cytotoxic hepatocellular drug reaction, the
authors advocate evaluation of renal and hepatic function before the
administration of carprofen [38].

Systemic NSAID use in cats has been associated with bone marrow
suppression, GI ulceration, hemorrhage, vomiting, and diarrhea [39]. Cats
are highly susceptible to the toxic effects of salicylates because of slow
clearance, lack of glucuronide metabolism, and dose-dependent elimination
[40,41]. Clinical signs associated with salicylate toxicity in cats include
hyperthermia, metabolic acidosis with compensatory respiratory alkalosis,
methemoglobinemia, hemorrhagic gastritis, and renal and hepatic injury
[10]. Accidental feline poisonings as a result of oral acetaminophen ingestion
have also been well documented; therefore, this drug should be avoided in
cats [10]. Duodenal perforation in a cat after oral carprofen treatment has
been reported [42]. Other reports have found that carprofen may be safely
administered to cats after surgery with equally efficacious results compared
with other NSAIDs [43,44]. Aspirin, phenylbutazone, and ketoprofen can be
administered systemically provided that careful dosing and conscientious
screening for possible side effects are monitored [39].

In summary, when systemic NSAIDs are prescribed, patients should be
monitored for hematochezia or melena, vomiting, increased water consump-
tion, and nonspecific changes in demeanor. If adverse clinical signs develop,
owners should be instructed to discontinue the medication and consult their
veterinarian promptly. If NSAID therapy is prescribed for chronic use,
intermittent monitoring of creatinine and alanine aminotransferase is
advisable [14].

Topical nonsteroidal anti-inflammatory drugs in veterinary

ophthalmology: overview and literature review

Topical NSAIDs have been widely investigated for the past several years,
and their use in veterinary ophthalmology is expanding. A list of the current
topical agents available in the United States includes ketorolac, diclofenac,
flurbiprofen, and suprofen (Table 2). Topical ophthalmic preparations
containing indomethacin are commercially available only in Canada and
Europe at this time. Topical NSAIDs have been approved by the FDA to
reduce postoperative inflammation and photophobia after cataract surgery,
control symptoms of allergic conjunctivitis, and alleviate pain after
refractive surgery [7,8]. In human beings, topical NSAIDs have also proven
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useful in decreasing the incidence of cystoid macular edema (CME) and in
treating CME once it occurs [7]. In addition to the FDA-approved uses of
topical NSAIDs, these agents have been beneficial before surgery in
preventing PG-induced ocular inflammation and undesired intraoperative
miosis [45].

Although topical corticosteroids and NSAIDs are widely used by
veterinary ophthalmologists, corticosteroids possess additional actions that
can be detrimental to the management of ocular disease. These steroid-
mediated effects include impaired host defenses by reducing the migration of
neutrophils and macrophages, thereby increasing the risk of infection
(particularly keratomycosis); decreased vascular permeability; suppressed
action of various lymphokines; delayed corneal wound healing by de-
creasing keratocyte proliferation and collagen deposition; potentiation of
corneal collagenase activity; and decreased epithelial healing rates [1,8,46].
Other risks of topical steroids well recognized by physician ophthalmolo-
gists include cataracts and glaucoma [47]. Topical NSAIDs represent a more
selective modality with which to treat ocular inflammation and a more
prudent therapeutic choice when treating infectious ocular diseases, such as
ulcerative keratouveitis or stromal abscesses. Mechanism of action has
already been described (see Fig. 1). They are often used concurrently with
topical corticosteroids to improve control of ocular inflammation and may

Table 2

Commercially available topical nonsterodial anti-inflammatory agents available in the United

States

Generic name

Brand

name Manufacturer Buffer Preservative

FDA-

approved use

Ketorolac

tromethamine

0.5%

Acular Allergan None Benzalkonium

chloride

0.01%

Postcataract

surgical

inflammation

Discomfort from

seasonal allergic

conjunctivitis

Ketorolac 0.5% Acular PF

0.5

Allergan None None See above

Diclofenac 0.1% Voltaren Novartis

Ophthalmics

Boric

acid

Sorbic

acid

Postcataract

surgical

inflammation

Pain after

refractive

surgery

inflammation

Flurbiprofen

0.03%

Ocufen Allergan Sodium

citrate

Thimersol

0.005%

Prophylaxis of

surgical miosis

Suprofen 1% Profenal Alcon None Thimersol

0.005%

Prophylaxis of

surgical miosis

Abbreviation: FDA, US Food and Drug Administration.

Data from Refs. [8,45,73].
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permit less frequent application of topical steroids, thereby reducing the side
effects associated with corticosteroid treatment alone. Typically, topical
NSAIDs are applied two to four times per day, pending the severity of
anterior segment ocular inflammation [8,39,45].

Preliminary research by veterinary ophthalmologists was aimed at
determining those inflammatory mediators that caused uveitis in select
companion animals and at establishing methods by which to accurately
assess the degree of inflammation present in animal eyes. Dziezyc et al [48]
injected various concentrations of PGF2a, LTD4, and phosphate-buffered
saline solution (control) into the anterior chamber of dogs. At the time of
anterior chamber injection, a 10% solution of sodium fluorescein was
injected intravenously (at a rate of 14 mg/kg of body weight). Effects on
pupil size, intraocular pressure (IOP), and anterior chamber fluorescence
were evaluated. This study revealed that PGF2a was a potent miotic and
significantly increased the breakdown of the BAB compared with LTD4. No
statistically significant increase in IOP was found when compared with
control animals. Ward et al [49] investigated a specific 5-lipoxygenase
inhibitor, PF5901, on disruption of the BAB in the dog using anterior
chamber fluorophotometry in a unilateral paracentesis canine model.
Results of this study demonstrated that LTs are not important mediators
of BAB disruption in this model and that LT inhibitors may actually
exacerbate disruption because of shunting of arachidonate metabolism
toward the COX or epoxygenase pathways.

Evaluation of topical anti-inflammatory drug efficacy with regard to
intraocular inflammation can be studied with different techniques, including
slit lamp biomicroscopy, anterior segment fluorophotometry, and laser flare
and cell measurement (LFCM). Both fluorophotometry and LFCM provide
quantitative data to assess the permeability of the BAB [45]. Fluoropho-
tometry determines a parameter called the ‘‘fluorescein diffusion coefficient’’
of the BAB, which reflects the BAB permeability toward molecules with the
properties of fluorescein [50]. LFCM allows observer-independent detection
of the permeability status of the BAB toward proteins [51]. Ward et al [52]
established a protocol for performing slit-lamp fluorophotometry of the
anterior chamber in dogs. The technique was then used to develop a model
of BAB disruption that could be used for comparative testing of ophthalmic
anti-inflammatory drugs. This group determined that barrier disruption
induced by a slow controlled paracentesis of a small volume of aqueous
humor provided the most reliable model for drug testing. Fluorophotometry
was shown to be a sensitive and accurate means of detecting breakdown of
the BAB. Krohne et al [53] established a noninvasive, accurate, and sensitive
quantitation of aqueous humor protein concentration in dogs using laser
flaremetry.

With research models of uveitis developed in veterinary ophthalmology
[19–22,24–27] and established techniques by which to quantify BAB
breakdown [52,53], veterinary ophthalmologists have begun to investigate
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the effects of topical NSAIDs in their patient population. A fundamental
understanding of the mechanisms by which different research models induce
BAB breakdown is important to the interpretation of studies that examine
the efficacy of anti-inflammatory drugs as inhibitors of uveitis. Mediators
known to play a role in BAB breakdown across different species include
PGs, LTs, platelet-activating factor, neuropeptides like calcitonin gene-
related peptide and substance P, interleukins, and bradykinin [24,54].
Trigeminal nerve stimulation of the cornea and secondary axonal
stimulation of inflammatory mediators is a well known cause of uveitis
secondary to ulcerative keratitis [54,55]. In a study by Ward et al [49], the
effects of proparacaine, a topical anesthetic, and flurbiprofen were evaluated
on BAB disruption and pupil size after anterior chamber paracentesis.
Flurbiprofen decreased BAB breakdown and miosis, but proparacaine
suppressed neither. Results from this study suggest that PGs, which are
inhibited by flurbiprofen, are more important mediators of the ocular
irritative response in the dog than are sensory neuropeptides, which are
blocked by proparacaine.

In a later study performed by Krohne et al [24], the mechanism by which
topical pilocarpine causes increased aqueous humor flare, hypotony, and
miosis in dogs was investigated. Using the pilocarpine uveitic model [25], six
dogs with normal eyes were treated bilaterally with topical 2% pilocarpine,
and one eye of each dog was additionally treated with commercially
available ophthalmic solutions. Results of this study demonstrated that flare
from BAB breakdown, quantitated using laser flaremetry, was inhibited
(most to least) by flurbiprofen more than by diclofenac, proparacaine, or
suprofen, which were more than 0.125% or 1.0% prednisolone. Inhibition of
BAB breakdown seemed to be dose dependent and caused consensual
inhibition in the contralateral eye. Intraocular pressure was decreased only
in proparacaine-treated eyes and increased in eyes treated with topical
NSAIDs. Additionally, flurbiprofen and proparacaine were the most
effective at blocking miosis. Because miosis and increased aqueous humor
flare were inhibited equally by proparacaine or NSAIDs, the authors suggest
that these signs were caused by neuropeptide release into the aqueous humor
from antidromic stimulation, which subsequently triggers PG production.

Further evidence that NSAID inhibition of corneal pain is mediated by
a reduction of corneal nerve activity is provided by Chen et al [54]. In this
study, the responsiveness of feline corneal polymodal nociceptors to
chemical stimuli was diminished, in decreasing order of potency, by 0.1%
indomethacin, 0.1% sodium diclofenac, and 0.03% sodium flurbiprofen.
The mechanisms by which the diminished responsiveness occurred seem to
be twofold: first, by a direct effect of the NSAIDs on the excitability of
polymodal nerve endings and, second, by an inhibition of the formation of
COX products, such as PGs. The latter effect reduces the enhanced
responsiveness of nociceptors caused by local release of arachidonic acid
metabolites from injured cells.
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Several additional veterinary studies have compared the relative efficacies
of topical NSAIDs in the treatment of uveitis. In studies in which
inflammation was induced with an anterior capsulotomy using an Nd:YAG
laser, Millichamp and Dziezyc [21] found topical flurbiprofen to be as
effective as flunixin meglumine administered intravenously at maintaining
mydriasis compared with untreated controls.

Dziezyc et al [56] examined the effects of pretreatment with 0.03%
flurbiprofen and 1.0% prednisolone acetate suspension in normal dogs
before laser capsulotomy on pupil size, IOP, and fluorescence in the anterior
chamber. Results indicated that flurbiprofen was effective at maintaining
mydriasis and effectively decreased fluorescein leakage in the anterior
chamber compared with the control group. Dogs pretreated with topical
corticosteroid became miotic and demonstrated fluorescein leakage similar
to control animals. There was no significant difference in IOP between the
groups.

In an anterior chamber paracentesis model, the relative efficacies of 1%
suspensions of diclofenac, flurbiprofen, suprofen, or tolmetin were
compared in normal dogs [57]. As measured by fluorophotometry, the
order of statistically significant BAB stabilizing efficacy among groups was:
diclofenac [ flurbiprofen [ suprofen [ tolmetin, the latter of which was
equal to control solution. Finally, two formulations of indomethacin eye
drops (0.1% solution and 1% suspension) were compared using an anterior
chamber paracentesis model in 24 Beagles. Pupillary constriction and
increase in aqueous humor protein concentrations after BAB breakdown
were significantly reduced in the indomethacin-pretreated eyes compared
with controls; however, no significant difference between the inhibitory
effects of the two formulations of indomethacin was found [58].

Side effects of topical nonsteroidal anti-inflammatory drugs

Adverse effects associated with the use of topical ophthalmic NSAIDs are
somewhat species specific and may result from systemic absorption of the
agent through the nasal mucosa, local irritating effects to the conjunctiva,
direct corneal cytopathy, and decrease on facility of aqueous outflow
[45,59]. Absorption of topical ophthalmic NSAIDs through the nasal
mucosa results in systemic exposure. Occurrence of adverse systemic events
secondary to topical administration, although rare, has been reported in
human beings as an exacerbation of bronchial asthma [60,61]. NSAID-
induced asthma attacks in people is believed to be the result of arachidonate
shunting from the COX pathway to the lipoxygenase pathway within the
respiratory tract and subsequent production of various LTs, including
LTD4 and LTE4, with resultant spasm of nonvascular smooth muscle [8].

Topical ophthalmic NSAIDs can cause local ocular irritation, including
conjunctival hyperemia, burning, stinging, and corneal anesthesia [8].
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Corneal complications associated with topical NSAIDs include corneal
infiltrates, epithelial defects, and superficial punctuate keratitis [62,63].
Recently, Hendrix et al [64] examined the effects of commonly used
ophthalmic corticosteroids, suprofen, polysulfated glycosaminoglycan, and
preservatives on morphologic characteristics and migration of canine
corneal epithelium grown in cell culture. Results indicated that suprofen
caused no apparent changes in morphologic characteristics at the lowest
concentrations tested, but at higher concentrations, there was a concentra-
tion-dependent degree of epithelial cell rounding and shrinkage. Thimerosal,
a preservative used in some topical NSAIDs (see Table 2) caused severe
changes, inhibited migration of canine corneal epithelial cells at all
concentrations, and may thus contribute to poor epithelialization of ulcers
treated with preservative-containing drugs. Results of this in vitro study
may support the possible pharmacodynamic explanations of NSAID-
induced corneal injury in clinical practice. Proposed mechanisms include
direct toxicity caused by cytotoxic agents, such as surfactants, solubilizers,
and preservatives found in topical NSAID ophthalmic preparations, and
adverse effects on corneal epithelial healing and collagen remodeling
through promotion of matrix metalloproteinase activity via inhibition of
PGE production. The toxicity noted with the use of topical ophthalmic
NSAIDs in people may be attributed to the vehicle, solubilizer, or
preservative found in the solution rather than to the active drug [8].

The most serious complication related to topical ophthalmic NSAID use
reported to date in human beings has been the association of these drugs
with full-thickness corneal melting. Careful analysis of reported complica-
tions revealed that the agent primarily responsible was the generic
diclofenac product, diclofenac sodium ophthalmic solution, manufactured
by Falcon Laboratories [8]. The significant increase in reports of severe
corneal complications associated with use of this generic product resulted in
its removal from distribution and use in September 1999. It should be noted
that although much less common, keratitis and keratomalacia have also
been associated with other ophthalmic NSAID products subsequent to
various invasive corneal procedures [65,66].

In a study performed by Millichamp and Dziezyc [21], dogs were treated
with the COX inhibitor flunixin meglumine administered intravenously or
flurbiprofen administered topically, and acute inflammation was induced in
the eyes by disruption of the anterior lens capsule using an Nd:YAG laser.
Although both drugs maintained mydriasis, they also demonstrated an
increase in IOP in the inflamed eyes compared with untreated controls. In
this study, the IOP of the flurbiprofen-treated eyes was higher than that of
flunixin-treated eyes; however, the difference was not statistically significant.
In another study, Millichamp et al [59] investigated the effect of topically
applied flurbiprofen on aqueous outflow from cannulated canine eyes using
a constant-pressure perfusion technique. Inflammation was again induced
using an Nd:YAG laser anterior capsulotomy. Topical flurbiprofen caused
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a decrease in aqueous outflow that was more pronounced in inflamed versus
control (nonlasered) canine eyes. This study indicates that NSAIDs should
be used with caution in acutely inflamed canine eyes because of their
potential to increase IOP. The authors advocate determining if an anatomic
predisposition to glaucoma exists, via gonioscopy to assess conventional
outflow, before using this drug in dogs with uveitis. Other reports in the
veterinary literature have found similar IOP elevations associated with
topical NSAID use [24]. One possible explanation for increased IOP
associated with COX-inhibiting drugs is a reduction of aqueous outflow. It
is possible that NSAIDs acting in the experimentally induced inflamed eyes
could reduce the uveoscleral outflow (which has been shown to be mediated
by PG in primates and other species) and thus increase IOP [67–71].

Summary

Uveitis is a common sequela to many ocular diseases. Primary treatment
goals for uveitis should be to halt inflammation, prevent or control
complications caused by inflammation, relieve pain, and preserve vision.
Systemic and topical NSAIDs are essential components of the pharmaceutic
armamentarium currently employed in the management of ocular in-
flammation by general practitioners and veterinary ophthalmologists
worldwide. NSAIDs effectively prevent intraoperative miosis; control
postoperative pain and inflammation after intraocular procedures, thus
optimizing surgical outcome; control symptoms of allergic conjunctivitis;
alleviate pain from various causes of uveitis; and circumvent some of the
unwanted side effects that occur with corticosteroid treatment. Systemic
NSAID therapy is necessary to treat posterior uveitis, because therapeutic
concentrations cannot be attained in the retina and choroid with topical
administration alone, and is warranted when diseases, such as diabetes
mellitus or systemic infection, preclude the use of systemic corticosteroids.

Risk factors have been identified with systemic and topical administra-
tion of NSAIDs. In general, ophthalmic NSAIDs may be used safely with
other ophthalmic pharmaceutics; however, concurrent use of drugs known
to affect the corneal epithelium adversely, such as gentamicin, may lead to
increased corneal penetration of the NSAID. The concurrent use of
NSAIDs with topical corticosteroids in the face of significant preexisting
corneal inflammation has been identified as a risk factor in precipitating
corneal erosions and melts in people and should be undertaken with caution
[8]. Clinicians should remain vigilant in their screening of ophthalmic and
systemic complications secondary to drug therapy and educate owners
accordingly. If a sudden increase in patient ocular pain (as manifested by
an increase in blepharospasm, photophobia, ocular discharge, or rubbing)
is noted, owners should be instructed to contact their veterinarian
promptly.
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