Background Information:
Inflammation and Pain Associated with Ocular Surgery

There are more than 5 million ophthalmic surgeries performed each year in the United States.
Due to the high prevalence of cataracts among the aging population, cataract extraction and
installation of an artificial lens are the most frequently performed eye surgeriesl, with an
estimated 3 million cataract surgeries occurring per year in the U.S.

Postoperative Inflammation and Pain

The most common sequelae arising after cataract and other ocular surgeries are persistent
inflammation, pain, elevation in intraocular pressure (IOP), infection, swelling of the retina
and retinal detachment.

Postoperative inflammation is a common occurrence following ophthalmic surgical procedures,
including cataract surgery. Symptoms of postoperative inflammation include?;

Swelling and redness for as long as 4 to 6 weeks after surgery

Decrease in visual acuity, sometimes caused by cystoid macular edema (CME)
Ocular pain

Crusting of the eyelashes upon awakening

Bloody tears for 12 to 24 hours after surgery

Inflammation after cataract or other ophthalmic surgery begins with tissue injury when the surgical
incision is made. This incision triggers the inflammatory cascade, which begins with activation of
phospholipase A-2. Phospholipids in the cell membranes are broken down into arachidonic acid,
which is then converted to prostaglandins by cyclooxygenase or converted to hydroxy acids and
leukotrienes by 5-lipoxygenase.

The degree of postoperative inflammation following cataract surgery is linked to several surgery-
dependent factors such as surgical technique, intraocular lens type and patient-dependent factors
such as history of inflammatory disease and degree of iris pigmentation.

Since inflammation can result in damage to ocular tissues, rapid resolution is imperative. While
most postoperative inflammation lasts a relatively short time, more severe forms of inflammation
can persist for a longer period. If left untreated, inflammation following ocular surgery can
interfere with the patient's visual rehabilitation or lead to further complications, such as acute pain
and discomfort, chronic cystoid macular edema, posterior capsule fibrosis, keratopathy, fibrin
reaction, chronic uveitis, raised intraocular pressure (IOP), synechiae or secondary membrane.

Some experts believe that the recovery of visual acuity after cataract surgery directly relates to
the amount and duration of postoperative inflammation®. Therefore, any steps surgeons can take
to decrease either the amount of inflammation that occurs initially in the procedure or the duration
that it lasts will positively impact patient outcomes.

Treatment of Postoperative Inflammation and Pain

As there is no way to predict which patients may develop inflammatory complications, anti-
inflammatory eye drops, including corticosteroids and non-steroidal anti-inflammatory drugs
(NSAIDs), are used in the weeks after cataract surgery to help control inflammation and pain.
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Anti-infectives are also gsiven as a routine part of care in order to prevent the occurrence of a
postoperative infection®>®.

The positive therapeutic effect on the prevention of inflammation and infection following cataract
surgery with standard formulations of corticosteroids, NSAIDs and antibiotics has been
documented in many clinical studies " 111213.14.1516.17.18

Steroids and NSAIDs intervene at different steps of the inflammatory cascade: steroids act
upstream on phospholipase A-2 to stop the breakdown of phospholipids, while NSAIDs act
downstream on cyclooxygenase to inhibit the conversion of arachidonic acid to prostaglandins *°.
Until recently, steroids have not been indicated for the treatment of postoperative pain.

NSAIDs

Non-steroidal anti-inflammatory drugs (NSAIDs) offer several benefits after ocular surgery. Some
NSAIDs can reduce patients’ intra- and postoperative pain, help maintain pupillary dilation,
control inflammation after surgery and inhibit the development of cystoid macular edema (CME),
although inhibition of CME is not a claim in FDA-approved labeling for any NSAIDs. NSAIDs have
been associated with problems that vary from corneal stinging to corneal melting.

Steroids

Corticosteroids are highly potent anti-inflammatory medications that are the standard of care in
ocular inflammatory diseases. They are generally considered stronger than other options, and
superior at controlling the inflammation associated with cataract surgery because they inhibit
phospholipase A2 and subsequently inhibit both the cyclo-oxygenase and lipoxgenase
pathways °. In addition, steroids can enter the nucleus to interact with specific DNA sequences,
altering production of inhibitory proteins, and thus inhibiting additional inflammatory mediator
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production. This mechanism contributes to steroids’ broad activity: Corticosteroids suppress the
inflammatory response to a variety of inciting agents of a mechanical, chemical or immunological
nature. They exert additional anti-inflammatory actions, including a reduction in migration of
macrophages and neutrophils, decreasing vascular permeability and suppressing the action of
various Iymphokine521. They inhibit edema, cellular infiltration, capillary dilatation, fibroblastic
proliferation and deposition of collagen.

While topical steroids are extremely useful in the management of intraocular inflammation,
prolonged use of corticosteroids carries increased risks. Ophthalmic corticosteroids are
contraindicated in most viral diseases of the cornea and conjunctiva and also in mycobacterial
infection of the eye and fungal disease of ocular structures. Prolonged use of corticosteroids may
result in delayed wound healing, elevated IOP resulting in glaucoma with damage to the optic
nerve, defects in visual acuity and fields of vision, and posterior subcapsular cataract formation.

Summary

Rapid resolution of postoperative ocular inflammation is imperative to avoid interference with the
patient's visual rehabilitation or further complications. Anti-inflammatory eye drops, including
corticosteroids and non-steroidal anti-inflammatory drugs (NSAIDs), are used in the weeks after
cataract surgery to help control inflammation and pain. The positive therapeutic effects of
corticosteroids and NSAIDs, which target different aspects of the inflammatory cascade, have
been documented in many clinical studies.
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