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For the Pharmacist: Current Medical
Treatments for Eye Disease

E
xcellent eyesight is important to everyone. By age 65, one out of
three people will be affected by vision-reducing eye disease. This
supplement to MANAGED CARE from faculty at the University of

Illinois at Chicago focuses on recent and significant advances in the treat-
ment of patients with eye disease.

Increasingly, direct-to-consumer advertising is affecting prescribing
habits of physicians for allergic eye disease products. In the first article,
I present an update on allergic eye disease and help to differentiate these
agents and provide a rationale for formulary selection.

Diabetic retinopathy and age-related macular degeneration (ARMD)
are responsible for more loss of vision or blindness in the U.S. than any
other eye disease. Jose Pulido, MD, MBA, discusses the signs and symp-
toms of diabetic retinopathy and ARMD. The careful monitoring of all
patients on oral hypoglycemic agents and insulin and available options
for preventing complications or progression of diabetic retinopathy are
discussed. Antioxidant vitamin and mineral products and their roles in
the prevention of ARMD are also examined, as well as the exciting new
application of photodynamic therapy in ARMD.

Many systemic diseases, including rheumatoid arthritis, sarcoid, and
other connective tissue disorders, exhibit ocular manifestations. Ocular
inflammatory diseases are treated with topical, systemic, or combinations
of anti-inflammatory agents. Howard Tessler, MD, describes ocular
manifestations of systemic diseases and future considerations for the
treatment of ocular inflammatory disease. He also looks at recom-
mended treatment regimens, which include corticosteroids, immuno-
suppressive agents, and immunomodulation.

The recent release of new ophthalmic medications for the treatment
of glaucoma may be the most significant change in the treatment of this
disease in the last 30 years. Agents used prior to 1996 are being replaced
in the new medical armamentarium for glaucoma treatment. In my
second presentation, I describe how these new medications may dra-
matically improve control of intraocular pressure while enhancing pa-
tient compliance and potentially reducing the need for other treatment
modalities, such as laser-based approaches and surgery.

Elmer Tu, MD, provides an important update on refractive surgery
(LASIK/LASEK). He takes a look at proper assessment and pharmacists’
OTC-product recommendations versus referral for follow-up care. He
then reviews pre- and postoperative medical treatment.

I encourage you to take advantage of the continuing education op-
portunity that the University of Chicago at Illinois is offering to phar-
macists through this publication. I know that you will find the material
within these pages to be extremely helpful in your daily responsibilities.

RICHARD G. FISCELLA, RPH, MPH
Clinical Associate Professor, Department of Pharmacy Practice
Adjunctive Assistant Professor, Department of Ophthalmology

University of Illinois at Chicago
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SELF-STUDY CONTINUING EDUCATION ACTIVITY
New Treatments for Eye Disease

Continuing education credit is offered
to pharmacists who read this publica-
tion, answer the self-test that begins
on page 29, and fill out the evaluation
form on page 28.

Pharmacy accreditation
The University of Illinois at
Chicago College of Phar-
macy is approved by the
American Council on

Pharmaceutical Education as a
provider of continuing pharma-
ceutical education.This program is
approved for 2 contact hours (0.2
CEU). A statement of credit will be
awarded and sent within six weeks of
completion of the registration form,
successful completion of assessment
questions (70 percent or better), and
completion of the program evalua-
tion. If a score of 70 percent or better
is not achieved, no credit will be
awarded and the registrant will be
notified.

Target audience
Pharmacists, especially those who
need to understand the new oph-
thalmic drug therapies relative to for-
mulary selection.

Course description and educational
needs assessment
Excellent eyesight is important to
every individual. By age 65, 1 out of 3
people will be affected by vision-
reducing eye disease. Significant ad-
vances in the treatment and preven-
tion of eye disease have occurred in
recent years.This program is pre-
sented for pharmacists, who often
counsel and provide care for these
patients.This supplement focuses on
updated medical treatments for ocu-
lar allergy, diabetes, age-related mac-
ular degeneration, and refractive
surgery. Recommendations on the
use of systemic immunosuppressive
agents for the treatment of ocular 
inflammatory disease are also 
highlighted.

Educational goal
To understand the new major thera-
peutic breakthroughs that have 
become available within recent years
for the medical treatment and 
prevention of eye disease.

Learning objectives
After reading this publication, the 
participant should be able to:

• Describe the various new prescrip-
tion medications for the treatment 
of ocular allergy. Know when and
which over-the-counter medica-
tions to recommend, and when to
refer the patient for follow-up care.

• Know the signs and symptoms of
diabetic retinopathy and age-
related macular degeneration,
appreciate the potential for pre-
venting sight-threatening com-
plications, and know of new med-
ical regimens that are available.

• Understand the manifestation of 
ocular inflammatory disease and
know when and which systemic
immunosuppressive agents are vi-
able treatment options.

• Describe the significant new med-
ical advances in the treatment of
glaucoma and how these medica-
tions may significantly benefit and
improve the glaucoma patients’
quality of life.

• Learn about recent options in vi-
sion correction, and understand
the uses of prescription and over-
the-counter medical therapies.

Planning committee members
Richard Fiscella, Clinical Associate 
Professor, University of Illinois at
Chicago; Stacy Vojir, Executive Senior
Program Coordinator, Office of Con-
tinuing Education, University of 
Illinois at Chicago;Timothy Search,
RPh, publisher, MANAGED CARE, a 
division of MediMedia USA Inc.

Publisher’s statement
Opinions expressed herein are those
of the symposium participants and
faculty, and do not necessarily reflect
the views of the University of Illinois at
Chicago, Allergan Inc., MediMedia USA
Inc., or the publisher, editor, or editorial
board of MANAGED CARE.

Clinical judgment must guide each
clinician in weighing the benefits of
treatment against the risk of toxicity.
Dosages, indications, and methods of
use for products referred to in this
special supplement may reflect the
clinical experience of the authors or
may reflect the professional literature

or other clinical sources, and may not
necessarily be the same as indicated
on the approved package insert.
Please consult the complete prescrib-
ing information on any products
mentioned in this special supplement
before administering.
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Topical Ocular Allergy Medications
RICHARD G. FISCELLA, RPH, MPH

A
llergies currently affect one in five Americans,

and 90 percent of allergy patients will have oc-
ular symptoms at some point in their lives.
About 20 million Americans suffer from oc-

ular allergies, and they receive approximately 4.7 million
prescriptions each year for ocular allergy
medications. Ophthalmologists and other
specialists write 70 percent of those pre-
scriptions, with primary care practitioners
writing most of the remaining 30 percent.
Ocular allergy patients each receive an an-
nual average of 1.8 prescriptions. Further,
the ongoing influx of new medications for
ocular allergic diseases increases the need
for pharmacists to keep abreast of the
changing market.

There are five varieties of ocular allergic
diseases (OADs): vernal keratoconjunctivi-
tis (VKC), atopic keratoconjunctivitis
(AKC), giant papillary conjunctivitis, and
seasonal and perennial allergic conjunctivitis. Although
each of these diseases differs in etiology, severity, and fre-
quency, their pathophysiology shares several factors. As
their names indicate, all five involve infiltration by in-
flammatory cells of the conjunctiva, the layer covering
the white part of the eye. In all these diseases, bodies such
as neutrophils, eosinophils, lymphocytes, and macro-
phages participate in the inflammatory process. In-
creased levels of immunologically active cells such as
eosinophils are also seen in these diseases.

The most serious forms of ocular allergic disease, ver-
nal keratoconjunctivitis and atopic keratoconjunctivitis,
may cause severe corneal scarring or corneal perforation,
which can result in loss of sight. Some patients may need
corneal transplantation, if earlier interventions are un-
able to control the disease. Nevertheless, these illnesses
are the two rarer OADs. VKC is primarily seen in young
teenage males and may disappear after several years of re-
currences; AKC is often seen in patients with eczema or
other related atopic diseases and, when the cornea is in-
volved, may require aggressive treatment.Attaining good
control of AKC may necessitate both topical and systemic
medications.

Giant papillary conjunctivitis (GPC) is often associ-
ated with the presence of a foreign body such as a con-
tact lens. Patients wearing soft contact lenses may have
discomfort caused by giant papillary formations under

the lid. The removal of the inciting cause — e.g., re-
fraining from wearing the contact lens — will usually
allow the inflammation to subside in time. Treatment
with mast-cell stabilizers and even corticosteroids may be
required in more moderate-to-severe cases.

The most frequently encountered OADs
are seasonal allergic conjunctivitis (SAC)
and perennial allergic conjunctivitis (PAC).
As its name implies, SAC is a response to the
presence of temporary allergens such as
plant pollens, and often occurs during
spring or autumn in patients ages 20 to 40,
though it can affect any age group.

Patients with PAC may also experience
exacerbations in spring and autumn but
will display symptoms of the disease year-
round. Allergens such as pet dander, mold,
dust mites, and cosmetics can trigger PAC,
and their removal from the patient’s envi-
ronment can be a first-line approach to

treatment. PAC often appears in infancy and may be
seen in patients with other atopic diseases.

Both types of allergic conjunctivitis, while formerly
thought to have simply a type-I sensitivity response to al-
lergen exposure, are now seen to exhibit a three-phase re-
sponse.1 In the brief sensitization phase, the allergen’s ini-
tial entry into a macrophage triggers the production of
an immunoglobulin-E (IgE) antibody individualized to
the allergen (Figure 1).

When the allergen recurs, the second (early) phase
begins within minutes. The now-sensitized IgE antibody
will attack a mast cell, triggering a release of mast-cell me-
diators such as histamines. Other mediators involved in
the attack can include platelet-activating factor (PAF),
prostaglandins, leukotrienes, and cytokines. Additional
substances that can act as mediators include neutral pro-
teases such as tryptase and eosinophil chemotactic fac-
tor A (ECF-A). During this phase, which can last several
hours, the mast cells are activated, causing degranulation.
As the mast cells break down, the patient experiences the
typical allergic responses of itching, redness, and swelling.

The existence of the third (late) phase of allergic con-
junctivitis has been previously doubted, although it can
be clearly demonstrated in the more severe types of this
disease. In the late phase, within the 2 to 6 hours follow-
ing the initial allergen exposure, inflammatory cells such
as eosinophils and macrophages become increasingly

Richard G. Fiscella, RPh, MPH

See page 27 for a generic/brand name equivalency table.



mechanisms they involve. The antihistamine mast-cell
stabilizer combinations, nonsteroidal anti-inflammatory
agents (NSAIDs), H1 antagonists, and mast-cell stabiliz-
ers have complemented long-standing treatments such
as antihistamines/decongestants and steroids. Addition-
ally, for more severe cases, even topical cyclosporine can
be used.

The economic effects of this burgeoning market and
the accompanying direct-to-consumer (DTC) advertis-
ing are exemplified by the sales data for olopatadine HCl,
a combination of an antihistamine and mast-cell stabi-
lizer for the treatment of SAC signs and symptoms, avail-
able since 1995. Olopatadine’s manufacturer spent an es-
timated $35 million on DTC advertising in 2000/2001
and is expected to account for 63.5 percent of the esti-
mated 4.7 million prescriptions in that year’s allergy
market, a clear demonstration of the SAC and PAC mar-
kets’ susceptibility to DTC advertising (Figure 3). Be-
tween 1997 and 2000, prescriptions for allergic con-
junctivitis medications showed a compounded annual
growth rate of 28 percent, in contrast to the 4.5 percent
projected for the same period without DTC ads.

Short-term or occasional remedies for allergic con-
junctivitis include products that were formerly pre-
scription-only drugs, such as naphazoline HCl. These
antihistamine-ocular decongestant combinations are
now sold over the counter (OTC). Over-the-counter sale
of these products may initially save money for managed
care plans. Patients often fail to follow directions accu-
rately, however, and tend to overuse OTC remedies, thus
risking a cyclical effect. They respond to the appearance
of rebound symptoms such as redness following dis-
continuation by resuming or increasing use of the prod-
uct, which exacerbates the rebound effect.

A 1997 study2 reviewed patients’ misuse of the lead-
ing OTC ophthalmic decongestants. Researchers checked
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FIGURE 2 Allergic conjunctivitis: late phase

FIGURE 3 Allergy market shares

Patanol 63.5%

Zaditor 9%

Alocril 6.8%

Livostin 4.6%

All others 6.1%

Optivar 3.6%

Alrex 5.6%

FIGURE 1 Allergic conjunctivitis:sensitization phase

involved (Figure 2). The combined activation of these
various bodies results in the swelling, tenderness, and
grittiness that emerges as the disease progresses.

Disrupting the allergic-response process
The complex chain of events that make up the aller-

gic conjunctivitis response can be disrupted at various
points by appropriate pharmacotherapy. The last 5 years
have seen a proliferation of new agents to treat these
diseases, reflecting a heightened understanding of the
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137 eyes in 70 patients whose average age was 42.5 years
(±15.9 years). Patients had been using the products with-
out professional advice for an average of 3.5 years (±4.5
years), with the duration of use ranging from 8 hours to
20 years.Among the products overused were some of the
most common, including naphazoline and tetrahydro-
zoline products as well as phenylephrine.

Patients used from 1 to 12 drops a day, averaging 3.7
±2.2 drops daily.When patients discontinued use, symp-
toms resolved within 6 to 8 weeks on average, although
for some patients, symptoms took up to 24 weeks to re-
solve. The median time to symptom resolution was 4
weeks.

The most common side effects associated with overuse
of the OTC products included ocular stinging, mydria-
sis (pupil dilation), blurred vision, erosion of the corneal
epithelium, punctal stenosis, and punctate corneal le-
sions. Pigment irregularities such as corneal epithelial
pigment deposits and iris pigment release (iritis) were
also seen. In some patients, intraocular pressure varied
up or down, and acute angle-closure glaucoma also oc-
curred.

The most common ocular sign of overuse was con-
junctival hyperemia (redness) that was most likely caused
by the products themselves. Other signs included con-
junctival chemosis (swelling) and, more rarely, eczema-
toid blepharitis.

Pharmacists should recommend OTC products with
the lowest concentration of naphazoline — currently
0.012 percent — to minimize rebound, particularly be-
cause use of these products is difficult to monitor. These
drugs can be used together with other symptomatic

treatments such as cold compresses, systemic antihista-
mines such as promethazine HCl, pain relievers, and re-
duced exposure to the allergen.

Prescribing against allergic conjunctivitis
Prescription agents for treating allergic conjunctivitis

can be broadly divided into four categories: antihista-
mines, mast-cell stabilizers, corticosteroids, and NSAIDs
(Table 1). The antihistamine category can include anti-
histamines with mast-cell stabilizing activity such as ke-
totifen fumarate or azelastine HCl.

Pure antihistamines or H1-receptor antagonists are
used to treat SAC. Leading examples of this category in-
clude levocabastine and emedastine, both of which are
administered every 6 hours and are best suited for acute
relief. Levocabastine and emedastine are well tolerated,
with only minor ocular stinging or discomfort as a side
effect.

One product combining antihistamines with mast-cell
stabilizing (MCS) activity is olopatadine. It is now the
product most often prescribed for SAC (in part due to ex-
tensive DTC advertising). Olopatadine’s anti-inflamma-
tory effects have not been previously well defined in the
literature. Nevertheless, some studies of its use for SAC
have been published.3 Taken every 6 to 8 hours, olopata-
dine is extremely well tolerated when used topically, with
only minor adverse reactions.

Second-generation products combining antihistamine
and MCS agents include ketotifen and azelastine. These
appear to have more anti-inflammatory activity than
olopatadine, thus inhibiting the entry of eosinophils into
the conjunctiva and forestalling the inflammatory re-
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TABLE 1 Prescription agents for allergic conjunctivitis

Product Indication Dosing

Mast-cell stabilizers (MCS)
Cromolyn  Prevention of VKC q.i.d.
Lodoxamide Prevention of VKC q.i.d.
Pemirolast Prevention of SAC q.i.d.

Second generation MCS
Nedocromil Treatment of SAC b.i.d.

Antihistamines
Levocabastine Treatment of SAC q.i.d.
Emedastine Treatment of SAC q.i.d.

Antihistamines with MCS activity
Olopatadine HCl Signs/symptoms of SAC q6-8h (b.i.d.) 

Second generation AH with MCS Activity
Ketotifen fumarate Treatment of itching SAC q8-12h (b.i.d.)
Azelastine HCl Treatment of itching SAC q8-12h (b.i.d.)

Corticosteroid
Loteprednol Treatment of SAC q.i.d.

NSAID
Ketorolac Treatment of SAC q.i.d.



sponse triggered by their presence. Although well toler-
ated at lower doses, ketotifen has been reported to have
a nonspecific cytotoxic effect on histamine release by
mast cells at higher doses. These products are used every
8 to 12 hours, and their efficacy against SAC is compa-
rable to that of olopatadine.

Second-generation H1-receptor antagonists include
products such as acrivastine, astemizole, cetrizine, ebas-
tine, fexofenadine, loratadine, mizolastine, and terfena-
dine. These products have demonstrated only modest
clinical efficacy in immediate hypersensitivity reactions
in vivo, and few of those have been shown in clinically
relevant situations.

For patients who are using a systemic antihistamine
such as fexofenadine or loratadine but still having break-
through allergic conjunctivitis, there may be some ben-
efit in trying a product of a different class to control oc-
ular or systemic allergy.

First-generation mast-cell stabilizers such as cromolyn
sodium can be used for more severe forms of allergic con-
junctivitis, such as GPC, AKC, and VKC. Their efficacy
for these diseases has been well studied and found to be
concentration-dependent. These products are primarily
used for prophylaxis of SAC and PAC, although their time
of onset is generally delayed by days or even weeks. They
are well tolerated, extremely safe and are well suited for
pediatric use. They are taken every 6 hours. More potent
drugs in this class include lodoxamide and pemirolast,
both of which are administered on a similar schedule for
prevention of SAC or more severe forms of allergic con-
junctivitis.

A second-generation MCS product, nedocromil
sodium 2.0 percent, is indicated for twice-daily use
against SAC but is in practice used for all forms of aller-

gic conjunctivitis. In one small study of
24 patients with severe VKC, both ne-
docromil 2.0 percent and the steroid flu-
orometholone 0.1 percent effectively re-
duced the disease’s signs and symptoms.

Unlike first-generation MCS prod-
ucts, nedocromil provides relief within
minutes and thus can be used to relieve
existing symptoms as well as for pro-
phylaxis. One conclusion to be drawn
from the many studies considering this
product’s use is its comprehensive block-
ade of the multicellular allergic response.
Nedocromil’s broad-spectrum anti-
inflammatory activity has been docu-
mented in numerous papers. In contrast
to cromolyn’s inhibition of connective-
tissue mast cells alone, the second-
generation MCS agent appears to inhibit
both mucosal- and connective-tissue
type mast cells and to be substantially

more potent in vitro, according to one review paper.4

In addition to these broader categories, certain specific
drugs are also available to treat SAC, such as the topical
NSAID ketorolac tromethamine 0.5 percent. This prod-
uct, used 4 times a day, is best suited for acute relief from
hyperemia, redness, and itching, but can cause consid-
erable ocular stinging and discomfort. It has a good
safety record and has been used as a preservative-free
product for refractive surgery, as well as for allergic con-
junctivitis.

Unfortunately, the generic equivalent of Voltaren, di-
clofenac sodium, caused severe side effects, particularly
at routine doses after cataract extractions.5 The adverse
effects included corneal melts and perforations that re-
quired corneal transplantation. Although some side ef-
fects have been reported with ketorolac tromethamine
and diclofenac, they were were generally not seen unless
the patient also had received high total doses of the drug
or had ocular comorbidities such as diabetes.

The fourth class of drugs that can be used to treat var-
ious forms of allergic conjunctivitis are corticosteroids
such as loteprednol 0.2 percent. The potency and side ef-
fects of these drugs limit the duration that patients can
be treated with them. Loteprednol is the only soft steroid
indicated for SAC and is less likely to raise intraocular
pressure than other steroids.

Although it has reduced potency, careful patient mon-
itoring is required with this drug. Other more potent
steroids may be more appropriate as a first-line steroid
choice, with dosage tapering to allow transition to a
softer steroid, but patients must be cautioned about
long-term use of these steroids.

Side effects of steroid use can include glaucoma and
secondary infections.
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TABLE 2 Allergic conjunctivitis recommendations 

Short-term and occasional use only:
• OTC decongestant: decongestant/antihistamine (AH) — rebound

hyperemia, etc.
More acute relief:

• AH (levocabastine/emdastine), NSAID (ketorolac) — q.i.d.
More persistent:

• AH/MCS — azelastine, ketotifen,olopatadine — 2–3x daily
• Nedocromil — b.i.d.
• Loteprednol etabonate or other steroids with less ocular penetration

Acute onset and persistent/prophylaxis:
• Nedocromil

Prophylaxis:
• Cromolyn/lodoxamide/pemirolast or nedocromil 
• MCS — safe in children 3 years old; Pregnancy Category B

Severe: (AKC/VKC) — potent steroid; use caution w/extended use
• Prednisolone acetate
• Combine with MCS 



Recommendations
The treatment of choice for allergic conjunctivitis can

be anything from an economical OTC product to a
second-generation antihistamine-MCS combination
(Table 2). For short-term or occasional relief, OTC de-
congestants and/or antihistamines are adequate and can
save money for both patient and health care plan. Pa-
tients should be observed for rebound hyperemia and
side effects. Persistent use of these products, however,
should prompt the pharmacist to recommend an as-
sessment of the problem by an eye-care practitioner.

For more acute situations, topical antihistamines such
as levocabastine or emedastine, or topical NSAIDs such
as ketorolac, taken 4 times a day, would be reasonable
choices.

Patients with persistent allergic conjunctivitis might
benefit from a second-generation MCS, an antihista-
mine/MCS combination, or a corticosteroid taken 2 or
3 times daily. Nedocromil or loteprednol are very good
choices in this situation. For acute onset and persistent
symptoms or for prophylaxis, nedocromil is preferred
due to its well-documented anti-inflammatory activity
and good MCS ability.

Prophylaxis of allergic conjunctivitis can also be
achieved by the use of cromolyn, lodoxamide, pemiro-
last, or nedocromil. All these MCS products are ex-
tremely safe and have been used in children as young as

3 years old.Aside from pemirolast, these products are also
rated as Pregnancy Category B and are safer for use dur-
ing pregnancy than antihistamines, which are Category
C drugs.

For the more severe types of allergic conjunctivitis,
such as AKC and VKC, a more potent steroid such as
prednisolone acetate can be used, often in combination
with an MCS product once the initial symptoms are
controlled. Patients receiving corticosteroids need to be
cautioned against extended use of the product and closely
monitored.
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nificant diabetic macular edema. This leaking, in turn,
causes the central visual loss characteristic of diabetic
retinopathy (Figure 2). In proliferative DR, it is the new

vessels that bleed to cause the visual losses
(Figure 3).

Tight control of diabetes is the first line
of defense against diabetic retinopathy. The
Diabetes Control and Complications Trial1

(DCCT) for patients with type I diabetes
and the United Kingdom Prospective Dia-
betes Study2 (UKPDS) for type II diabetes
have both established that the lower the pa-
tient’s glycosylated hemoglobin level, the
less likely he or she is to suffer the progres-
sion of diabetic retinopathy. This is well
known to pharmacists, but patients tend to
be inadequately apprised of this fact by their
doctors. Control of hypertension is also an

effective means of slowing the advance of diabetic
retinopathy; for type II diabetes, tight blood-pressure
control can decrease DR progression by 34 percent.

Treatment with laser photocoagulation will also de-
crease visual loss in cases where patients are unable to
achieve tight control of their diabetes. The extensive
scarring that can result from this procedure may leave a
patient with vision that is still severely impaired, however.

Age-related macular degeneration
In ARMD, the eye’s photoreceptors in the outer retina

and epithelium are deprived of nourishment. The photo-
receptors respond by releasing angiogenic factors that ini-
tiate new vessel growth, and these new vessels in turn
bleed beneath the retina and become closed by scarring.
ARMD can be either nonexudative (i.e., dry) or exuda-
tive (i.e., wet). Dry ARMD, the most common form of the
illness, causes a slow loss of central vision. In dry ARMD,
the membrane beneath the photoreceptors is overlaid
with drusen, which are abnormal extracellular deposits.
The overlying retina is unable to draw nutrition from the
blocked vessels.

Exudative ARMD occurs in approximately 10 percent
of patients. After the new vessel growth is initiated by the
angiogenetic factors released in the eye, new blood ves-

Prevention and Treatment
Of Diabetic Retinopathy 
And Age-Related Macular Degeneration
JOSE PULIDO, MD, MS, MBA

E
very year, more than six million patients are
newly diagnosed with serious visual illnesses. In
eight out of ten cases, the illness cannot be cured
and loss of sight results. The an-

nual cost of caring for more than 40 million
blind and visually impaired Americans ex-
ceeds $22 billion dollars. The average Amer-
ican, enjoying a longer lifespan, is now out-
living the useful life of his or her organs. The
resultant increase in visual illness is attrib-
utable in large part to the four-leading eye
diseases in the United States: macular de-
generation, glaucoma, cataracts, and dia-
betic retinopathy.

Age-related macular degeneration
(ARMD) is the leading cause of visual loss
in people 65 years and older. Even for Amer-
icans over age 40, signs of ARMD can be
seen in 13 million patients, with 1.2 million displaying
the late or exudative form of the disease. As the popula-
tion ages, the incidence of ARMD increases.

Diabetic retinopathy
Diabetic retinopathy (DR) is seen in the 16 million

Americans with diabetes, one third of whom remain
undiagnosed and untreated. Blindness from diabetic
retinopathy could be avoided in 90 percent of cases by
appropriate treatment. DR affects the inner retina while
ARMD affects the outer retina and retinal pigment in the
epithelium. Both illnesses, however, are characterized
by an abnormal growth of blood vessels.

In diabetic retinopathy, the blood supply to the inner
part of the retina is impaired (Figure 1). The eye’s blood
vessels, like small capillaries elsewhere in the body, leak
and close off. Cells in the eye then signal for new vessel
growth by releasing angiogenic factors. As new vessels
grow in response to these factors, they bleed and contract
as well, causing scar tissue that can eventually lead to de-
tachment of the retina and blindness. The hemorrhages
and scar tissue cause areas of blindness in the visual
field.

In nonproliferative diabetic retinopathy, normal cap-
illaries are occluded, causing leaks known as clinically sig-
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sels bleed beneath the center of the retina (Figure 4). This
results in loss of the central visual field, which is neces-
sary for 20/20 vision. Patients may be left with periph-
eral vision that begins four or five feet outside the cen-
tral field.

Until recently, the only available therapy for exudative
ARMD was to use laser treatment on the blood vessels
and, unavoidably, the overlying retina as well, in an at-
tempt to stop the ongoing loss of vision. Nonetheless,
with this approach, 64 percent of patients would have re-
curring bouts of ARMD.

Many patients, therefore, tried alternative and herbal
remedies. Such herbs as gingko biloba, Cat’s Claw (un-
caria tomentosa), and bilberry juice have all been sug-
gested, but no solid data are available to support their ef-
fectiveness against ARMD. In fact, patients taking both
gingko and acetylsalicyclic acid have had spontaneous hy-
phemas (bleeding in the anterior ocular chamber) which
can cause loss of vision. Cat’s Claw contains 10 percent
tannins and can induce gastric, hepatic, and renal 

complications.ARMD patients should be warned against
using other drugs in an attempt to stop or slow the dis-
ease’s progress.

Zinc, however, has been shown to reduce disease pro-
gression in more advanced ARMD. In the latest multi-
center study by the Age-Related Eye Disease Study Group
(AREDS-8) of 3,640 patients, those with category III or
IV macular degeneration had a 25-percent lower risk of
progression to moderate to severe vision loss when tak-
ing antioxidants and zinc compared to patients receiving
a placebo3 (Figure 5). The treatment group that showed
the slowest progression had received daily oral tablets
containing Vitamin C, 500 mg; Vitamin E, 400 IU; beta
carotene, 15 mg; zinc oxide, 80 mg; and copper, 2 mg, as
cupric oxide.Although the zinc-antioxidant combination
showed no protective effect against cataract disease or for
patients in the earlier stages of ARMD, it was beneficial
for patients with geographic atrophy, in which large parts
of the retina are lost. The advantage of the zinc-
antioxidant combination emerged gradually during the

FIGURE 1 Retina pathology localization

FIGURE 4 Exudative ARMD

FIGURE 2 Nonproliferative diabetic retinopathy

FIGURE 3 Proliferative diabetic retinopathy 



about the role of steroids, as well as that of cyclo-
oxygenase and lipo-oxygenase inhibitors, in the progress
of ARMD.

Treatments under development
Other areas attracting research in the fight against

ARMD include antiangiogenesis mechanisms, compris-
ing naturally occurring inhibitors such as angiostatin,
endostatin, and interferon-alpha; agents that neutralize
angiogenic peptides or their receptors; and specific in-
hibitors of endothelial cell growth, such as interleukin-
12 and possibly metabolites of thalidomide. Other pos-
sibilities under investigation include metalloproteinase
inhibitors and antiadhesion molecules such as integrins.
The metalloproteinase inhibitors interfere with vascular
basement membranes and the extracellular membrane,
thus limiting new blood vessel growth. To date, at least
one possibility —interferon-alpha — has proven to be of
no efficacy in one multicenter trial.6 One metallopro-
teinase inhibitor, AG-3340, has now progressed to clin-
ical trials.

Vascular endothelial growth factor (VEGF), which is
found on choroidal neovascular membranes, has also
been the subject of ocular research due to its involvement
in the sprouting of capillaries in various retinal diseases.
ARMD patients probably release VEGF through the reti-
nal pigment epithelium under the photoreceptors, and
diabetic retinopathy patients through the inner retina.
Drugs such as angiopoietin-1 and anti-VEGF mono-
clonal antibodies such as suramin may be able to prevent
VEGF from enabling the capillary sprouting and leakage
implicated in both diabetic retinopathy and ARMD.7

Another possible means to slow the progress of both
diseases is the disruption of intracellular signaling. Pro-
tein kinase-C (PK-C) forms part of the cascade of signals
initiated by VEGF. PK-C inhibitors are now being tested
to see if they can prevent the vascular proliferation as-
sociated with diabetic retinopathy and ARMD.

Another substance associated with cell growth, telom-
erase, is also being tested for its ability to regulate cell
replication.8 As cells age, they lose their telomeres and,
at the same time, lose their ability to replicate. The DNA
polymerase telomerase lengthens telomeres, possibly ex-
tending cell life. Replacing telomerase via gene therapy
has been shown to allow them to replicate. Currently
under investigation is the possibility that telomerase can
revive dying photoreceptors in the aging eye.

Hyaluronidase, an enzyme that depolymerizes
hyaluronic acid and increases the permeability of tissue,
is currently in Phase II trials as an agent to treat diabetic
retinopathy. The enzyme is hypothesized to help the
blood admixed with the vitreous to dissipate, thus al-
lowing existing blood vessels to continue to nourish the
eye and obviating the need for new vessel growth. Anal-
ogous research is considering the nonenzymatic glyco-
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course of the 6 years in which patients were followed up.
One hypothesis to explain the success of this treatment

is the ability of carotenoids, such as lutein, zeaxanthin,
and beta carotene, to absorb blue light. These substances,
which concentrate in the macula, may protect the retina
from further damage by light in this part of the visual
spectrum.4

Another treatment that has been shown to have good
results for ARMD is photodynamic therapy. Unlike laser
treatment in which the blood vessels and the overlying
retina are both destroyed by heat lasers, in this therapy
a systemic photosensitizing dye such as verteporfin is
used to highlight the abnormally proliferating blood
vessels. The dye, which is then activated by a laser that
raises the vascular temperature about 2° C, releases free
radicals that destroy the blood vessels.

Although effective, this treatment necessitates an av-
erage of 5.2 applications every 3 months. The dye itself
is extremely expensive; the procedure must also be fol-
lowed with repeat fluorescing angiograms. The dye also
photosensitizes patients, necessitating that they avoid
bright sunlight. Patients may also undergo skin slough-
ing and back pain.

Another important fact to consider in the incidence
of ARMD is smoking; Those patients who smoke are 3
to 5 times more likely to suffer ARMD.5 Although the as-
sociation between smoking and an increased risk of
ARMD is clear, the exact mechanism is not known. One
hypothesis suggests that the formation of prostaglandin
by phospholipase-A2 (PLA-2) in the retina is encouraged
by nicotine and its metabolite cotinine. Nicotine in-
hibitors may therefore help to reduce the progress of
ARMD. The involvement of PLA-2 also raises a question

FIGURE 5 Risk of moderate to severe vision loss in
category III –IV patients3
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sylation of the vitreous by using Vitamin C. It is hoped
that limiting the degeneration of the vitreous will reduce
the strain caused by the vitreous pulling on abnormal
blood vessels, leading to the leakage involved in diabetic
retinopathy and ARMD.

The current treatment of diabetic retinopathy and
ARMD allows for multiple pharmacologic interventions.
While many treatments are currently under research,
comparatively few have emerged as efficacious.As always,
the first line of treatment is prevention for these ill-
nesses, via tight diabetes and hypertension control.
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fluorometholone acetate suspension would be preferred
to simple fluorometholone suspensions or to other prod-
ucts in solution.

Newer topical corticosteroids include loteprednol
etabonate 0.2 percent or 0.5 percent and rimexolone
suspension 1.0 percent. These drugs affect patients’ IOP

less severely than the earlier products and
are preferable for patients with initially
higher IOPs. They are, however, also less
effective as anti-inflammatory agents than
the older products.

The most commonly used topical
corticosteroids include prednisolone
sodium phosphate 0.125 percent and 1.0
percent, and prednisolone acetate suspen-
sion available at concentrations of 0.12 per-
cent, 0.125 percent, or 1.0 percent. Among
prednisolones as among the other older
agents, suspensions are more effective than
solutions. This preference must be clarified
with managed care plans, which often as-

sume that the sodium phosphate 1.0 percent and the ac-
etate 1.0 percent formulations are functionally equiva-
lent. Among the suspensions, Pred Forte appears to work
better than generics, perhaps because the particles in
Pred Forte’s suspension are smaller and are thus dis-
solved more completely to penetrate the eye. Pred Forte
often improves the condition of patients in whom generic
prednisolone acetate 1.0 percent has failed, a phenome-
non observed by many uveitis experts.

Periocular repository corticosteroids
Topical corticosteroids can prove ineffective, due either

to the disease’s severity or the patient’s inability to adhere
to the drug regimen. The drugs must be reapplied every 1
to 2 hours, a difficult schedule for most patients. For these
cases, ophthalmologists often try periocular injectable
steroids before moving on to systemic treatments. The in-
jectable products overcome the issue of patient compliance
as, once injected, they continue to work for weeks.

Some specific sites of inflammation are particularly
difficult to treat topically. Patients with a severe inflam-
mation concentrated in the vitreous typically fail to re-

Ocular Inflammatory Disease:
Use of Topical and Systemic 
Anti-inflammatory Agents
HOWARD H. TESSLER, MD

O
cular inflammatory disease (OID) must be
distinguished from milder problems such as
itching or surface pain caused by corneal
abrasions, episcleritis, or postoperative in-

flammation in cataract patients. These less severe in-
flammatory problems respond well to topical non-
steroidal medications such as diclofenac 0.1
percent, ketorolac 0.5 percent, or flur-
biprofen 0.03 percent. Those products,
however, are not effective against the more
severe inflammations seen in OID, and
there have been reported cases of corneal
melting, especially with one generic ver-
sion of diclofenac (since withdrawn).

Topical corticosteroids
Several types of topical corticosteroids

can be effective against OID. Nevertheless,
these drugs are accompanied by a broad
range of adverse effects. Some patients may
be prone to develop cataracts when on these
medications for several months. Increases in intraocular
pressure (IOP) and the concomitant rise in glaucoma
risk are also associated with these medications.1 Thirty
percent of patients are genetically prone to respond to
topical steroids by developing high IOPs within weeks of
initiating use.2

More seriously, patients are at risk for secondary in-
fection while using topical corticosteroids. Patients in-
fected with herpes may become worse; if these patients
are left without antiviral coverage while taking topical
corticosteroids, they may perforate their corneas and
lose their sight.

Topical corticosteroids include dexamethasone products
such as a 0.1 percent suspension or dexamethasone sodium
phosphate 0.1 percent. Others include fluorometholone
suspensions,0.1 percent or 0.25 percent.Fluorometholone
acetate suspension 0.1 percent is also available.

Suspensions are generally more effective than solu-
tions, perhaps because the particles settle in the con-
junctival cul de sac and dissolve later for an additive ef-
fect. Ophthalmologists prefer the action of acetate
suspensions above that of solutions; thus, for example,
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spond to topical steroids. Acute iritis, in which the iris is
inflamed and the patient has pain, redness, and intense
sensitivity to light, is also well suited to treatment by
periocular steroids. This OID is associated with the
HLAB-27 genotype that is found in about 17-million
Americans; half of iritis patients also exhibit ankylosing
spondylitis or arthritis of the sacroiliac joints. Hypopyon,
in which a layer of white cells (pus) forms in the eye’s an-
terior chamber, is another OID resistant to topical
corticosteroids but which can respond to periocular in-
jectable corticosteroids. Although there is some systemic
effect from the injected product, its activity is primarily
local.

Periocular products include triamcinolone diacetate
40 mg/ml; triamcinolone acetonide 40 mg/ml; and
methylprednisolone acetate in 40 or 80 mg/ml.

The diacetate form of triamcinolone is more soluble
and is completely cleared by the body by 3 months after
injection. The acetonide form is less soluble and may
leave traces in the patient for up to a year after injection.
Even these slight traces can cause serious adverse effects
for patients who are steroid glaucoma responders. The
choice of the diacetate form allows the ophthalmologist,
in case the drug proves inappropriate, to maintain the pa-
tient on antiglaucoma drugs for a few months until the
corticosteroid clears his or her system. Patients who re-
spond badly to the acetonide form may require follow-
up surgery to remove the repository medication rather
than waiting as the drug slowly metabolizes.

In addition to the usual side effects of corticosteroid
use (increased IOP, cataract, and the risk of secondary in-
fection), the act of injection can also carry risk. Cases in
which the eye has been perforated with the needle have
been reported. Perforation can result in hemorrhage, in-
fection, glaucoma, or retinal detachment.3

Patients with scleritis, an inflammation of the sclera,
may respond to corticosteroids. This OID is character-
ized by severe redness and swelling of the conjunctiva.
The sclera also thins, and the pigmentation of the un-
derlying uvea may be seen. Scleritis may also be seen in
patients with Wegener’s granulomatosis. In this form of
scleritis, the sclera melts away, leaving the choroid of the
eye visible.

Patients with necrotizing scleritis pose particular risks
for the use of periocular injectable corticosteroids. This
disease is extremely painful, as areas of the sclera become
avascular and atrophic, with inflamed blood vessels.
Uveitis is also seen, as the inflammation deforms the
pupil. Necrotizing scleritis (before the use of immuno-
suppressives) was associated with death within 5 years of
its appearance, in half of all affected patients.4 If treated
with corticosteroids by injection, these patients may un-
dergo a scleral melt and the resulting loss of sight. Im-
munosuppressive therapy, discussed below, is a better
choice for patients with necrotizing scleritis.

Uveitis is also within the spectrum of sarcoidosis, an-
other systemic illness that affects the eye in 25 to 30 per-
cent of cases. In sarcoid uveitis, scar tissue forms around
the pupil, deforming it and restricting its dilation asym-
metrically. Patients may also form granulomas on their
iris and around the retinal blood vessels. These inflam-
matory groupings are called “candle-wax drippings,”due
to their appearance. Patients may also show neovascu-
larization of the optic disk, a symptom also observed in
diabetes patients.

For patients who may respond to periocular cortico-
steroids, the injection procedure begins with the applica-
tion of lidocaine 4.0 percent in the upper conjunctival
area.After the area is numbed, the needle is placed adjacent
to the sclera and the steroid is injected along the side of the
globe. When the steroid is placed on top of the eye, grav-
ity is able to aid the product’s diffusion through the eye.The
superior-aspect injection also averts the possibility of con-
junctival necrosis, an effect seen in patients in whom the
product had been delivered from the inferior aspect.

Oral corticosteroids
Where both topical and periocular corticosteroids fail

or are inappropriate, ophthalmologists may turn to oral
corticosteroids. High initial daily doses of prednisone in
the range of 60 to 80 mg/day are used for ocular inflam-
mation. These dosages necessitate cautious monitoring
of patients’ weight, blood pressure, glucose, lipids, and
bone density. Patients should be given supplementary
calcium and vitamin D to reduce bone loss.

Oral corticosteroids also bring their own range of ad-
verse effects, including growth retardation in children,
adrenal suppression, and acne, plus the usual risks of
cataracts, glaucoma, and secondary infection. Patients
may also develop aseptic bone necrosis. If a patient may
need more than 7.5 to 10 mg/day of prednisone for more
than 90 days, the physician should consider using im-
munosuppressives in place of the corticosteroid. The
risk of serious side effects from the use of high-dose oral
corticosteroids for an extended period is often greater
than the risks accompanying use of immunosuppressives.

OIDs that are well suited to treatment with oral cortico-
steroids include Vogt-Koyanagi-Harada disease. In this ill-
ness,more commonly seen in the Far East than in the U.S.,
patients develop an exudative retinal detachment and loss
of retinal pigment in the fundus,along with symptoms such
as whitened hair and vitiligo. The retinal detachment re-
sponds well to steroids but the patient may be left with pig-
ment scarring through the fundus.

Finally, the corticosteroid methylprednisolone may
be administered intravenously in rare cases. For patients
with a potentially blinding deterioration of the optic
nerve, a 3-day course of intravenous methylprednisolone
500 mg to 1 g/day may reverse the problem and preserve
their sight.5


