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Management and Therapy of Dry Eye Disease:
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ABSTRACT The members of the Management and Therapy
Subcommittee assessed current dry eye therapies. Each mem-
ber wrote a succinct evidence-based review on an assigned
aspect of the topic, and the final report was written after
review by and with consensus of all subcommittee members
and the entire Dry Eye WorkShop membership. In addition to
its own review of the literature, the Subcommittee reviewed
the Dry Eye Preferred Practice Patterns of the American
Academy of Ophthalmology and the International Task Force
(ITF) Delphi Panel on Dry Eye. The Subcommittee favored the
approach taken by the ITF, whose recommended treatments
were based on level of disease severity. The recommenda-
tions of the Subcommittee are based on a modification of
the ITF severity grading scheme, and suggested treatments
were chosen from a menu of therapies for which evidence of
therapeutic effect had been presented.
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I. INTRODUCTION
his report summarizes the management and thera-
peutic options for treating dry eye disease. The level
of evidence for supporting data from the literature

is evaluated according to the modified American Academy
of Ophthalmology Preferred Practices guidelines (Table 1).

Il. GOALS OF THE MANAGEMENT AND THERAPY
SUBCOMMITTEE

Goals of this committee were to identify appropriate
therapeutic methods for the management of dry eye disease
and recommend a sequence or strategy for their application,
based on evidence-based review of the literature.

The quality of the evidence in the literature was graded
according to a modification of the scheme used in the
American Academy of Ophthalmology Preferred Practice
Patterns series. When possible, peer-reviewed full publica-
tions, not abstracts, were used. The report was reviewed

Table 1. Evidence grading scheme

Clinical Studies

Level 1. Evidence obtained from at least one properly
conducted, well-designed, randomized, controlled trial,
or evidence from well-designed studies applying rigorous
statistical approaches.

Level 2. Evidence obtained from one of the following: a
well-designed controlled trial without randomization,
a well-designed cohort or case-control analytic study,
preferably from one or more center, or a well-designed
study accessible to more rigorous statistical analysis.

Level 3. Evidence obtained from one of the following;:
descriptive studies, case reports, reports of expert
committees, expert opinion.

Basic Science Studies

Level 1. Well-performed studies confirming a hypothesis with
adequate controls published in a high-impact journal.

Level 2. Preliminary or limited published study.

Level 3. Meeting abstracts or unpublished presentations.

This evidence grading scheme is based on that used in the American
Academy of Ophthalmology Preferred Practice Pattern series.
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by all subcommittee members and by the entire Dry Eye
WorkShop membership. Comments and suggested revi-
sions were discussed by the subcommittee members and
incorporated into the report where deemed appropriate
by consensus.

lll. ASSESSMENT OF CURRENT DRY EYE THERAPIES
A. Tear Supplementation: Lubricants
1. General Characteristics and Effects

The term “artificial tears” is a misnomer for most prod-
ucts that identify themselves as such, because they do not
mimic the composition of human tears. Most function as
lubricants, although some more recent formulations mimic
the electrolyte composition of human tears (TheraTears®
[Advanced Vision Research, Woburn, MA]).12 The ocular
lubricants presently available in the United States are ap-
proved based on the US Food and Drug Administration
(FDA) monograph on over-the-counter (OTC) products
(21 CFR 349) and are not based on clinical efficacy. The
monograph specifies permitted active ingredients (eg,
demulcents, emulsifiers, surfactants, and viscosity agents)
and concentrations, but gives only limited guidance on
inactive additives and solution parameters. Certain inac-
tive ingredients that are used in artificial tears sold in the
US (eg, castor oil in Endura™ [Allergan, Inc., Irvine, CA]
and guar in Systane® [Alcon, Ft Worth, TX]) are not listed
in the monograph.

It is difficult to prove that any ingredient in an ocular
lubricant acts as an active agent. If there is an active in-
gredient, it is the polymeric base or viscosity agent, but
this has proved difficult to demonstrate. This is either
because it is not possible to detect the effects or differences
in clinical trials with presently available clinical tests or
because the currently available agents do not have any
discernable clinical activity beyond a lubrication effect.
Although certain artificial tears have demonstrated more
success than others in reducing symptoms of irritation
or decreasing ocular surface dye staining in head-to-head
comparisons, there have been no large scale, masked,
comparative clinical trials to evaluate the wide variety of
ocular lubricants.

What is the clinical effect of ocular lubricants or artificial
tears? Do they lubricate, replace missing tear constituents,
reduce elevated tear film osmolarity, dilute or wash out
inflammatory or inflammation-inducing agents? Do they,
in some instances, actually wash out essential substances
found in normal human tears? These questions remain to
be answered as more sensitive clinical tests become avail-
able to detect changes in the ocular surface.

The foremost objectives in caring for patients with dry
eye disease are to improve the patient’s ocular comfort and
quality of life, and to return the ocular surface and tear film
to the normal homeostatic state. Although symptoms can
rarely be eliminated, they can often be improved, leading
to an improvement in the quality of life. It is more difficult
to demonstrate that topical lubricants improve the ocular
surface and the tear film abnormalities associated with dry
eye. Most clinical studies fail to demonstrate significant
correlation between symptoms and clinical test values
or between the clinical test values themselves.?- It is not
unusual for a dry eye with only mild symptoms to show
significant rose bengal staining. Until agents are developed
that can restore the ocular surface and tear film to their
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normal homeostatic state, the symptoms and signs of dry
eye disease will continue.

Ocular lubricants are characterized by hypotonic or
isotonic buffered solutions containing electrolytes, surfac-
tants, and various types of viscosity agents. In theory, the
ideal artificial lubricant should be preservative-free, contain
potassium, bicarbonate, and other electrolytes and have a
polymeric system to increase its retention time.® Physical
properties should include a neutral to slightly alkaline pH.
Osmolarities of artificial tears have been measured to range
from about 181 to 354 mOsm/L.? The main variables in the
formulation of ocular lubricants regard the concentration
of and choice of electrolytes, the osmolarity and the type
of viscosity/polymeric system, the presence or absence of
preservative, and, if present, the type of preservative.

2. Preservatives

The single most critical advance in the treatment of dry
eye came with the elimination of preservatives, such as benzal-
konium chloride (BAK), from OTC lubricants. Because
of the risk of contamination of multidose products, most
either contain a preservative or employ some mechanism
for minimizing contamination. The FDA has required that
multidose artificial tears contain preservatives to prevent
microbial growth.!9 Preservatives are not required in unit
dose vials that are discarded after a single use. The wide-
spread availability of nonpreserved preparations allows
patients to administer lubricants more frequently without
concern about the toxic effects of preservatives. For patients
with moderate-to-severe dry eye disease, the absence of
preservatives is of more critical importance than the particu-
lar polymeric agent used in ocular lubricants. The ocular
surface inflammation associated with dry eye is exacerbated
by preserved lubricants; however, nonpreserved solutions
are inadequate in themselves to improve the surface inflam-
mation and epithelial pathology seen in dry eye disease.!!

Benzalkonium chloride is the most frequently used
preservative in topical ophthalmic preparations, as well as
in topical lubricants. Its epithelial toxic effects have been
well established.!>!” The toxicity of BAK is related to its
concentration, the frequency of dosing, the level or amount
of tear secretion, and the severity of the ocular surface
disease. In the patient with mild dry eye, BAK-preserved
drops are usually well tolerated when used 4-6 times a day
or less. In patients with moderate-to-severe dry eye, the
potential for BAK toxicity is high, due to decreased tear
secretion and decreased turnover.!” Some patients may be
using other topical preparations (eg, glaucoma medications)
that contain BAK, increasing their exposure to the toxic
effects of BAK. Also, the potential for toxicity exists with
patient abuse of other OTC products that contain BAK,
such as vasoconstrictors.

BAK can damage the corneal and conjunctival epithe-
lium, affecting cell-to-cell junctions and cell shape and
microvilli, eventually leading to cell necrosis with sloughing
of 1-2 layers of epithelial cells.!” Preservative-free formula-
tions are absolutely necessary for patients with severe dry

eye with ocular surface disease and impairment of lacrimal
gland secretion, or for patients on multiple, preserved
topical medications for chronic eye disease. Patients with
severe dry eye, greatly reduced tear secretion, and punctal
occlusion are at particular risk for preservative toxicity. In
such patients, the instilled agent cannot be washed out; if
this risk has not been appreciated by the clinician, preserved
drops might be used at high frequency.

Another additive used in OTC formulations is disodium
(EDTA). It augments the preservative efficacy of BAK and
other preservatives, but, by itself, it is not a sufficient pre-
servative. Used in some nonpreserved solutions, it may
help limit microbial growth in opened unit-dose vials.
Although use of EDTA may allow a lower concentration of
preservative, EDTA may itself be toxic to the ocular surface
epithelium. A study comparing two preservative-free solu-
tions, Hypotears PF® (Novartis Ophthalmics, East Hanover,
NJ) containing EDTA and Refresh® (Allergan, Inc., Irvine,
CA) without EDTA, showed that both formulations had
identical safety profiles and were completely nontoxic to
the rabbit corneal epithelium.'® Other studies found that
EDTA-containing preparations increased corneal epithelial
permeability.1>2° The potential exists that patients with
severe dry eye will find that EDTA-containing preparations
increase irritation.

Nonpreserved, single unit-dose tear substitutes are
more costly for the manufacturer to produce, more
costly for the patients to purchase, and less convenient
to use than bottled ocular lubricants. For these reasons,
reclosable unit dose vials (eg, Refresh Free [Allergan Inc.,
Irvine, CA]; Tears Natural Free® [Alcon, Fort Worth,
TX]) were introduced. Less toxic preservatives, such as
polyquad (polyquaternium-1), sodium chlorite (Purite®),
and sodium perborate were developed to allow the use
of multidose bottled lubricants and to avoid the known
toxicity of BAK-containing solutions.?!? The “vanishing”
preservatives were sodium perborate and sodium chlorite
(TheraTears® [Advanced Vision Research, Woburn, MA],
Genteal® [Novartis, East Hanover, NJ], and Refresh Tears®
[Allergan Inc., Irvine, CA]).

Sodium chlorite degrades to chloride ions and water
upon exposure to UV light after instillation. Sodium perbo-
rate is converted to water and oxygen on contact with the
tear film. For patients with severe dry eye, even vanishing
preservatives may not totally degrade, due to a decrease in
tear volume, and may be irritating. Patients prefer bottled
preparations for reasons of both cost and ease of use. The
ideal lubricant would come in a multidose, easy-to-use
bottle that contains a preservative that completely dissipates
before reaching the tear film, or is completely nontoxic and
nonirritating and maintains absolute sterility with frequent
use. One such multi-use, preservative-free product has
been introduced to the market (Visine Pure-Tears® [Pfizer,
Inc, NJD.

Ocular ointments and gels are also used in treatment of
dry eye disease. Ointments are formulated with a specific
mixture of mineral oil and petrolatum. Some contain lanolin,
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which can be irritating to the eye and delay corneal wound
healing.?? Individuals with sensitivity to wool may also be
sensitive to lanolin.?* Some ointments contain parabens as
preservatives, and these ointments are not well tolerated
by patients with severe dry eye. In general, ointments do
not support bacterial growth and, therefore, do not require
preservatives. Gels containing high molecular weight cross-
linked polymers of acrylic acid (carbomers) have longer
retention times than artificial tear solutions, but have less
visual blurring effect than petrolatum ointments.

3. Electrolyte Composition

Solutions containing electrolytes and or ions have been
shown to be beneficial in treating ocular surface damage
due to dry eye.!0202%.25 To date, potassium and bicarbon-
ate seem to be the most critical. Potassium is important to
maintain corneal thickness.” In a dry-eye rabbit model, a
hypotonic tear-matched electrolyte solution (TheraTears®
[Advanced Vision Research, Woburn, MA]) increased con-
junctival goblet cell density and corneal glycogen content,
and reduced tear osmolarity and rose bengal staining after 2
weeks of treatment.?> The restoration of conjunctival goblet
cells seen in the dry-eye rabbit model has been corroborated
in patients with dry eye after LASIK.2¢

Bicarbonate-containing solutions promote the recovery
of epithelial barrier function in damaged corneal epithelium
and aid in maintaining normal epithelial ultrastructure.
They may also be important for maintaining the mucin layer
of the tear film.® Ocular lubricants are available that mimic
the electrolyte composition of human tears, eg, TheraTears®
(Advanced Vision Research, Woburn, MA) and BION Tears®
(Alcon, Fort Worth, TX).1:2 These also contain bicarbonate,
which is critical for forming and maintaining the protec-
tive mucin gel in the stomach.?’ Bicarbonate may play a
similar role for gel-forming mucins on the ocular surface.
Because bicarbonate is converted to carbon dioxide when
in contact with air and can diffuse through the plastic unit
dose vials, foil packaging of the plastic vials is required to
maintain stability.

4. Osmolarity

Tears of patients with dry eye have a higher tear film
osmolarity (crystalloid osmolarity) than do those of normal
patients.?®2 Elevated tear film osmolarity causes mor-
phological and biochemical changes to the corneal and
conjunctival epithelium!®3° and is pro-inflammatory.*! This
knowledge influenced the development of hypo-osmotic
artificial tears such as Hypotears® (230 mOsm/L [Novartis
Ophthalmics, East Hanover, NJ]) and subsequently Thera-
Tears® (181 mOsm/L [Advance Vision Research, Woburn,
MA]J).3?

Colloidal osmolality is another factor that varies in
artificial tear formulations. While crystalloid osmolarity
is related to the presence of ions, colloidal osmolality is
dependent largely on macromolecule content. Colloidal
osmolarity, also known as oncotic pressure, is involved in the
control of water transport in tissues. Differences in colloidal

osmolality affect the net water flow across membranes, and
water flow is eliminated by applying hydrostatic pressure
to the downside of the water flow. The magnitude of this
osmotic pressure is determined by osmolality differences
on the two sides of the membrane. Epithelial cells swell
due to damage to their cellular membranes or due to a
dysfunction in the pumping mechanism. Following the
addition of a fluid with a high colloidal osmolality to the
damaged cell surface, deturgescence occurs, leading to a
return of normal cell physiology. Theoretically, an artificial
tear formulation with a high colloidal osmolality may be of
value. Holly and Esquivel evaluated many different artificial
tear formulations and showed that Hypotears® (Novartis
Ophthalmics, East Hanover, NJ) had the highest colloidal
osmolality of all of the formulations tested.?* Formulations
with higher colloidal osmolality have since been marketed
(Dwelle® [Dry Eye Company, Silverdale, WA]).
Protection against the adverse effects of increased os-
molarity (osmoprotection) has led to development of OTC
drops incorporating compatible solutes (such as glycerin,
erythritol, and levocarnitine (Optive® [Allergan Inc., Irvine,
CA)]). 1t is thought that the compatible solutes distribute be-
tween the tears and the intracellular fluids to protect against
potential cellular damage from hyperosmolar tears.>*

5. Viscosity Agents

The stability of the tear film depends on the chemical-
physical characteristics of that film interacting with the
conjunctival and corneal epithelium via the membrane-
spanning mucins (ie, MUC-16 and MUC-4). In the classical
three-layered tear film model, the mucin layer is usually
thought of as a surfactant or wetting agent, acting to lower
the surface tension of the relatively hydrophobic ocular
surface, rendering the corneal and conjunctival cells “wet-
table.”3 Currently, the tear film is probably best described
as a hydrated, mucin gel whose mucin concentration
decreases with distance from the epithelial cell surface. It
may have a protective role similar to that of mucin in the
stomach.?> It may also serve as a “sink” or storage vehicle
for substances secreted by the main and accessory lacrimal
glands and the ocular surface cells. This may explain why
most of the available water-containing lubricants are only
minimally effective in restoring the normal homeostasis
of the ocular surface. In addition to washing away and
diluting out irritating or toxic substances in the tear film,
artificial lubricants hydrate gel-forming mucin. While some
patients with dry eye have decreased aqueous lacrimal gland
secretion, alterations or deficiencies involving mucin also
cause dry eye.

Macromolecular complexes added to artificial lubricants
act as viscosity agents. The addition of a viscosity agent in-
creases residence time, providing a longer interval of patient
comfort. For example, when a viscous, anionic charged
carboxymethyl-cellulose (CMC, 100,000 mw) solution was
compared with a neutral hydroxymethylcellulose (HPMC)
solution, CMC was shown to have a significantly slower rate
of clearance from the eye.?® Viscous agents in active drug
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formulations may also prolong ocular surface contact, in-
creasing the duration of action and penetration of the drug.

Viscous agents may also protect the ocular surface
epithelium. It is known that rose bengal stains abnormal
corneal and conjunctival epithelial cells expressing an al-
tered mucin glycocalyx.3” Agents such as hydroxymethycel-
lulose (HMC), which decrease rose bengal staining in dry
eye subjects,® may either “coat and protect” the surface
epithelium or help restore the protective effect of mucins.

In the US, carboxymethyl cellulose is the most com-
monly used polymeric viscosity agent (IRI Market Share
Data, Chicago, IL), typically in concentrations from 0.25%
to 1%, with differences in molecular weight also contrib-
uting to final product viscosity. Carboxymethyl cellulose
has been found to bind to and be retained by human epi-
thelial cells.> Other viscosity agents included in the FDA
monograph (in various concentrations) include polyvinyl
alcohol, polyethylene glycol, glycol 400, propylene glycol
hydroxymethyl cellulose and hydroxypropyl cellulose.

The blurring of vision and esthetic disadvantages of cak-
ing and drying on eyelashes are drawbacks of highly viscous
agents that patients with mild to moderate dry eye will
not tolerate. Lower molecular-weight viscous agents help
to minimize these problems. Because patient compliance,
comfort, and convenience are important considerations, a
range of tear substitute formulations with varying viscosi-
ties are needed.

Hydroxypropyl-guar (HP-guar) has been used as a gel-
ling agent in a solution containing glycol 400 and propyl-
ene glycol (Systane®, Alcon, Fort Worth, TX). It has been
suggested that HP-guar preferentially binds to the more
hydrophobic, desiccated or damaged areas of the surface
epithelial cells, providing temporary protection for these
cells.*%# Several commercial preparations containing oil in
the form of castor oil (Endura™ [Allergan Inc., Irvine, CA])
or mineral oil (Soothe® [Bausch & Lomb, Rochester, NY])
are purported to aid in restoring or increasing the lipid layer
of the tear film.** Hyaluronic acid is a viscosity agent that
has been investigated for years as an “active” compound
added to tear substitute formulations for the treatment of
dry eye. Hyaluronic acid (0.2%) has significantly longer
ocular surface residence times than 0.3 percent HPMC
or 1.4 percent polyvinyl alcohol.** Some clinical studies
reported improvement in ** dry eye in patients treated
with sodium hyaluronate-containing solutions compared
to other lubricant solutions, whereas others did not.*8
Although lubricant preparations containing sodium hyal-
uronate have not been approved for use in the US, they are
frequently used in some countries.

6. Summary

Although many topical lubricants, with various viscos-
ity agents, may improve symptoms and objective findings,
there is no evidence that any agent is superior to another.
Most clinical trials involving topical lubricant preparations
will document some improvement (but not resolution) of
subjective symptoms and improvement in some objective

parameters.* However, the improvements noted are not
necessarily any better than those seen with the vehicle or
other nonpreserved artificial lubricants. The elimination
of preservatives and the development of newer, less toxic
preservatives have made ocular lubricants better tolerated
by dry eye patients. However, ocular lubricants, which
have been shown to provide some protection of the ocular
surface epithelium and some improvement in patient symp-
toms and objective findings, have not been demonstrated
in controlled clinical trials to be sufficient to resolve the
ocular surface disorder and inflammation seen in most dry
eye sufferers.

B. Tear Retention
1. Punctal Occlusion
a. Rationale

While the concept of permanently occluding the lacri-
mal puncta with cautery to treat dry eye extends back 70
years,* and, although the first dissolvable implants were
used 45 years ago,’® the modern era of punctal plug use
began in 1975 with the report by Freeman.>! Freeman de-
scribed the use of a dumbbell-shaped silicone plug, which
rests on the opening of the punctum and extends into the
canaliculus. His report established a concept of punctal oc-
clusion, which opened the field for development of a variety
of removable, long-lasting plugs to retard tear clearance
in an attempt to treat the ocular surface of patients with
deficient aqueous tear production. The Freeman style plug
remains the prototype for most styles of punctal plugs.

b. Types

Punctal plugs are divided into two main types: absorb-
able and nonabsorbable. The former are made of collagen
or polymers and last for variable periods of time (3 days
to 6 months). The latter nonabsorbable “permanent” plugs
include the Freeman style, which consists of a surface collar
resting on the punctal opening, a neck, and a wider base. In
contrast, the Herrick plug (Lacrimedics [Eastsound, WA])
is shaped like a golf tee and is designed to reside within
the canaliculus. It is blue for visualization; other variations
are radiopaque. A newly designed cylindrical Smartplug™
(Medennium Inc [Irvine, CA]) expands and increases in
diameter in situ following insertion into the canaliculus
due to thermodynamic properties of its hydrophilic acrylic
composition.

c. Clinical Studies

A variety of clinical studies evaluating the efficacy of
punctal plugs have been reported.”?->° These series generally
fall into Level II evidence. Their use has been associated
with objective and subjective improvement in patients
with both Sjogren and non-Sjogren aqueous tear deficient
dry eye, filamentary keratitis, contact lens intolerance,
Stevens-Johnson disease, severe trachoma, neurotrophic
keratopathy, post-penetrating keratoplasty, diabetic kera-
topathy, and post-photorefractive keratectomy or laser in
situ keratomileusis. Several studies have been performed
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to evaluate the effects of punctal plugs on the efficacy of
glaucoma medications in reducing intraocular pressure,
and these studies have reported conflicting results.””>8
Beneficial outcome in dry eye symptoms has been reported
in 74-86% of patients treated with punctal plugs. Objective
indices of improvement reported with the use of punctal
plugs include improved corneal staining, prolonged tear
film breakup time (TFBUT), decrease in tear osmolarity,
and increase in goblet cell density. Overall, the clinical util-
ity of punctal plugs in the management of dry eye disease
has been well documented.

d. Indications and Contraindications

In a recent review on punctal plugs, it was reported
that in a major eye clinic, punctal plugs are considered
indicated in patients who are symptomatic of dry eyes,
have a Schirmer test (with anesthesia) result less than 5
mm at 5 minutes, and show evidence of ocular surface
dye staining.>®

Contraindications to the use of punctal plugs include
allergy to the materials used in the plugs to be implanted,
punctal ectropion, and pre-existing nasolacrimal duct ob-
struction, which would, presumably, negate the need for
punctal occlusion. It has been suggested that plugs may
be contraindicated in dry eye patients with clinical ocular
surface inflammation, because occlusion of tear outflow
would prolong contact of the abnormal tears contain-
ing proinflammatory cytokines with the ocular surface.
Treatment of the ocular surface inflammation prior to
plug insertion has been recommended. Acute or chronic
infection of the lacrimal canaliculus or lacrimal sac is also
a contraindication to use of a plug.

e. Complications

The most common complication of punctal plugs is
spontaneous plug extrusion, which is particularly common
with the Freeman-style plugs. Over time, an extrusion rate
of 50% has been reported, but many of these extrusions
took place after extensive periods of plug residence. Most
extrusions are of small consequence, except for incon-
venience and expense. More troublesome complications
include internal migration of a plug, biofilm formation and
infection,> and pyogenic granuloma formation. Removal of
migrated canalicular plugs can be difficult and may require
surgery to the nasolacrimal duct system.®06!

f. Summary

The extensive literature on the use of punctal plugs in
the management of dry eye disease has documented their
utility. Several recent reports, however, have suggested
that absorption of tears by the nasolacrimal ducts into sur-
rounding tissues and blood vessels may provide a feedback
mechanism to the lacrimal gland regulating tear produc-
tion.%? In one study, placement of punctal plugs in patients
with normal tear production caused a significant decrease
in tear production for up to 2 weeks after plug insertion.®
This cautionary note should be considered when deciding

whether to incorporate punctal occlusion into a dry eye
disease management plan.

2. Moisture Chamber Spectacles

The wearing of moisture-conserving spectacles has for
many years been advocated to alleviate ocular discomfort
associated with dry eye. However, the level of evidence sup-
porting its efficacy for dry eye treatment has been relatively
limited. Tsubota et al, using a sensitive moisture sensor,
reported an increase in periocular humidity in subjects
wearing such spectacles.%* Addition of side panels to the
spectacles was shown to further increase the humidity.®
The clinical efficacy of moisture chamber spectacles has
been reported in case reports.®®7 Kurihashi proposed a
related treatment for dry eye patients, in the form of a wet
gauze eye mask.®® Conversely, Nichols et al recently report-
ed in their epidemiologic study that spectacle wearers were
twice as likely as emmetropes to report dry eye disease.®”
The reason for this observation was not explained.

There have been several reports with relatively high
level of evidence describing the relationship between
environmental humidity and dry eye. Korb et al reported
that increases in periocular humidity caused a significant
increase in thickness of the tear film lipid layer.”® Dry eye
subjects wearing spectacles showed significantly longer
interblink intervals than those who did not wear spectacles,
and duration of blink (blinking time) was significantly
longer in the latter subjects.” Instillation of artificial tears
caused a significant increase in the interblink interval and
a decrease in the blink rate.”! Maruyama et al reported that
dry eye symptoms worsened in soft contact lens wearers
when environmental humidity decreased.”?

3. Contact Lenses

Contact lenses may help to protect and hydrate the
corneal surface in severe dry eye conditions. Several differ-
ent contact lens materials and designs have been evaluated,
including silicone rubber lenses and gas permeable scleral-
bearing hard contact lenses with or without fenestration.”>"”
Improved visual acuity and comfort, decreased corneal
epitheliopathy, and healing of persistent corneal epithelial
defects have been reported.”-"7 Highly oxygen-permeable
materials enable overnight wear in appropriate circum-
stances.” There is a small risk of corneal vascularization
and possible corneal infection associated with the use of
contact lenses by dry eye patients.

C. Tear Stimulation: Secretogogues

Several potential topical pharmacologic agents may
stimulate aqueous secretion, mucous secretion, or both.
The agents currently under investigation by pharmaceuti-
cal companies are diquafosol (one of the P2Y2 receptor
agonists), rebamipide, gefarnate, ecabet sodium (mucous
secretion stimulants), and 15(S)-HETE (MUCI stimulant).
Among them, a diquafosol eye drop has been favorably
evaluated in clinical trials. 2% diquafosol (INS365, DE-089
[Santen, Osaka, Japan]; Inspire [Durham, NC]) proved to
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be effective in the treatment of dry eye in a randomized,
double-masked trial in humans to reduce ocular surface
staining.”® A similar study demonstrated the ocular safety
and tolerability of diquafosol in a double-masked, placebo-
controlled, randomized study.” This agent is capable of
stimulating both aqueous and mucous secretion in animals
and humans.8-%> Beneficial effects on corneal epithelial
barrier function, as well as increased tear secretion, has
been demonstrated in the rat dry eye model.8* Diquafosol
also has been shown to stimulate mucin release from goblet
cells in a rabbit dry eye model .88

The effects of rebamipide (OPC-12759 [Otsuka, Rock-
ville, MD]; Novartis [Basel, Switzerland]) have been evalu-
ated in human clinical trials. In animal studies, rebamipide
increased the mucin-like substances on the ocular surface
of N-acetylcysteine-treated rabbit eyes.®” It also had hy-
droxyl radical scavenging effects on UVB-induced corneal
damage in mice.58

Ecabet sodium (Senju [Osaka, Japan]; ISTA [Irvine,
CA]) is being evaluated in clinical trials internationally,
but only limited results have yet been published. A single
instillation of ecabet sodium ophthalmic solution elicited
a statistically significant increase in tear mucin in dry eye
patients.®” Gefarnate (Santen [Osaka, Japan]) has been
evaluated in animal studies. Gefarnate promoted mucin
production after conjunctival injury in monkeys.*® Gefar-
nate increased PAS-positive cell density in rabbit conjunc-
tiva and stimulated mucin-like glycoprotein stimulation
from rat cultured corneal epithelium.®!9? An in vivo rabbit
experiment showed a similar result.”>%*

The agent 15(S)-HETE, a unique molecule, can
stimulate MUC1 mucin expression on ocular surface
epithelium.”15(S)-HETE protected the cornea in a rabbit
model of desiccation-induced injury, probably because of
mucin secretion.’® It has been shown to have beneficial
effects on secretion of mucin-like glycoprotein by the rab-
bit corneal epithelium.?” Other laboratory studies confirm
the stimulatory effect of 15(S)-HETE.?-1%! Some of these
agents may become useful clinical therapeutic modalities
in the near future.

Two orally administered cholinergic agonists, pilocar-
pine and cevilemine, have been evaluated in clinical trials
for treatment of Sjogren syndrome associated keratocon-
junctivitis sicca (KCS). Patients who were treated with pi-
locarpine at a dose of 5 mg QID experienced a significantly
greater overall improvement than placebo-treated patients
in “ocular problems” in their ability to focus their eyes dur-
ing reading, and in symptoms of blurred vision compared
with placebo-treated patients.'? The most commonly
reported side effect from this medication was excessive
sweating, which occurred in over 40% of patients. Two
percent of the patients taking pilocarpine withdrew from
the study because of drug-related side effects. Other stud-
ies have reported efficacy of pilocarpine for ocular signs
and symptoms of Sjogren syndrome KCS,!%3-19 including
an increase in conjunctival goblet cell density after 1 and
2 months of therapy. !

Cevilemine is another oral cholinergic agonist that
was found to significantly improve symptoms of dryness
and aqueous tear production and ocular surface disease
compared to placebo when taken in doses of 15 or 30 mg
TID.'07.108 This agent may have fewer adverse systemic side
effects than oral pilocarpine.

D. Biological Tear Substitutes

Naturally occurring biological, ie, nonpharmaceutical
fluids, can be used to substitute for natural tears. The use
of serum or saliva for this purpose has been reported in
humans. They are usually unpreserved. When of autologous
origin, they lack antigenicity and contain various epithe-
liotrophic factors, such as growth factors, neurotrophins,
vitamins, immunoglobulins, and extracellular matrix
proteins involved in ocular surface maintenance. Biologi-
cal tear substitutes maintain the morphology and support
the proliferation of primary human corneal epithelial cells
better than pharmaceutical tear substitutes.!® However,
despite biomechanical and biochemical similarities, rel-
evant compositional differences compared with normal
tears exist and are of clinical relevance.!'® Additional
practical problems concern sterility and stability, and a
labor-intensive production process or a surgical procedure
(saliva) is required to provide the natural tear substitute to
the ocular surface.

1. Serum

Serum is the fluid component of full blood that remains
after clotting. Its topical use for ocular surface disease was
much stimulated by Tsubota’s prolific work in the late
1990s.!1! The practicalities and published evidence of
autologous serum application were recently reviewed.'!?
The use of blood and its components as a pharmaceuti-
cal preparation in many countries is restricted by specific
national laws. To produce serum eye drops and to use
them for outpatients, a license by an appropriate national
body may be required in certain countries. The protocol
used for the production of serum eye drops determines
their composition and efficacy. An optimized protocol for
the production was recently published.!'®> Concentrations
between 20% and 100% of serum have been used. The
efficacy seems to be dose-dependent.

Because of significant variations in patient populations,
production and storage regimens, and treatment protocols,
the efficacy of serum eye drops in dry eyes has varied sub-
stantially between studies.'!? Three published prospective
randomized studies with similar patient populations (pre-
dominantly immune disease associated dry eye, ie, Sjogren
syndrome) are available. When comparing 20% serum with
0.9% saline applied 6 times per day, Tananuvat et al found
only a trend toward improvement of symptoms and signs
of dry eyes,!'* whereas Kojima et al reported significant
improvement of symptom scores, fluorescein-breakup time
(FBUT), and fluorescein and rose bengal staining.'!

A prospective clinical cross-over trial compared 50%
serum eyedrops against the commercial lubricant previously
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used by each patient. Symptoms improved in 10 out 16
patients, and impression cytological findings improved in
12 out of 25 eyes.!'® Noda-Tsuruya and colleagues found
that 20% autologous serum significantly improved TFBUT
and decreased conjunctival rose bengal and cornea fluo-
rescein staining 1-3 months postoperatively, compared to
treatment with artificial tears, which did not change these
parameters.''” Additional reports of successful treatment
of persistent epithelial defects—where success is more
clearly defined as “healing of the defect”—with autologous
serum substantiate the impression that this is a valuable
therapeutic option for ocular surface disease.'

2. Salivary Gland Autotransplantation

Salivary submandibular gland transplantation is capable
of replacing deficient mucin and the aqueous tear film
phase. This procedure requires collaboration between an
ophthalmologist and a maxillofacial surgeon. With appro-
priate microvascular anastomosis, 80% of grafts survive.
In patients with absolute aqueous tear deficiency, viable
submandibular gland grafts, in the long-term, provide
significant improvement of Schirmer test FBUT, and rose
bengal staining, as well as reduction of discomfort and the
need for pharmaceutical tear substitutes. Due to the hypo-
osmolarity of saliva, compared to tears, excessive salivary
tearing can induce a microcystic corneal edema, which is
temporary, but can lead to epithelial defects.!'®Hence, this
operation is indicated only in end-stage dry eye disease with
an absolute aqueous tear deficiency (Schirmer-test wetting
of 1 mm or less), a conjunctivalized surface epithelium, and
persistent severe pain despite punctal occlusion and at least
hourly application of unpreserved tear substitutes. For this
group of patients, such surgery is capable of substantially
reducing discomfort, but often has no effect on vision.!1%-120

E. Anti-Inflammatory Therapy

Disease or dysfunction of the tear secretory glands leads
to changes in tear composition, such as hyperosmolarity,
that stimulate the production of inflammatory mediators on
the ocular surface.?"'?! Inflammation may, in turn, cause
dysfunction or disappearance of cells responsible for tear
secretion or retention.'?? Inflammation can also be initiated
by chronic irritative stress (eg, contact lenses) and systemic
inflammatory/autoimmune disease (eg, rheumatoid arthri-
tis). Regardless of the initiating cause, a vicious circle of
inflammation can develop on the ocular surface in dry eye
that leads to ocular surface disease. Based on the concept
that inflammation is a key component of the pathogenesis
of dry eye, the efficacy of a number of anti-inflammatory
agents for treatment of dry eye disease has been evaluated
in clinical trials and animal models.

1. Cyclosporine

The potential of cyclosporine-A (CsA) for treating dry
eye disease was initially recognized in dogs that develop
spontaneous KCS.'2? The therapeutic efficacy of CsA for
human KCS was then documented in several small, single-

center, randomized, double-masked clinical trials.12+125
CsA emulsion for treatment of KCS was subsequently
evaluated in several large multicenter, randomized, double-
masked clinical trials.

In a Phase 2 clinical trial, four concentrations of CsA
(0.05%, 0.1%, 0.2%, or 0.4%) administered twice daily
to both eyes of 129 patients for 12 weeks was compared
to vehicle treatment of 33 patients.'?¢ CsA was found to
significantly decrease conjunctival rose bengal staining,
superficial punctate keratitis, and ocular irritation symp-
toms (sandy or gritty feeling, dryness, and itching) in a
subset of 90 patients with moderate-to-severe KCS. There
was no clear dose response; CsA 0.1% produced the most
consistent improvement in objective endpoints, whereas
CsA 0.05% gave the most consistent improvement in pa-
tient symptoms (Level ).

Two independent Phase 3 clinical trials compared
twice-daily treatment with 0.05% or 0.1% CsA or vehicle
in 877 patients with moderate-to-severe dry eye disease.!?’
When the results of the two Phase 3 trials were combined
for statistical analysis, patients treated with CsA, 0.05% or
0.1%, showed significantly (P < 0.05) greater improvement
in two objective signs of dry eye disease (corneal fluorescein
staining and anesthetized Schirmer test values) compared to
those treated with vehicle. An increased Schirmer test score
was observed in 59% of patients treated with CsA, with
15% of patients having an increase of 10 mm or more. In
contrast, only 4% of vehicle-treated patients had this mag-
nitude of change in their Schirmer test scores (P < 0.0001).

CsA 0.05% treatment also produced significantly greater
improvements (P < 0.05) in three subjective measures of dry
eye disease (blurred vision symptoms, need for concomitant
artificial tears, and the global response to treatment). No
dose-response effect was noted. Both doses of CSA exhib-
ited an excellent safety profile with no significant systemic
or ocular adverse events, except for transient burning
symptoms after instillation in 17% of patients. Burning was
reported in 7% of patients receiving the vehicle. No CsA was
detected in the blood of patients treated with topical CsA
for 12 months. Clinical improvement from CsA that was
observed in these trials was accompanied by improvement
in other disease parameters. Treated eyes had an approxi-
mately 200% increase in conjunctival goblet cell density.!?8
Furthermore, there was decreased expression of immune
activation markers (ie, HLA-DR), apoptosis markers (ie,
Fas), and the inflammatory cytokine IL-6 by the conjunc-
tival epithelial cells.'?*139The numbers of CD3-, CD4-, and
CD8-positive T lymphocytes in the conjunctiva decreased
in cyclosporine-treated eyes, whereas vehicle-treated eyes
showed an increased number of cells expressing these
markers. 3! After treatment with 0.05% cyclosporine, there
was a significant decrease in the number of cells expressing
the lymphocyte activation markers CD11a and HLA-DR,
indicating less activation of lymphocytes compared with
vehicle-treated eyes.

Two additional immunophilins, pimecrolimus and ta-
crolimus, have been evaluated in clinical trials of KCS.
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2. Corticosteroids
a. Clinical Studies

Corticosteroids are an effective anti-inflammatory
therapy in dry eye disease. Level I evidence is published
for a number of corticosteroid formulations. In a 4-week,
double-masked, randomized study in 64 patients with
KCS and delayed tear clearance, loteprednol etabonate
0.5% ophthalmic suspension (Lotemax [Bausch and Lomb,
Rochester, NY]), q.i.d., was found to be more effective than
its vehicle in improving some signs and symptoms.!3?

In a 4-week, open-label, randomized study in 32 pa-
tients with KCS, patients receiving fluorometholone plus
artificial tear substitutes (ATS) experienced lower symptom
severity scores and lower fluorescein and rose bengal stain-
ing than patients receiving either ATS alone or ATS plus
flurbiprofen.!33

A prospective, randomized clinical trial compared the
severity of ocular irritation symptoms and corneal fluores-
cein staining in two groups of patients, one treated with
topical nonpreserved methylprednisolone for 2 weeks,
followed by punctal occlusion (Group 1), with a group
that received punctal occlusion alone (Group 2).13* After 2
months, 80% of patients in Group 1 and 33% of patients in
Group 2 had complete relief of ocular irritation symptoms.
Corneal fluorescein staining was negative in 80% of eyes in
Group 1 and 60% of eyes in Group 2 after 2 months. No
steroid-related complications were observed in this study.

Level 11T evidence is also available to support the efficacy
of corticosteroids. In an open-label, non-comparative trial,
extemporaneously formulated nonpreserved methylpred-
nisolone 1% ophthalmic suspension was found to be clini-
cally effective in 21 patients with Sjogren syndrome KCS.13
In a review, it was stated that “...clinical improvement of
KCS has been observed after therapy with anti-inflamma-
tory agents, including corticosteroids.”13¢

In the US Federal Regulations, ocular corticosteroids
receiving “class labeling” are indicated for the treatment
“...of steroid responsive inflammatory conditions of the
palpebral and bulbar conjunctiva, cornea and anterior
segment of the globe such as allergic conjunctivitis, acne
rosacea, superficial punctate keratitis, herpes zoster kerati-
tis, iritis, cyclitis, selected infective conjunctivitides, when
the inherent hazard of steroid use is accepted to obtain an
advisable diminution in edema and inflammation.” We in-
terpret that KCS is included in this list of steroid-responsive
inflammatory conditions.!37-140

b. Basic Research

Corticosteroids are the standard anti-inflammatory
agent for numerous basic research studies of inflamma-
tion, including the types that are involved in KCS. The
corticosteroid methylprednisolone was noted to preserve
corneal epithelial smoothness and barrier function in an
experimental murine model of dry eye.!* This was at-
tributed to its ability to maintain the integrity of corneal
epithelial tight junctions and decrease desquamation of
apical corneal epithelial cells.'*? A concurrent study showed

that methylprednislone prevented an increase in MMP-9
protein in the corneal epithelium, as well as gelatinase
activity in the corneal epithelium and tears in response to
experimental dry eye.1*!

Preparations of topically applied androgen and es-
trogen steroid hormones are currently being evaluated
in randomized clinical trials. A trial of topically applied
0.03% testosterone was reported to increase the percent-
age of patients that had meibomian gland secretions with
normal viscosity and to relieve discomfort symptoms after
6 months of treatment compared to vehicle.!*> TFBUT and
lipid layer thickness were observed to increase in a patient
with KCS who was treated with topical androgen for 3
months.** Tear production and ocular irritation symptoms
were reported to increase following treatment with topical
17 beta-oestradiol solution for 4 months.1*

3. Tetracyclines
a. Properties of Tetracyclines and Their Derivatives
1) Antibacterial Properties

The antimicrobial effect of oral tetracycline treatment
analogues (eg, minocycline, doxycline) has previously been
discussed by Shine et al,'* Dougherty et al,'*" and Ta et
al.'*8 Tt is hypothesized that a decrease in bacterial flora pro-
ducing lipolytic exoenzymes!'#-148 and inhibition of lipase
production!*” with resultant decrease in meibomian lipid
breakdown products!*® may contribute to improvement in
clinical parameters in dry eye-associated diseases.

2) Anti-Inflammatory Properties

The tetracyclines have anti-inflammatory as well as
antibacterial properties that may make them useful for
the management of chronic inflammatory diseases. These
agents decrease the activity of collagenase, phospholipase
A2, and several matrix metalloproteinases, and they de-
crease the production of interleukin (IL)-1 and tumor
necrosis factor (INF)-alpha in a wide range of tissues,
including the corneal epithelium.!#-1>! At high concentra-
tions, tetracyclines inhibit staphylococcal exotoxin-induced
cytokines and chemokines.!52153

3) Anti-angiogenic Properties

Angiogenesis, the formation of new blood vessels, oc-
curs in many diseases. These include benign conditions (eg,
rosacea) and malignant processes (eg, cancer). Minocycline
and doxycycline inhibit angiogenesis induced by implanted
tumors in rabbit cornea.’> The anti-angiogenic effect of
tetracycline may have therapeutic implications in inflamma-
tory processes accompanied by new blood vessel formation.
Well-controlled studies must be performed, at both the
laboratory and clinical levels, to investigate this potential.1>3

b. Clinical Applications of Tetracycline
1) Acne Rosacea

Rosacea, including its ocular manifestations, is an in-
flammatory disorder, occurring mainly in adults, with peak
severity in the third and fourth decades. Current recom-
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mendations are to treat rosacea with long-term doxycycline,
minocycline, tetracycline, or erythromycin.?>® These recom-
mendations may be tempered by certain recent reports that
in women, the risk of developing breast cancer and of breast
cancer morbidity increases cumulatively with duration of
antibiotic use, including tetracyclines.'>"-158 Another large
study did not substantiate these findings.!>

Tetracyclines and their analogues are effective in the
treatment of ocular rosacea,!%%16! for which a single daily
dose of doxycycline may be effective.!%? In addition to the
anti-inflammatory effects of tetracyclines, their ability to
inhibit angiogenesis may contribute to their effectiveness in
rosacea-related disorders. Factors that promote angiogen-
esis include protease-triggered release of angiogenic factors
stored in the extracellular matrix, inactivation of endothelial
growth factor inhibitors, and release of angiogenic factors
from activated macrophages.'>>163

Tetracyclines are also known to inhibit matrix metal-
loproteinase expression, suggesting a rationale for their use
in ocular rosacea.!®* Although tetracyclines have been used
for management of this disease, no randomized, placebo-
controlled, clinical trials have been performed to assess
their efficacy.!>?

2) Chronic Posterior Blepharitis: Meibomianitis,

Meibomian Gland Dysfunction

Chronic blepharitis is typically characterized by inflam-
mation of the eyelids. There are multiple forms of chronic
blepharitis, including staphylococcal, seborrheic (alone,
mixed seborrheic/staphylococcal, seborrheic with meibo-
mian seborrhea, seborrheic with secondary meibomitis),
primary meibomitis, and others, like atopic, psoriatic, and
fungal infections.!®> Meibomian gland dysfunction (MGD)
has been associated with apparent aqueous-deficient dry
eye. Use of tetracycline in patients with meibomianitis has
been shown to decrease lipase production by tetracycline-
sensitive as well as resistant strains of staphylococci. This
decrease in lipase production was associated with clinical
improvement.!*” Similarly, minocycline has been shown to
decrease the production of diglycerides and free fatty acids in
meibomian secretions. This may be due to lipase inhibition
by the antibiotic or a direct effect on the ocular flora.}*¢ One
randomized, controlled clinical trial of tetracycline in ocular
rosacea compared symptom improvement in 24 patients
treated with either tetracycline or doxycycline.!0 All but one
patient reported an improvement in symptoms after 6 weeks
of therapy. No placebo group was included in this trial.

A prospective, randomized, double-blind, placebo-
controlled, partial crossover trial compared the effect of
oxytetracycline to provide symptomatic relief of blepharitis
with or without rosacea. Only 25% of the patients with
blepharitis without rosacea responded to the antibiotic,
whereas 50% responded when both diseases were pres-
ent.?®” In another trial of 10 patients with both acne rosa-
cea and concomitant meibomianitis, acne rosacea without
concomitant ocular involvement, or seborrheic blepharitis,
minocycline 50 mg daily for 2 weeks followed by 100 mg

daily for a total of 3 months significantly decreased bacte-
rial flora (P = 0.0013). Clinical improvement was seen in
all patients with meibomianitis.!#8

Because of the improvement observed in small clinical
trials of patients with meibomianitis, the American Acad-
emy of Ophthalmology recommends the chronic use of
either doxycycline or tetracycline for the management of
meibomianitis.!® Larger randomized placebo-controlled
trials assessing symptom improvement rather than surro-
gate markers are needed to clarify the role of this antibiotic
in blepharitis treatment.'>* Tetracycline derivatives (eg,
minocycline, doxycycline) have been recommended as
treatment options for chronic blepharitis because of their
high concentration in tissues, low renal clearance, long half-
life, high level of binding to serum proteins, and decreased
risk of photosensitization. '

Several studies have described the beneficial effects of
minocycline and other tetracycline derivatives (eg, doxy-
cycline) in the treatment of chronic blepharitis.!#6.147.168,169
Studies have shown significant changes in the aqueous tear
parameters, such as tear volume and tear flow, following
treatment with tetracycline derivatives (eg, minocycline).
One study also demonstrated a decrease in aqueous tear pro-
duction that occurred along with clinical improvement.!"°

A recently published randomized, prospective study
by Yoo Se et al compared different doxycycline doses in
150 patients (300 eyes) who had chronic meibomian gland
dysfunction and who did not respond to lid hygiene and
topical therapy for more than 2 months.!7! All topical
therapy was stopped for at least 2 weeks prior to begin-
ning the study. After determining the TFBUT and Schirmer
test scores, patients were divided into three groups: a high
dose group (doxycycline, 200 mg, twice a day), a low dose
group (doxycycline, 20 mg, twice a day) and a control group
(placebo). After one month, TFBUT, Schirmer scores, and
symptoms improved. Both the high- and low-dose groups
had statistically significant improvement in TFBUT after
treatment. This implies that low-dose doxycycline (20
mg twice a day) therapy may be effective in patients with
chronic meibomian gland dysfunction.

3) Dosage and Safety

Systemic administration of tetracyclines is widely recog-
nized for the ability to suppress inflammation and improve
symptoms of meibomianitis.!’>!73 The optimal dosing
schedule has not been established; however, a variety of
dose regimens have been proposed including 50 or 100 mg
doxycycline once a day,!7* or an initial dose of 50 mg a day
for the first 2 weeks followed by 100 mg a day for a period
of 2.5 months, in an intermittent fashion.1#-148.170 Others
have proposed use of a low dose of doxycycline (20 mg)
for treatment of chronic blepharitis on a long-term basis.!7!
The safety issues associated with long-term oral tetracycline
therapy, including minocycline, are well known. Many
management approaches have been suggested for the use of
tetracycline and its derivatives; however, a safe but adequate
option in management needs to be considered because of
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Table 2. Dry eye severity grading scheme

Dry Eye Severity

Level

Discomfort, severity
& frequency

Mild and/or episodic
occurs under environ
stress

Moderate episodic or
chronic, stress or no
stress

Severe frequent or
constant without
stress

Severe and/or
disabling and constant

Visual symptoms

None or episodic mild
fatigue

Annoying and/or activity
limiting episodic

Annoying, chronic and/
or constant limiting
activity

Constant and/or
possibly disabling

Conjunctival injection None to mild None to mild +/— +/++
Conjunctival staining None to mild Variable Moderate to marked Marked
Cornegl stalnlr.\g None to mild Variable Marked central Sevgre e
(severity/location) erosions

Filamentary keratitis, Filamentary keratitis,
Corneal/tear signs None to mild Mild debris, 4 meniscus | mucus clumping, mucus clumping,

T tear debris T tear debris, ulceration
. . . . . Trichiasis, keratinization,
Lid/meibomian glands | MGD variably present MGD variably present Frequent symblepharon
TFBUT (sec) Variable <10 <5 Immediate
Schirmer score Variable <10 <5 <2
(mm/5 min)

*Must have signs AND symptoms. TBUT: fluorescein tear break-up time. MGD: meibomian gland disease

Reprinted with permission from Behrens A, Doyle JJ, Stern L, et al. Dysfunctional tear syndrome. A Delphi approach to treatment recommendations.

Cornea 2006;25:90-7

the new information regarding the potentially hazardous
effects of prolonged use of oral antibiotics. A recent study
suggested that a 3-month course of 100 mg of minocycline
might be sufficient to bring significant meibomianitis under
control, as continued control was maintained for at least 3
months after cessation of therapy.!"

In an experimental murine model of dry eye, topically
applied doxycycline was found to preserve corneal epithe-
lial smoothness and barrier function.!*! It also preserved
the integrity of corneal epithelial tight junctions in dry eyes,
leading to a marked decrease in apical corneal epithelial cell
desquamation.!*? This corresponded to a decrease in MMP-
9 protein in the corneal epithelium and reduced gelatinase
activity in the corneal epithelium and tears.!*!

F. Essential Fatty Acids

Essential fatty acids are necessary for complete health.
They cannot be synthesized by vertebrates and must be
obtained from dietary sources. Among the essential fatty
acids are 18 carbon omega-6 and omega-3 fatty acids. In
the typical western diet, 20-25 times more omega-6 than
omega-3 fatty acids are consumed. Omega-6 fatty acids are
precursors for arachidonic acid and certain proinflamma-
tory lipid mediators (PGE2 and LTB4). In contrast, certain
omega-3 fatty acids (eg, EPA found in fish oil) inhibit the
synthesis of these lipid mediators and block production of
IL-1 and TNF-alpha.l7>.176

A beneficial clinical effect of fish oil omega-3 fatty ac-
ids on rheumatoid arthritis has been observed in several
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double-masked, placebo-controlled clinical trials.!””17® In a
prospective, placebo-controlled clinical trial of the essential
fatty acids, linoleic acid and gamma-linolenic acid adminis-
tered orally twice daily produced significant improvement
in ocular irritation symptoms and ocular surface lissamine
green staining.!”® Decreased conjunctival HLA-DR staining
also was observed.

G. Environmental Strategies

Factors that may decrease tear production or increase
tear evaporation, such as the use of systemic anticholiner-
gic medications (eg, antihistamines and antidepressants)
and desiccating environmental stresses (eg, low humid-
ity and air conditioning drafts) should be minimized
or eliminated.'®-182 Video display terminals should be
lowered below eye level to decrease the interpalpebral
aperture, and patients should be encouraged to take pe-
riodic breaks with eye closure when reading or working
on a computer.'® A humidified environment is recom-
mended to reduce tear evaporation. This is particularly
beneficial in dry climates and high altitudes. Nocturnal
lagophthalmos can be treated by wearing swim goggles,
taping the eyelid closed, or tarsorrhapy.

IV. TREATMENT RECOMMENDATIONS
In addition to material presented above, the subcom-
mittee members reviewed the Dry Eye Preferred Practice
Patterns of the American Academy of Ophthalmology and
the International Task Force (ITF) Delphi Panel on dry
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Table 3. Dry eye menu of treatments

Artificial tears substitutes

Gels/Ointments

Moisture chamber spectacles

Anti-inflammatory agents (topical CsA and corticosteroids,
omega-3 fatty acids)

Tetracyclines

Plugs

Secretogogues

Serum

Contact lenses

Systemic immunosuppressives

Surgery (AMT, lid surgery. tarsorrhaphy, MM & SG transplant)

AMT = amniotic membrane transplantation; MM = mucous membrane;
SG = salivary gland

eye treatment prior to formulating their treatment guide-
lines.18+185 The group favored the approach taken by the
ITE which based treatment recommendations on disease
severity. A modification of the ITF severity grading scheme
that contains 4 levels of disease severity based on signs and
symptoms was formulated (Table 2). The subcommittee
members chose treatments for each severity level from a
menu of therapies for which evidence of therapeutic effect
has been presented (Table 3). The treatment recommenda-
tions by severity level are presented in Table 4. It should
be noted that these recommendations may be modified
by practitioners based on individual patient profiles and
clinical experience. The therapeutic recommendations for
level 4 severity disease include surgical modalities to treat
or prevent sight-threatening corneal complications. Discus-
sion of these therapies is beyond the scope of this report.

V. UNANSWERED QUESTIONS AND FUTURE
DIRECTIONS

There have been tremendous advances in the treat-
ment of dry eye and ocular surface disease in the last two
decades, including FDA approval of cyclosporin emulsion
as the first therapeutic agent for treatment of KCS in the
United States. There has been a commensurate increase in
knowledge regarding the pathophysiology of dry eye. This
has led to a paradigm shift in dry eye management from
simply lubricating and hydrating the ocular surface with
artificial tears to strategies that stimulate natural produc-
tion of tear constituents, maintain ocular surface epithelial
health and barrier function, and inhibit the inflammatory
factors that adversely impact the ability of ocular surface
and glandular epithelia to produce tears. Preliminary ex-
perience using this new therapeutic approach suggests that
quality of life can be improved for many patients with dry
eye and that initiating these strategies early in the course of
the disease may prevent potentially blinding complications
of dry eye. It is likely that future therapies will focus on

Table 4. Treatment recommendations by severity level

Level 1:
Education and environmental/dietary modifications
Elimination of offending systemic medications
Artificial tear substitutes, gels/ointments
Eye lid therapy

Level 2:

If Level 1 treatments are inadequate, add:
Anti-inflammatories

Tetracyclines (for meibomianitis, rosacea)
Punctal plugs

Secretogogues

Moisture chamber spectacles

Level 3:

If Level 2 treatments are inadequate, add:
Serum

Contact lenses

Permanent punctal occlusion

Level 4:

If Level 3 treatments are inadequate, add:

Systemic anti-inflammatory agents

Surgery (lid surgery, tarsorrhaphy; mucus
membrane, salivary gland, amniotic
membrane transplantation)

Modified from: International Task Force Guidelines for Dry Eye185

replacing specific tear factors that have an essential role in
maintaining ocular surface homeostasis or inhibiting key
inflammatory mediators that cause death or dysfunction
of tear secreting cells. This will require additional research
to identify these key factors and better diagnostic tests to
accurately measure their concentrations in minute tear
fluid samples. Furthermore, certain disease parameters
may be identified that will identify whether a patient has
a high probability of responding to a particular therapy.
Based on the progress that has been made and the number
of therapies in the pipeline, the future of dry eye therapy
seems bright.
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