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Rationale for development

Aims of Antiviral
Therapy for
the Treatment
of Epithelial
Herpetic
Keratitis
Effective and
efficient viral
inhibition
High antiviral
concentration at the
site of infection
2

Selectivity for
virus-infected cells
Minimize ocular and
systemic toxicity
Convenience of
administration

Ocular infection with herpes simplex virus
(HSV) affects approximately 400,000 individuals in the US and is a leading infectious cause of
corneal blindness in the developed world.1 Of
the various presentations of HSV eye disease,
herpetic keratitis (HK) is the most common
and, in its most severe form, is a major indication for corneal transplantation.1 Approximately 20,000 new cases and 48,000 recurrences of
HK are diagnosed each year in the US, although
other estimates suggest a higher incidence.2,3 A
relatively uncommon condition, comprehensive ophthalmologists and optometrists may
see only a handful of HK patients each year.
Nonetheless, its recognition and management
are critical due to its potential to progress and
cause corneal scarring that can permanently
compromise eyesight.
Accurate diagnosis and appropriate
treatment can lead to better outcomes. Optimal management of epithelial (also called
“dendritic”) HK starts with establishing a diagnosis as soon as possible. Accurate characterization of disease extent prevents the misuse of
potentially harmful treatments, such as corticosteroids, when they are not appropriate. Once
the diagnosis of dendritic HK has been made,
the goal of antiviral therapy is to provide effective and efficient viral inhibition at the site
of infection, with minimal ocular or systemic
toxicity, in a dosing form that is convenient and
comfortable.
Clinician surveys have shown considerable variability in the treatment of HK.4,5 This

algorithm for the diagnosis and pharmaceutical
treatment of epithelial HK (dendritic ulcers)
was developed to address discrepancies in clinical practice and move the medical and patient
communities closer to their goal of reduced
HSV-related ocular morbidity.
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Goals of this manuscript
• To clarify the current understanding
of the management of epithelial HK
(dendritic ulcers) based on a review of the
literature
• To examine the evidence for different
approaches to managing the disease
• To present a practical algorithm for
the diagnosis and pharmaceutical
management of epithelial HK (ie, HK
without stromal involvement)
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Introduction: Herpetic
Keratitis in the US
Herpes Simplex
HSV types 1 and 2, the viruses responsible
for dendritic HK, are among the eight members
of the herpes family known to infect humans.
Other viruses in the herpes family associated
with ocular morbidity include varicella zoster
virus (VZV), cytomegalovirus (CMV), and Epstein-Barr virus (EBV). Typically, ocular herpetic infection is life-long, with the initial infection
followed by periods of latency. HSV ocular disease—whether a primary infection or a secondary reactivation—can take the form of blepharitis, conjunctivitis, epithelial keratitis, stromal or
endothelial keratitis, or uveitis.1
HSV is globally endemic. Historical refer-

Process of algorithm
development
Content for Management of Epithelial Herpetic
Keratitis: An Evidence-Based Algorithm was
developed in advance and finalized at a meeting
on November 11, 2012 in Chicago, IL attended
by expert eye physicians with specialization in
corneal and infectious disease. The content was
developed from material in the PubMed database
of English-language literature relevant to the
topic and the clinical expertise of the committee.
Committee members: Marguerite B.
McDonald, MD (chair), David R. Hardten,
MD, Francis S. Mah, MD, Terrence P. O’Brien,
MD, Christopher J. Rapuano, MD, David J.
Schanzlin, MD, Neda Shamie, MD, John D.
Sheppard, MD, Shachar Tauber, MD, and
George O. Waring IV, MD.
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ences extend as far back as Hippocrates, whose
descriptions of spreading skin lesions gave us
the Latinized herpes from the Greek herpein, “to
crawl.”2 Humans are the only natural reservoir
of HSV.3 HSV-1 is most associated with lesions
in the facial area, and HSV-2 with genital outbreaks, although an increasing proportion of
genital infections are caused by HSV-1.3,4
The initial infection typically results from
direct or indirect contact with lesions, salivary
droplets, or genital secretions of a virus-shedding carrier.5 In the clinic, careful hand-washing
and swabbing instruments with isopropyl alcohol or sodium hypochlorite can prevent inadvertent transmission to uninfected persons.6
Following initial infection, HSV-1 establishes lifelong latency in the trigeminal ganglion
near the ventral area of the brainstem. Latent
virus has the potential to reactivate and travel
back down the the trigeminal nerve to cause an
ocular recurrence.7
Changing Epidemiology
HSV-1 was once almost universally acquired in infancy. That appears to still be true
in developing nations, but epidemiological studies suggest that primary acquisition of HSV-1 is
becoming progressively delayed in industrialized countries. German researchers identifying
HSV-1 in the trigeminal ganglia of cadavers
found it in just 18% of those under 20 years of
age, but in up to 100% of those 60 or older.8
Epidemiological studies in Minnesota
suggest that approximately 400,000 Americans have developed ocular HSV disease, with
about 20,000 new cases and 48,000 recurrences
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Ocular HSV
Disease:
Epidemiology in
the US1,4
Prevalence

400,000
Incidence of new
cases per year

20,000
Incidence of
recurrent cases per
year

48,000
Proportion involving
the corneal
epithelium

72%
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Variables
Influencing HSV
Infection and
Reactivation
Host factors:
Genetics
Immunity
Hormonal
influences
Viral factors
Triggers:
UV light
Local trauma
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diagnosed each year.3,4 More than one ocular site
may be involved; breakdown of the Minnesota
data suggests that approximately 72% of ocular
HSV disease involves the corneal epithelium;
41%, the lid or conjunctiva; 12%, the corneal stroma; and 9%, the iris and associated uveal tract.1
A retrospective study at the Cullen Eye Institute found recurrence rates in children to be
similar to those in adults, although there was a
higher risk of bilateral involvement among children (26%).9
Corneal transplantation is the most common form of tissue transplantation in the US
and carries a high rate of success. However,
complications due to recurrent and newly acquired HSV infection may occur.10 Among corneal transplant recipients with ocular HSV, between 2% and 7% experience HSV reactivation
and recurrent disease. Further, transmission of
HSV by corneal transplant to a previously uninfected recipient is a rare but dreaded cause of
primary graft failure.10,11

Reactivation and Ocular
Involvement
Primary HSV infections are almost never recognized as such at the time they occur.
The vast majority of patients with ocular HSV
infections, approximately 95% to 99% of cases,
present with either the first ocular occurrence
secondary to a nonocular primary
infection at a different site or as a
Common Symptoms of
recurrent ocular infection, with
Herpetic Keratitis
or without associated “cold sores”
around the mouth or nose.1,4
Redness
Although latent infection is
Serous discharge
near ubiquitous in the adult population, less than a third of immuPhotophobia
nocompetent adults experience
Foreign body sensation
clinical disease, and a still smaller
subset is prone to frequent recurBlurry vision
rence. HSV-1 strains clearly vary
in their predisposition to breakPain (may be severe, mild, or
ing latency.2 Studies have likewise
absent)
revealed human gene variations
Typically unilateral
that predispose individuals to oral
lesion recurrences.12 In addition,
research has identified a variety of
reactivation triggers, including psychological
stress, illness, fatigue, menstruation, trauma, immunosuppression, UV-B exposure, and hypokinesia.2 While patients may report psychological
stress as a predictor of recurrence, the Herpetic
Eye Disease Study (HEDS) failed to corroborate
this association and attributed it to recall bias.13
Of particular importance to eye physicians

is the realization that intense light exposure can
trigger recurrence of herpetic ocular disease
and may partially explain its postoperative incidence after LASIK and PRK procedures.2,14,15
While reported less, the local trauma of invasive
procedures such as cataract removal and lamellar keratoplasty likewise carry the risk of
Clinical Ocular HSV
this complication.2,16
Presentation
Risk appears to be
Primary
highest for patients
Mucocutaneous
infection
who have previously
with
ocular
involvement
experienced ocular
herpes. However, paReactivation of
tients with no histolatent infection
ry of ocular HSV can
Initial ocular occurrence
also present with this
of nonocular primary, or
complication followRecurrent ocular
ing ophthalmic surinfection
gery, and a patient
history of frequent labial or nasal herpes may indicate a general predisposition to reactivation.
It is unclear whether topical ocular steroids
can trigger reactivations of herpes virus in humans. According to studies performed in animals, ocular steroids themselves do not appear
to trigger reactivation.17,18 However, reactivation
in the presence of steroids may be associated
with unusually aggressive disease.19
Primary vs Recurrent Disease
HSV can cause an array of ocular disease
states. Primary ocular infections typically involve rapidly spreading viral dendrites or geographic ulcers in the corneal epithelium, because there is no antibody in the tear film to act
against the virus. In these cases there is no associated immune reaction to cloud the stroma or
deeper ocular tissues.1
By contrast, recurrent infection can unfold
against the background of a pre-primed immune response. In many cases, the recurrent
disease remains confined to the epithelium in
the form of infectious dendrites or geographic ulcers. In other cases, however, the immune
reaction causes stromal edema, with invasion
by lymphocytes, macrophages, and other white
blood cells. This stromal immune reaction,
which is often associated with corneal scarring,
poses the greatest lasting threat to vision.1 Studies suggest that 10% of patients with epithelial
keratitis will go on to experience stromal disease
within a year, and patients with a history of multiple recurrences remain at increased risk for
future recurrences.20

Management of Epithelial Herpetic Keratitis: An Evidence-Based Algorithm

Section One: Developing a Treatment Algorithm

Natural History of Epithelial HK
In some cases, dendritic keratitis may progress to form geographic lesions, marginal keratitis, and/or trophic ulcers. Cases that involve
deeper ocular tissues, including the corneal
stroma and endothelium, require distinct evaluative and therapeutic measures that are outside
of the scope of this monograph.
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Diagnosis
In nearly all cases, the diagnosis of epithelial
HK is made entirely on clinical grounds without the need for viral diagnostic testing. Even
in academic centers HSV culture and advanced
methods of viral detection are infrequently attempted, with such methods typically limited
to complicated or atypical cases. Patient history and examination and, most importantly, the
finding of an epithelial defect with the classic
dendritic appearance on slit lamp examination, are typically sufficient to make the diagnosis. Most randomized, controlled trials that
have evaluated antiviral therapy have likewise
depended solely on clinical criteria for the HK
diagnosis.1
Clinical presentation
Patients with HK typically present with the
classic signs and symptoms of ocular infection,
including unilateral tearing, photophobia, gritty
or “foreign body” sensation, and/or visual changes.2,3,4 Patients may report ocular discomfort or
pain. However, those with repeated recurrences
may have reduced or absent corneal sensation
due to damage to the terminal branches of the
trigeminal nerve. Such patients may complain of
mild discomfort, but little or no pain.1,5 In the
experience of the panel, intraocular pressure
(IOP) may be elevated, particularly if associated
with comorbid iritis.
Although unilateral in the great majority of
cases, studies have found ocular HSV in both
eyes in between 1% and 12% of cases, depending
upon study criteria.6,7 Bilateral or prolonged HK
suggests the presence of a comorbid condition
such as atopy, immunodeficiency, or immunosuppression related to transplantation.6
Clinical History
Because nonocular primary HSV infections are almost never recognized as such, most
patients are diagnosed with HK at the time of
their first or a recurrent ocular infection.6 In
the experience of the panel, patients presenting with a first ocular occurrence are typically
young adults, teenagers, or children.
Patients with reactivation of latent ocular
HSV infection may be able to recall prior ocular
outbreaks characterized by similar symptoms.
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Figure 1

HSV dermatoblepharitis
is commonly associated
with primary ocular
HSV infection. (Image
courtesy John D.
Sheppard, MD.)
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Figure 2

Two views of HSV
follicular conjunctivitis.
Follicular conjunctivitis
may be caused by
ocular HSV infection.
(Images courtesy
Francis S. Mah, MD.)

In contrast, patients with primary ocular HSV
infection or first ocular occurrence of a nonocular primary infection
(eg, orolabial HSV
infection) often have
an unremarkable ocular and past medical
history. Patients with
reactivation of latent
HSV may report antecedent ocular trauma or intense UV
light exposure.8
Clinical Appearance
Most patients with their first episode of ocular HSV present with isolated keratitis. However concomitant infection of adjacent tissues may
be evident, therefore a careful examination of
the periocular skin, regional lymph nodes, and
conjunctiva is appropriate.9 Examination of patients with primary infection or first ocular infection may reveal active or recently healed HSV
dermatoblepharitis, blepharoconjunctivitis, or,
rarely, conjunctivitis alone.9,10,11 Dermatologic
involvement—in the form of grouped vesicular
or vesiculopustular
eruption on the eyelid
and adjacent skin—is
common among patients with primary
infection (Figure 1).
Preauricular lymphadenopathy may also
be present.1 Isolated
dermatoblepharitis
or conjunctivitis may
resolve spontaneously, or may progress
to keratitis, typically
within 7 to 10 days.9
HSV conjunctivitis can produce a
follicular reaction indistinguishable from
mild forms of adenovirus conjunctivitis
(Figure 2). However, unlike adenovirus, HSV
conjunctivitis rarely forms pseudomembranes.
The presence of dendrites on the conjunctiva—
although not “classic” in appearance—can help
confirm this diagnosis. With recurrence, conjunctivitis may occur without eyelid or corneal
involvement; therefore HSV should be included
in the differential diagnosis when patients present with follicular conjunctivitis alone.11

Corneal Staining
Topical instillation of water-soluble stains,
such as fluorescein, rose bengal, and lissamine
green B, aid in visualization of corneal and conjunctival defects and may be useful in the diagnosis of HK. Each of these agents has a unique
chemical structure and set of properties that
enables it to highlight distinct pathological
features.12
Fluorescein is an orange dye that, when taken up by damaged epithelial cells and viewed
under blue light, emits a bright green fluorescence. Fluorescein is used primarily to aid in the
diagnosis of erosions, corneal abrasion, and keratitis. It may be applied to the cornea using fluorescein-impregnated filter paper or via 0.25%
solution.12
Rose bengal solution may be used in the
evaluation of dendritic herpetic keratitis, superficial punctate keratitis, and other conditions.
Rose bengal stains damaged epithelial cells at the
margins of HSV-induced dendritic ulcers bright
red, but stains the ulcer base poorly. Recent
research has shown
that rose bengal has
Differential Diagnosis
a cytotoxic effect on
of HSV Keratitis
animal and human
corneal cells. It has
Infectious
also been shown to
Non-HSV viral keratitis
inhibit growth of proVZV
tozoa, bacteria, and
EBV
viruses. For this reaCMV
son, tissue specimens
Acanthamoeba
keratitis
for viral cultures or
Fungal keratitis
PCR should be taken
Bacterial
keratitis or
in advance of diaginfected
corneal
ulcer
nostic staining with
rose bengal. Some adNoninfectious
vocate the use of topHealing abrasion
ical anesthetics before
Keratoconjunctivitis
rose bengal to prevent
medicamentosa
the ocular irritation
Neurotrophic keratitis
associated with this
Exposure keratopathy
dye; others argue that
Basement membrane
this may contribute to
dystrophy
false positive staining
results.12
Lissamine green is a synthetic dye with a
staining profile similar to that of rose bengal.12
Lissamine green stain is more easily seen over
the white sclera than the black pupil so, like rose
bengal, it is more helpful in visualizing conjunctival than corneal tissue. Lissamine green,
however, has not demonstrated cytotoxicity to
human cells and may be better tolerated by patients. Unlike rose bengal, lissamine green has
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not been shown to inhibit viral growth in vivo,
although for reasons that are not known it may
interfere with HSV detection by PCR.12,13 Viral contact with materials present in collection
swabs may also contribute to inaccurate testing
results. In order to minimize false negative findings, it is recommended that clinical specimens
being tested for HSV by PCR be collected before staining with either rose bengal or lissamine
green and that sampling be performed with a
cotton-tipped swab rather than a calcium alginate swab.13
Corneal Appearance
Early in its course, prior to formation of a
dendritic ulcer, HK may appear as small, raised
corneal vesicles. Application of fluorescein stain
aids in the visualization of the vesicles by pooling around their edges. Corneal vesicles are the
ocular corollary to vesicles that appear on skin
and mucous membranes in early dermatologic
HSV eruptions.11 Punctate or linear epithelial
ulceration may also precede the formation of a
classic dendritic lesion (Figure 3).1
Prior to the formation of classic dendrites,
thin branching lesions may give the appearance
of pseudodendrites of VZV infection, which
lack central ulceration or terminal bulbs.1,11 In
time, pre-dendritic HSV lesions coalesce to
form the classic dendritic appearance of HK,
characterized by a branching shape and bulbous termini (Figure 4A).11 Punctate satellite
lesions or stellate lesions may also be observed
(Figure 4B).9
Fluorescein staining reveals damaged corneal epithelial cells at the ulcer base and edges.1 Rose bengal and lissamine green lightly
stain the base, and help demonstrate the raised
edges surrounding the ulcer that contain active HSV (Figure 5).5 A typical appearance of
dendritic ulceration on slit lamp examination
provides evidence of HK sufficient to warrant
treatment.
Laboratory evaluation
Herpetic keratitis is a clinical diagnosis.
Under most circumstances, the observation
of classic dendritic keratitis serves as the basis
for initiation of treatment with topical antiviral
therapy. However, multiple laboratory techniques are available to assist diagnosis under
rare circumstances, such as complicated cases,
neonatal cases, or cases in which a definitive
diagnosis is necessary.1
Improved technology for rapid, reliable
HSV diagnosis is currently under investigation.

Direct Visualization
Corneal specimens taken from the edge
of the ulcer may be
directly
examined
for evidence of HSV
infection. Light microscopy may reveal
the presence of multinucleated giant cells
on Giemsa stain, and
intranuclear (Cowdry
type A) inclusions on
Papanicolaou stain.
Electron microscopy
may reveal the presence of HSV particles
in the nuclei of epithelial cells, and enveloped or mature viral particles in the cytoplasm (Figure 6).5,9

Figure 3

At the beginning of
an outbreak (prior to
dendrite formation) HSV
keratitis may present
as punctate epithelial
lesions. (Image courtesy
Francis S. Mah, MD.)

Virus Culture
HSV may be recovered from untreated dendritic ulcers by swabbing the ulcer with a softtipped applicator and inoculating it into 2.0 mL
of viral transport medium or placed in a viral
culturette.14 Current options for viral detection
include cell culture, an enzyme-linked virus-in- Figure 4
ducible system (ELVIS®), and polymerase
chain reaction (PCR).
Culture in cellular medium was traditionally considered
the gold standard for
HSV detection, since
A
it indicates the presence or absence of active infection. However, false negative
results are common,
particularly among
patients exposed to
topical antiviral treatment or whose eyes
have been stained
B
with rose bengal or
lissamine
green.5,13
A. Classic dendritic HSV keratitis, fluorescein stain.
False negative reThis patient had a prior full thickness corneal graft
sults may also occur
(penetrating keratoplasty) for HSV scarring. This is
among untreated paa recurrent dendrite in the graft. (Image courtesy
tients without such
Christopher J. Rapuano, MD.) B. HSV dendritic
exposures,
which
keratitis with satellite lesions. (Image courtesy
may be a result of the Francis S. Mah, MD.)
body’s natural immune reaction to the infection or other factors
that affect viral transfer and growth in vitro.15
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Figure 5

HSV dendrite stained
with rose bengal.
(Image courtesy Francis
S. Mah, MD.)

When positive, cell cultures show zones of
virus-induced cytopathology within 1 to 3 days
of inoculation, although it may take up to 1 to
2 weeks on rare occasions.14 Due to potentially
lengthy turnaround time, standard HSV culture
is not useful for rapid clinical diagnosis.
The ELVIS® HSV ID/Typing system is an
accelerated
version
of standard virus culture, producing results within 24 hours
of medium inoculation. It uses a specially engineered cell line
that, when infected
with HSV, induces the
expression of the enzyme beta-galactosidase, which is detectible by staining.14 Compared
with various other methods of cell culture, ELVIS® has demonstrated a high degree of sensitivity and specificity of clinical HSV detection.16-20
DNA Detection
PCR may be used to detect the presence of
HSV DNA in clinical specimens that contain live
or inactive virus. HSV PCR has been shown to
be more sensitive than standard or accelerated
cell culture.15,21 PCR may be used to establish the
diagnosis in the face of a negative HSV culture,
or as the primary definitive laboratory modality.15,21 PCR results are typically available within
24 to 48 hours when performed in an in-house
facility, or within 3 to 5 days when an outside
facility is used.21

8

Differential diagnosis
In the experience of the committee members, the differential diagnosis of HK includes
healing abrasion, drug-related effects, and corneal infection caused by Acanthamoeba, fungal,
Figure 6

Electron micrograph of intracellular HSV particle.
(Image courtesy Francis S. Mah, MD.)

bacterial, or other viral pathogens.3,22,23 The condition most clinically akin to HK, and the one
with which it may be most easily confused, is
VZV keratitis, which is associated with herpes
zoster ophthalmicus (HZO).
VZV Keratitis
VZV is the etiologic agent of both varicella
(chickenpox) and its reactivation state herpes
zoster or, more colloquially, “shingles.” Like
HSV, VZV is a herpes virus that can establish

Virus to Antiviral: A Timeline
550 million years
ago**

120 million
years ago**

Appearance of first
herpes viruses

Current HSV-1
emerges**

~400 BCE

1857

1892

Hippocrates uses
the phrase herpes
“to creep, or crawl”
to describe highly
infectious, spreading
lesions

Louis Pasteur (France)
demonstrates that
invisible microbes
cause infectious
disease

Dmitri Iwanowski
(Russia) discovers the
first known virus—an
infectious particle
many times smaller
than the smallest
bacterium

**Grose C. Pangaea and the out-of-Africa model of Varicella-Zoster virus evolution and phylogeography. J Virol. 2012;86:9558-65.
* Kaufman HE, Haw WH. Ganciclovir ophthalmic gel 0.15%: safety and efficacy of a new treatment for herpes simplex keratitis. Curr Eye Res. 2012;37:654-660.
‡
De Clercq E. Looking back in 2009 at the dawning of antiviral therapy now 50 years ago: an historical perspective. Adv Virus Res. 2009;73:1-53.
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latency in the trigeminal ganglion and reactivate
along the ophthalmic branch of the trigeminal
nerve to cause infectious keratitis. Unlike HSV,
reactivation of VZV typically happens only once
in life in approximately 30% of adults.24,25
Prior to the introduction and widespread
implementation of the varicella vaccine in
1995, nearly all children acquired infection
with the highly contagious virus and developed
chickenpox, a self-limited disease characterized
by fever, malaise, and a diffuse vesicular rash. Following recovery from primary infection, VZV establishes latency in sensory root ganglia, which is
maintained by a strong T-cell-mediated immune
response. In most individuals, VZV-specific immunity after natural infection is life-long, and the
virus remains latent. However, in approximately
20% to 30% of individuals, latent VZV reactivates
along one or more sensory dermatomes, causing
shingles (related, it is thought, to waning T-cell
immunity with advancing age).25
Unlike HSV, herpes zoster is characteristically more common and more severe with advancing age and among immunocompromised
individuals. The varicella vaccine program has
markedly altered the epidemiology of not only
varicella, but also shingles. The incidence of shingles is increasing as the proportion of elderly individuals in the population expands; and it is also
increasing among adults in the 40 to 50 year old
age range. This is thought to be a result of the near
disappearance of childhood chickenpox since
the vaccine was introduced—exposure to cases
of chickenpox may have served as a physiologic
“booster vaccine” to exposed mid-life adults.25

HZO results from VZV reactivation in the
trigeminal ganglia and travels through the ophthalmic division of the fifth cranial nerve.26 HZO
occurs in approximately 10% to 20%
of individuals with
shingles, making it
the second most common anatomical site
of VZV reactivation
after the torso.26 HZO
is typically associated
with a painful, unilateral rash extending
above and/or below
the eye along the sensory dermatome. Over the
course of several days to weeks, dermatologic
lesions may evolve from maculopapular to vesiculopustular to crusted (Figure 7).26
Approximately 50% of HZO cases that do
not get treatment within the first 72 hours of
the appearance of the rash will develop ocular
involvement.26 Corneal complications include
punctate or pseudodendritic epithelial keratitis, stromal infiltrate, endotheliitis, and neurotrophic keratitis. HZO may be associated with
significant morbidity including visual loss.
Because their pathophysiology, treatment,
and prognosis are different, differentiating HSV
from VZV ocular disease is important. In the
clinical experience of the panel, ocular HSV
tends to present in young to middle-aged individuals, whereas VZV is generally seen in older
patients. Distinguishing characteristics of HZO
include a prodrome of fever, malaise, headache,

Figure 7

HSV keratitis differential
diagnosis: Healing
lesions of herpes zoster
ophthalmicus (HZO)
caused by varicella
zoster virus (VZV) in
its typical distribution
along the trigeminal
V1 (ophthalmic)
dermatome, including
the nasociliary branch
to the tip of the nose
(Hutchinson’s sign).
(Image courtesy John
D. Sheppard, MD.)
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Figure 8

10

HSV keratitis
differential diagnosis:
VZV keratitis seen
here—characterized
by mucous plaque
pseudodendrites—
develops in
approximately 25%
of patients with HZO.
The mucous plaque
pseudodendrites
of VZV keratitis are
distinguished from
true HSV dendrites
by their thin, tapering
appearance and
absence of central
ulceration and terminal
bulbs. (Image courtesy
Christopher J.
Rapuano, MD.)

or pain or tingling along the forehead or scalp;
HZO may be accompanied by changes in affect
including moodiness, depression, and insomnia.26 The HZO rash is frequently associated
with exquisite pain, and distribution along a
sensory dermatome is unique to VZV. HZO affects the deep dermis,
may cause periorbital
edema and ptosis, and
can result in permanent scarring. By contrast HSV only affects
the epidermis.26
Although
rare
among patients with
HZO, VZV (like HSV)
can cause significant
keratitis in the absence of skin involvement.26 In such cases, a key to differentiation is
the appearance of the fluorescein-stained corneal lesions. Both agents may cause punctate
epithelial keratitis early in the infection, but in
contrast to the true dendrites associated with
HSV, VZV keratitis is characterized by pseudodendrites, which stain less intensely, are elevated, and appear as tapering lines without central
ulceration or terminal bulbs (Figure 8).25
Other Conditions
In addition to VZV, the differential diagnosis of HSV keratitis includes infections caused
by EBV, CMV, Acanthamoeba, and a variety of
bacterial and fungal pathogens. Ocular complications of CMV and EBV infection are not
encountered with great frequency, even among
cornea specialists. Like HSV and VZV, CMV
and EBV are members of the herpes virus family, and both are globally endemic. In contrast to
HSV, which persists in neuroganglia, CMV and
EBV establish latency in white blood cells such
as T cells and monocytes.27
Ocular disease related to CMV most commonly occurs among immunodeficient individuals.27 However, CMV keratitis, predominantly
endotheliitis, has been reported in immunocompetent persons as well.28 Systemic EBV infection may be associated with a wide range of
ocular manifestations including epithelial keratitis.29
Acanthamoeba keratitis (AK) is a rare, severe, protozoan infection that may be mistaken
for HK due to a similar dendritic pattern on the
corneal epithelium early in the course of the disease. In the clinical experience of the committee,
Acanthamoeba-induced lesions appear elevated

and lack the terminal bulbs which help to distinguish HK lesions. Patients with AK commonly
have a history of contact lens wear or trauma,
and may complain of severe pain that seems disproportionate to physical findings.30
Non-infectious processes that may be mistaken for HSV keratitis include healing abrasions and drug-related toxicity. Healing corneal
abrasions may have a dendritiform appearance.
However, they do not demonstrate a classic,
“tree-branching” pattern and lack terminal bulbs.
Patients on topical ophthalmic medication
for the treatment of HSV infection or other conditions may develop keratitis medicamentosa
which may be misdiagnosed as progressive or
intercurrent HSV infection.3 Medicamentosa
is a toxic reaction to topical ophthalmic medication or a combination of medications and is
characterized by redness and/or erosions of the
conjunctiva and cornea that may range from
mild to severe.31 When an allergic component
is present, patients may also experience itching,
swelling and redness of periorbital tissue; eosinophils may be present in affected tissue.3 Nonselective antivirals, such as trifluridine, and cytotoxic antibacterials, such as aminoglycosides,
are common culprits.31
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Topics in Treatment
An evolving standard of care
Without treatment, most cases of superficial dendritic keratitis will resolve without permanently damaging vision. But with no way of
predicting which infections will progress, early
and effective treatment is imperative to minimize
the risk of progression. Treating the disease also
allows for relief of associated symptoms such as
pain, irritation, redness, and discharge.
Management Prior to Antiviral
Availability
Prior to the development of antiviral thera-

pies, HK was treated by physical debridement of
eroded tissue and application of iodine, a painful
and difficult procedure that was often ineffective. Sometimes it was necessary to perform a
conjunctival flap, a procedure that relieved pain,
but functionally blinded the patient.1
Non-selective Topical Antiviral Agents
The development of idoxuridine (IDU), the
first effective antiviral medication for any organ,
revolutionized the field of infectious disease and
ushered in a new era in the treatment of ophthalmic viral infections. IDU was a nucleic acid
analog originally under investigation as an anticancer drug. It worked by binding and blocking
DNA polymerase; in effect, it tricked the herpes
virus into taking it up as if it were a normal nucleic acid and thus committing suicide.1 Limiting IDU’s effectiveness against ocular herpes
was the drug’s lack of solubility, which required
that it be applied every 2 hours around the clock.
Another nucleoside analog, vidarabine ophthalmic ointment 3% (also known as adenine
arabinoside, ara-A, or vira-A) was approved by
the US FDA in 1976 for the treatment of acute
keratoconjunctivitis and recurrent epithelial
keratitis due to HSV.2 Vidarabine was more effective than IDU and required less frequent dosing.2 With the evolution of ophthalmic antiviral
agents toward more selectivity and less toxicity,
vira-A ophthalmic ointment use diminished markedly, and it is rarely
TRIFLURIDINE ophthalmic
used today. While difficult to find,
solution 1%6
it may be compounded at some
■ Indication: Treatment of
specialty pharmacies and may be
primary keratoconjunctivitis
useful in patients recalcitrant to, or
and recurrent epithelial
intolerant of, other antiviral agents.
keratitis due to HSV-1 and -2
Like IDU, trifluridine (also
known as trifluorothymidine or
■ pH range: 5.5 to 6.0
TFT) was a substituted nucleo■ Formulation: Sterile
tide originally used in oncology to
ophthalmic solution
block the mass assembly of nucleic
acids in rapidly reproducing cancer
■ Dosing: One drop every 2
cells.1 Trifluridine proved to be an
hours while awake (maximum
effective ocular antiviral with high
of 9 doses daily) until
success rates in the treatment of
complete reepithelialization.
HK infections and demonstrated
Then, one drop every 4 hours
superiority to IDU and vira-A in
while awake (minimum of 5
clinical trials.3 By the 1970s, trifludoses daily) for 7 days
ridine had become a drug of choice
■ Approved: 19807
in the treatment of ocular herpes.
Non-selective antiviral agents
inhibit not only virus reproduction but also cellular DNA synthesis in uninfected cells. As such,
non-selective antiviral agents can interfere with
wound healing and contribute to ocular surface
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toxicity. Associated complications are rare, but
can be serious when viral infection produces
large corneal ulcers that require significant cell
division to heal.1 Some non-selective antivirals
are preserved with thimerosal, a
mercury-based preservative.4 Like
8
ACYCLOVIR
long-term topical aminoglycoside
Indication: Treatment of
use, prolonged use of such agents
herpes zoster (shingles),
is a recognized cause of monocular
varicella (chickenpox), and
blepharitis.5 Other serious side efinitial episodes and the
fects include allergic reaction and
management of recurrent
the occlusion of lacrimal drainage.1
episodes of genital herpes
Selective Oral Antiviral
Formulations: Oral as capsule,
Agents
tablet, or suspension
The development of acyclovir,
the first selective nucleoside anDosing: Twice to five times
alog, marked the next major addaily depending on the
vance in the fight against herpes
indication
viruses. The mechanism of action
9
Approved: 1985
of acyclovir was novel in that it exploited slight differences in viral
and cellular versions of thymidine kinase (TK),
the enzyme that activates the precursor form
of the drug into its active form. As a substrate
for viral TK only—it is not acted upon by the
TK found in human cells—acyclovir ushered
in a new generation of antivirals with potency
against HSV-infected cells and lower toxicity
potential.1
As the first virus-selective agent, acyclovir
was also the first antiviral appropriate for systemic use. HEDS addressed the question of
whether or not long-term systemic antiviral
therapy could prevent ocular HSV recurrences
and found that oral acyclovir could reduce HK
recurrence rates by approximately
40% to 50% overall. Unfortunately,
VALACYCLOVIR11
HEDS also showed that oral antiviIndication: Treatment of
ral therapy could not prevent proherpes labialis, genital herpes,
gression from surface infection to
herpes zoster, and varicella in
deeper stromal disease.1 Acyclovir
immunocompromised hosts
available for oral administration is
indicated for the acute treatment
Formulation: Oral as caplet;
of shingles, genital herpes, and
suspension may be prepared
chickenpox.
from caplet
Other viral enzyme inhibitors
Dosing: Once, twice, or three
have been developed that share
times daily according to
acyclovir’s mechanism of action
indication
and selectivity for virus-infected
cells. Valacyclovir is a valine ester
12
Approved: 1995
of acyclovir, and has the advantage
of being much more bioavailable
when taken orally.10 In contrast to acyclovir
which is poorly absorbed, valacyclovir passes
readily into the bloodstream, where it is metab-

olized into its active form, acyclovir.11
Famciclovir is an
FAMCICLOVIR13
acyclic guanine derivative with a longer
■ Indication: Treatment
intracellular half-life
of herpes labialis,
than acyclovir. Neigenital herpes, and
ther valacyclovir nor
herpes zoster
famciclovir has been
compared for effi■ Formulation: Oral as
cacy to acyclovir in
tablet
large, controlled clin■ Dosing: Once, twice,
ical trials, but is preor three times daily
sumed to be similar.10
according to indication
Selective
■ Approved: 199414
Topical Antiviral
Agent
Ganciclovir ophthalmic gel (marketed outside the US as Virgan®) was approved for the
treatment of acute HK in France in 1995 and has
since been approved in 30 other countries outside of the US.15 Approved by the US FDA in 2009,
ganciclovir ophthalmic gel 0.15% (Zirgan®)
became the first new topical drug for herpetic
eye disease in the US since the advent of trifluridine in the 1970s.17 In intravenous and ocular
implant formulations, ganciclovir was already
well known to ophthalmologists as an efGANCICLOVIR
fective treatment for
ophthalmic gel 0.15%16
CMV-related eye dis■ Indication: Treatment
ease, including some
of acute herpetic
cases that were unrekeratitis (dendritic
sponsive to acyclovir.1
ulcers)
Like
acyclovir,
ganciclovir specifical■ pH: 7.4
ly targets HSV DNA
■ Formulation: Sterile
in infected cells, makpreserved topical
ing it the first (and
ophthalmic gel
only) selective topical
antiviral agent avail■ Dosing: One drop
able in the US for the
every 3 hours while
treatment of dendritic
awake (5 doses daily)
HK. The mechanism
until healed. Then, one
of action of ganciclodrop 3 times per day
vir starts with a series
for 7 days
of phosphorylations
■ Approved: 200917
that converts it into
active form. This activation takes place preferentially inside cells
infected by HSV and is the basis of its specificity for virus-infected cells. Once activated,
ganciclovir’s mechanism of action is two-fold: it
slows viral replication by competitive inhibition
of viral DNA polymerase; and it directly incorporates into the viral DNA primer strand. This
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Table 1 Selected properties of antiviral agents
Antiherpetic
agent

Route of
administration

Dosing
frequency

Room
temperature

topical

5x/day,
then 3x/day

thimerosal

Refrigerate

topical

9x/day,
then 5x/day

Acyclovir8

n/a

Room
temperature

oral

5x/day

Valacyclovir
(Prodrug to
acyclovir)11

n/a

Room
temperature

oral

1–3x/day
depending on
the indication

Famciclovir
(Prodrug to
penciclovir)13

n/a

Room
temperature

oral

1–3x/day
depending on
the indication

Ganciclovir
ophthalmic
gel 0.15%16
Trifluridine 1.0%
ophthalmic
solution6

Preservative

Storage

BAK

terminates the viral DNA chain and shuts down
virus replication.18,19
Ganciclovir ophthalmic gel clinical trials
were conducted at sites outside of the US where
the antiviral comparator agent of choice, acyclovir ophthalmic ointment 3%, was commercially
available. In Europe, the safety and efficacy of
acyclovir ophthalmic ointment is well established.20 Both acyclovir and ganciclovir selectively target virus-infected cells and are better
tolerated than first-generation agents, including
trifluridine. Thus, although never marketed in
the US, acyclovir represented the most rigorous
standard of comparison for ganciclovir.
These trials showed that ganciclovir gel
was as effective as acyclovir ointment in treating dendritic HK, with significantly higher paIndication
• ZIRGAN® is a topical ophthalmic antiviral that
is indicated for the treatment of acute herpetic
keratitis (dendritic ulcers).
Important Risk Information about ZIRGAN®
• ZIRGAN® is indicated for topical ophthalmic use
only.
• Patients should not wear contact lenses if they have
signs or symptoms of herpetic keratitis or during
the course of therapy with ZIRGAN®.
• Most common adverse reactions reported in
patients were blurred vision (60%), eye irritation
(20%), punctate keratitis (5%), and conjunctival
hyperemia (5%).
• Safety and efficacy in pediatric patients below the
age of 2 years have not been established.

tient tolerability.21 Three-quarters of patients in
these studies rated the tolerability of ganciclovir gel as “excellent,” and 97% rated it “good” or
“excellent.”22
Ganciclovir gel is preserved with a low concentration of benzalkonium chloride (BAK).
BAK has been shown to be gentler on the conjunctiva and cornea compared with thimerosal.23
Thimerosal has been associated with marked
cytotoxicity to human corneal cells in vitro,
and sensitization and significant allergic reaction in patients.4,24 Tolerability of ganciclovir gel
has been excellent in clinical trials. Ganciclovir
gel may be stored at 59°F – 77°F (15°C – 25°C),
eliminating the need for refrigeration.16 Refrigeration before dispensing can limit pharmacy
availability (Table 1).
One drop of ganciclovir gel should be instilled
in the affected eye five times daily (every 3 hours
while awake) until the corneal ulceration heals,
then three times daily for the subsequent week.16
Oral Antiviral Monotherapy
There is a dearth of data on the use of oral
antiviral therapy as a substitute for topical antiviral therapy in the treatment of acute HK.3 This
is understandable, as topical treatment is a well
accepted form of pharmaceutical administration
for ophthalmologic conditions. A randomized,
double-blind, controlled trial found that treatment of HK with oral acyclovir was associated
with similar efficacy and speed of healing compared with topical acyclovir, suggesting that oral
therapy was a reasonable alternative to topical

Please see the full prescribing information for Zirgan® on page 20.
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among patients who might not tolerate the
topical.25
Oral Antiviral as Adjunct to Topical
Therapy
Some clinicians report the use of oral antiviral therapy as an adjunct to topical antiviral therapy in the treatment of acute HK.26 A
meta-analysis of HK therapies revealed that
combination oral and topical antiviral therapy
had similar efficacy compared to topical antiviral monotherapy (relative risk [RR]=1.08; 95%
confidence interval [CI] 0.99 to 1.17). Authors
concluded that it remains unclear whether the
addition of a second antiviral agent to a baseline
topical antiviral regimen is useful in accelerating
healing. Further studies are needed to assess the
role of adjunctive oral antiviral therapy in the
treatment for dendritic epithelial keratitis.3

14

Oral Antiviral to Address Recurrence
As a recurrent disease with significant and
potentially cumulative morbidity, the ability to
prevent outbreaks of ocular HSV is attractive to
clinicians and patients. Systemic antivirals for
the suppression of recurrence may play a role in
the management of ocular HSV disease in select
patients.
The HEDS found that oral acyclovir (400
mg, twice daily) for 1 year significantly reduced
the risk for recurrence of ocular HK, stromal
keratitis, and orofacial HSV compared with placebo. Follow up at 6 months after prophylaxis
was stopped showed that the benefit was not
sustained off medication, although the infection rate did not rebound.27 Furthermore, the
benefit provided by long-term acyclovir prophylaxis in the prevention of stromal keratitis
was seen only in those with a history of stromal keratitis and was not observed among subjects with no history of stromal involvement.
In other words, oral prophylaxis did not seem
to prevent progression from superficial HK to
stromal disease.28
According to a community-based retrospective chart review conducted in Olmsted
County, MN, long-term oral antiviral prophylaxis (mean: 2.8 years) markedly reduced rates of
epithelial keratitis, stromal keratitis, blepharitis,
and conjunctivitis compared with no prophylaxis over a mean 7.7 years of follow-up.29 These
data are consistent with benefits noted in the
HEDS and suggest that prophylaxis beyond 12
months may improve outcomes further.29,30
Most research regarding oral antiviral therapy of HSV infections centers on the use of

acyclovir. However more is becoming known
about agents that offer superior pharmacokinetic properties and reduced dosing frequency.
Valacyclovir 500 mg once daily was compared
with acyclovir 400 mg twice daily in the prophylaxis of HSV ocular disease and shown to be
similarly effective. This pilot study found a 23%
recurrence rate over the course of 1 year with either agent. Adverse events, the most common of
which were nausea and headache, were similar
in frequency, severity, and type between the two
treatment arms.31
At present, long-term prophylaxis with an
oral antiviral agent for the prevention of HSV
ocular recurrences is recommended for select
populations only: patients with severe stromal
keratitis, patients with frequently recurring epithelial keratitis (more often than one episode
per year), and corneal transplant patients with
history of ocular HSV. Either oral acyclovir (400
mg twice daily) or valacyclovir (500 mg once
daily) are suitable options in patients who maintain good renal function.32
Antiviral Resistance
HSV resistance to acyclovir and related
antiviral compounds, valacyclovir, famciclovir,
and penciclovir, has remained low since introduction of these agents starting in the early
1980s. Resistance is far more common among
immunocompromised
patients—estimated
3.5% to 10% compared with 0.1% to 0.7% among
immunocompetent patients—as viral replication is typically prolonged in such patients, and
impaired host responses allow for virus with
lower pathogenicity to survive and replicate.33,34
In fact, infection with an HSV-1 strain that is
resistant to acyclovir raises the concern of immunodeficiency.35
The vast majority of HSV-1 strains with
clinical resistance to acyclovir contain a mutation in the gene that encodes for the key enzyme
TK. While some TK-mutant strains remain
highly pathogenic, others have reduced “viral
fitness” as a result of the mutation compared
with wild-type strains. Rarely, the mechanism
of antiviral resistance relates to an altered DNA
polymerase. The low rates of acyclovir resistance despite decades of widespread use may be
a result of compromised pathogenicity in HSV1 strains with mutant TK or DNA polymerase.33
Though rates are low overall, increased antiviral prescribing may be driving up acyclovir
resistance in patients with herpetic eye disease.
A recent study of sequential corneal HSV-1 isolates from patients with recurrent HK revealed
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an acyclovir resistance rate of 6.4%, surprisingly
high for an immunocompetent population.34 All
patients in this study with an acyclovir-resistant
HSV strain had received treatment with acyclovir within the past year. Lack of clinical responsiveness to treatment—slow healing over several
weeks or frequent recurrences—was associated
with antiviral resistance.36
Acyclovir-resistant HSV strains are resistant
to acyclovir’s prodrug valacyclovir, and most are
cross-resistant to famciclovir.35 Ganciclovir and
acyclovir share similar structures and mechanisms of action, therefore cross-resistance is
possible.37 In Duan and coworkers’ study of corneal HSV isolates, 45% (5/11) of acyclovir-resistant strains were resistant to ganciclovir.34
Recovery of HSV and in vitro resistance assays and molecular characterization of isolates
should be performed prior to switching therapy
in patients who are refractory to initial therapy.34 This may necessitate a referral to a corneal specialist with expertise in infectious disease
management.
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B
HSV corneal ulceration
before (A) and after
7 days of treatment
with ganciclovir
ophthalmic gel 0.15%
(B). Reduction in uptake
of fluorescein stain
demonstrates epithelial
healing of the corneal
ulceration. Note, too,
the marked decrease
in ciliary flush. (Images
courtesy John D.
Sheppard, MD.)

Diagnosis
Accurate diagnosis of HK is often straightforward and rests mainly on history, physical
examination, and slit lamp examination. Patients
with a history of recurrent HK, classic signs and
symptoms of acute keratitis (such as tearing and
foreign body sensation), and, in particular, the
pathognomonic dendritic
lesion on slit lamp examination may reliably be diagnosed as having HK.
Optional Adjunctive
Treatment:
Debridement
Various physical methods of debridement to reduce viral load have been
used since the pre-antiviral era and remain in use
in some settings today. For
the most part, however,
such techniques have been
abandoned due to the time
and effort required, the
risk of damaging Bowman
layer, and the potential to
increase
inflammation
and scarring. When used
without concomitant antiviral therapy, debridement
alone is associated with an
increased risk of recrudescent epithelial keratitis.1
The diverse methodologies, surgical techniques, and skill levels of the participants make
comparing clinical trials of physicochemical debridement techniques for the treatment of HK
challenging; and few have compared physical
techniques to placebo.1,2 Thus, reviews of the literature that have sought to offer evidence-based
guidelines on the matter have been largely inconclusive. There may be some improvement
in speed of healing when debridement is used
prior to topical antiviral therapy, although percentage of eyes healed was not affected.2
When in Doubt, Treat
When historical and physical examination
clues are lacking or unclear, and acute herpetic
keratitis is suspected, viral culture and/or PCR
may be attempted. It should be remembered
that false negative results are common, and the

use of rose bengal or lissamine green stain may
interfere with diagnostic testing. Thus, samples
should be taken for viral diagnostic tests before the instillation of rose bengal or lissamine
green.
Treatment should not be deferred while
awaiting the results of culture or PCR. It is advisable to begin topical treatment promptly in
all suspected cases of acute herpetic keratitis. If
the diagnosis is in question, empirical treatment
should not include corticosteroids, as this may
aggravate infections caused by HSV, fungus,
Acanthamoeba, or other pathogens.
Recommended Treatment: Ganciclovir
Ophthalmic Gel 0.15%
Ganciclovir ophthalmic gel 0.15%, applied
five times daily (or every three hours while
awake) is the recommended first-line treatment
for dendritic HK. The initial dosing should be
continued for the duration of time required for
the corneal ulcer to heal (Figures 9A and 9B).
(Healing can be defined as an absence of fluorescein uptake at the ulcer site; this typically, but
not invariably, occurs within 1 week.) Once the
ulcer has healed, the ganciclovir dose should be
reduced to three times daily and continued for
7 days thereafter. Patients should be advised to
avoid wearing contact lenses while experiencing signs and symptoms of HK and during the
course of treatment with ganciclovir gel.
Recommendation of ganciclovir as first-line
treatment is based upon the following evidence,
as discussed in this monograph:
Topical ophthalmic antiviral agents allow
for high concentration of drug on the
cornea and in the tear film, with negligible
systemic uptake
As a second generation antiviral, ganciclovir
gel is preferentially taken up by virusinfected cells, sparing host cells
Ganciclovir gel has been proven
comparable in efficacy and safety to
acyclovir ointment (available outside the
US) in the treatment of HK
d Ganciclovir gel has been in use outside
of the US since 19953
Ganciclovir gel is preserved with BAK, a
non-mercury based preservative
d Mercury-based preservatives have
been associated with substantial ocular
toxicity and allergy
d Ganciclovir gel is the only topical
ophthalmic antiviral agent with a nonmercury-based preservative
Ganciclovir gel is well tolerated by patients,

•
•
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•
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Slit lamp examination with fluorescein stain

EPITHELIAL
DENDRITE
Consider physical
debridement
Consider culture or PCR

Avoid topical
corticosteroids
First-line therapy
Ganciclovir gel 0.15%
One drop 5x daily until
corneal ulcer heals

Follow-up 3–14 days
(sooner at clinician’s
discretion)

Ulcer Improved

Ulcer Healed*

Continue
Ganciclovir gel 0.15%
One drop 5x daily until
corneal ulcer heals

Ganciclovir gel 0.15%
One drop 3x daily x 7 days,
then stop

Consider alternative
treatments:
• Trifluridine 1%
ophthalmic solution
• Oral antiviral
monotherapy
• Topical and oral antiviral
combination

Ulcer Not Improved

• Assess compliance
• Consider alternative
diagnoses
• Consider referral

* In clinical trials, “healed” was defined as the absence of fluorescein staining at the ulcer site.
Please see the Important Risk Information on page 13 and the full prescribing information for Zirgan® on page 20.
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has a convenient dosing schedule, and does
not require refrigeration
d These attributes contribute to patient
convenience
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Alternative Treatment Options
Trifluridine 1% ophthalmic solution is a
reasonable alternative choice for the acute treatment of HK, particularly when low medication
cost is a top priority. Trifluridine should not be
used for longer than 21 days due to the significant potential for ocular toxicity.4
Although used in some clinics, oral antiviral
monotherapy for the treatment of uncomplicated epithelial HK has become less attractive since
the development of effective selective topical
antiviral treatment. Trials comparing the use
of oral and topical antivirals in the treatment of
HK are lacking, and unlikely to be performed as
topical therapy has been shown to be effective
and well tolerated.2 Patients who are unable to
tolerate topical treatment, such as those who
have undergone corneal grafting, may be candidates for oral antiviral treatment (with acyclovir,
valacyclovir, or famciclovir), which was shown
to be as effective as topical treatment in at least
one study.5
Adjunctive Treatment Options
If undertaken, ulcer debridement (see
above) should be performed prior to the instillation of antiviral gel.
Systemic antiviral medication may be used
as an adjunct to topical treatment of HK, although evidence for added benefit over topical
treatment alone is lacking.2 Select patients may
benefit from adjunctive oral antiviral therapy,
such as those with large dendritic lesions, geographic lesions, significant iritis, or who are
immunocompromised. Patients with comorbid HSV dermatoblepharitis warrant adjunctive treatment with systemic antiviral therapy.
Recommended therapies include oral acyclovir
(400 mg five times daily) or valacyclovir (500 mg
three times daily).
Several studies have reported successful
treatment of HK with interferon, either alone,
or in combination with debridement or antiviral
therapy. As an adjunct to antiviral therapy, interferon may speed healing of HK ulcers, however
it has not been consistently shown to improve
healing rates.2 For this reason, interferon is not
generally recommended as first-line therapy for
uncomplicated HSV keratitis.

Patients with ocular HSV complicated by
increased intraocular pressure (IOP) require
monitoring and treatment as appropriate for the
elevated IOP.
Follow-up
Patients should be reexamined 1 to 2 weeks
following initiation of treatment or sooner at
the discretion of the clinician. If the diagnosis
is in question, or if the ulceration is severe, follow up as early as 48 to 72 hours to assess initial response to treatment may be appropriate.
Typically, healing is first evident at the sites of
actively replicating virus in the terminal bulbs of
the ulcer; however, various patterns of healing
may be observed. Patients who are responding
well to therapy will have substantial reduction
in the size of the ulcer or full reepithelialization
at follow-up. Once the ulcer is healed, patients
should continue on ganciclovir gel at a reduced
dosing frequency of three times daily for an additional 7 days.
Patients who are improved but not fully
healed should continue on ganciclovir gel five
times daily until the ulcer is healed and then reduce the dosage to three times daily for an additional 7 days.
Most patients respond well to topical antiviral therapy; however, occasionally follow-up
examination will reveal a lack of improvement
or progression of the ulcer. This may be attributable to factors related to the disease, the
host, the treatment, or a combination of factors.
Leading considerations in such cases include
lack of patient compliance with treatment or an
inaccurate diagnosis. If one is confident that neither the diagnosis nor compliance is in question,
referral to a corneal specialist may be warranted
to confirm the diagnosis, rule out antiviral resistance, and/or modify the treatment regimen.
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-------------------ADVERSE REACTIONS -----------------Most common adverse reactions reported in patients were
blurred vision (60%), eye irritation (20%), punctate keratitis
(5%), and conjunctival hyperemia (5%). (6)
To report SUSPECTED ADVERSE REACTIONS, contact
Bausch & Lomb at 1-800-323-0000 or FDA at 1-800FDA-1088 or www.fda.gov/medwatch.
See 17 for PATIENT COUNSELING INFORMATION.
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------------------ CONTRAINDICATIONS-----------------None.
------------WARNINGS AND PRECAUTIONS ----------• ZIRGAN is indicated for topical ophthalmic use only. (5.1)
• Patients should not wear contact lenses if they have signs
or symptoms of herpetic keratitis or during the course of
therapy with ZIRGAN. (5.2)
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ADVERSE REACTIONS
Most common adverse reactions reported in patients were
1
INDICATIONS AND USAGE
blurred vision (60%), eye irritation (20%), punctate keratitis
ZIRGAN (ganciclovir ophthalmic gel) 0.15% is indicated for the (5%), and conjunctival hyperemia (5%).
treatment of acute herpetic keratitis (dendritic ulcers).
8
USE IN SPECIFIC POPULATIONS
2
DOSAGE AND ADMINISTRATION
8.1
Pregnancy: Teratogenic Effects
The recommended dosing regimen for ZIRGAN is 1 drop in the
affected eye 5 times per day (approximately every 3 hours while Pregnancy Category C: Ganciclovir has been shown to
awake) until the corneal ulcer heals, and then 1 drop 3 times per be embryotoxic in rabbits and mice following intravenous
day for 7 days.
administration and teratogenic in rabbits. Fetal resorptions
were present in at least 85% of rabbits and mice administered
3
DOSAGE FORMS AND STRENGTHS
60 mg/kg/day and 108 mg/kg/day (approximately 10,000x
ZIRGAN contains 0.15% of ganciclovir in a sterile preserved
and 17,000x the human ocular dose of 6.25 mcg/kg/day),
topical ophthalmic gel.
respectively, assuming complete absorption. Effects observed
in rabbits included: fetal growth retardation, embryolethality,
4
CONTRAINDICATIONS
teratogenicity, and/or maternal toxicity. Teratogenic changes
None.
included cleft palate, anophthalmia/microphthalmia, aplastic
organs (kidney and pancreas), hydrocephaly, and brachygnathia.
5
WARNINGS AND PRECAUTIONS
In mice, effects observed were maternal/fetal toxicity and
embryolethality. Daily intravenous doses of 90 mg/kg/day
5.1 Topical Ophthalmic Use Only
(14,000x the human ocular dose) administered to female mice
ZIRGAN is indicated for topical ophthalmic use only.
prior to mating, during gestation, and during lactation caused
hypoplasia of the testes and seminal vesicles in the month-old
5.2 Avoidance of Contact Lenses
male offspring, as well as pathologic changes in the nonglandular
Patients should not wear contact lenses if they have signs or
region of the stomach (see Carcinogenesis, Mutagenesis, and
symptoms of herpetic keratitis or during the course of therapy
Impairment of Fertility).
with ZIRGAN.
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HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all of the information
needed to use ZIRGAN® safely and effectively. See full
prescribing information for ZIRGAN.
ZIRGAN (ganciclovir ophthalmic gel) 0.15%
Initial U.S. approval: 1989
----------------INDICATIONS AND USAGE ---------------ZIRGAN is a topical ophthalmic antiviral that is indicated for the
treatment of acute herpetic keratitis (dendritic ulcers). (1)
----------- DOSAGE AND ADMINISTRATION ----------The recommended dosing regimen for ZIRGAN is 1 drop in the
affected eye 5 times per day (approximately every 3 hours while
awake) until the corneal ulcer heals, and then 1 drop 3 times per
day for 7 days. (2)
---------- DOSAGE FORMS AND STRENGTHS ----------ZIRGAN contains 0.15% of ganciclovir in a sterile preserved
topical ophthalmic gel. (3)

mucosa) in males and females, and reproductive tissues (ovaries,
uterus, mammary gland, clitoral gland, and vagina) and liver
in females. At the dose of 20 mg/kg/day, a slightly increased
incidence of tumors was noted in the preputial and harderian
8.3 Nursing Mothers
glands in males, forestomach in males and females, and liver
It is not known whether topical ophthalmic ganciclovir
in females. No carcinogenic effect was observed in mice
administration could result in sufﬁcient systemic absorption to
administered ganciclovir at 1 mg/kg/day (160x the human ocular
produce detectable quantities in breast milk. Caution should be dose). Except for histocytic sarcoma of the liver, ganciclovirexercised when ZIRGAN is administered to nursing mothers.
induced tumors were generally of epithelial or vascular origin.
Although the preputial and clitoral glands, forestomach and
8.4 Pediatric Use
harderian glands of mice do not have human counterparts,
Safety and efﬁcacy in pediatric patients below the age of 2 years ganciclovir should be considered a potential carcinogen in
have not been established.
humans. Ganciclovir increased mutations in mouse lymphoma
cells and DNA damage in human lymphocytes in vitro at
8.5 Geriatric Use
concentrations between 50 to 500 and 250 to 2,000 mcg/
No overall differences in safety or effectiveness have been
mL, respectively.
observed between elderly and younger patients.
In the mouse micronucleus assay, ganciclovir was clastogenic
at doses of 150 and 500 mg/kg (IV) (24,000x to 80,000x
11
DESCRIPTION
human ocular dose) but not 50 mg/kg (8,000x human ocular
ZIRGAN (ganciclovir ophthalmic gel) 0.15% contains a sterile, dose). Ganciclovir was not mutagenic in the Ames Salmonella
topical antiviral for ophthalmic use. The chemical name is
assay at concentrations of 500 to 5,000 mcg/mL.
9-[[2-hydroxy-1-(hydroxymethyl)ethoxy]methyl]guanine (CAS Ganciclovir caused decreased mating behavior, decreased
number 82410-32-0). Ganciclovir is represented by the
fertility, and an increased incidence of embryolethality in
following structural formula:
female mice following intravenous doses of 90 mg/kg/day
O
(approximately 14,000x the human ocular dose of 6.25 mcg/
kg/day). Ganciclovir caused decreased fertility in male mice and
N
HN
hypospermatogenesis in mice and dogs following daily oral or
OH
intravenous administration of doses ranging from 0.2 to 10 mg/
H2N
N
N
kg (30x to 1,600x the human ocular dose).

NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, and Impairment of
Fertilty
Ganciclovir was carcinogenic in the mouse at oral doses of
20 and 1,000 mg/kg/day (approximately 3,000x and
160,000x the human ocular dose of 6.25 mcg/kg/day,
assuming complete absorption). At the dose of 1,000 mg/kg/
day there was a signiﬁcant increase in the incidence of tumors
of the preputial gland in males, forestomach (nonglandular
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Ganciclovir has a molecular weight of 255.23, and the
empirical formula is C9H13N5O4.
Each gram of gel contains: ACTIVE: ganciclovir 1.5 mg (0.15%).
INACTIVES: carbopol, water for injection, sodium hydroxide (to
adjust the pH to 7.4), mannitol. PRESERVATIVE:
benzalkonium chloride 0.075 mg.
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14 CLINICAL STUDIES
In one open-label, randomized, controlled, multicenter
clinical trial which enrolled 164 patients with herpetic keratitis,
ZIRGAN was non-inferior to acyclovir ophthalmic ointment,
3% in patients with dendritic ulcers. Clinical resolution (healed
ulcers) at Day 7 was achieved in 77% (55/71) for ZIRGAN
versus 72% (48/67) for acyclovir 3% (difference 5.8%, 95% CI
- 9.6%-18.3%). In three randomized, single-masked, controlled,
multicenter clinical trials which enrolled 213 total patients,
12 CLINICAL PHARMACOLOGY
ZIRGAN was non-inferior to acyclovir ophthalmic ointment 3%
in patients with dendritic ulcers. Clinical resolution at Day 7 was
12.1 Mechanism of Action
achieved in 72% (41/57) for ZIRGAN versus 69% (34/49) for
ZIRGAN (ganciclovir ophthalmic gel) 0.15% contains the active
acyclovir (difference 2.5%, 95% CI - 15.6%-20.9%).
ingredient, ganciclovir, which is a guanosine derivative that, upon
phosphorylation, inhibits DNA replication by herpes simplex
16 HOW SUPPLIED/STORAGE AND HANDLING
viruses (HSV). Ganciclovir is transformed by viral and cellular
ZIRGAN is supplied as 5 grams of a sterile, preserved, clear,
thymidine kinases (TK) to ganciclovir triphosphate, which works colorless, topical ophthalmic gel containing O.15% of ganciclovir
as an antiviral agent by inhibiting the synthesis of viral DNA in 2 in a polycoated aluminum tube with a white polyethylene tip and
ways: competitive inhibition of viral DNA-polymerase and direct cap and protective band (NDC 24208-535-35).
incorporation into viral primer strand DNA, resulting in DNA
chain termination and prevention of replication.
Storage
Store at 15°C-25°C (59°F-77°F). Do not freeze.
12.3 Pharmacokinetics
The estimated maximum daily dose of ganciclovir administered 17 PATIENT COUNSELING INFORMATION
as 1 drop, 5 times per day is 0.375 mg. Compared to
This product is sterile when packaged. Patients should be
maintenance doses of systemically administered ganciclovir
advised not to allow the dropper tip to touch any surface, as this
of 900 mg (oral valganciclovir) and 5 mg/kg (IV ganciclovir),
may contaminate the gel. If pain develops, or if redness, itching,
the ophthalmically administered daily dose is approximately
or inﬂammation becomes aggravated, the patient should be
0.04% and 0.1% of the oral dose and IV doses, respectively, thus advised to consult a physician. Patients should be advised not to
minimal systemic exposure is expected.
wear contact lenses when using ZIRGAN.

OH

There are no adequate and well-controlled studies in pregnant
women. ZIRGAN should be used during pregnancy only if the
potential beneﬁt justiﬁes the potential risk to the fetus.

