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Overview Feline ulcerative keratitis

Claudia Hartley

is a common presenting
complaint and is frequently a
sequela of feline herpesvirus 1
(FHV-1) infection; so much so, in
fact, that it is fair to assume an
FHV-1 aetiology until proven
otherwise. Other potential causes of ulceration
are trauma or underlying eyelid abnormalities
(entropion, ectropion, agenesis, dermoids,
neoplasia), lash abnormalities

(ectopic cilia, trichiasis), tear film abnormalities

or neurological deficiencies (trigeminal nerve
paralysis, facial nerve paralysis).

Clinical challenges The management of corneal
ulceration in cats is frequently challenging, and
treatment needs to be tailored carefully to the
individual cat, its temperament, and the disease
process present.

Evidence base The scientific literature on feline
ulcerative keratitis is extensive, particularly that
related to FHV-1 infection. The aim of this article
is to review the aetiology and diagnosis of corneal
ulceration in cats with particular reference to the
evidence base available.

Patient group All age groups and breeds

can suffer with ulcerative keratitis. Breed
predispositions are present for some forms of
corneal ulceration, and these are discussed.

The entire corneal epithelium
is replenished within an estimated
1-2 weeks. By contrast the corneal
endothelium has only very limited
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AETIOLOGY OF CORNEAL ULCERS
Assume FHV-1 unless
proven otherwise

Corneal anatomy and physiology

The feline cornea is a transparent avascular window, 592 + 80 pm
(ie, approximately 0.5-0.7 mm) thick, forming the anterior-most barrier
of the eye. It refracts and transmits light, and relies on limbal blood
vessels, the preocular tear film and aqueous humour for nutrition.

The corneal epithelium is six to 10 cell layers thick and is a non-
keratinised stratified squamous epithelium (see box on page 25). The
basal epithelial cells are firmly attached to a basement membrane and
the underlying stroma by hemidesmosomes, anchoring fibrils and
anchoring plaques. These attachment complexes bridge the basement
membrane to the anterior stroma and are sufficiently strong that
mechanical debridement usually results in basal epithelial cell rupture
rather than separation from the basement membrane. Above this basal
cell layer lie two to three layers of wing cells, above which are the
superficial squamous layers.

When superficial differentiated cells are sloughed into the tear film
they are replaced from the underlying proliferating basal cell layer. The
basal cell layer is in turn replenished from limbal-based stem cells.
These pluripotential cells occupy specialised areas known as crypts or
palisades of Vogt. The entire corneal epithelium is replenished within
an estimated 1-2 weeks.

The corneal stroma, which is responsible for 90% of corneal thickness,
is composed of parallel bundles of collagen fibrils arranged into lamel-
lae. This parallel arrangement of the lamellae, and uniform spacing of
collagen fibrils within them, reduces light scatter and promotes corneal
transparency. Keratocytes, proteoglycans and glycosaminoglycans
intersperse these lamellae and, with the collagen fibrils, constitute
15-25% of the corneal stroma, the remainder being water. The corneal
stroma is relatively dehydrated compared with other tissues. It is main-
tained in this state by the epithelial barri-
ers of the anterior epithelium and poste-
rior endothelium, as well as by the active
transport of water from the cornea into
the aqueous by the corneal endothelium.
Entrance of water into the hydrophilic
corneal stroma results in corneal oedema
and loss of clarity.

regenerative abilities.
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Endothelial cells do not actively divide in the cat.

Therefore, cell losses due to corneal perforation

or surgical trauma are replaced by thinning and
spreading of existing cells.

I Histopathology of the feline cornea

~— Epithelium

- Descemet’s membrane

=~ Endothelium

Normal feline cornea

Superficial
squamous cells

~&— Wing cells

~— Basal cells
"%~ Basement membrane

Normal feline corneal epithelium

~— Stroma

~— Descemet’s membrane
~&—Endothelial cells

Normal feline corneal endothelium

Images courtesy of Dick Dubielzig, Comparative Ocular Pathology
Laboratory of Wisconsin (COPLOW)
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Descemet’s membrane forms the posterior
boundary of the stroma and is an acellular
exaggerated basement membrane of the corneal
endothelium. The corneal endothelium lies pos-
terior to Descemet’s membrane (in direct con-
tact with aqueous humour) in a single cell layer,
and has only very limited regenerative abilities.
Due to the active transport function of endothe-
lial cells, they have a high metabolic require-
ment. The feline cornea has an endothelial cell
density of 2846 + 403 cells/mm?, as measured
by in vivo confocal microscopy.! (In compari-
son, adult humans have 2720 + 367 cells/mm?
and dogs have 3175 + 776 cells/mm?.)'?

Corneal healing

Epithelial healing occurs in three phases: an
initial lag phase is followed by a migratory
phase and healing concludes with a prolifera-
tion phase. During the lag phase, cells neigh-
bouring the wound alter their attachments to
nearby cells and the underlying basement mem-
brane. The epithelium bordering the defect
becomes thin and an epithelial sheet begins to
migrate towards the centre of the wound.
Disassembly of attach-
ment complexes, with
formation of new tem-
porary attachments,
occurs with this migra-
tion. Once the epithe-
lial sheet covers the
denuded region the
epithelial cells prolifer-
ate to re-establish the
normal thickness and
differentiation of the
anterior epithelium.
Stromal defects (Fig
1) stimulate kerato-
cytes to undergo either

FIG 1 Stromal ulcer

FIG 2 Diffuse
oedema of the
ventral cornea
associated with
keratic
precipitate
deposition,
leading to
endothelial
dysfunction
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Morphological types of ulcer I

== Epithelial defect only,
exposing stroma.

<= May or may not have
redundant epithelial
edges.

Superficial ulcer
stained with fluorescein

Site of previous keratectomy

Superficial

== Stromal defect, causing a

change in the normally

convex corneal surface.

< A visible sloping or
cliff-like edge may be

seen in the stroma (arrow).

Stromal

== Stroma absent at base of ulcer.
== Clear membrane affording good

view of anterior chamber.
#= Descemet’s membrane is

highly elastic so may be
bulging anteriorly.

Surgical drape

Descemet’s membrane

Granulation tissue

Descemetocoele

== Stroma appears gelatinous
and is soft and mobile to the
touch with a cotton-tipped
spear or eyelid movement.

== An infiltrate of white blood

cells, giving a creamy

appearance to the stroma,

may also be present.

Fluorescein-stained malacic cornea
dripping over nictitans margin

Malacia

apoptosis or transformation into repair pheno-
types. Loss of the epithelial basement membrane
is a critical factor in determining the fibrotic
response of keratocytes and subsequent scarring.

Endothelial cells do not actively divide in
the cat. Therefore, cell losses due to corneal
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perforation or surgical trauma are replaced by
thinning and spreading of existing cells. If cell
loss is such that the remaining cells cannot
maintain a functional monolayer, corneal
decompensation occurs producing diffuse
corneal oedema (Fig 2).



What is the cause of the ulceration -
reduced protection or direct tissue loss?

Broadly, corneal ulceration in any animal can
result from reduced corneal protection or direct
epithelial/stromal loss. Reduced corneal protection may
be a consequence of inadequate tear production, compo-
sition, retention or distribution, as well as eyelid factors such
as inadequate blinking (eg, lagophthalmos, facial nerve paral-
ysis). Epithelial or stromal loss may occur as a result of
abrasion from entropion, lash abnormalities (eg, ectopic cilia,
trichiasis) or eyelid masses. Exogenous insults such as for-
eign bodies and trauma (mechanical and chemical) can also
lead to corneal ulceration. Arguably the most important
cause of corneal ulceration in cats is FHV-1 infection.

Diagnostic approach

Faced with a cat with ocular discomfort, a
logical and thorough approach to investiga-
tion will greatly facilitate appropriate treat-
ment and resolution of the condition.

%= Visual inspection Thorough examination
of the eyelids, conjunctiva (including the
posterior surface of the third eyelid) and
cornea is required to exclude lash
abnormalities, eyelid masses or foreign bodies.
<= Assessment of tear production and
composition This is frequently overlooked
in cats. The tear film is composed of three
intermingled layers: the inner mucin layer,
which aids adhesion of the tear film to the
hydrophobic corneal epithelium; the middle
aqueous layer, which makes up the bulk of
the tear film; and the thin outer lipid layer,
which retards tear evaporation and creates

a smooth optical surface.

<= Schirmer tear test This test assesses

both basal and reflex (via corneal and/or
conjunctival sensory nerve stimulation)

tear production. Normal results in cats are
reported as being 14.3 + 4.7 mm/min.?
Keratoconjunctivitis sicca is diagnosed when
results below 10 mm/min are recorded in
conjunction with appropriate clinical signs
(eg, tacky mucoid discharge, conjunctival
hyperaemia and thickening).

% Tear film break-up time This test is an
objective means of assessing tear film quality;
it measures tear film stability and indirectly
evaluates the mucin and/or lipid component
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of the preocular tear film. The tear film is
stained with fluorescein and the time taken for
this to evaporate from the corneal surface is
recorded. After fluorescein instillation a forced
blink is made; the eyelids are then held open
and the interval until the first dark unstained
area is observed is timed. The break-up time is
reported as being 16.7 + 4.5 s in normal cats.?
< Rose bengal staining This will identify
areas of the corneal surface not covered by
the preocular tear film. Rose bengal is an
irritant dye, however, with epitheliotoxic
effects. For this reason, it is best reserved for
clinical cases where tear film deficiencies
cannot be identified by other means.

<= Blink reflexes Appraisal of the palpebral
blink reflex, and corneal blink reflex if
appropriate, is important in order to
appreciate any conformational lagophthalmos
(incomplete eyelid closure) or eyelid function
abnormalities. Such functional abnormalities
may be secondary to a lack of sensory drive to
blink due to trigeminal nerve paralysis, or
lack of motor function to achieve orbicularis
oculi contraction and effect eyelid closure.
Additionally cicatricial ectropion may prevent
normal eyelid closure; and ulcerative
blepharitis following severe bacterial infection
or trauma (in particular, chemical or thermal)
may cause sufficient scarring to distort the
eyelids or prevent normal function.

= Cytology and bacterial culture Corneal
cytology and bacterial culture and sensitivity
testing are worthwhile additional diagnostics.
Cytological preparations are easy to make
using a Kimura spatula under topical local
anaesthesia. The blunt handle end of a scalpel
blade can be used (with care) where a Kimura
spatula is not available. Valuable information
that can be gathered from examination of
such smears includes the presence or absence
of bacteria, the type of bacteria involved

(eg, Gram-positive or negative, rods or cocci),
and the presence of intracellular inclusions
(eg, chlamydophilal or viral) and
inflammatory cell infiltrate (eg, neutrophilic,
eosinophilic, monocytic or mixed).

% Fluorescein staining Use of the vital dye
fluorescein to highlight corneal defects will
ensure that subtle lesions are not missed.
Dendritic ulcers are virtually impossible to
identify without the use of fluorescein and
cobalt light illumination. Fluorescein will

not stain Descemet’s membrane; thus the
absence of stain uptake in an ulcer bed,

in the presence of stained margins, is
pathognomonic for a descemetocoele.

Fluorescein will not stain Descemet’s membrane; thus the absence of stain uptake in an

ulcer bed, in the presence of stained margins, is pathognomonic for a descemetocoele.
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FHV-1 replication within epithelial cells has a cytopathic effect,

resulting in epithelial erosion and inflammation.

FHV-1 infection and
its ocular consequences

FHV-1 infection is widespread in domestic cat
populations throughout most of the world,
and is believed to be the most common cause
of feline ocular disease.*® In fact, it has been
suggested that it is fair to assume that any
corneal ulceration in a cat is secondary to
FHV-1 infection until proven otherwise.®

The virus is a double-stranded DNA alpha-
herpesvirus with similarities to canine her-
pesvirus and phocine (seal) herpesvirus, as well
as to herpes simplex virus in humans (HSV-1).
Neuronal latency is characteristic of alphaher-
pesviruses and has been shown in FHV-1 infec-
tions.%” The virus has been demonstrated to
establish latency in the trigeminal ganglia, from
where recrudescence via anterograde axonal
transport is postulated ™! Corneal latency has
been demonstrated in rabbits, mice and
humans, but has not been proven in cats.!1?

Primary infection typically occurs in kittens,
with an estimated 80% progressing to latent
infection, and 45% of those experiencing
spontaneous reactivation of the virus later in
life.! Predicting which cats within a popula-
tion will suffer recrudescent disease is not
currently possible, similar to the situation in
humans with HSV-1.°FHV-1 has a tropism for
the conjunctival, nasal and pharyngeal epithe-
lium.® Transmission between cats is by close
contact and via bodily fluids, particularly
respiratory secretions.!* Acutely infected cats
shed the largest numbers of viral particles;
however, latently infected cats may also
shed virus and infect susceptible cats.!®
Overcrowded conditions and close housing
greatly increase the likelihood of viral trans-

Note the faint corneal

FIG 4 Dendritic corneal
ulcer - a pathognomonic
feature of FHV-1 infection

early sequestrum formation
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FIG 5 FHV-1 geographical ulcer.

pigmentation, which represents

mission as FHV-1 is short-lived in the environ-
ment.'® Fomite transmission is possible; how-
ever, the virus is destroyed by most disinfec-
tants, so strict attention to hygiene should be
sufficient to prevent this route of infection.!>1¢

Reactivation of FHV-1 can follow cortico-
steroid treatment, pregnancy, lactation and other
stressors, and can be delayed in onset for up to
10 weeks following a stressful event.!’>!” Given
that parturition has been shown to precipitate
viral shedding in 40% of queens, neonatal infec-
tion is highly probable.’* FHV-1 is responsible
for ophthalmia neonatorum and secondary bac-
terial invasion makes early opening of eyelid
margins essential to avoid corneal perforation.!®

Symblepharon
FHV-1 replication within epithelial cells has
a cytopathic effect, resulting in epithelial
erosion and inflammation.®"

Epithelial sloughing and =5 g
necrosis can lead to symble- '
pharon formation in acute
infections (Fig 3). This may
reduce the palpebral fissure
and conjunctival fornices,
cause visual difficulties, and
occlude the lacrimal ductules
and nasolacrimal punctae.?’

Ulceration

Corneal epithelium invasion
by FHV-1 is associated with epithelial ulcera-
tion, initially of a pathognomonic dendritic
form (Fig 4), but progressing rapidly to a larg-
er irregular ‘geographical’ form (Figs 5 and
6).1 Occasionally these ulcers may progress to
involve the stroma, or lead to descemetocoele

FIG 6 Geographical superficial corneal ulcer with
anterior uveitis

FIG 3 Symblepharon
formation; in this case,
there is an adhesion from
the dorsal conjunctiva and
third eyelid to the cornea



formation or corneal perfora-
tion.?0

Reactivation of FHV-1 latency is
usually associated with conjunc-
tivitis and may be accompanied by
superficial corneal ulceration.?® It
can be unilateral or bilateral, is not
usually associated with general
malaise, and is generally milder
than primary infections.® Again,
pathognomonic dendritic ulcers
are a feature early in recrudescence,
but many progress so quickly to
geographical ulcers that the pres-
ence of dendritic ulcers is never
witnessed. Vital stains such as rose
bengal and fluorescein are required
to diagnose dendritic ulceration,
often in combination with magni-
fied ophthalmic examination (eg,
slit lamp biomicroscopy).’ Many
of these ulcers are slow to heal,
leading to a more chronic evolution

than seen in primary disease.® Angiogenesis due
to chronic ulceration results in corneal vascular-
isation. Inflammatory cell infiltrates may also

accompany chronic disease.'

Keratoconjunctivitis sicca
Keratoconjunctivitis sicca is occasion-
ally seen secondarily to either acute
FHV-1 infection or recurrent FHV-1
conjunctivitis, and is believed to
result from lacrimal ductule occlu-
sion and/or lacrimal adenitis.?!

Anterior uveitis
Recently a causative link between
FHV-1 infection and anterior uveitis has
been demonstrated via identification of local

FHV-1 antibody production within the eye
(Goldmann Witmer coefficient).” For some years,
HSV-1 has been known to cause anterior uveitis

and endothelialitis in humans.?*

Stromal keratitis

Stromal keratitis is a secondary immune-
mediated condition postulated to be the result
of virus antigen persistence within the stroma,
initiating and perpetuating corneal inflamma-
tion.!81 Deep corneal vascularisation with an
inflammatory cell infiltrate and corneal fibrosis
is seen (Fig 7), and is frustrating to treat. The
cornea may or may not be ulcerated (and retain
fluorescein stain) depending on whether active
epithelial disease is present.’®!° Recent evi-
dence suggests a similar mechanism may be
involved in feline chronic rhinosinusitis.?®

Sequestra
The formation of corneal sequestra can occur
secondarily to any chronic ulcerative keratitis,

Differentials for
FHV-1 conjunctivitis
Differentials for feline conjunc-
ivitis include Chlamydophila felis
and feline calicivirus infection, bu
nvolvement of the cornea has not
been described in these infections.??

REVIEW / Corneal ulcers in cats

including FHV-1 ulceration.?® A
breed predisposition for
sequestrum formation has been
reported in Persians, Himalayans
and Burmese cats. FHV-1 infected
cats receiving topical or subcon-
junctival corticosteroids are more
likely to develop stromal keratitis
and sequestra.’

A sequestrum is a plaque of
corneal necrosis (Fig 8).” Lab-
oratory analysis of sequestra using
ultraviolet-visible light absorbance
spectroscopy and optical micros-
copy indicates that the pigmenta-
tion is likely to be melanin.?

Analysis of excised sequestra
revealed 18% to be positive for
FHV-1 DNA in one study using
nested PCR,?*® and 55.1% to be
positive in another study using
single-round PCR.% A third study
demonstrated the presence of
FHV-1 DNA by PCR in 44% (4/9) of keratecto-
my samples from sequestrum cases; more
peculiarly, 44% of samples were also positive
for Toxoplasma gondii DNA.? It was speculated
that T gondii reached the cornea haematoge-
nously in all but one case. Neither of these
infectious agents were demonstrated on ultra-
structural examination in this study.?” These
results sparked the theory that FHV-1 infec-
tion was causally associated with sequestrum
formation.

However, two further studies found that the
distribution of FHV-1 PCR positive cases was
not statistically significant between cats with
and without sequestra.?®*® Also, within the
subset of brachycephalic breeds, the percent-
age of FHV-1 PCR positive sequestra was
lower.” Despite this, brachycephalic breeds
(eg, Persians, Colourpoints, Himalayans and
Burmese) are overrepresented for sequestra
(Figs 9 and 10).%'-3* This appears to contradict
the hypothesis that FHV-1 infection causes

FIG 7 Stromal keratitis.
Note the vascularisation and
hazy infiltrate at the leading
edge of the vascularisation

FIG 8 Histopathology of
corneal sequestrum.
Courtesy of Dick Dubielzig,
COPLOW

FIG 9 Central corneal sequestrum (plaque of
corneal necrosis) in a Burmese cat. Note also the formation in a Persian. This cat had been

FIG 10 Stromal keratitis and sequestrum

darkly pigmented dried discharge on the eyelids.
The pigmentation is likely to be melanin?®

treated with a grid keratotomy; the grid lines
are visible within the sequestrum
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Ocular sequelae attributed to FHV-1 I

Symblepharon and ankyloblepharon

== Conjunctival sloughing and
corneal ulceration can result in
adhesions - conjunctiva to

conjunctiva, and/or conjunctiva to

cornea (symblepharon), or eyelid
to eyelid (ankyloblepharon).

Conjunctival-to-corneal adhesion

Keratoconjunctivitis sicca

== Often temporary,
keratoconjunctivitis sicca is
postulated as being secondary to
lacrimal ductile obstruction and/or
lacrimal adenitis.

Adherent mucoid discharge

== Chronic corneal inflammation
and vascularisation is the
result of virus persistence
(or molecular mimicry) in the
epithelium and stroma.

Deep vascularisation and hazy
inflammatory infiltrate

Sequestrum

Sequestrum

== Corneal necrosis secondary to
chronic corneal ulceration
manifests as black/brown
pigmentation (arrow), often
surrounded by vascularisation.

Eosinophilic keratitis

== Some authors have linked
eosinophilic keratitis to FHV-1
infection.

Creamy infiltrates of eosinophils
and neutrophils

sequestrum formation. It seems more proba-
ble that chronic irritation and ulceration is
responsible for sequestra, at least in brachy-
cephalic breeds (Fig 10).
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Eosinophilic keratitis

Eosinophilic keratitis (or keratoconjunctivitis)
has also been linked to FHV-1 infection, and
may be associated with corneal ulceration as



a Maine Coon

eosinophil granules contain many cytotoxic
chemicals.® Studies are conflicting; some have

demonstrated a significant association
between the presence of FHV-1 DNA and
eosinophilic keratitis (76.3% of cases of
eosinophilic keratitis were positive for FHV-1
DNA in one study,” and 85.7% in another),
while others did not.%* An important contra-
diction of this hypothesis is the fact that the
mainstay of treatment for eosinophilic kerati-
tis is corticosteroids (topical or systemic),
which would be likely to promote viral
replication; but rather than exacerbating the
condition, this treatment is very successful
at resolving it.¥3 A novel chlamydia
(Neochlamydia  hartmannellae) has been

FIG 11 Eosinophilic
keratoconjunctivitis in

tis in humans,®#'? feline herpetic dermatitis has
been described. The condition in humans has been
associated with immunosuppression or compro-
mise, and there is speculation that a similar patho-
physiology exists in cats, although support for
this hypothesis is lacking.*>%* FHV-1 dermati-
tis is characterised by a facial and nasal
dermatitis with vesicles, ulcers and
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described associated with eosinophilic kerati-
tis, but no direct causation has to date been
demonstrated.®

Eosinophilic keratitis can have a variable
presentation with perilimbal vascularisation
and proud accretions of inflammatory cells,
often at the leading edge of the vascularisa-
tion, with or without involvement of the con-
junctiva (Fig 11). The lesion can also vary in its
location on the cornea, and may progress to
involve the entire cornea.??” Cytological eval-
uation of corneal scrapes is instrumental to
diagnosis. Eosinophils with mast cells, plasma
cells, lymphocytes and neutrophils are seen,
with neutrophils and eosinophils being the
most conspicuous.®

Keratomalacia
Rarely, FHV-1 ulceration may progress to stro-
mal involvement, and even to corneal
liquefaction (ie, keratomalacia or
corneal ‘melting’). The cytopathic
effect of viral replication induces

¢ , inflammation primarily of
Feline herpetic dermatitis a neutrophilic nature.!®
Just as HSV-1 has been associated with dermati- Endogenous proteases

(released from neutrophils
and wounded corneal epithe-
lial cells) are a more significant
source of collagenases in
keratomalacia than bacterial-
derived proteases.*

crusting; stomatitis may or may

Prior to the development of PCR diagnostics, virus isolation
was considered the gold standard for diagnosis of FHV-1.47 As
virus culture and isolation relies on the presence of viable viral
particles, careful collection and handling of samples is required
to avoid false negative results. Immunofluorescent antibody
testing (IFAT) of conjunctival or corneal scrapings requires less
stringent sample handling. However, the use of vital stains,
particularly fluorescein, may result in false positive results.
Serology, virus isolation and IFAT are of limited value diag-
nostically in ocular FHV-1. Serology is complicated by vaccine
virus and positive titres are independent of clinical ocular
signs.*® FHV-1 can be detected by virus isolation and IFAT in
clinically normal cats
(presumably due to
intermittent subclinical
viral shedding) and

not be present.*®

/

of FHV-1 DNA and therefore does not require viable virus for a
positive result.5" Given this, distinguishing between FHV-
associated disease and healthy FHV carriers is problematic.*°
Nested PCR is 4.8 times more sensitive than
single PCR.*? Sample handling and postage requirements do
not need to be rigorous for PCR submissions compared with
those for viral culture (see table).>!

Importantly, as viral reactivation from the trigeminal ganglion
can be triggered by trigeminal nerve stimulation, positive
results need to be interpreted in the knowledge that viral pres-
ence may be a result of corneal pathology and not the cause
of that pathology. Detection of virus may indicate either

coincidental reactivation of

latent infection, a conse-

I quential reactivation due to

another disease process or

therefore neither test Serology  Virus isolation IFAT PCR the cause of the ocular
appears to aid in the  Detects virus or host Host Virus Virus Virus disease.!7-%3.54
clinical diagnosis of  response? Given the complexity of
FHV-1 infection.*® R — No Yes No No interpretation of laboratory
PCR (single or nest- findings, many ophthalmolo-
ed) is now the main-  Test affected by No Yes Yes Possible gists rely on consistent
stay technique for  Vitalstains? clinical signs with a history of
diagnosis of feline her- Collection and transport  Simple Complicated Simple Simple respiratory signs to make a

petic disease.**° PCR
identifies the presence

Courtesy of D Maggs, University of California—Davis

diagnosis of FHV-1 associat-
ed ocular disease.
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FIG 12 Scleral and corneal lacerations in a
domestic shorthair cat

Other causes of corneal ulceration

Corneal trauma
Cats appear to be a great deal more adept at
avoiding corneal trauma than their canine
counterparts. According to some authors, cats
possess similar corneal sensitivity to dogs,*>%
while others report lower sensitivity in
dogs.5”"® Brachycephalic cats have reduced
corneal sensitivity compared with domestic
shorthair cats; likewise reduced corneal sensa-
tion has been reported in brachycephalic dogs
compared with their mesocephalic and
dolichocephalic cousins.® Cats also have
some active control over third eyelid move-
ment, unlike dogs. In most mammals, third
eyelid protrusion is effected passive-
ly by retraction of the globe, displac-
ing orbital fat.® Strands of smooth
muscle have been identified extend-
ing into the third eyelid in the cat,
and are believed to be responsible for
active protrusion and retraction.®
Both increased corneal sensitivity
and active third eyelid protrusion
could afford the feline cornea better
protection. Dogs do, however, blink
more frequently than cats.®!

Nonetheless, corneal trauma does
occur in the cat, often perpetrated by
another cat (Figs 12 to 14). With an
injury sustained in a cat fight there is
a significant infection risk. If presen-
tation for veterinary attention has
been delayed, an inflammatory cell
infiltrate is to be expected; the cell
infiltrate is derived from both limbal
blood vessels and, more significantly,
the tear film.

Chemical trauma

Keratomalacia is a common sequela
where stromal inflammatory cell
infiltrate is conspicuous. Chemical
trauma of the cornea may also result
in keratomalacia through direct
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FIG 15 Lower lid entropion in an Abyssinian cat
secondary to chronic ulcerative keratitis

FIG 16 One-year-old domestic shorthair cat
with unilateral eyelid agenesis. The left eye was
microphthalmic with a micropalpebral fissure

FIG 13 Full thickness corneal
perforation with prolapsed
iris. Note the dyscoria due
to iris entrapment in the
corneal wound

FIG 14 Corneal foreign body. Fluorescein has been applied
to assess for aqueous leakage (Seidel’s test)

action of the chemical irritant as well as the

inflammation it provokes. In general, alka-

line injury of the cornea is more seri-

ous than acidic injury, as acids tend

to denature corneal protein on

contact, which impedes deeper
penetration.®?

Alkaline agents can pene-
trate deeply, including into the
anterior chamber, and may
result in full thickness corneal
perforation by corneal liquefac-

tion. Intraocular inflammation is
more intense with alkaline injury
due to the potential for anterior
chamber penetration.®? Corneal stem
cell injury is common with chemical
trauma, and, where this is extensive,
conjunctivalisation of the corneal sur-
face ensues. Cicatricial abnormalities
are also commonly seen secondarily
to conjunctival burns, and may result
in trichiasis and/or reduced con-
junctival ~ fornices, necessitating
correction.®?

Stromal abscess -
an occasional sequela of ulceration
Stromal abscessation can occur following
stromal ulceration, where overlying epithelial
healing sequesters bacterial or fungal infection
within the stroma.’® Fortunately, these

abscesses are not common in cats as
treatment of the microorganism is

hindered by the epithelial barri-

er to drug penetration.5*

Entropion

Chronic trauma as a result of entropion
is less frequent in cats than dogs, but is
encountered, particularly in brachy-
cephalic breeds.®>% Spastic entropion
resulting from chronic intense ble-
pharospasm can initially be resolved if
the primary cause is identified and
removed. However, given time, it is
postulated that fibrous changes occur
within the eyelid such that the entropi-
on becomes non-reducible permanently
without surgical intervention (Fig 15).

Eyelid agenesis

Eyelid agenesis (or coloboma) is an
uncommon congenital defect in which
the dorsolateral (or rarely medial can-
thal) portion of the eyelid is absent to
some degree (Fig 16).5% As well as



occurring in domestic cats, particularly in
Birmans and Burmese, this abnormality has
also been seen in Snow Leopards® and a
Texas cougar.”” It does not always occur in iso-
lation and other ocular defects such as persist-
ent pupillary membranes, cataracts and other
colobomatous defects may be evident.t6-6870
Trichiasis from adjacent haired skin, in con-
junction with altered tear film dynamics, often
results in chronic exposure and irritation of
the cornea closest to the defect.? Keratitis,
with or without ulceration, usually occurs and
sequestrum formation may also be seen.

Dermoids
Dermoids, which are foci of epidermal and
dermal tissue in an abnormal location (ie, cho-
ristoma), occur infrequently and are a rare
cause of ulceration. They tend to be restricted
to the Burmese and Birman breeds but reports
in domestic shorthair cats do exist (Fig
17).957172 The hairs on dermoids
are typically long, and those that
contact the cornea tend to float on
the tear film rather than abrade
the epithelium (Fig 17).

Distichiasis and ectopic cilia

Distichiasis is very rare in cats,”>7

and a single case report of an ectopic cilia in a
Siamese cat exists.”> An ectopic cilium is more
likely to cause ulceration as the hair is directed
through the conjunctiva, and perpendicular to
the corneal surface, whereas distichia arise from
meibomian gland openings along the eyelid

margin.

Eyelid neoplasms

Eyelid neoplasms, in particular erosive lesions
of squamous cell carcinoma, may in rare cases
alter tear film dynamics sufficiently to result
in exposure and ulcerative keratitis.

Cranial neuropathy

It is important that cranial neuropathies are
not overlooked as a cause of corneal ulcera-
tion. Although less common in cats than in
dogs, failure to identify a neurological cause
can mean increased recovery time and a poor-
er prognosis.

Facial nerve paralysis

Facial nerve paralysis (cranial nerve VII)
results in an efferent deficiency of the palpe-
bral blink reflex. The parasympathetic fibres
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TABLE 1 Comparison of cranial neuropathies I

Innervation of Corneal Tear production
cranial nerve ulceration
Trigeminal nerve paralysis  Afferent to eye Common Often affected

Facial nerve paralysis

FIG 17 Three-month-old
Birman kitten with epibulbar
dermoid. Note the long hairs
across the cornea

FIG 18 (a) Domestic
shorthair cat with left-sided
trigeminal nerve paralysis
secondary to an RTA. Note
the severe central corneal
exposure with stromal
ulceration (tropicamide
[Mydriacyl; Alcon
Laboratories] had been
applied to both eyes for
retinal examination).

(b) Close-up image of the left
eye demonstrating severe
stromal ulceration, deep
corneal vascularisation,
sequestrum formation and
inflammatory cell infiltrate

and adnexae

Efferent to eyelids Uncommon May be affected

of the lacrimal gland may also be damaged in
cats with facial nerve pathology and, therefore,
Schirmer tear test measurements are indicated
in all cases. As lacrimal innervations distally
join the trigeminal nerve (cranial nerve V), a
Schirmer tear test may reveal normal tear pro-
duction if the facial nerve lesion is distal to the
pterygopalatine ganglion. In addition, third
eyelid (nictitans membrane) movement is pri-
marily under indirect abducens nerve (cranial
nerve VI) control via globe retraction and pas-
sive protrusion of the third eyelid. Hence, tear
production and distribution may be relatively
unaffected (Table 1).

It could be argued that animals with facial
paralysis are at increased risk of corneal trau-
ma as one facet of corneal protection is defi-
cient. Where keratitis develops, it is referred
to as neuroparalytic keratitis.

Causes of facial paralysis in cats include
lesions of the middle ear or petrous temporal
bone (otitis media, surgically induced such as
tympanic bulla osteotomy, trauma) and facial
trauma due, for example, to a road traffic acci-
dent (RTA).

Trigeminal nerve paralysis
Trigeminal nerve paralysis (cranial nerve V) is
associated with severe corneal ulceration in
nearly all cases, even when aggressive tear
replacement is instituted (Fig 18). The trigemi-
nal nerve is responsible for sensory innervation
of the cornea and adnexae, the cornea being
more densely innervated with sensory nerve
endings than any other tissue in the body.”®
Corneal innervation is essential for homeo-
stasis as well as healing of the cornea.
Stimulation of sensory nerve endings initiates
release of epitheliotrophic factors, in particu-
lar substance P77 which has been
shown to be pivotal in epithelial
healing; in a mouse model, de-
nervation of the cornea decreased
the concentration of substance P
by 40%.7® Absence of trigeminal
innervation is responsible for
neutrophic keratitis, which tends
to be much more severe than
neuroparalytic keratitis (Table 1).
The trigeminal nerve is also
responsible for sensory stimula-
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tion of the lacrimal gland, and therefore
paralysis is commonly associated with kerato-
conjunctivitis sicca (Table 1).”® False tear
preparations, even when applied hourly, may
not be sufficient to prevent ulceration; and,
once ulcerated, the cornea is unlikely to heal
without surgical intervention.

POINTS

Feline ulcerative keratitis should be assumed to be caused by FHV-1 until proven otherwise.
Essentially, all cats will have been exposed to FHV-1 as kittens; 45% will become latently
infected and half of these will suffer recrudescent disease.

Ocular sequelae to FHV-1 include symblepharon, keratoconjunctivitis sicca, stromal

keratitis, sequestrum and eosinophilic keratitis.
PCR is now the mainstay diagnostic technique for FHV-1.

When assessing an ulcer, identify if it is superficial, stromal, deep stromal

or a descemetocoele, as this will influence the approach to treatment.
Monitor an ulcer for signs of progression or keratomalacia as these may

suggest a change of treatment or surgery is required.
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