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KEY POINTS

� The clinical signs of feline glaucoma are subtle so always complete tonometry during
ocular examinations on cats.

� All glaucomatous cats can be categorized as congenital/early onset and associated with
anterior segment dysgenesis, or primary (idiopathic), or secondary based on a thorough
ophthalmologic examination.

� Therapeutic decisions are best guided by the category of glaucoma and if it is acute or
chronic, and if there is potential for vision.

� Feline glaucoma is challenging to treat and maintain vision long term so referral to an
ophthalmologist should be prompt once the intraocular pressures are within a normal
range or if that is not achieved quickly.

� End-stage, blind, glaucomatous feline eyes should be enucleated, fixed, and histologically
examined by a pathologist with experience in ocular diseases to ensure that the correct
category of glaucoma was diagnosed and the contralateral globe treated or monitored
as required.
INTRODUCTION

To diagnose and treat glaucoma accurately in cats and generally in all species, three
fundamental concepts need to be understood by all veterinarians (Table 1). First, glau-
coma is not a single disease in any animal, rather there are multiple variations unique
to each species and often the breed of animal affected, yet all are characterized by an
elevated intraocular pressure (IOP). If the IOPs remain elevated, initially the inner
retinal layers (nerve fiber, ganglion cell, inner plexiform, and inner nuclear) and the op-
tic nerve axons will degenerate and atrophy. With chronic glaucoma, all intraocular tis-
sues will be damaged and buphthalmos and blindness will develop in the cat.1–3
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Table 1
Categorizing feline glaucoma

Acquired: Secondary Glaucoma
Congenital/Anterior Segment
Dysgenesis Associated Glaucoma

Idiopathic/
Primary
Glaucoma

Endophthalmitis due to chronic
anterior uveitis and idiopathic
endophthalmitis

Idiopathic anterior segment
dysgenesis associated

Burmese narrow-
angle glaucoma

Intraocular neoplasia Primary
neoplasms include diffuse iris
melanoma (most common),
occasionally documented
secondary to ciliary adenoma/
adenocarcinoma, post-
traumatic sarcoma.

Metastatic neoplasia where
lymphosarcoma is by far the
most common, but also
secondary to occasional
metastatic carcinomas and
spindle cell neoplasms.

Anterior segment dysgenesis
inherited as the LBT2 mutation

Idiopathic open-
angle glaucoma
in mixed breeds
and others

Feline aqueous misdirection
glaucoma

Lens disorders (cataract lens
luxation, phacoclastic uveitis)

Orbital neoplasia and secondary
glaucoma.
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Glaucoma in all species is one of the most difficult blinding conditions to treat effec-
tively. Second, the diagnosis of glaucoma is based on the determination of elevated
IOPs. There are two distinct conditions, ocular hypertension, and glaucoma that
require differentiation. To differentiate these the IOPs need to be measured frequently
and trends monitored carefully in response to treatment or lack thereof. When consid-
ering ocular hypertension and glaucoma, the veterinarian must also understand circa-
dian rhythms (discussed later) and their daily effects on IOP. Hypertension is typically a
mild elevation of, or pressures simply in the upper limit of normal (25–30 mm Hg) and
there is no concurrent glaucomatous retinal and optic nerve atrophy. Ocular hyperten-
sion is often transient with or without anti-glaucoma therapy, and it is commonly diag-
nosed after intraocular surgery. Ocular hypertension may spontaneously recrudesce
or it may progress to overt glaucoma, which is persistent and usually requires life-
long therapy to control. Thirdly, tonometry (the estimation of IOP), must be mastered
by repeated use in all ocular examinations in animals, not just those that look like glau-
coma. This allows the veterinarian to gain confidence to accurately estimate the IOP
on all globes and thereby accurately diagnose hypertension, and glaucoma when
they are present. To master tonometry practice is essential to develop dexterity, as
well as tonometer and periocular finger placement that allows for consistent and ac-
curate estimates of IOP. This should be easy to achieve as tonometry is required in all
ocular examinations completed by veterinarians and it should be included in geriatric
health and wellness examinations in cats.4 Sadly, although stressed to veterinary stu-
dents and veterinarians, tonometry is often missed during ocular examinations of cats
today. This often leads to misdiagnoses and progressive glaucoma and delays in
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treatment and referral to the ophthalmologist. Many tonometer’s effectively estimate
IOP in cats. These include indentation tonometer’s,5,6 applanation tonometer’s,7,8

and rebound tonometer’s.9 There are inherent strengths and weaknesses to each
type of tonometer and most ophthalmologists prefer the rebound tonometer today.
However, repeated usage with most types of tonometers will give the veterinarian con-
fidence and accuracy in their diagnosis of glaucoma.
Once those three fundamentals are understood, a review of some general clinical

observations on glaucoma for all species will aid the veterinarian and the ophthal-
mology resident in the diagnosis, treatment, and management of all types of glau-
coma. These include; glaucoma may manifest unilaterally, however it commonly
affects both eyes at varied time intervals. Often the first eye affected is visually
impaired or blind when the elevated IOP are initially first detected. Only a complete
neuro-ophthalmic examination will detect these unilateral blind eyes. Glaucoma is al-
ways a disorder that arises from a lack of aqueous humor filtration from the globe, not
an overproduction of this fluid. The lack of aqueous humor exit may be difficult to
establish (for example primary glaucoma) or it may be detectable on ophthalmoscopic
examination such as noted in secondary glaucoma cases (feline aqueous misdirection
glaucoma or pupillary block and iris bombe, filtration angle obliteration, etc.). Thera-
peutic management of glaucoma is diverse and often includes initially topical medica-
tions followed by multiple medications and finally some form of surgery. However, the
order of these is not necessarily pragmatic rather they are simply what we have
become engrained to believe as appropriate. The transition from topical medications,
to laser therapy and intraocular surgery, seems logical to most based on doing the
least invasive therapy first, when in fact, it may not be so at all and future controlled
studies are needed to evaluate the therapeutic approach to this blinding disease.
Because glaucoma is usually progressive and challenging to treat and may affect
both eyes eventually, referral and/or consultation with a veterinary ophthalmologist
is essential. Blind glaucomatous globes that are non-responsive to medications and
surgical therapies should be enucleated or eviscerated as there is no doubt that sus-
tained elevations of IOP in any species are painful and analogous to a head ache
described in humans with chronic uncontrolled glaucoma. Finally, all enucleated
globes should be fixed promptly, examined grossly, and then histologically by a lab-
oratory that does significant ocular pathology to warrant expertise to confirm the etio-
logic diagnosis in all animals. This is especially important in cats given their high
numbers of secondary glaucoma that develops because of inflammatory and
neoplastic conditions. Unfortunately, many of us still observe chronic glaucomatous
eyes that are ignored by owners as they are deemed not painful, and then when
they are enucleated the globes are not submitted for histologic examination.
This article provides the reader with a review: of the production and filtration of

aqueous humor in cats, three categories of feline glaucoma, and a summary of
clinical, gross, and histologic differentiation and treatment of these types of feline
glaucoma.
THE PHYSIOLOGY OF AQUEOUS HUMOR PRODUCTION AND FILTRATION IN CATS

The production of aqueous humor in cats involves both active secretion and passive
mechanisms (ultrafiltration, diffusion). However, the latter is not a significant contrib-
utor as very limited amounts of fluid diffuse from the ciliary body across the pigmented
and non-pigmented ciliary epithelium related to its tight junctions. Only small amounts
of aqueous humor will seep from within the ciliary body and drain forth through the iris,
which lacks an epithelium on its anterior surface.10
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Active production is the mainstay of aqueous humor production in all species of
animals and accounts for approximately 90% of its production.11 This occurs by
secretion of NaCl into the posterior chamber, which creates an osmotic gradient
that allows water to follow. This is an energy-driven cellular mechanism, provided
by adenine triphosphate (ATP) and this process requires carbonic anhydrase and tri-
phosphatase to activate the NaK pumps, which are located in the ciliary epithe-
lium.12 This production of aqueous humor occurs within the non-pigmented ciliary
epithelium and is only affected slightly (adversely) by increasing IOPs (i.e. hyperten-
sion or glaucoma). Aqueous humor is produced in cats at a relatively constant rate of
6 to 7 ml/min.13 Therefore, the exit of fluid is the determinant of IOPs and all cases of
glaucoma are the result of alterations of movement of aqueous humor within the
anterior segment or alteration of the exit of aqueous humor through the filtration
angle and ciliary cleft and across the endothelium of the aqueous collecting and
the choroidal veins.
There is a circadian rhythm to aqueous production which also induces a similar

rhythm to daily IOPs in cats and in contrast to the dog where production of aqueous
is highest in the early morning, cats aqueous production and therefore IOPs are high-
est in the evening and early nighttime.14 There are probably many other factors that
affect the IOP of cats including but not limited to reproductive status where queens
in estrus had significantly higher IOPs compared with normal cats.15,16

Aqueous humor flows through the posterior chamber and pupil and circulates within
the anterior chamber as it cools on the cornea it gravitates towards the ventral region
and enters the filtration angle in the normal cat eye. The aqueous nourishes the lens
and corneal endothelium. As the aqueous humor leaves the filtration angle, it will
exit the globe through either the conventional outflow through the ciliary cleft and
then across the endothelium of the aqueous collecting veins. A small amount of
aqueous will leave via the non-conventional way into the choroid and out of the globe
via the ciliary veins.11,17

The predominant (97%) exit of aqueous humor in cats is via the conventional
outflow. Aqueous humor gains access to the vascular circulation by crossing the
aqueous collecting vein endothelium by at least four cellular mechanisms (micro-pino-
cytosis, giant vacuoles, transcellular pores, and phagocytosis).11 The scleral venous
pressure of normal cats is approximately 8-12 mm Hg and the aqueous outflow C
values in the cat are 0.27 -0.32 ul/min.13 The non-conventional outflow of aqueous hu-
mor from the feline globe represents a very small portion (3%) of the total aqueous exit
so we will not review it further.
CATEGORIES OF FELINE GLAUCOMA

Feline glaucoma has been categorized many different ways. It is interesting to note
that non-domestic captive feline species have a very low incidence of glaucoma,
and the limited cases reported document that ocular trauma and uveitis were integral
in the pathogenesis in most wild feline species.18 This is markedly different from our
domestic feline breeds and hints that genetic and environmental factors may be
involved in the development of glaucoma in domestic cats. Similar to the canine
and equine species it is most appropriate to consider feline glaucoma as acquired,
or developmental, or idiopathic. Given those parameters, feline glaucoma is most
appropriately categorized as 1. Secondary glaucoma: acquired secondary to endoph-
thalmitis or neoplasia or occasionally other primary or secondary ocular diseases. This
category accounts for over 90% of all cases of feline glaucoma. Affected cats may
have unilateral or bilateral glaucoma and most commonly they are middle-aged to
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older felids. 2. Congenital/ASD-associated glaucoma: this form of feline glaucoma is
either present at birth or develops early in life and is usually associated with ASD,
which is a congenital disorder. This may develop unilaterally or bilaterally in young
cats usually less than 3 years old. 3. Primary/idiopathic: these forms appear to be
the least common types in cats. This type of glaucoma will often manifest bilaterally
or become bilateral over time in middle-aged to older cats.
CLINICAL DIAGNOSIS OF IDIOPATHIC UVEITIS AND INTRAOCULAR NEOPLASIA THAT
INDUCE SECONDARY GLAUCOMA OF CATS

The most important diagnostic procedure to confirm glaucoma in the cat is a thorough
ophthalmologic examination of the entire eye and documentation of an elevated IOP
and/or buphthalmos in the affected eye(s).19–22 As mentioned previously, several to-
nometer’s accurately estimate the IOP in cats. When the IOP exceeds 30 mm Hg in
cats, glaucoma is confirmed. It is critical to finish the complete ocular examination,
before beginning the process of categorizing glaucoma and instituting therapy. Estab-
lishing the type of feline glaucoma will be based on all of the examination findings and
consideration of the age and breed of the cat. Given that, greater than 90% of feline
glaucoma is secondary to uveitis or intraocular neoplasia it is prudent to examine
the cornea, iris, pupil and the filtration angle and anterior and posterior chambers
and vitreous and retina and choroid, for evidence of either tumors or synechiae, and
inflammatory debris. The clinical signs of uveitis and hyalitis in cats with secondary
glaucoma are often quite subtle. They include mild corneal edema and vascularized
keratitis, miosis or mydriasis, grey discoloration of the iris, lymphocytic nodular iritis,
pre-iridal vascular membranes (rubious iridis), subcapsular cataracts, cyclitis, opaque
vitreous and occasionally chorioretinitis (Figs. 1 and 2). Although a plethora of infec-
tious organisms can induce uveitis/hyalitis, in most cases despite rigorous
Fig. 1. These are the typical clinical manifestations of secondary glaucoma and idiopathic
uveitis in the right eye of a domestic shorthaired cat. Note the anterior chamber fibrin,
the miosis, grey–yellow (muddy) colored iris, and the elevated and congested third eyelid.
The intraocular pressure was 40 mm Hg.



Fig. 2. This photograph reveals the much more subtle manifestations of secondary glau-
coma associated with anterior iriditis, cyclitis, and hyalitis. Note the grey nodules within
the iris, the congested episcleral blood vessels, and the prolapsed degenerate vitreous
draped over the superior pupillary margin. The eye was blind and the intraocular pressure
markedly elevated.
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diagnostics, many of these cases remain idiopathic. It is assumed, that the evidence
for the causative organism or injury has long dissipated or healed and what remains is
a self-perpetuating immune-mediated anterior uveitis and hyalitis. It is important to
remember that Felv, FIV, FIP viruses, and some systemic fungal disorders may cause
unilateral or bilateral uveitis and appropriate serum tests or skin biopsies or IHC of
enucleated globes should be considered to accurately diagnose these.
The filtration angle can usually be visualized by direct examination in the cat, with a

focused light source such as a trans illuminator. Often the angle is open (Fig. 3), unless
it is covered by iridal tissues that are swollen by inflammation or neoplasia. Similarly,
the ciliary cleft is usually open unless diffuse inflammatory and neoplastic cells have
obliterated it.
Based on our experience, many cats have anterior uveitis and have hyalitis and a

few have panuveitis with collections of inflammatory debris within the folds of pars pli-
cata and within the vitreous, and chorioretinitis. This is important as hyalitis and cho-
roiditis dictate the consideration of systemic anti-inflammatory therapy often in
conjunction with topical therapy. Hyalitis and indeed choroiditis are quite easy to over-
look with miosis, fibrin clots within the anterior chamber, and lenticular opacities (see
Fig. 1). It is important to remember that secondary glaucoma due to uveitis and hyalitis
in cats can be unilateral, however, many cases are bilateral, and to complicate this
further, the glaucoma often develops at different times in each inflamed eye.23,24

Many veterinarians either forego or forget to use topical mydriatics (tropicamide),
perhaps because they are reported to elevate the IOP in the treated and untreated
eyes of normal cats within 90 min of application25,26 or they simply forget to complete
the posterior segment examination. We recommend pupillary dilatation of both eyes
when the posterior segment cannot be examined adequately without mydriasis, to
rule out posterior segment disease. It is prudent to measure the IOPs post-



Fig. 3. This is a photograph of the filtration angle of a cat with a single brown iris patch. The
filtration angle of cats is visible with a light source and direct examination with or with an
ophthalmoscope or biomicroscope. Note the thin yellow pectinate fibers that span the
filtration angle and the ciliary cleft behind.
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dilatation. If significant increases are present then appropriate therapy is instituted
promptly. It is also very important to assess vision in both eyes, and establish a likely
category for glaucoma (secondary, congenital, or primary) first before selecting a ther-
apy with anti-glaucoma medications. Finally, all cases of feline glaucoma will benefit
from referral to or consultation with an ophthalmologist for appropriate additional diag-
nostic examinations (optical coherence tomography (OCT), ocular ultrasound, etc.)
and specialized treatment options.
Some controversy exists in the literature as to whether neoplasia or uveitis is the

most frequent cause of secondary feline glaucoma. Large pathology databases
have described larger percentages of glaucoma secondary to neoplasia. However,
veterinarians more commonly submit apparent neoplastic disorders to the patholo-
gist. This may account for a bias. In our histologic database, the most common
form of secondary glaucoma in cats is chronic idiopathic uveitis followed by intraoc-
ular neoplasia. Perhaps this is result of the enucleation of globes with an intraocular
neoplasm before glaucoma develops. Suffice to say, uveitis and intraocular neoplasia
account for over 90% of all feline glaucoma submissions.
It is always prudent to consider a diffuse neoplastic invasion of uveal tissues, as it

induces a secondary inflammation (uveitis). As a result, feline ocular neoplasms
commonly masquerade with clinical manifestations of uveitis. These neoplasms
may be primary or metastatic to the eye. Diffuse iridal melanoma and ciliary adenomas
and adenocarcinomas, medulloepitheliomas, and post-traumatic sarcomas are the
five primary intraocular neoplasms reported to induce glaucoma, and the melanoma
is by far the most common. Diffuse iridal melanoma is diagnosed by confirmation of
progressive iridal pigmentation usually by sequential anterior segment photographs
(Fig. 4). Glaucoma develops later when the melanoma compromises the filtration
angle and ciliary cleft (see Fig. 4). Primary ciliary neoplasms (adenomas, adenocarci-
nomas, and medulloepitheliomas) and post-traumatic sarcomas although less



Fig. 4. Cats with chronic diffuse iris melanoma that has been progressing for years will man-
ifest with secondary glaucoma frequently. Both of these cat eyes were blind due to chronic
glaucoma and diffuse iris melanoma has effaced the anterior uvea and the filtration angle
and ciliary cleft and has exited the globe in the expected route around the aqueous collect-
ing veins and into the episcleral tissues under the bulbar conjunctiva.
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common, can induce glaucoma in cats secondary to the invasion of the filtration angle
and more importantly their induction of pre-iridal vascular and neoplastic membranes
which cover the angle, or obstruct the flow of aqueous humor through the pupil or
angle and thereby reduce aqueous humor outflow.Metastatic neoplasms (lymphosar-
coma, carcinomas, and spindle cell neoplasms) have all been reported to induce sec-
ondary glaucoma. Lymphosarcoma is the most common cause of glaucoma
secondary to metastatic neoplasia in cats. Lymphosarcoma is not readily seen during
the ophthalmologic examination, as it is a diffuse uveal infiltrate. It typically invades the
anterior uvea and induces uveitis and masquerades as an inflammatory disorder. The
neoplasia is only confirmed when the enucleated globe is examined histologically.
Diagnostic imaging including ocular OCT or US and CT may support a presumptive
diagnosis of primary or metastatic intraocular neoplasia.
GROSS PATHOLOGY AND HISTOLOGIC CONFIRMATION OF SECONDARY
GLAUCOMA OF CATS WITH UVEITIS AND NEOPLASIA

Examination of gross and histologic sections of feline globes will confirm the diagnosis
of secondary glaucoma (Figs. 5–9) and rule out the important differentials of ASD-
associated, primary lens luxation-associated, aqueous misdirection and primary glau-
coma of cats. Given that all categories of glaucoma can develop bilaterally in cats,
histologic examination of enucleated globes should be completed to confirm the
type of glaucoma and help to determine the risk of developing the contralateral ocular
disease. Fixation post-enucleation should be prompt, and the best ocular fixative is
Davidson’s solution. When using formalin, the most commonly used fixative in general
practice, a ½ �1 cc injection of formalin just superior to the optic nerve through a 25-
gauge needle into the vitreous greatly enhances the fixation.27

Gross sections will reveal the characteristic plasmoid aqueous, vitreous, and
swollen uvea (see Figs. 5 and 6).27 Gross examination of globes with intraocular
neoplasia and secondary glaucoma will often reveal variable uvea thickness and tu-
mors, discoloration, and a thin retina and cupped optic nerve.
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Histologic examination of the retina confirms the diagnosis of glaucoma by revealing
a loss of inner retinal layers including the ganglion cell, nerve fiber, inner plexiform, and
inner nuclear layers22,27,28 (see Fig. 7). Often, superior (tapetal) retinal tissues are less
affected and this is termed tapetal or dorsal sparing. Generally, the histologic manifes-
tations of glaucomatous retinal and optic nerve atrophy in cats are much more subtle
than changes noted in dogs. The optic nerve cupping although challenging in the clin-
ical examination room is readily detectable on images taken with optical coherence
tomography or gross examination, subgross, and histologic examinations (see
Fig. 8A–C). The most consistent histologic feature of glaucoma secondary to uveitis
in cats is an anterior lymphocytic and plasmacytic anterior uveitis (see Fig. 9A,
B)22,27,28 and rarely an eosinophilic uveitis.29 The lymphocytic uveitis may be diffuse
or nodular and the anterior uvea and the ciliary cleft are predominantly affected (see
Fig. 9A, B). Pre-iridal fibrovascular membranes, which are very common in the dog,
are seen sometimes in the horse, and are only occasionally incremented histologically
as a part of the pathogenesis of feline glaucoma when they span the filtration angle.30

These membranes are easy to overlook in the cat with uveitis compared with those
seen histologically in the dog. That is usually the result of their small stature and the
covering of the iridal leaflets by inflammatory cells and debris and are therefore likely
more common than suspected.
Diffuse neoplastic uveal infiltration is readily apparent histologically when it is

responsible for feline secondary glaucoma (see Fig. 9). The pathogenesis of glaucoma
secondary to primary or metastatic intraocular neoplasia usually involves obstruction
of the filtration angle and ciliary cleft with neoplastic tissues and inflammatory debris.

TREATMENT OPTIONS FOR FELINE GLAUCOMATHAT IS SECONDARY TO UVEITIS OR
INTRAOCULAR NEOPLASIA

Uveitis and hyalitis in cats is treated by topical and systemic immune suppression
most commonly. Topical 1% prednisolone acetate or 0.1% dexamethasone given
QID will suppress anterior uveitis and some cyclitis and prednisone 1-2 mg/kg of
body weight will suppress hyalitis and choroiditis when they are present. If the IOP
is higher than 50 mm Hg and the affected eye has the potential for vision, then
Fig. 5. This photograph reveals the gross pathology of uveitis and secondary glaucoma in a
formalin fixed feline globe. Note the inflammatory debris in the anterior and posterior
chamber, plasmoid vitreous with inflammatory debris coating the ciliary body and the optic
nerve atrophy with degenerate vitreous extending into the atrophic optic nerve beyond the
sclera.



Fig. 6. This semi-bisected Buoin’s fixed feline reveals the gross pathologic changes associ-
ated with endophthalmitis. Histologic examination confirmed endophthalmitis, secondary
glaucoma and cat claw scleral perforation with a ciliary abscess.

Fig. 7. Histologic manifestations of the retinal effects of chronic feline glaucoma are gener-
ally more subtle than noted in the canine species. Note the absence of ganglion cells, glial
cell proliferation within the space left by the atrophic nerve fiber layer, which also exposes
the linier Mueller fibers that connect to the inner limiting membrane of the retina, and the
atrophy of the inner plexiform and inner nuclear layers. These inner retinal changes con-
firms chronic feline glaucoma.
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Fig. 8. (A). Optical coherence tomography (OCT) readily confirms optic nerve atrophy in
cats. In contrast to the dog where optic nerve cupping is readily discernable on ophthalmos-
copic examination, feline optic nerve atrophy is challenging to see with an ophthalmoscope
due to the small size of the papilla and lack of myelin. The use of OCT has greatly enhanced
the ophthalmologist’s ability to evaluate and prognosticate glaucomatous retinal and optic
nerve damage in cats. (B) Optic nerve cupping (atrophy) is readily discernable on gross sec-
tions of feline globes with chronic glaucoma. Note the prominent nodules within the iridal
leaflet, which are lymphoid follicles. (C) Optic papillary atrophy is less dramatic in cats with
chronic glaucoma than dogs but discernable.
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intravenousmannitol may be administered at a dose of 1-3 gm/kg body weight in addi-
tion to appropriate topical glaucoma medications. Most secondary glaucoma due to
uveitis or neoplasia will have moderate IOPs in the 30 to 40mmHg range. These cases
are treated initially with carbonic anhydrase inhibitors (Dorzolamide 2%) at a q 8 or q
12 h. This in combination with appropriate anti-inflammatory therapy will usually
reduce the IOPs to a normal range until an enucleation can be completed.31 Topical
ophthalmic carbonic anhydrase inhibitors although quite effective at lowering the
IOP in cats with secondary glaucoma will necessitate systemic monitoring of K levels.
Dorzolamide is reported to induce hypokalemia in cats.32

Combinations of Dorzolamide 2% and timolol (0.05%) will lower the IOP better
than just Dorzolamide alone.33,34 Aproclonidine although effective at reducing IOP
in normal cats has significant systemic side effects that preclude it administration
in this species.35 Topical application of prostaglandins for feline glaucoma remains
controversial. Topical prostaglandins are reported to reduce the IOP in normal
cats significantly.36 However, other studies report limited to no effect of bimatoprost



Fig. 9. (A). Lymphocytic plasmacytic anterior uveitis is commonly associated with secondary
glaucoma in cats. A diffuse round cell population infiltrates the iris and filtration angle. (B)
High-power photomicrograph of the anterior uvea of the cat in Fig. 10A, confirming the
diffuse population of lymphocytes and occasional plasma cells. (C) Feline lymphosarcoma
will induce secondary glaucoma in cats. It characteristically effaces the anterior uvea as
noted in this PAS stained photomicrograph.

Grahn378
or Latanaprost, or unoprostone isopropyl in normal cats.37,38 Anecdotal reports at
least some short-term IOP lowering with prostaglandins including travaprost in the
treatment of glaucoma in cats but peer-reviewed publications documenting
responses in glaucomatous cats are lacking at this time. Uveitis and secondary glau-
coma requires long-term management with frequent monitoring of IOPs and re-
examination of the uvea and vitreous to ensure that endophthalmitis is controlled.
When monitoring the IOPs long-term to ensure a therapeutic response, it is impor-
tant to complete tonometry whenever possible at approximately the same time of
the day. The normal circadian rhythm of aqueous humor production and IOP curves
in cats will vary individual readings. The highest IOPs are usually recorded in the
early evening.14

Once the inflammation is controlled, the oral and topical immune suppressive med-
ications are reduced gradually over many months. The topical carbonic anhydrase in-
hibitors are maintained at a frequency that maintains an IOP of 13 to 20 mm Hg.
Recrudescence of inflammation and secondary glaucoma are common in these
cats. Adjusting the frequency of topical glaucoma medications and systemic therapy
is warranted to maintain control of the inflammation and IOPs as long as the affected
eye remains visual. Some cats with glaucoma will develop increased IOP when topical
dexamethasone or prednisone are initiated, so monitoring the IOP within in a few days
of onset of corticosteroids is important.39
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The optic nerve is small in the cat and evaluation of the loss of axons is challenging
even with direct ophthalmoscopy. However, the advent of OCT (see Fig. 8A) has
greatly facilitated the staging the severity of feline glaucoma. OCT allows for accurate
measurements of the inner retinal layers and the axons as they exit the optic nerve.
Although this diagnostic tool requires general anesthesia it should be considered in
all cats with glaucoma to ensure that therapies are effective by ruling out progressive
loss of nerve fiber and ganglion cell layers over time.
Laser cytophotocoagulation with an ND: Yag or diode laser,40,41 may be completed

to reduce IOP in glaucomatous cat eyes. Complications include corneal ulceration,
hyphema, post-treatment ocular hypertension, retinal detachments, and recrudes-
cence of glaucoma and long-term IOP control is challenging. The combination of laser
therapy and gonioimplants are also a feasible therapy in cats. Park and colleagues42

reported an Ahmed implant that maintained normal IOP in a Russian Blue cat with pri-
mary glaucoma for 7 months. However, there are no published reports of implants in
glaucomatous feline eyes due to uveitis. One may hypothesize that anterior chamber
shunts would obstruct inflammatory debris when placed in the anterior chamber of
these cats.
Once the affected eye is blind and glaucoma is present despite treatment, the most

appropriate therapy is trans conjunctival or more often a trans palpebral enucleation or
exenteration. The latter is used when the potential of neoplastic extension out the
globe is suspected. Evisceration and intrascleral prostheses is an alternative provided
when the ophthalmologist is convinced that intraocular neoplasia is not present. How-
ever, metastatic intraocular neoplasia should always be considered in cats with uveitis
and secondary glaucoma so the most common therapy is enucleation. The most com-
mon metastatic neoplasm to the cat’s eye (lymphosarcoma) is a frequent cause of
secondary glaucoma in cats.43 It is important to refer focal anterior uveal tumors to
ophthalmologists early as small to medium-sized primary anterior uveal neoplasms
can be surgically removed or laser ablated long before they would ever induce sec-
ondary glaucoma. These forms of therapy are generally widely available today, and
the success rate for retention of a sighted eye without secondary glaucoma is excel-
lent. However, uveal neoplasms that are diffuse or too large or too inflamed at presen-
tation to justify vision-sparing surgeries, surgical enucleation remains the treatment of
choice.
FELINE AQUEOUS MISDIRECTION GLAUCOMA

Aqueous misdirection glaucoma is a unique disorder in the cat where aqueous be-
comesmisdirected into the vitreous. Misdirected aqueous humor expands the vitreous
and displaces the lens and iris leaflets forward and collapses the anterior and posterior
chambers, markedly narrows the filtration angle, and collapses the ciliary cleft.44,45 This
tends to be a disease of older cats (12.9 years) and most cats (5/7) are affected bilat-
erally.44 The clinical diagnosis is straightforward based on an ophthalmoscopic or bio-
microscopic appearance of a small or absent anterior chamber with a lens and iris
displacement onto or near to the corneal endothelium (Fig. 10A–C). The IOPs are usu-
ally variable but often high (40 to 80 mm Hg), compared with secondary glaucoma and
ASD-associated glaucoma of cats. Gross examination of sectioned feline globes with
aqueous misdirection will reveal very shallow anterior chambers and collapse of the
posterior chambers with the lens displaced forward and the vitreous cavity enlarged
(see Fig. 10B). The pathogenesis is unknown. Condensation of the anterior vitreous
face will usually be noted on histologic examination. The histologic confirmation of
glaucoma is atrophy of the inner retinal layers and atrophy of the optic nerve.



Fig. 10. (A) This cat has bilateral aqueous misdirection and both lens are being displaced for-
ward along with the both irides. The anterior chambers were both shallow and the intraoc-
ular pressures were markedly elevated. (B) Gross sections of eyes with aqueous misdirection
glaucoma will have characteristic signs including displacement of the lens and iris into the
anterior chamber and condensed vitreous on the posterior lens capsule. (C) The filtration
angle and ciliary cleft of the feline globe with aqueous misdirection glaucoma, may appear
open and normal as this histologic section is or they may be closed and collapsed related to
the forward displacement of the lens and iris leaflets. They do not however have significant
anterior uveitis or endophthalmitis.
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Initial medical management with topical Dorzolamide 2% ophthalmic solution is
usually not successful; however, prostaglandin analogs may lower the IOP. If those
fail a vitrectomy and phacoemulsification of the lens with or without lens implantation
is reported as successful.44 Reported case numbers are low as expected with such a
rare condition. Most will attempt medical management before surgical therapies and
the small numbers of cases have precluded long-term follow-up studies with a com-
parison of medical to surgical therapy.

INCIDENTAL SYSTEMIC AND PERIOCULAR CAUSES OF GLAUCOMA IN CATS

Diffuse infiltrative orbital neoplasia will occasionally induce secondary glaucoma in
cats by obstructing aqueous humor drainage. Exophthalmos and high IOPs are the
most common clinical signs. Sectional imaging and biopsy or exenteration, and histo-
logic examination of exenterated globes confirm orbital neoplasia diagnosis. Lympho-
sarcoma is the most common metastatic neoplasm to cause this and systemic
chemotherapy may be effective at reducing the tumor and allowing for effective
aqueous humor movement through aqueous collecting veins with improved orbital
venous drainage. Topical anti-glaucoma therapy during the clinical workup usually in-
cludes BID to TID Dorzolamide to decrease aqueous humor production and this is the
initial treatment of choice. The prognosis for orbital neoplasia in cats is poor even with
appropriate therapies and early diagnosis.
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LENS LUXATION, CATARACTS, AND THEIR RELATIONSHIP TO SECONDARY
GLAUCOMA IN CATS

Immature, mature, and hypermature cataracts do induce mild phacolytic uveitis in
cats occasionally, and zonular and vitreous degeneration may develop secondary to
this inflammation. This may result in a lens subluxation or luxation, which may lead
to secondary glaucoma. However, this is much less frequent in the cat compared
with the dog.
Primary zonular dysplasia, lens subluxation, and luxation are reported in the cat.

This is a rare condition based on limited peer-reviewed reports.46 The diagnosis is
confirmed with histochemical stains (PAS, Masson’s trichrome, and elastin) that
allow zonular dysplasia to be documented on enucleated globes. However, unlike
the dog it is not associated with ADAMTs 17 gene mutation.46 Closely related feline
who were gene mapped revealed that the FBN1may be a candidate gene. Glaucoma
secondary to the primary lens luxation was confirmed in only one of these affected
cats.46

Most lens luxations in cats develop secondary to chronic glaucoma and buphthal-
mos, therefore a consequence of, not the initiating factor. Rarely, trauma will induce
secondary lens luxation and vitreous prolapse into the anterior chamber and second-
ary glaucoma in cats.47 Anterior lens luxation appears very similar in clinical appear-
ance to feline aqueous misdirection and they are challenging to differentiate.
Usually, lens luxation secondary to glaucoma presents with less severe IOP eleva-
tions, and the predisposing uveitis or intraocular neoplasia is evident on a thorough
examination. Primary lens luxation in a visual eye is amendable to surgical lens
removal and replacement with a ciliary sulcus lens so prompt referral to a qualified sur-
gical ophthalmologist is recommended.

CLINICAL, GROSS, AND HISTOLOGIC DIAGNOSIS AND TREATMENT OF
CONGENITAL/ANTERIOR SEGMENT DYSGENESIS ASSOCIATED FELINE GLAUCOMA

This disorder manifests in young cats (kittens to 3 years of age) with buphthalmos and
keratitis (Fig. 11A). This is in contrast to the vast majority of cats with secondary glau-
coma who are middle-aged to older.48–52 The gross and histologic findings that
confirm the diagnosis of anterior segment dysgenesis, which include combinations
of the following, lenticular hypoplasia (small lenses) that are often round (spheropaha-
kia) with or without abnormal shapes (lenticonus), and occasional incomplete separa-
tion of the lens from the corneal stroma, and most often there are multiple cataracts
(Fig. 11B–D). This is usually accompanied by marked keratitis and buphthalmos
(see Fig. 11A), uveal hypoplasia (lack of iridal, ciliary development, and minimal
smooth muscle development), and elongated hypoplastic ciliary processes and atro-
phy of inner retinal layers and axonal atrophy and gliosis of the optic nerve. These clin-
ical, gross, and histologic features (see Fig. 11A–D) of anterior segment dysgenesis
are the consequence of surface ectodermal defects that occur in the early stages of
ocular development or contribute to glaucoma development in utero or within the first
few years of life. The filtration angle may be so severely recessed by the buphthalmos,
that it precludes clinical and histologic angle assessment. The cornea is often scarred,
enlarged, and vascularized and there may be striae. The ciliary cleft is typically
collapsed or closed or hypoplastic. Optic nerve cupping and often complete retinal at-
rophy confirm the diagnosis of glaucoma. Intravitreous vascular membrane develop-
ments have been reported in 22 affected kittens under the age of one at the time of
clinical diagnosis, and anterior segment dysgenesis associated glaucoma and retinal
detachment and avascular retinas were confirmed histologically.53 However, many



Fig. 11. (A). The left eye of this young cat is buphthalmic and the cornea is opaque due to
edema, generalized vascularization. Histologic examination of this globe confirmed ante-
rior segment dysgenesis associated glaucoma. (B) Examination of gross sections of buphthal-
mic feline globes such as this greatly facilitate the diagnosis of anterior segment dysgenesis
and glaucoma. Note microphakia and lens luxation into the posterior segment onto the op-
tic papilla, elongated ciliary processes, optic nerve cupping, and filtration angle recession in
this feline globe with ASD associated glaucoma. (C) This is a PAS stained low-power histo-
logic section of a cat with ASD and glaucoma. Note the hypoplastic filtration angle and
ciliary cleft, and microphakia and abnormal lens capsule. (D) This PAS stained low-power his-
tologic section of elongate ciliary process and their attachment to the lens with degenerat-
ing zonulae. Note the uveal hypoplasia. The lens was microphakic and the filtration angle
and ciliary cleft are hypoplastic. The inner retina and optic nerve were atrophic.
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young cats manifest with only signs of anterior segment dysgenesis and glaucoma,
without avascular retinas.27 ASD-associated glaucoma is likely under-diagnosed in
general practice related to the clinical challenges of buphthalmic determination in
cats, coupled with marked keratitis that precluded thorough anterior and posterior
segment examinations, and finally the lack of submission of many enucleated globes
with presumptive keratitis and blindness in affected kittens and young cats. In the
acute stages of ASD-associated feline glaucoma, the affected eye may retain vision
due to the rapid development of buphthalmos because of thin pliable sclera. As the
sclera thins further due to stretching, this may facilitate aqueous humor to seep
through in these young cats. This further complicates the clinical diagnosis, as the
IOPs can be normal or even low in affected cats. These cases are best diagnosed
by globe measurement by direct or ultra-sonographic measures with comparison to
a normal contralateral globe or aged-matched control cat eye if the condition is
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bilateral. As a final complexity, not all cats with ASD develop glaucoma, and whether
there is a need for contralateral prophylactic glaucoma therapy is unknown, and var-
iably applied by veterinary ophthalmologists.
Topical carbonic anhydrase inhibitors will decrease the aqueous humor production

and lower the IOP in cats with anterior segment dysgenesis and glaucoma,54 at least in
the short term and this is often the first topical ophthalmic medication applied in these
cats. Topical ocular therapy with tropicamide has been reported to significantly in-
crease the IOP in cats with congenital glaucoma55 so if the pupils are being dilated
to facilitate a complete ophthalmologic examination, then the post-dilatation IOPs
should be monitored. Timolol maleate is reported to have minimal clinical benefit for
the management of feline congenital glaucoma.56 However, most ASD-associated
glaucomatous feline eyes are blind at presentation to the general veterinarian and
ophthalmologist, and the most appropriate therapy for the affected eye is enucleation.
The ongoing keratitis, lens luxation, and glaucoma in these cases are very challenging
to manage effectively, and the globe is best enucleated and histologically examined at
a qualified laboratory.
Most ASD/congenital glaucoma seen in cats is an incidental uncommon idiopathic

condition. There are exceptions to this as reported in purpose-bred cats with the LBT2
mutation and anterior segment dysgenesis. This is a simple autosomal recessive con-
dition diagnosed initially in Siamese cats and also domestic short-hair cats and orig-
inally classified as a congenital primary condition and later changed to the more
appropriate term inherited congenital glaucoma with anterior segment dysgenesis.
In kittens, with this LBT2 mutation the IOP is significantly higher in affected animals
at 10 weeks of age and continues to increase over 6-12 months in contrast to normal
kittens where adult IOP readings are attained at 3 months of age.57 The progressive
IOP increase is accompanied by visual impairment, blindness, and buphthalmos
due to the loss of ganglion cells and their axons.58,59 The characteristic elongated
ciliary processes and small lenses, which may be spherophakic, confirm this as
congenital anterior segment dysgenesis. The filtration angle has been reported as
mildly dysplastic and similar to goniodysgenesis. The differentiation of hypoplasia
from the clinical term goniodysgenesis is yet to be reported. Both appear identical
on gonioscopy examinations when corneal clarity allows for gonioscopy or direct bio-
microscopic examination.
Gene therapy would seem to be a logic treatment for this inherited ASD-associated

glaucoma but there are no published reports at this time. However, allogeneic trans-
plantation of Muller-derived retinal cells has been reported, and this appears to
improve retinal function in cats with ganglion cell depletion.60
DIAGNOSIS AND TREATMENT OF PRIMARY/IDIOPATHIC FELINE GLAUCOMA

Primary/idiopathic glaucoma is the rarest form of glaucoma in cats.61–63 Recent anec-
dotal reports may reveal an upward trend in the incidence of this type of glaucoma in
cats. The clinical diagnosis is based on the exclusion of all the predisposing intraocular
disorders and confirmation of IOPs that are consistently greater than 30 mm Hg. Most
cats are mild aged and both sexes are affected and the condition may be unilateral or
bilateral. A thorough biomicroscopic anterior segment examination, and direct and
indirect ophthalmoscopic examination of the posterior segment, will be normal in the
acute stages and with time the inner retina and optic nerve axons will atrophy which
can be documented best with OCT. Typically the IOPs are elevated but often minimally
in the mid 30s to low 40s. If the disease is not diagnosed, blindness will develop. When
these globes are enucleated and examined grossly and histologically primary glaucoma
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will be confirmed. Some of the histologically examined primary glaucoma cases have a
discernable myxoid change around the aqueous collecting veins,62 but many do not
have these changes. When the globe is visual and affected by glaucoma, topical anti-
glaucomatherapywithDorzolamideshouldbe instituted.The IOPsneed tobemonitored
repeatedly in the firstmonthand then occasionally life-long to ensure themaintenance of
the IOPs in a normal range.Usually, there is theprompt loweringof thepressure although
resistantcasesmay requireeither topical prostaglandin therapyoreven laserciliarycyto-
photocoagulation based on unreported cases that we have managed.

SUMMARY

Glaucoma is a subtle progressive feline disease that develops most commonly as a
secondary disease to idiopathic anterior uveitis and hyalitis or intraocular neoplasia.
Less common forms include those associated with anterior segment dysgenesis, pri-
mary (idiopathic, which will progress to bilateral disease), and the least common
aqueous misdirection associated glaucoma.

CLINICS CARE POINTS
� Glaucoma secondary to idiopathic uveitis and hyalitis is the most common category of this
ocular disease in middle aged to older cats and it often involves both eyes over time

� Early onset onset glaucoma in cats is most common associated with subtle congenital
anomalies and usually manifests with marked corneal disease.

� Primary (idiopathic) glaucoma of cats is the least common disorder and clinical and histologic
examinations reveal no apparent predisposing disease.

� Therapeutic management of all categories of glaucoma in cats involves topical antiglaucoma
medications that decrease aqueous production and often topical or systemic
antiinflammatory medications while the globe is visual.Blind glaucomatous feline globes
should be enucleated and submitted for histologic examination.
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