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KEY POINTS

e Glaucoma can be congenital, primary, or secondary, and evaluation of age, breed, and
ocular changes noted clinically and pathologically will help to differentiate these
categories.

e Therapeutic decisions can be guided by determining what category the glaucomaiis, if it is

acute or chronic, and if there is potential for vision.

Emergency therapy is used for eyes that have potential for vision.

e Glaucoma should be considered a referral disease because differentiating the category
and providing vision-preserving therapy is challenging for veterinarians.

e The long-term prognosis for all glaucoma is poor and end-stage, blind, glaucomatous
eyes should be enucleated, placed in a fixative, and submitted to an appropriate labora-
tory for light microscopic examination and confirmation of the type of glaucoma.

INTRODUCTION

Glaucoma is a heterogeneous group of clinical syndromes that are characterized by
elevated intraocular pressure (IOP) ultimately leading to optic nerve damage and
blindness. Glaucoma is common in the dog and is not only blinding but also painful
if the IOPs are not maintained within a normal range. Glaucoma can be a challenging
disease to manage in veterinary medicine, and all cases benefit from referral to a vet-
erinary ophthalmologist. However, the primary care veterinarian is the initial contact
and thus requires a basic understanding of this disease. This article provides a simpli-
fied approach to diagnosis and clinical decision making in cases of canine glaucoma
for the general practitioner. An overview of the anatomy, physiology, and pathophys-
iology related to canine glaucoma is provided as a foundation. Classifications of glau-
coma based on cause are described as congenital, primary, and secondary, and a
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discussion of key clinical examination findings is provided to guide appropriate ther-
apy and prognostication. Finally, a discussion of emergency and maintenance therapy
is provided.

Anatomy and Physiology Relating to Glaucoma

The elevation of IOP that occurs in glaucoma is always secondary to a decreased exit
of aqueous humor from the eye." Aqueous humor is the fluid that circulates within the
anterior segment of the globe. This fluid is continuously produced by the processes of
diffusion, secretion, and ultrafiltration by the nonpigmented ciliary body epithelium. Af-
ter formation, aqueous humor enters the posterior chamber (the space between the
lens and iris) and circulates through the pupil into the anterior chamber (the space be-
tween the iris and cornea) providing nourishment and waste removal for the lens and
cornea, in addition to maintaining the IOP of the globe. In the normal eye, the rate of
production of aqueous humor is equal to the rate of outflow, and the IOP is maintained
by this equilibrium.?

Aqueous humor exits the eye through 2 basic pathways: the conventional and the
unconventional pathways. Approximately 85% of aqueous humor exit in the dog is
via the conventional pathway in which aqueous humor exits at the iridocorneal angle
(ICA) and enters the aqueous collecting veins. The ICA is the peripheral, circumferen-
tial portion of the anterior chamber where the base of the iris meets the cornea and
sclera. At the face of the ICA, there are large spaces separated by thin beams of uveal
tissue called pectinate ligaments, which connect the base of the iris to the peripheral
cornea.” Aqueous humor passes between pectinate ligaments and into the ciliary
cleft, which is a triangular space with a base that extends from the pectinate ligaments
and apex toward the ciliary body. The ciliary cleft is filled with the uveal trabecular
meshwork made up of irregular anastomosing trabecular beams separated by inter-
lacing spaces (spaces of Fontana). The trabecular beams are lined by specialized cells
(trabecular cells), which play a role in phagocytizing particles and provide a clearance
mechanism for particulate debris from the aqueous humor. The aqueous humor then
flows around an elaborate meshwork of veins known as the angular aqueous plexus
(AAP).2 These veins are lined by vascular endothelium and the aqueous humor bathes
these collecting veins and crosses these endothelial cells by at least 4 distinct pro-
cesses including direct flow through small intracellular pores, micropinocytosis,
phagocytosis, and large vacuoles.®>* Aqueous humor then enters the vascular system
via the AAP, which is a complex venous network located at the transition zone be-
tween the ICA and the ciliary cleft (Fig. 1). The unconventional pathway for aqueous
humor exit is the uveoscleral outflow and is said to account for only 15% of total
aqueous humor outflow in the dog.® In this exit route, aqueous humor bypasses the
trabecular outflow described earlier, passively percolating through the ciliary body
into the suprachoroidal space.? This flow is independent of IOP and is driven mainly
by osmosis.? It is important to note that within the outflow pathways, morphologic,
physiologic, and biochemical changes occur with age and with tissue remodeling.
Thus, the functional anatomy associated with the maintenance of IOP within a normal
range and the onset of glaucoma is dynamic and complex.®

Classification of Glaucoma

Grouping glaucoma into categories based on cause significantly helps the clinician
and the ophthalmologist guide treatment and determine prognosis for the affected
and fellow eye. Three useful basic categories for differentiating glaucoma in dogs
are congenital, primary, and secondary. Deduction of the category is aided by signal-
ment (age and breed), complete ocular examination findings, and referral to an
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Fig. 1. Normal canine iridocorneal angle (ICA). The ICA represents the anatomic region for
conventional aqueous humor outflow. The pectinate ligaments (PLs) span the opening be-
tween the base of the iris and the cornea. Aqueous humor filters between the PLs into the
ciliary cleft and then enters the vascular system via the angular aqueous plexus. Hematoxylin
and eosin stain, 4x magnification)

ophthalmologist for other specialized evaluations such as gonioscopy, and advanced
imaging modalities such as high-frequency ultrasonography and optical coherence to-
mography (OCT).

Congenital Glaucoma and Those Associated with Anterior Segment Dysgenesis

Congenital glaucoma is classically described as manifesting in utero or in neonates
and is associated with congenital ocular anomalies known as anterior segment
dysgenesis (ASD)"~""; it may be unilateral or bilateral. Congenital glaucoma is the least
common form of glaucoma diagnosed in the dog, and the cause is unknown. We have
diagnosed glaucoma associated with ASD in dogs aged up to 3 years, because this
form of glaucoma may manifest in dogs a little later in life. As a result, it is most appro-
priate to term these early-onset glaucomas in all species as congenital glaucoma/ASD
associated. It is also important to note that not all dogs with ASD develop glaucoma.
ASD is characterized by concurrent ocular anomalies of the formation of the uvea and
lens, including abnormalities of the lens such as microphakia, spherophakia, aphakia,
lenticonus, lens coloboma, and cataract and uveal anomalies including hypoplasia of
the iris, ciliary body, elongated ciliary processes, and a hypoplastic ICA that contribute
to the pathogenesis of reduced aqueous humor outflow and glaucoma.® %% These
anomalies are readily detected clinically and on gross and histologic examination of
enucleated globes.

Because of the elasticity of the young dog sclera, globes often develop marked
buphthalmos early in the course of disease (Fig. 2). Chronic buphthalmos results in
corneal exposure, and Kkeratitis resulting in ulceration, pigmentation, and scarring.
Some puppies may retain vision despite buphthalmos, perhaps due to an elevation
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Fig. 2. Congenital glaucoma in an 8-month-old bloodhound cross dog. Note marked buph-
thalmia of the left eye. Anterior segment dysgenesis was noted on clinical examination with
lack of separation of the uveal tissue from the cornea. Exposure keratitis is evident with
extensive corneal vascularization.

of IOP before development of the retina. The prognosis with congenital/ASD-
associated glaucoma is poor because most dogs become blind and the extensive
buphthalmos can lead to progressive and severe exposure keratitis.

Primary Glaucoma (Inherited and Idiopathic Glaucoma that will Affect Both Eyes)

The term primary glaucoma is used to describe inherited forms of glaucoma that are
not caused by antecedent ocular disease. Primary glaucoma is described in many
breeds of dogs (Table 1)."'3-%8 Although there are breed-related differences in age
of onset and disease progression, there are generalities that can be made about
this form of glaucoma.’ Primary glaucoma is a bilateral condition that typically mani-
fests in middle- to older-aged dogs. The disease typically presents unilaterally initially,
with the fellow eye developing glaucoma months to years later. The 2 basic clinical
forms of primary glaucoma described in the literature are primary glaucoma associ-
ated with goniodysgenesis and primary open-angle glaucoma (POAG).
Goniodysgenesis-related glaucoma (GDRG) is the most common form of primary
glaucoma in the dog. This form is associated with a bilateral congenital anatomic ab-
normality of the ICA in which there is a failure of rarefaction of the mesoderm within the
ICA. Thus, normal pectinate ligaments and spaces between them fail to form™ 518,
this is called pectinate ligament dysplasia (PLD). Goniodysgenesis and PLD are often
used interchangeably when discussing canine glaucoma. This anatomic anomaly is
only a marker for primary glaucoma, rather than the cause, because its presence
does not ensure development glaucoma later in life, because only some of the dogs
with goniodysgenesis will develop glaucoma.”'” This form of glaucoma is also
frequently called primary angle closure glaucoma (PACG) in the literature. Although
this is a common term used clinically, it creates diagnostic confusion with secondary
glaucoma disorders in which peripheral anterior synechiae cause physical closure of
the ICA, which is challenging to differentiate from goniodysgenesis clinically, but is
readily apparent histologically.'?2° The authors, therefore, prefer to avoid the use of
PACG, and simply describe this as primary glaucoma associated with goniodysgene-
sis. It is important to stress that goniodysgenesis is a congenital anomaly and it does
not progress as such. The appearance of the ICA will change with collection of
pigment and other cellular debris, which is common in globes with GDRG.?° In addi-
tion, growth of the lens throughout life and the subtle effects of glaucomatous
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Table 1
Common canine breed predisposed to primary glaucoma

Primary Glaucoma/
Pectinate Ligament

Dysplasia —Associated Primary Open Angle Glaucoma
American Cocker Spaniel’® Beagle3®

Basset hound’”® Basset hound*?

Border Collie’® Basset Fauve de Bretagne??
Bouvier des Flandres’” Chinese Shar-Pei*3

Chow Chow'? Norwegian elkhound®*
Dandie Dinmont Terrier’® Petit Basset Griffon Vandeen3®

English Cocker Spaniel’®

English Springer Spaniel*°
Flat-coated Retriever’’
Golden retriever’®

Welsh springer Spaniel’?

Great Dane®’
Miniature and Toy Poodle

24

Leonberger?®

Norwegian elkhound?®

Samoyed?”
Shiba Inu?®
Shih Tzu?®
Siberian husky?’
Vizsla'®

stretching of the ICA tissues will result in the narrowing of the gonioscopic and histo-
logic appearance of the ICA over time.*%#!

POAG is a much less common form of primary glaucoma in which goniodysgenesis
is absent, and the ICA appears anatomically normal when gonioscopy is completed
before I0P elevations.®°~3 This disorder is inherited in the Beagle and Norwegian elk-
hound as an ADAMTS10 mutation; in the basset hound, Basset Fauve de Bretagne,
and Petite Basset Griffin Vendeen as a mutation of ADAMTS17; in the Shih-Tzu and
Shiba Inu as a mutation of SRBD1; and in the Beagle and Shiba Inu as a myocilin mu-
tation. 21342628 |n POAG, the appearance of the ICA in the glaucomatous globe will
narrow with disease progression. Similar to GDAG, this ICA narrowing/closure
observed in POAG is likely related to alterations in the ICA morphology with repeated
or progressive IOP elevation.*" It is important to note that the terminology used here
for open- versus closed-angle glaucoma is a clinically applied designation and this dif-
fers from the descriptive terminology used to describe the appearance of an open or
closed ICA on histopathology.*®

The pathogenesis of primary glaucoma is complex and poorly understood. In most
forms there is an anatomic abnormality of the main outflow pathway (goniodysgene-
sis); however, this is not the cause of aqueous outflow obstruction, because glaucoma
occurs in a subset of dogs with this anomaly and manifests later in life. It is likely that
there are morphologic, physiologic, and biochemical changes that occur with age and
tissue remodeling that affect the movement of aqueous humor into the aqueous col-
lecting veins, which contributes to the onset of glaucoma in affected dogs. -
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Table 2

Tissue

Acute Glaucoma®

Ocular tissue changes in acute and chronic glaucoma and assumed pathophysiology

Chronic Glaucoma

Globe

Normal size

Enlarged (buphthalmia)
e Pressure-induced stretching

Conjunctiva and episclera

Red
e Vascular congestion

Red
e Vascular congestion

Cornea

Edema

e Pressure-induced
dysfunction of endothelial
pump function

Edema

e Pressure-induced
dysfunction of endothelial
pump function

Striae

e Globe stretching causing
breaks in Descemet
membrane

Keratitis

e Exposure due to
buphthalmia

Iris and Pupil Mydriasis

e Pressure-induced paralysis

Mydriasis

e Pressure-induced paralysis

e Iris atrophy

e Retinal and optic nerve
degeneration

Subluxation and luxation

e Zonular breakage due to
globe stretching

Cataract

e Lens fiber degeneration due
to reduced nutrition/waste
removal by aqueous humor

Lens Normal

Retina Normal Degeneration (tapetal
hyperreflectivity, vascular
attenuation)

e Pressure-induced damage

Optic nerve Normal Degeneration (darkened,
smaller), cupping (recessed)

e Pressure-induced damage to
nerve fiber layer and

ganglion cells

@ Changes described are most typical of primary glaucoma because secondary glaucoma will have
additional clinical manifestations.

The clinical manifestations of primary glaucoma occur due to pressure exerted on all
ocular tissues (Table 2). In the acute phase of glaucoma, elevated IOP interferes with
the vascular circulation of the globe causing congested episcleral vessels. The function
of the corneal endothelium is reduced, and diffuse corneal edema develops. The severity
of edema is generally in proportion to the degree of pressure elevation. The pupillary
constrictor muscle becomes paralyzed, and pupillary dilatation results (Fig. 3). Pressure
on the retina will initially affect its function causing temporary vision loss; however, sus-
tained elevations of IOP will induce necrosis and apoptosis of retinal ganglion cells.*?
There are many mechanisms that may contribute to retinal ganglion cell death including
axonal transport failure, neurotrophic factor deprivation, toxic proneurotrophins, mito-
chondrial dysfunction, excitotoxic damage, oxidative stress, reactive glia, and loss of
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Fig. 3. Acute primary glaucoma in the right eye of a 5-year-old cocker spaniel. Note vascular
congestion, diffuse corneal edema, and mydriasis.

synaptic connectivity.*® In the acute phase, if the IOP can be normalized quickly, vision
loss may be reversed to some degree, at least until the glaucoma progresses. In primary
glaucoma, ocular examination does not reveal evidence of preexisting ocular disease,
which is helpful to differentiate it from secondary glaucoma.

With sustained, elevated IOP, permanent changes develop. The globe begins to
expand, and buphthalmos develops. Globe enlargement causes stretching of all tis-
sues; breaks in Descemet membrane may develop, and these are called corneal striae
or Haab striae. Stretching of the lens zonules can result in their breakage, and lens
subluxation or luxation can develop (Fig. 4). Sustained, increased IOP will cause com-
plete retinal and optic nerve degeneration. Initially, this involves the ganglion cells and
nerve fiber layer; however, eventually all layers of the retina will die. The retina will
develop vascular attenuation, and regions of tapetal hyperreflectivity will develop.
The optic nerve will become atrophied and cupped and will appear smaller and
recessed on the fundic examination. These pathologic changes are permanent, and
vision will not be restored even when normal IOPs are sustained. The pupil will remain
dilated due to the retinal and optic nerve degeneration as well as neurologic and mus-
cle damage. With prolonged and continual elevated IOP the uvea atrophies, and the

Fig. 4. Chronic primary glaucoma in the left eye of a 6-year-old Great Dane. The globe has
buphthalmia and a posterior lens luxation due to zonular breakdown from globe stretching.
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sclera thins to the point that the IOP may return to a normal range due to decreased
aqueous humor production and filtering of aqueous humor through the sclera.

Secondary Glaucoma

Secondary glaucoma is acquired and develops because of an antecedent ocular con-
dition that causes obstruction of aqueous humor drainage. Secondary glaucoma can
present at any age, in any breed of dog, and may be unilateral or bilateral, depending
on the underlying cause. In secondary glaucoma, the obstruction to aqueous humor
circulation and outflow generally occurs at 1 of 2 anatomic locations: the ICA and/or
the pupil. In certain forms of secondary glaucoma, an obvious cause of the elevation
of IOP is present on ocular examination; in others it may not be obvious. Causes of
secondary glaucoma and the presumed pathogenesis of outflow obstruction associ-
ated with these are described in the following discussion and in Table 3.

The clinical manifestations of secondary glaucoma include those discussed for pri-
mary glaucoma earlier; however, there are additional clinical findings depending on
the underlying cause.

Many of the causes of secondary glaucoma discussed later involve the formation of
preiridal fibrovascular membranes (PIFMs) that contribute to the pathogenesis of glau-
coma. These membranes are challenging to detect clinically unless the iris and pupil-
lary margins are examined carefully with a biomicroscope. Ectropion uveae, the
outward curling of the pupillary margin, is an excellent indication of the presence of
a PIFM; they are readily detected with light microscopic examination of sections of
enucleated globes. Ectropion uveae develop with the budding of iris stromal blood
vessels and deposition of supportive fibrous tissue by fibroblasts on the face of the
iris.** PIFMs form in response to angiogenic cytokines released as a response to
inflammation or ischemia of ocular tissues. Vascular endothelial growth factor
(VEGF) is known to be a major mediator of PIFM development. Increased levels of
VEGF in aqueous humor and positive immunohistochemical staining for VEGF in his-
tologic samples have been reported for dogs with uveitis, retinal detachment, lens
luxation, intraocular neoplasia, hyphema, and various forms of secondary glau-
coma.***¢ PIFMs contribute to development of glaucoma because they can grow
over and occlude the pupil, and more commonly, span and contract the ICA. PIFMs
contain fragile blood vessels, and therefore, hyphema is another common clinical
sign of their presence.

Anterior Uveitis

Inflammation of the anterior uvea (iris and ciliary body) is the most common cause of
secondary glaucoma. Anterior uveitis has many causes, but all are associated with
breakdown of the blood-aqueous barrier and leakage of protein and cells into the
aqueous humor. Anterior uveitis will commonly obstruct the pupil or the ICA with pos-
terior and anterior synechiae. Proteins in the aqueous humor contribute to the forma-
tion of these adhesions of the iris to the lens (posterior synechia) or at the ICA
(peripheral anterior synechia). Miosis (constriction of the pupil) occurs due to the ac-
tion of prostaglandins on the iris constrictor muscle and brings the pupil in contact with
the anterior surface. Blockage of aqueous humor circulation through the pupil if com-
plete (360°) posterior synechiae develop results in buildup of aqueous humor in the
posterior chamber and induces iris bombe, which narrows or closes the ICA. The
ICA may also become obstructed by inflammatory or neoplastic cells or cellular
debris, fibrin, and so on. Chronic uveitis also promotes the development of PIFMs
on the iris surface, which also grow to cover and obstruct the ICA.



Table 3

Causes, mechanisms, and clinical manifestations of secondary glaucoma

Cause

Mechanism of IOP Obstruction

Clinical Manifestations Suggestive of
cause

Breed or other Predispositions

Anterior uveitis

Pupil obstruction:

e Complete posterior synechia
ICA obstruction:

e Inflammatory cells, and so on
o Peripheral anterior synechia
e PIFM formation

Aqueous flare, hypopyon, hyphema, iris
hyperemia, iris hyperpigmentation,
variable miosis, posterior synechia, iris
bombe

None

Primary lens luxation

Pupil obstruction:

e Block by lens and vitreous

ICA obstruction:

e Mechanical obstruction by prolapsed
vitreous

e Chronic uveitis due to physical
irritation (see earlier for mechanisms)

Phacodenesis, iridodenesis, aphakic
crescent (subluxation or posterior
luxation), lens in anterior chamber
(anterior luxation), vitreous strands in
pupil or anterior chamber

Terrier breeds (mainly)
Shar-Pei
Border collie

Intumescent cataract

Pupil obstruction:

e Enlarged lens fills pupil

ICA obstruction:

e Enlarged lens narrows and closes ICA

e Dense cataract with separation at the
Y-sutures, anterior displacement of iris
and anterior lens capsule, shallow
anterior chamber

Diabetic dogs

Intraocular neoplasia

ICA obstruction:
e Infiltration by tumor
e PIFM formation

Mass within the iris or ciliary body,
changes in iris shape and color,
hyphema

None

Melanocytic Glaucoma

ICA obstruction:
o Infiltration by pigment and pigment-
containing cells

Hyperpigmentation of the iris, thickening
of the iris base, pigment plaques in
episclera and choroid

Cairn Terrier

Pigmentary/cystic glaucoma
chronic retinal detachment

ICA obstruction:
e Anterior displacement of iris by cysts
e PIFM formation

e Aqueous flare, fibrin, hyphema, uveal
cysts, radial pigment on anterior lens
capsule, posterior synechia, iris
hyperemia

Golden Retriever (main breed affected)
American bulldog
Great Dane

ewodne|n aujue) o0} Yoeouddy |ediuld ayl
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Although there are many causes of uveitis, the most common cause of secondary
glaucoma in the dog is related to chronic cataracts®’; this is termed phacolytic uveitis
and is the result of leakage of soluble lens protein through the lens capsule. Phacolytic
uveitis may not be clinically apparent, because the typical signs of uveitis such as
episcleral injection, miosis, and aqueous flare may not be evident. However,
lymphocytic-plasmocytic uveitis is present on light microscopic examination and ex-
ists to some degree in all eyes with cataract, regardless of the cataract stage.”*” The
mean age at presentation of glaucoma secondary to phacolytic uveitis is
10.0 £ 2.0 years.*® In addition to returning vision, cataract surgery can dramatically
reduce the incidence of secondary glaucoma when successful. However, topical
anti-inflammatory therapy is recommended in all eyes diagnosed with cataract,
regardless of if the owner chooses to pursue cataract surgery because this measure
alone can decrease the incidence of secondary glaucoma due to phacolytic uveitis.*”

Clinical manifestations of uveitis-related secondary glaucoma may include corneal
edema, corneal vascularization, aqueous flare, hypopyon, hyphema, and changes in
iris shape and color. The pupil size and shape may be variable. Miosis is usually pre-
sent with uveitis; however, with elevation of IOP, mydriasis may occur and formation of
posterior synechia will also change the shape of the pupil. Glaucoma secondary to
phacolytic uveitis will also have cataract present (Fig. 5).

PRIMARY LENS LUXATION

Primary lens luxation (PLL) is an inherited condition most commonly diagnosed in ter-
rier and related breeds. Breeds known to have PLL include the Sealyham, Jack Rus-
sell, wirehaired fox, miniature bull terrier, Tibetan terrier, Shar-Pei, and Border collie;
however, PLL is suspected to be inherited in more than 50 canine breeds.’ The con-
dition presents most commonly in young- to middle-aged dogs and is bilateral; how-
ever, lens luxation may not present concurrently.

Lens luxation occurs due to breakdown of the fibers (lens zonules) attaching the
equatorial lens capsule to the ciliary body. Dogs with PLL are born with ultrastructural
abnormalities of the lens zonules.*®°° The mean age of dogs presenting with glau-
coma secondary to PLL is 7.1 & 2.7 years.*® Progressive weakening of the zonules
initially results in lens instability and eventually complete lens dislocation. Anterior
lens luxation is the complete dislocation of the lens into the anterior chamber, whereas
posterior luxation implies complete dislocation into the vitreous. Glaucoma occurs

Fig. 5. Secondary glaucoma due to chronic phacolytic uveitis in an 11-year-old Labradoodle.
Note mature cataract, and a midrange irregular pupil shape due to posterior synechia for-
mation. There is mild cornea edema and peripheral corneal pigmentation.



The Clinical Approach to Canine Glaucoma

more commonly and more acutely with anterior lens luxation than with posterior luxa-
tion or subluxation. Anterior displacement of the lens and vitreous face may occlude
the flow of aqueous humor through the pupil causing pupillary block glaucoma.-5:3°
Large amounts of prolapsed vitreous in the anterior chamber may also cause mechan-
ical obstruction to aqueous outflow through the ICA."°" Chronic uveitis due to phys-
ical irritation of the iris by an unstable lens may also contribute to development of
glaucoma in subluxated or posteriorly luxated lenses.

wThe clinical manifestations of lens instability include tremors of the lens (phacodone-
sis) or iris (iridodonesis). The lens equator may become visible within the dilated pupil giv-
ing rise to a clinically detectable aphakic crescent. Degenerative vitreous strands are
often visualized within the anterior chamber as fine, wispy white fibers. Changes in sym-
metry in the depth of the anterior chamber are also common. In anterior lens luxation there
is an obvious change in the position of the lens as it may move completely through the
pupil into the anterior chamber (Fig. 6), or it may cause forward displacement of the iris
leaflets if it remains in the posterior chamber resulting in a narrowed anterior chamber
depth. Corneal edema occurs due to irritation of the corneal endothelial cells from lens
friction. In posterior lens luxation the lens often falls into the ventral vitreous, which has
undergone syneresis or liquefaction, resulting in a deep anterior chamber.

Note that chronic glaucoma leads to buphthalmos, and this will also cause stretch-
ing and breakdown of the lens zonules and secondary lens luxations. Differentiating
the inciting cause (other types of glaucoma vs PLL) in an eye with chronic glaucoma
is difficult; however, consideration of breed in these cases may be most helpful.
Many, but not all breeds with PLL have a genetic mutation of the ADAMTS17
gene.>? Interestingly, mutations in ADAMTS17 are also associated with POAG in
several breeds.*?3% |n the Chinese Shar-Pei both PLL and POAG have been asso-
ciated with a mutation in this gene.®®> A DNA test for the mutation is available, which
may also aid in diagnosis of the cause in these cases.

INTUMESCENT CATARACTS

Intumescent cataracts are swollen cataracts, which most often occur because of dia-
betes mellitus and the osmotic draw of fluid into the lens. In severe cases, extensive

Fig. 6. Secondary glaucoma due to anterior lens luxation in a 6-year-old toy fox terrier. The
lens is visualized in the anterior chamber in front of the iris, and there is marked corneal
edema associated with the lens touching the corneal endothelium.
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swelling can occur, which significantly displaces the iris forward; this can lead to sec-
ondary glaucoma via acute pupillary block as well as narrowing and closure of the ICA.
In some cases, in which swelling occurs rapidly, the peripheral lens capsule may
rupture contributing to severe uveitis, which also promotes the development of sec-
ondary glaucoma.’

Clinical manifestations of intumescent cataract include dense opacity of the lens
with separation at the anterior suture lines. Swelling of the lens will displace the iris
and anterior lens capsule forward leading to a shallow anterior chamber. In some
cases, the lens may swell so much that there is virtually no detectable anterior cham-
ber, and this can be mistaken as an anterior lens luxation.

Intraocular Neoplasia

Intraocular neoplasia may be primary, meaning developing from ocular tissues, or
metastatic to the globe. The most frequently occurring primary intraocular neoplasia
in the dog are melanocytic tumors of the uvea. In the dog these are typically benign
in their behavior and therefore are called melanocytomas.>® Canine uveal melanocy-
tomas are usually nodular, and progressive growth and infiltration of the ICA results
in glaucoma as they obstruct aqueous outflow. Clinical manifestations of uveal mela-
nocytomas include darkly pigmented, nodular masses within the iris. These masses
may bulge forward and typically induce abnormalities of the pupil (dyscoria). When
glaucoma develops, episcleral congestion, corneal edema, and ocular discomfort
are noted.

Iridociliary epithelial tumors (iris or ciliary body adenomas and adenocarcinomas)
are the second most common primary intraocular tumor in the dog. Most behave in
a benign nature regardless of the histopathologic designation of adenoma versus
adenocarcinoma.>* These are epithelial tumors, and as they grow, they will produce
VEGFs. These chemical mediators are by the iris and promote formation of PIFMs.
The growth of these membranes on the surface of the iris and ICA is the likely cause
for obstruction of aqueous humor outflow and development of secondary glaucoma
with these tumors.**

Iridociliary epithelial tumors usually grow as solitary nodules in the posterior
chamber (behind the iris) or vitreous space. The nodules will eventually expand
into the iris stroma and anterior chamber; they are often nonpigmented. Because
these tumors incite PIFM formation, and these membranes are fragile and bleed
easily, hyphema is a common presenting clinical manifestation with iridociliary
epithelial tumors.

Although the most frequent type of intraocular neoplasia causing glaucoma in dogs
are primary uveal melanocytic tumors and adenoma/carcinomas, any tumor that infil-
trates or causes obstruction of the ICA will cause glaucoma. The most common ocular
site for hematogenous spread of metastatic tumors is the uveal tract. Metastatic pul-
monary and mammary carcinomas, as well as histiocytic sarcomas and lymphosar-
coma are also known causes of secondary glaucoma“®; this underscores the
importance of submitting all enucleated globes for histopathology to evaluate the
cause for the glaucoma because this may denote the need for further systemic
workup.

Glaucoma Secondary to Melanocytosis

This condition is inherited in the cairn terrier breed but has also been reported in the
boxer, Labrador retriever, and Dachshund.®*=°” The mean age of cairn terriers with
ocular melanocytosis and secondary glaucoma is 10.9 + 2.0 years.*® This unique
condition is also known as ocular melanosis because it is characterized by bilateral,
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progressive proliferation and aggregation of melanocytes and melanophages within
the uvea."® Release of pigment-laden cells into the anterior chamber and deposition
along the aqueous humor outflow pathways leads to the development of secondary
glaucoma. Clinical manifestations include a darkened iris and thickening of the iris
base with gradual development of pigment plaques in the episcleral as well as the
choroid.

Pigmentary/Cystic Glaucoma

Pigmentary/cystic glaucoma occurs as an end stage of pigmentary uveitis (PU), which
is an inherited condition of the golden retriever.>® PU is also known as golden retriever
uveitis due to the incidence in the breed; however, similar conditions have been re-
ported to occur in other breeds including the American bulldog and Great Dane.5%-¢°

PU normally occurs in middle-aged to older dogs and is usually bilateral but is not
usually symmetric in its presentation. The pathogenesis of the condition is unknown.
The term “uveitis” is applied due to the clinical manifestations typical of blood-
aqueous barrier breakdown. However, there are surprisingly minimal inflammatory
changes seen on light microscopic examination of enucleated globes.®"

Uveal cysts are considered a risk factor or an early marker for PU.58:62:63 The uveal
cysts are typically thin walled, translucent, and attached to the ciliary body and pos-
terior iris and contact the anterior lens capsule (Fig. 7). These cysts are most easily
seen after pupil dilation because they extend into the pupil from the posterior cham-
ber.58 The diagnosis of PU is applied when there is radial deposition of pigment on the
anterior lens capsule.®?> Additional clinical manifestations of PU include conjunctival
hyperemia, aqueous flare, darkened irides, posterior synechiae formation, corneal
edema, fibrinous debris in the anterior chamber, hyphema, and cataract formation.®?
Glaucoma occurs in up to 50% of dogs with PU.%* The pathogenesis of glaucoma in
these cases is not completely understood; however, it may to be due to posterior syn-
echia formation, or by occlusion of the ICA, which may be due to the mechanical effect

Fig. 7. Pigmentary uveitis and secondary glaucoma in an 11-year-old golden retriever. The
right eye (A) has developed secondary glaucoma; note the diffuse corneal edema, dilated
pupil, and pigment deposition on the anterior lens capsule and inner cornea. The left eye
(B) has a normal I0OP but shows signs of pigmentary uveitis with iris hyperpigmentation
and cysts in the posterior and anterior chamber.
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of forward pressure by cysts, presence of pigment or other debris in the ICA, or devel-
opment of PIFMs and peripheral anterior synechia.®":%°

Chronic Retinal Detachment

Rhegmatogenous retinal detachments are separations of the neurosensory retina
from the retinal pigment epithelium (RPE) occurring due to a tear in the retina. Certain
breeds such as Shih Tzus, Boston terriers, and Italian greyhounds are predisposed to
spontaneous complete retinal tears secondary to vitreous degeneration. Liquefied vit-
reous enters a retinal hole and dissects between the neurosensory retina and RPE
causing enlargement of the tear and the development of complete detachment.®®
Rhegmatogenous retinal detachments are also a complication of lens luxation, ocular
trauma, and intraocular surgery.5” Separation of the retina from the RPE results in
outer retinal ischemia, which stimulates release of angiogenic growth factors in the
globe; this promotes development of vascular membranes in the vitreous as well as
PIFMs that will obstruct the ICA leading to secondary glaucoma.

The clinical manifestations of glaucoma secondary to retinal detachment may
include signs of uveitis. Hyphema is likely the most common sign that develops sec-
ondary to hemorrhage from the PIFM. If the posterior segment is visible, the torn retina
may be seen draped over the optic nerve head (ONH) and extending into the vitreous.
As aresult, the retinal vessels will not be visible over the tapetum and the tapetum will
be very bright due to direct visualization without the overlying retina. Corneal edema
and hyphema may obscure ability to examine intraocular structures. Ocular ultraso-
nography may be used to diagnose the retinal detachment in those cases in which
hyphema or pupillary occlusion precludes posterior segment examination.

Diagnosis of Glaucoma

The initial diagnosis and classification of glaucoma requires a complete ocular exam-
ination including a neuro-ophthalmic examination, tonometry, and systematic assess-
ment of all ocular structures. Gonioscopy or examination of the ICA is important;
however, this requires specialized equipment (slit lamp biomicroscope and goniolens)
and training to accurately perform and interpret, and given the importance of these di-
agnostics in determining the category of glaucoma, referral of all cases of glaucoma to
a veterinary ophthalmologist is recommended.

The ophthalmic examination begins with a distant assessment of globe size and
symmetry. Globe size is important, because enlarged globes (buphthalmos) confirm
chronic glaucoma and these eyes are usually blind or severely visually impaired.
The components of the neuro-ophthalmic examination that are particularly important
in the assessment of visual potential include a menace response, dazzle reflex,
assessment, and comparison of resting pupil size in both eyes, and direct and consen-
sual pupillary light reflexes (cPLR). These assessments will help to define if the eye has
potential for vision or is permanently blind. Elevated IOP will usually result in an absent
menace response, and a dilated pupil, often unresponsive to light in both blind and
potentially visual canine eyes. However, if there has been permanent retinal and optic
nerve damage, the dazzle reflex and the cPLR to the contralateral eye will also be ab-
sent. The dazzle reflex is a subcortical reflex elicited by shining a bright light into the
eye; if the visual pathway is intact, a blink or squint response occurs in that eye. The
consensual pupillary light reflex is elicited by shining a bright light in the affected eye
and observing the other eye for pupil constriction. The reflex occurs because of the
decussation of afferent fibers at the optic chiasm and the pretectal region and will
remain intact until the retina and optic nerve are damaged from glaucoma.
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Tonometry is always an essential component of every ocular examination, and all
veterinary practices should have access to at least one type of tonometer. The normal
range for IOP for the dog is approximately 10 to 25 mm Hg." Glaucoma is diagnosed
when the IOP exceeds 30 mm Hg in the dog. There is diurnal variation in IOP, and
various factors can affect this measurement. It is important to avoid pressure on the
neck during restraint as well as the globe itself, for example, while opening the eyelids,
to prevent erroneously high readings. There are 3 basic types of tonometry: indenta-
tion, applanation, and rebound. Indentation tonometry uses the Schiotz tonometer,
which is a mechanical device that has 3 components (a threaded pin, a main hand-
piece with scale, and a 5.5-10 g weight) that must be assembled before use. Topical
corneal anesthesia is required before measurements. Applanation tonometry works
on the principal that a predetermined area of anesthetized cornea is flattened, and
the instrument converts the pressure required to flatten the curvature to the IOP in
mm Hg. An examples of an applanation tonometers is the Tono-Pen Avia Vet®
(Reichert Technologies, NY). Rebound tonometry uses the processing of the rebound
movement of a rod probe resulting from its interaction with the eye to estimate the IOP.
This method has the advantage over indentation and applanation tonometry of not
requiring use of topical corneal anesthesia before using the instrument and that
they are inherently easier to master in the examination room. The Tonovet (Joregensen
Laboratories, CO) and AccuPen Vet (Automated Ophthalmics, MD) are the 2 commer-
cially available rebound tonometers used in veterinary medicine today.

Systematic examination of the globe is important to evaluate all ocular tissues for
any abnormalities that might help confirm changes associated with chronicity as
well as indications of antecedent ocular disease. The clinical manifestations of acute
versus chronic glaucoma and those associated with the different causes of secondary
glaucoma are summarized in Tables 2 and 3.

Gonioscopy is the clinical examination of the ICA; this requires use of a specially
designed corneal contact lens (a goniolens) and a source of illumination and magnifi-
cation such as a slit-lamp biomicroscope. Gonioscopy is usually performed in the non-
glaucomatous globe because the presence of corneal edema associated with
glaucoma will obstruct visualization. Because PLD is a bilateral condition, the pres-
ence of PLD in the normal globe is an indication of primary glaucoma.'® A veterinary
ophthalmologist at referral will confirm the cause of glaucoma and provide advice
regarding ongoing management and therapy for the affected and contralateral globe.

OCT is a high-resolution optically based imaging system that uses low-coherence
interferometry to provide high-resolution (4-5um) cross-sectional images of ocular tis-
sues in vivo. OCT can be used to image the ONH and retina. Owing to the high-
resolution capabilities, the layers of the retina can be differentiated and thickness of
these layers can be measured (Fig. 8). In humans, OCT is used to evaluate the ONH
and retinal nerve fiber layer (RNFL) as part of the monitoring and management of glau-
coma.®® Access to OCT technology is currently limited in veterinary ophthalmology
and is more common in academic institutions. However, preliminary studies have
shown that the predisposed, fellow eyes of dogs with unilateral primary glaucoma
have statistically significant decreases in total retinal and RNFL thicknesses compared
with normal eyes.®® This observation suggests that damage to the inner retina may
occur before the clinical diagnosis of glaucoma based on recognition of elevated
IOP. OCT imaging may therefore be valuable in identifying early disease, and gauging
response to therapy. Future studies are likely to validate the utilization of OCT as a
diagnostic and management tool in canine glaucoma.

Ultrasound biomicroscopy (UBM) uses high-frequency (40-100 MHz) ultrasound
energy to provide cross-sectional images of the anterior segment, including anatomic
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Fig. 8. OCT image of canine with primary glaucoma. The bottom image is of the glaucom-
atous retina, and the top image is the fellow eye. The retina is depicted with an asterisk in
both images. Note the markedly decreased retinal thickness in the glaucomatous globe.

structures of the ICA. This modality can be used to estimate measurements of the
angle opening, area, and width of the ciliary cleft area of the AAP. In a study comparing
normal dogs with those with primary glaucoma, the fellow eye of dogs with unilateral
primary glaucoma had significantly lower values for the width and angle of the ciliary
cleft compared with normal dogs.”® In addition, the opening of the ciliary cleft and the
area of the AAP were significantly larger in dogs that responded to glaucoma therapy
compared with those that did not. UBM is therefore another clinical tool that may be
used in the management and monitoring of glaucoma in dogs.

Advanced imaging techniques such as UBM and OCT provide objective quantitative
information about the ICA. As these technologies continue to be refined in the field of
veterinary ophthalmology, they are likely to aid in further understanding of the patho-
genesis of canine glaucoma, as well as establishing new diagnostic criteria and
improved strategies for glaucoma management and monitoring.

Glaucoma Therapy

Glaucoma treatment can be separated into emergency and long-term therapy. Glau-
coma therapy may involve both medical and surgical treatment. Decisions regarding



The Clinical Approach to Canine Glaucoma

the most appropriate treatment must take into account the cause (congenital, primary,
or secondary), the stage of glaucoma (acute or chronic), and if the eye is permanently
blind or has potential for vision. A simplified algorithm is presented in Fig. 9 that may
help guide the initial approach for assessment and therapy following a diagnosis of
glaucoma.

Emergency Medical Management

The goal of emergency therapy is to reduce the IOP quickly to reduce damage to the
retina and optic nerve. This approach is most appropriate in acute-onset glaucoma
when there is evidence of visual potential (positive dazzle reflex, presence of a
consensual pupillary light reflex in the contralateral eye).

There are many different topical antiglaucoma medications on the market, and the
details of each are beyond the scope of this article. The most commonly used are
summarized in Table 4. The medications used in emergency management may differ
depending on the cause (primary vs secondary glaucoma). Emergency treatment has
traditionally been hyperosmotic therapy with intravenous mannitol 1 to 2 g/kg admin-
istered over 20 minutes. This therapy will draw water from the vitreous and reduce the
IOP quickly but temporarily. Longer-acting specifically targeted medical therapies
(such as prostaglandin analogues and carbonic anhydrase inhibitors [CAI]) must be
initiated in conjunction with mannitol. This approach is useful for most causes of glau-
coma but is complicated by a requirement for hospitalization and placement of an
intravenous catheter. Since the development of effective, rapidly acting topical anti-
glaucoma medications, the use of mannitol in the emergency management of glau-
coma has markedly waned. Prostaglandin analogues are topical antiglaucoma
mediations that are very potent and can reduce the IOP in dogs as quickly and effec-
tively as mannitol in most cases. These analogues can be used as emergency therapy
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Fig. 9. Simplified algorithm for initial assessment and treatment of glaucoma in dogs.
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Table 4
Commonly used medications for treatment of canine glaucoma
Onset
of Relative Side Effects or
Medication Mechanism of Action Action  Potency Frequency of Administration Contraindications
Mannitol Osmotically draws fluid from 1-2h High 1-2 g/kg over 20 min Emergency use only
vitreous Can repeat 1-2 times
Prostaglandin analogues, eg, Increased outflow 1-2h High g 12-24 hours Miosis in dogs.
latanoprost, travoprost, Avoid with anterior lens
bimatoprost luxation
CAl, eg, dorzolamide, Decreased aqueous humor 2-4 h Moderate q 8 hours Rarely, periocular sensitivity
brinzolamide production g 12 hours (prophylactic reactions
therapy)
Beta-adrenergic antagonists, Decreased aqueous humor 6-8 h Minimal q8-12h Cardiac and pulmonary effects.
eg, 0.5% timolol maleate production Avoid in asthma
and heart failure
Combination CAl and beta- Decreased aqueous humor 2-4 h Moderate q 8 hours See earlier

adrenergic antagonsists, eg,
dorzolamide/timolol
brinzolamide/timolol

production

g 12 hours (prophylactic
therapy)

Abbreviations: PIFM, preiridal fibrovascular membranes; g, every.
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in place of mannitol, especially in acute primary glaucoma. However, prostaglandin
analogues cause marked miosis, which may exacerbate pupillary block in anterior
lens luxation and can promote posterior synechia in uveitis and should therefore be
avoided in these types of secondary glaucoma. During the emergency treatment
period, the IOP should be reevaluated every 1 to 2 hours until it returns to normal
range. Topical antiglaucoma mediations such as prostaglandins and CAl can be
administered hourly during this time. Once the IOP has returned to normal, the fre-
quency of topical medications can be returned to maintenance frequency (every 8-
12 hours) and IOP should be re-evaluated in 12 to 24 hours.

Medical Management and Maintenance Therapy

If emergency therapy is successful in returning the IOP to normal range, the goal be-
comes maintaining normal IOP to preserve vision and comfort for as long as possible;
this requires ongoing medical management and may include surgical interventions.
Referral to an ophthalmologist is warranted at this stage to confirm suspected diag-
nosis and consider prognosis for the affected and fellow eye.

Maintenance treatment often requires using more than one of the topical agents
described. For example, the authors commonly use a prostaglandin analogue every
12 hours, in addition to a CAl/beta-adrenergic agonist every 8 hours for initial mainte-
nance of IOPs in dogs with primary glaucoma. Frequent measurement of the IOP is
also required to monitor for disease progression. There is no set frequency for which
reevaluation should occur. We typically recommend an IOP measurement within 5 to
7 days of the initial episode and then every 3 to 4 weeks for the first 3 months. If the IOP
is maintaining within normal range, IOP measurements can be extended to every
3 months.

Congenital Glaucoma and Those Associated with Anterior Segment Dysgenesis

The treatment of congenital glaucoma will depend on if the globe is visual or blind.
Therapy for visual globes can include a prostaglandin analogue every 12 hours, in
addition to a CAl/beta-adrenergic agonist every 8 hours. Buphthalmic globes that
retain vision may develop exposure keratitis, and topical lubricants may be beneficial
to reduce corneal desiccation. Topical antibiotics are required if corneal ulceration de-
velops. Blind globes should be treated surgically by enucleation or evisceration with
placement of an intrascleral prosthesis as noted in later discussion, and the globe
should be submitted for histopathology.

Primary Glaucoma

Primary glaucoma is a bilateral disease, even though it usually presents with one eye
affected initially. The first eye often presents at the chronic and buphthalmic stage
because the acute phase goes unnoticed or is disregarded by the owner. The other
eye will usually develop glaucoma within several months. Studies have shown that
prophylactic treatment of the fellow eye will delay the onset of glaucoma.”’"? The
most used medications for prophylaxis are a topical CAl or CAl/beta-adrenergic
agonist combination every 12 to 24 hours. Concurrent treatment with topical cortico-
steroid or nonsteroidal anti-inflammatory agents may also help prolong the disease-
free interval.”? It is important to note that in primary glaucoma, the response to medical
management is variable and usually short lived. The disease will progress beyond the
ability for medications to control the IOP. Referral to a veterinary ophthalmologist is
warranted in all cases to confirm the diagnosis and direct ongoing therapy, which
may include surgery.
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Secondary Glaucoma

The treatment of secondary glaucoma does depend on the underlying cause and can
be complex to manage. Referral to an ophthalmologist is always recommended for
these reasons. Most require specialized treatment of the underlying cause; however,
topical CAl or CAl/beta-adrenergic agonist is useful and safe for most causes of sec-
ondary glaucoma while awaiting referral. Glaucoma secondary to uveitis (including
PU) will also require topical corticosteroid and/or nonsteroidal anti-inflammatory ther-
apy, possibly in addition to mydriatics. Glaucoma occurring secondary to anterior lens
luxation is treated by surgical removal of the lens. Treatment of intumescent cataract
requires phacoemulsification. Melanocytic and pigmentary/cystic glaucomas may
respond to topical antiglaucoma therapy for a period. Intraocular neoplasia does
not respond well to antiglaucoma therapy, and these usually require enucleation.

Surgical Options for Glaucoma

There are 3 basic categories of surgical therapy: those that improve the outflow of
aqueous humor (anterior chamber implants), those that decrease the rate of formation
of aqueous humor (laser photocoagulation, intraocular injections), and those consid-
ered to be end-stage procedures for blind eyes (enucleation and evisceration with
placement of an intrascleral prosthesis). Aside from enucleation, surgical therapy re-
quires referral to a veterinary ophthalmologist because these require specialized
training and equipment to perform.

Surgical Therapy for Visual Eyes

Surgical treatments to improve aqueous humor outflow involve placement of implants
that shunt aqueous humor from the anterior chamber out of the eye. Most of the
commercially available devices divert aqueous humor to the subconjunctival tissue.
Unfortunately, these develop fibrosis of the drainage end of the shunt due to
cytokine-laden aqueous humor draining into mesenchymal tissues within weeks of
surgery. Surgical use of antimetabolite drugs such as mitomycin C and 5-fluorouracil
can reduce or slow fibrotic capsule formation.”>”* However, these are toxic to the
cornea and conjunctival epithelium and can cause additional severe complications.
Shunts that divert to the frontal sinus avoid fibrosis, but the surgery to place them is
more complex.” ¢ In the early postoperative period, the intraocular portion of a shunt
may become obstructed by fibrin leading to IOP elevation; this can require intracam-
eral injection of tissue plasminogen activator to dissolve the fibrin. Therefore, frequent
postoperative monitoring is required, especially in the early stages. Long-term suc-
cess rates for shunts vary from 65% to 90% at 1 year.”>’""® Aside from eventual
shunt failure, potential complications of anterior chamber shunts include hypotony,
uveitis, cataract formation, infection, and migration of the shunt.”9-8°
Cyclophotocoagulation uses laser energy to destroy the ciliary epithelium to reduce
production of aqueous humor. Transscleral cyclophotocoagulation (TSCP) is a noninva-
sive approach using a laser probe applied over several sites in sclera over the approx-
imate region of the ciliary body. Complications can include postoperative uveitis,
hyphema, phthisis bulbi, cataract formation, retinal detachments, and even acute eleva-
tions in IOP.81-8° Using a high-power/short-duration protocol the efficacy in IOP control
at 1 year is reported to be 53% .24 Recently a low-power/long-duration protocol reported
a more promising efficacy in IOP control of 92% at 1 year.8® Endoscopic cyclophoto-
coagulation (ECP) is a newer technology that allows direct visualization and application
of laser energy to the ciliary processes from within the eye; this has a reported efficacy in
IOP control at 1 year of 80%.2° ECP directly targets the tissue and therefore has fewer
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complications than TSCP. The most common complication of ECP is postoperative
uveitis, and there is a high incidence of cataract formation. ECP is therefore most
commonly performed in combination with cataract surgery.85¢7 It is common for eyes
to develop acute elevation in the IOP after any of these laser procedures, and frequent
postoperative monitoring is required. Topical antiglaucoma medications as well as anti-
inflammatories are often continued for several weeks after surgery and modified ac-
cording to clinical examination findings at follow-up. The effects of laser therapies are
transient due to ciliary epithelium regeneration, and the procedures often need to be
repeated weeks to months later to maintain the normal IOPs.

End-Stage Glaucoma Surgery

Unfortunately, medical and surgical interventions often eventually fail in all types of
glaucoma. Uncontrolled IOP is a source of pain, and chronic IOP elevation will lead
to buphthalmos and often exposure keratitis and corneal ulceration. End-stage pro-
cedures for glaucoma are aimed at removing the source of pain and the need for
continued medical therapy. The most common end-stage surgeries are enucleation
or evisceration and intrascleral prosthesis. The former is a relatively easy surgery to
perform in general practice and has few complications. The latter requires referral to
a veterinary ophthalmologist.

Some owners are resistant to the idea of eye removal surgery, mainly for cosmetic
reasons.

An intrascleral prosthesis is a potentially more cosmetic alternative end-stage pro-
cedure for blind glaucomatous globes with the exception of those caused by intraoc-
ular neoplasia or intraocular infection.® This surgery involves removal of the
intraocular contents and placement of a silicone ball into the fibrous corneoscleral
shell. The fibrous tissue will conform to the size and shape of the ball. It is common
for marked corneal vascularization to develop between 3 and 6 weeks during the heal-
ing process; however, this will resolve. In the long-term, the cornea usually develops
diffuse gray opacity due to fibrosis. The potential complications of evisceration include
infection, corneal ulceration, and reduced tear production due to decreased corneal
sensation.®®

Chemical ablation of the ciliary body via intravitreal injection of gentamicin or cido-
fovir has been described as an option for end-stage glaucomatous eyes. This proced-
ure is most commonly used to avoid general anesthesia in high-risk patients. Because
these drugs are toxic to the ciliary body epithelium, they will cause ciliary body degen-
eration and therefore reduced |IOP. These drugs also lead to retinal degeneration and
are reserved for blind eyes. Extreme care must be taken to avoid the lens capsule,
because lens capsule punctures lead to a devastating phacoclastic uveitis. Although
ciliary body ablation has a high success rate for reduction of IOP, complications of this
procedure are common and include severe unresponsive uveitis, cataract formation,
and phthisis bulbi.®®°" Phthisis bulbi develops from chronic inflammation causing at-
rophy and shrinkage of the globe.”® In humans phthisis bulbi is reported to cause
chronic pain secondary to endophthalmitis,®” and most dogs with phthisis also have
chronic ocular pain. More importantly, other intraocular disease is commonly present
in these shrinking globes. One study identified intraocular tumors in 40% of enucle-
ated canine eyes that had been previously treated with intravitreal gentamicin injec-
tion.”® It is not clear if there was a causal correlation between injection and
development of neoplasia; however, this remains a significant concern. For these rea-
sons, the authors do not recommend intravitreal injections as a treatment of glau-
coma. Permanently blind glaucomatous eyes are best treated by enucleation or
evisceration with silicone prosthesis implant.
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It is important to submit all enucleated globes or eviscerated contents for histopath-
ologic examination. Histopathology may not be able to confirm PLD in chronic/buph-
thalmic globes because globe stretching will change the morphology of the ICA.*
However, it will usually establish an accurate categorization of ASD/congenital, sec-
ondary, or primary canine glaucoma, which is incredibly important for the clinician
to establish the prognosis and guide therapy for the fellow eye.

Histopathologic Features of Glaucoma

The histopathologic features of glaucoma are vast and include those that are associ-
ated with the cause of glaucoma as well as those that are caused by the glaucoma.?
The histologic features of the ICA are important to describe, because this is the loca-
tion of aqueous humor outflow; however, these features alone cannot be used to
determine cause. Rather, assessment of the pathologic changes to the globe as a
whole, with consideration of signalment and evaluation of the fellow eye are important
in establishing a cause for the glaucoma. Interpretation of ocular histopathology ben-
efits from an experienced ocular pathologist, and there are several ocular several
ocular pathology services available in North America.

Histopathologic Changes Caused by Glaucoma

Sustained elevation of IOP will result in damage to all ocular tissues. Prolonged eleva-
tions of IOP cause stretching of the globe (buphthalmos). The extent of globe stretch-
ing is age dependent because young animals have a greater tendency for stretching
due to elasticity of the connective tissue. Buphthalmos is associated with scleral thin-
ning and is most obvious anterior to the equator but can develop circumferentially. The
cornea develops exposure keratitis with epithelial thinning, keratinization of the strat-
ified squamous epithelium, rete peg formation, pigmentation, and often corneal ulcer-
ation.®%°* Corneal stromal edema is characterized histologically by loss of the
artifactual separation of the collagen lamellae that is normally present with fixation.
The stroma may also develop vascularization in the periphery, which may extend cen-
trally. Globe stretching may lead to ruptures in Descemet membrane (called striae or
Haab striae). These appear as focal disruptions in the membrane and develop a
fibrotic bridge with time. %94

In the early acute stages of glaucoma there will be a neutrophilic infiltration within
the anterior uvea and filtration angle; this is usually replaced quickly by a
lymphocytic-plasmocytic inflammation in the uvea, filtration angle, and ciliary cleft.?®
Pressure atrophy of the entire uveal tract will occur with time. In the iris this manifests
with stromal thinning, cystic degeneration, and atrophy of the posterior iris epithelium.
The ciliary body appears reduced in size with fewer ciliary processes and thinning of
the pars plana. The choroid becomes thinner and tapetal degeneration may occur.

Changes in the ICA that occur with chronic glaucoma include closure of the ciliary
cleft, flattening of the pectinate ligament against the trabecular meshwork, stretching
and recession of the ICA (Fig. 10), as well as alterations in the termination of Descemet
membrane, also known as descemetization, a continuous or noncontinuous thick-
ening of terminal Descemet membrane with fingerlike extensions in the ciliary cleft
along the uveoscleral or uveal trabecular meshwork.*"-%4

Glaucoma-induced changes in the lens are less recognizable with light microscopy
than they are clinically. Buphthalmos often leads to zonular breakdown and lens sub-
luxation. Alterations in lens position are difficult to confirm on gross section and histo-
logic section because lens displacement often occurs as an artifact of processing.*
Cataracts may occur with chronic glaucoma associated with stagnation of aqueous
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Fig. 10. Light microscopic appearance of ICA changes common in chronic glaucoma. The
angle is open, and the ciliary cleft is collapsed. Note the termination of Descemet membrane
(arrow) compared with the base of the iris (asterisk) indicating angle recession. (Hematox-
ylin and eosin stain, 4x magnification)

humor circulation or pressure necrosis of lens and cortical fibers.** Vitreous syneresis
or liquefaction is also commonly noted in globes with chronic glaucoma. **
Pressure on the retina leads to initial thinning of the inner retina. There may be a mild
neutrophilic infiltrate in the retina in the first few days of elevated IOP.%° Necrosis of
ganglion cells gives them hypereosinophilic appearance with loss of nuclear detail.®®
Ganglion cell loss and segmental degeneration of the nerve fiber layer occurs rapidly
and progresses to scattered full-thickness retinal attenuation and disorganization
often within days (Fig. 11).42% End-stage full-thickness generalized retinal atrophy
eventually occurs, and the retina becomes what is called a glial scar.*?°° The ventral
or nontapetal retina is consistently more degenerate than the dorsal or tapetal coun-
terpart.*?°495 Hypertrophy of the RPE and displacement of RPE pigment into the neu-
roretina is common with prolonged glaucoma; this may be associated with focal
separation of the neuroretina from the RPE but can also be present in areas of nonde-
tachment. RPE changes are likely evidence that elevated IOP induces disruption of the
RPE, permeability of the vascular endothelium, and inflammation within the retina.®®
In the acute stages of elevated IOP, there may be mild optic nerve (ON) edema and
neutrophilic papillitis; however, these progress within days to ON atrophy.®® The

Fig. 11. Light microscopic appearance of normal retina (A) and glaucomatous retina (B).
Note loss of ganglion cells and marked thinning of the inner nuclear layer (asterisk), as
well as thinning of the outer nuclear layer and photoreceptors (arrow). (Hematoxylin and
eosin stain, 10x magnification).
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pressure atrophy leads to cupping or ectasia in which there is depression of the entire
nerve head and posterior bowing of the lamina cribrosa.®*°® Schnabel cavernous at-
rophy is another occasional phenomenon of severe glaucoma in which cavities con-
taining alcian blue-positive proteinaceous material (vitreous in origin) are forced into
the retrolaminar optic nerve.*®

Histopathology of Congenital Glaucoma and Those Associated with Anterior
Segment Dysgenesis

Histologic features of globes with congenital and ASD-associated glaucoma include
those caused by elevated IOP discussed earlier in addition to anomalies of the anterior
segment structures, which may be subtle. Buphthalmos is often marked in these
globes due to the elasticity of the sclera in young animals. Thus, corneal edema and
striae are common in addition to features of exposure keratitis such as vascularization,
fibrosis, and ulceration. Features of ASD can include small lenses, elongated ciliary
processes, ciliary body muscle hypoplasia, and hypoplastic or recessed filtration an-
gles. Glaucomatous retinal and optic nerve atrophy are also present.'?%9

Differentiating Primary and Secondary Glaucoma Histologically

Globes with primary glaucoma principally display the histologic lesions caused by
elevated IOP on the ocular tissues as noted earlier without evidence of antecedent
ocular disease. Globes with secondary glaucoma usually reveal additional lesions
associated with the underlying cause.

One of the most common histopathologic findings in globes with secondary glau-
coma is PIFM.®-°° PIFMs are characterized by multiple layers of small blood vessels
with supporting fibroblasts, arising from the anterior stroma of the iris, with subse-
quent deposition of collagen.** These membranes may cover both the anterior and
posterior surfaces of the iris and often cause inward or outward curling of the pupillary
region of the iris known as entropion and ectropion uveae, respectively. PIFMs
contribute to the pathogenesis of glaucoma through obstruction of aqueous humor
circulation and outflow; they can grow to cover the pupil and the ICA, and they
contribute to development of peripheral anterior synechia, which is adhesion of the
iris base to the inner cornea (Fig. 12). In addition, they may contribute to development
of posterior synechia in which the iris is attached to the anterior lens capsule. Posterior

Fig. 12. Light microscopic appearance of a preiridal fibrovascular membrane (asterisk) re-
sulting in a closed ICA. A peripheral anterior synechia has formed causing the base of the
iris to adhere to the inner aspect of the cornea (double-sided arrow). (Hematoxylin and
eosin stain, 10x magnification)
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synechia may be focal or involve the entire pupillary margin causing iris bombe, a for-
ward bowing of the iris leaflets that develops when the pupil is obstructed and
aqueous humor builds up in the posterior chamber behind the iris.®* PIFMs develop
in response to angiogenic factors released within the globe secondary to conditions
such as retinal detachment, intraocular neoplasia, and chronic uveitis.**4°

Histopathologic features of retinal detachment include separation of the neurosen-
sory retina from the RPE, development of RPE hypertrophy, as well as photoreceptor
degeneration and thinning of the outer nuclear layer.>® Photoreceptor degeneration is
a consequence of loss of metabolic support of the RPE and underlying choroid caused
by the separation of the neurosensory retina from these structures. It is primarily the
rhegmatogenous retinal detachments and intraocular neoplasia that lead to develop-
ment of PIFMs. Rhegmatogenous detachments are related to a tear or a hole within
the retina. Dissection of liquefied vitreous may then enter the space between the pho-
toreceptors, and RPE may lead to development of a giant retinal tear and complete
disinsertion of the dorsal retina.*C It is postulated that the marked dislocation of the
retina from the underlying RPE and choroid in this form of detachment results in
ischemia and release of VEGFs that stimulate PIFM development, ultimately leading
to the obstruction of aqueous outflow and glaucoma.**

Ocular neoplasia may cause secondary glaucoma through tumor infiltration and
obliteration of the ICA, by stimulation of PIFM formation, or by causing marked sec-
ondary uveitis. The most common primary intraocular neoplasms in dogs are melano-
cytic uveal tumors. Melanocytic uveal tumors most often arise within the iris and cause
glaucoma by local expansion, infiltration, and obliteration of the ICA. Histologic fea-
tures of these tumors include sheets of spindle cells and clusters of deeply pigmented,
large, polyhedral “plump” cells. Most are histologically benign with a mitotic index of 2
or less. °® The second most common primary intraocular tumor in dogs is ciliary ade-
nomas or adenocarcinomas; these typically induce PIFM formation, and secondary
glaucoma develops secondarily to closure of the filtration angle and ciliary cleft. His-
tologic features include sheets, clusters, and cords of neoplastic epithelial cells with
presence of basement membrane material.>* Metastatic neoplasms are most often
located within the anterior uvea, and these may infiltrate and obliterate the ICA as
well as incite a severe inflammatory response.*®

Common features of glaucoma associated with uveitis include evidence of the in-
flammatory response including protein (called plasmoid aqueous) and/or inflammatory
cell infiltrate within the anterior chamber and uvea. In some cases, hemorrhage may
also be present. There are multiple underlying causes of uveitis; however, phacolytic
uveitis due to chronic cataract is one of the most common. Phacolytic uveitis is asso-
ciated with cataract and is characterized by mild to moderate lymphocytic-
plasmocytic infiltration of the anterior uvea. Histologic features of cataract include
posterior migration of lens epithelium, cortical liquefaction, and wrinkling of the lens
capsule associated with leakage of liquefied lens protein.®* Phacoclastic uveitis a
more severe form of lens-induced uveitis associated with traumatic lens rupture is
characterized by disruption of the lens capsule and presence of a predominantly
neutrophilic inflammatory response at the site of the rupture and extending between
the lens fibers. This inflammation is usually severe and often extends throughout the
globe.*®

Another lens condition that is often associated with secondary glaucoma is primary
lens instability. Mechanical irritation from an unstable lens may result in hypertrophy
and/or hyperplasia of the posterior pigmented iris epithelium and subsequent cellular
exfoliation and release of melanin pigment.®® Mechanical irritation from an unstable
lens may also cause uveal inflammation with variable degrees of mononuclear cell
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infiltration and PIFM development. Presence of melanophages within the ciliary cleft is
also common in these globes.*° Unfortunately, lens positional changes are difficult to
confirm with histopathology because lens displacement is a common artifact of pro-
cessing. Special stains may be used to evaluate the zonular fibers. Dysplastic zonular
fibers have a protein morphology characterized by being tightly adherent to the non-
pigmented ciliary body epithelium, having a distinct lamellar and cross-hatched
pattern, and staining strongly with (periodic acid-schiff stain) PAS and Masson tri-
chrome and negatively with elastin stain.®® This pattern contrasts with zonular fiber
collagenization in which zonular fibers are not tightly adherent to the ciliary body
epithelium and stain positive with PAS, Masson trichrome, and elastin stain.®® Zonular
fiber dysplasia pattern is more likely to be associated with PLL than lens luxation
caused by other ocular diseases.

Glaucoma secondary to melanocytosis of cairn terriers is characterized by pigment
deposition in the perilimbal zone of the sclera, and extensive infiltration of melanin-
containing cells with an eccentric nucleus located in the iris, ciliary body, retina,
choroid, and sclera. These cells are effete melanocytes and melanophages.®’

The common histologic features of glaucoma associated with PU include large thin-
walled iridociliary cysts lined by attenuated cuboidal epithelium (corresponding to
ciliary body epithelium) filling posterior chamber and PIFM formation. Additional find-
ings can include thick-walled cysts containing hyaluronic acid, deposition of a hyal-
uronic acid and collagen-rich material on the equatorial and anterior lens capsule,
free pigment within the trabecular meshwork, peripheral anterior synechia, posterior
synechia, iris bombe, and anterior chamber hemorrhage.®':64¢5 Most intriguingly,
despite having clinical characteristics of uveitis, few globes have discernible inflam-
matory cells in the uvea on light microscopic examination.®®

Histopathology of the Iridocorneal Angle in Glaucoma

Histopathologic descriptions of globes with glaucoma usually include an assessment
of the morphology of the aqueous outflow pathway. The ICA may be described as be-
ing open, closed, or obstructed. The angle is described as open unless there is appo-
sition of the iris base to the endothelium or to Descemet membrane. The ICA is usually
histologically open in primary glaucoma (see Fig. 10).7>3%°* A closed angle implies
adhesion of the iris base to the cornea and occurs with peripheral anterior synechia
(see Fig. 12). Obstruction of the ICA structures may be seen with inflammatory cell
infiltration, covering by a PIFM, or invasion and destruction by neoplasia. Therefore,
histologically closed ICA is more common with secondary glaucoma. The ciliary cleft
is usually collapsed in both primary and secondary glaucoma due to compression of
the trabecular meshwork.%*

Certain histologic features involving the termination of Descemet membrane and the
iris root have conventionally been implied as diagnostic of goniodysgenesis-related
primary glaucoma. °* These features include an open ICA but closed ciliary cleft,
absence of a clearly defined pectinate ligament, presence of solid uveal tissue span-
ning from iris root to the termination of Descemet membrane, thickening of the trabec-
ular meshwork beams, alterations in the termination of Descemet membrane,
extension of pigmented spindle cells into the deep corneal stroma adjacent to Desce-
met membrane, and extension of uveal tissue onto the posterior surface of the periph-
eral Descemet membrane. °*

Despite attention paid to the histologic features described earlier, there is no set of
histologic criteria for the ICA that can be relied upon for the diagnosis of chronic pri-
mary glaucoma associated with goniodysgenesis. Similar changes to the termination
of Descemet membrane and iris root are seen in both primary and secondary
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glaucoma.*":°* As the ciliary cleft collapses the pectinate ligament flattens against the
trabecular meshwork giving the appearance of a thin band of tissue similar to a
dysplastic pectinate ligament.®* In addition, both primary and secondary glaucoma
show descemetization, which is a continuous or noncontinuous thickening of terminal
Descemet membrane with fingerlike extensions in the ciliary cleft along the uveoscl-
eral or uveal trabecular meshwork.”* A masked comparative evaluation of globes
diagnosed with secondary glaucoma with globes with primary glaucoma corroborated
with gonioscopically diagnosed PLD in the fellow eye confirmed that the ICA changes
traditionally presumed to be characteristic for PLD/goniodysgenesis-associated pri-
mary glaucoma are indeed common in secondary glaucoma of various causes.*’
Therefore, just as for all other ocular tissues, chronically elevated IOP causes alter-
ations to the ICA morphology such that ICA morphology alone cannot be used to
establish the etiologic diagnosis for goniodysgenesis.*! Experienced ocular patholo-
gists will assess all histologic changes in the globe in conjunction with clinical informa-
tion to postulate the most likely cause.

SUMMARY

Glaucoma is a common blinding and painful condition in the dog that occurs due to
decreased exit of aqueous humor from the eye. There are 3 basic categories of glau-
coma: ASD/congenital, primary, and secondary. ASD/congenital glaucoma occurs in
young animals and may be unilateral or concurrently bilateral and the diagnosis is
confirmed histologically by identification of ASD. Primary glaucoma is inherited in
many breeds and most often is associated with goniodysgenesis/PLD, which is an ab-
normality of the ICA. Secondary glaucomas are those that occur when another ocular
condition causes obstruction of aqueous humor exit and are the most common form
of canine glaucoma. The most common cause of secondary glaucoma is uveitis. Other
causes include anterior lens luxation, ocular melanocytosis, PU, intumescent cataract,
intraocular neoplasia, and rhegmatogenous retinal detachments. When a diagnosis of
glaucoma is made, a systematic ocular examination is required to evaluate if the eye
has potential for vision and for signs of antecedent ocular disease. This examination
is important for clinical decision making regarding the most appropriate therapy and
prognosis. Eyes with acute glaucoma may continue to have the potential for vision,
whereas those with chronic glaucoma are most often blind. Emergency medical therapy
is indicated in acute glaucoma where there is potential for vision. Glaucoma can be a
challenging disease to manage in veterinary medicine, and most cases benefit from
referral to a veterinary ophthalmologist. Ophthalmic specialists will perform gonioscopy,
as well as other advanced diagnostic techniques to establish a cause and can offer
advanced surgical therapy when indicated that may prolong IOP control and vision.
The prognosis for glaucoma is always guarded to poor regardless of the cause; the con-
dition will most often progress beyond the ability of medications to control the IOP and
therapies are rarely successful long term. Therefore, the goal is to maintain vision and
comfort as long as possible. Blind eyes with chronic glaucoma are best treated by
enucleation or referral for evisceration and intrascleral prosthesis placement, and all
enucleation and evisceration samples should be fixed and evaluated histologically.

CLINICS CARE POINTS

e Glaucoma can be congenital, primary, or secondary, and evaluation of age, breed, and
clinical manifestations will help to differentiate these categories.
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Therapeutic decisions can be guided by deciding what category the glaucoma is, if it is acute
or chronic, and if there is potential for vision.

Lack of a dazzle reflex or consensual pupillary light reflex is indication that the eye is blind.

Buphthalmos is an indication that the glaucoma is chronic and most likely permanently
blind.

Emergency therapy is used for eyes that have potential for vision.

Topical carbonic anhydrase inhibitors are safe to use in all forms of glaucoma as a part of
emergency and maintenance therapy.

Prostaglandin analogues are safe and effective for primary glaucoma but should not be used
when anterior lens luxation or anterior uveitis is present.

Glaucoma is a referral disease once IOP is stable.

The long-term prognosis for all glaucoma is poor and end-stage, blind, glaucomatous eyes
should be removed, and histopathology performed.
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