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Introduction

The aqueous humor fulfills several functions in
the eye: it is responsible for the tension of the globe
by maintaining a steady intraocular pressure (10P)
thereby keeping the form of the eyeball and assisting
refraction. It is the transport medium for nutritive and
waste substances from and to the cornea, uvea, lens
and vitreus. Except for the very low protein and lipid
concentration the aqueous it is a filtrate of the plasma.
Aqueous is produced by active and passive transport
mechanisms at the ciliary body. The active secretion of
the aqueous is a complex enzymatic process with the
enzyme carboanhydrase playing a key role.

Aqueous production is a continuous and dynamic
process. In cats and rabbits the production rate is 3-4
puL/min. Physiclogically aqueous production equals
outflow resulting in a steady state and physiologic
intraocular pressure (12-22 mmHg). The blood-aqueous
barrier breaks down in the presence of inflammatory
changes within the eye (uveitis) which results in
hypotony and increased cellular and protein content of
the aqueous. In glaucoma the outflow is compromised
while constant aqueous production continues leading to
hypertension.

The aqueous circulates within the eye flowing from
the ciliary processes through the pupil into the anterior
chamber where it exits the eye through the iridocorneal
angle. There the aqueous runs through the pectinate
ligament, the trabecular meshwork either back into the
venous plexus of the sclera or through the interstitial
spaces into the uveal, scleral or episcleral venous system.

The glaucoma may be categorized according to
1. etiology - primary and secondary
2. status of the iridocorneal angle - open, narrow
and closed
3. status of the pectinate ligamtent - open, dysplastic
4. time since onset - acute, chronic

Clinically the differentiation between primary
and secondary glaucoma seems to be most important,
Primary glaucoma signifies that no other ophthalmic
disorder causes the glaucoma. In most of those cases
the iridocorneal angle and the pectinate ligament are
morphologically abnormal i.e. dysplastic. Instead

of fine and long comblike processes of the normal
pectinate ligament these processes are thick and short
in goniodysplastic eyes or confluent leaving only
some small holes or even building entire tissue sheets
instead of the pectinate ligament. This is a congenital
malformation of the filtration angle. However it may
cause sudden onset of clinical signs only after years, It
may also be asymptomatic and not lead to glaucoma at
all.

Goniodysgenesis is a hereditary disecase in many
breeds (among them American and English Cocker
Spanicl, Basset, Bouvier de Flandre, Sibirian Husky,
Welsh Springer Spaniel) but may as well occur
spontaneously in any breed or in mixed breed dogs.

Clinical signs

Acute glaucoma

In the acute glaucoma the rise of the intraocular
pressure occurs like an attack within hours. The
typical clinical signs include pain, apathy, hyperemia
of the episcleral and conjunctival blood vessels, diffuse
uniform corneal edema, mydriasis and vision loss.
These signs are very marked and cannot be missed in
the dog. In feline patients however the clinical signs of
glaucoma are often subtle. Therefore those patients will
only be presented when they demonstrate the signs of
a chronic glaucoma. The IOP in the acute glaucoma is
usually over 40 mmHg.

If the IOP is not lowered within the first 30 hours
irreversible changes in the retina and the optic nerve
head have to be expected.

Chronic Glaucoma

In the chronic glaucomatous eye the changes may
be less pronounced. They include episcleral injection,
anisocoria and buphthalmos of varying degree. The
IOP is usually 30-40 mmHg, pain and corneal edema
are less pronounced as in the acute state. The fundus
changes are more pronounced in chronic glaucomas with
peripapillar and tapetal flame shaped hyperreflectivity.
The optic nerve head itself will be buldged backwards
which is funduscopically noticed as “cupping” of the
optic disc. The longer the glaucoma persists the more
corneal changes will be noticed. Stretching and breaks
of the descemets membrane due to increased 10P will



be overt by corneal (so called Haabs") striae, white lines
within the stroma. The initial limbal vascularization will
lead to pannus and may mimic chronic keratitis. The
more pronounced the buphthalmos/hydrophthalmos/
pseudoexophthalmos the risk of injuries increases and
exposure keratitis will establish. When the excess
pressure causes stretching of the sclera and changes of
the globe dimensions the lens zonules will also stretch
and eventually tear leading to secondary lens subluxation
and lens luxation. In breeds with predisposition to lens
luxation (terrier breeds for example) and buphthalmos
it may be impossible to determine if the lens luxation is
primary or secondary. The breed, age of onset, presence
and absence of cataract development may aid in making
this differentiation.

Clinical diagnostics

In a patient suspicious for glaucoma a complete
inspection of both eyes including fundoscopy is
necessary to exclude all differential diagnosis.

For measurements of the IOP in veterinary
ophthalmology the Tonopen®, the Tonovet® or the
Schiotz tonometer is commonly used. The 10P is
always measured bilaterally after application of topical
anesthesia of the cornea. The IOP ranges physiologically
between 12 and 22 mmHg with variations depending
on many factors (i.e. time of the day, agitation of the
patient, pressure on the neck of the patient etc.). It has
to be pointed out that tonometry provides only single
measurements of [OP which is a biologic variable.

If the IOP is increased the cause has to be found.
First of all a gonioscopy of the partner eye has to be
performed. Several gonioscopy lenses are available,
Barkan®™ and Koeppe® lenses are widely used in animals.
If the partner eye shows changes of the filtration angle in
terms of goniodysplasia and the affected eye shows no
other changes a primary glaucoma is likely.

In case the transparency of the cornea is so
compromised that an inspection of the globe is
impossible, sonography of the globe is mandatory to rule
out other intraocular changes (neoplasia, lens luxation
etc.).

Secondary glaucomas:
Causes of secondary glaucomas:

Uveitis
Hyphema
Intraocular neoplasia
Lens luxation
Intumescent cataract
Phacolytic/phacocastic uveitis
Aphakic/postoperative hypertension (after lens
extraction surgery)
Malignant/ciliary block
Melanocytic/pigmentary proliferation (Cairn
Terrier)

Secondary glaucomas may be caused by obstruction
of the filtration angle with blood cells (hyphaema),
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pigment cells, neoplastic cells, debris and protein,
vitreous etc. It may also be caused by displacement of
the iris root (lens luxation, synechia) or misdirection
of the aqueous. If the cause of the glaucoma cannot
be defined immediately, the initial medical treatment
to lower the IOP is identical as for primary glaucomas.
It will then have to be selectively modified depending
on the cause of the glaucoma (lens extraction in lens
luxation, immunosuppression in immune mediated
uveitis etc.).

Treatment

The treatment has to be started immediately after
diagnosis.

Medical treatment:

reduction of aqueous production:
carbonanhydrase inhibitors:
systemically: diclofenamid, acetazolamid,
metazolamid
topically: dorzolamid, brinzolamid

adrenergics (topically):
beta-blocker: timolol, betaxolol, levobunolol
alpha-agonists (topically): brimonidine,
apraclonidine

improvement of aqueous outflow:
cholinergic substances (topically): pilocarpine, ecothiopate,
demercarium bromide
sympthomimetics (topically): epinephrin, dipivefrin
prostaglandins (topically): latanoprost, travoprost,
bimatoprost

hyperosmotic substances/reduction of intraocular volume:
mannitol, hetastarch (intravenously), glycerine (orally)

Surgical treatment for the primary canine glaucomas:

Surgical treatments of primary glaucoma may be devided
into two groups:

They may be directed at the deviation of aqueous
outflow including the classic surgical techniques
(iridencleisis, corneoscleral trephination, cyclodialysis)
as well as gonioimplants.

Surgical treatments may also aim at decreasing
the aqueous formation. Techniques commonly used
are cyclocryothermy and cyclophotocoagulation. Both
are noninvasive cyclodestructive procedures decreasing
aqueous humor formation through partial destruction
of the ciliary body processes. Excessive heat (laser)
or extreme cold (cryotherapy) is directed through the
overlying sclera to the ciliary body. Correct positioning
of the probes is important and has to be exactly over
the ciliary body. In the dog this is approximately 5
mm posterior to the limbus, with globe enlargement



in buphthalmic eyes it is 0.5-1.0 mm posteriorly.
Cryotherapy is primarily used in glaucomatous eyes that
are permanently blind. A nitrous oxide or liquid nitrogen
probe is applied for 120 sec on four to eight sites.

Laser tends to cause less inflammatory responses
and is therefore preferable in glaucomatous eyes that
may regain vision. Several protocols are available.
At present the author uses 1500 msec/1500 mW on
40-60 sites. Immediately after the application of the
energy pressure spikes may occur that have to be
treated by paracentesie. Therefore a combination of
cyclophotocoagulation and implantation of a shunt can
be more effective than lasering alone. However none of
the techniques have proven to be of longterm effect in
the dog. Excessive application of cold or heat may result
in irreversible destruction of the ciliary body, permanent
hypotony and phthisis bulbi.

Treatment for end-stage glaucomas:

If the patient is presented only in an advanced state
or other techniques failed there are several techniques to
permanently prevent ocular pain in chronic glaucomatous
buphthalmic eyes. One of them is the pharmacologic
cycloablation performed by a gentamicin (20 mg)
injection into the vitreus. A better and more predictable
salvage procedure is evisceration and implantation of
an intrascleral prosthesis. This is the preferred method
of the author for irreversible blind glaucomatous eyes.
It has good cosmetic results and is therefore usually
favoured by the owners. Enucleation (removal of the
globe) is also a quick and surgically simple option that
almost immediately relieves pain and carries a very low
complication rate.

Suggestion for a therapeutic protocol in acute canine
primary glaucomas:

IV catheter

Infusion of mannitol 1-1.5 g/kg iv

Acetazolamid up to 30 mg/kg iv

Topical carboanhydrase inhibitor (brinzolamid) or
combination with b-blocker (dorzolamid-timolol)
Topical prostaglandins (travoprost)

Corticosteroids (depending on the case)

[OP measurements every 30 min

Send home on:
topical carboanhydrase inhibitor (brinzolamid BID)
or combination with b-blocker (dorzolamid-timolol
BID)
topical prostaglandins (travoprost SID)
systemic carboanhydrase inhibitor (acetazoamid 3
mg/kg TID) and potassium substitute orally

start treatment of partner eye immediately

measure 1OP next morning and then every 24-48
hrs.

if regain of vision possible or already achieved:
laser +/- shunt as soon as possible if pressure is
under control

if IOP is not to be controlled or eye is blind and
buphthalmic:

evisceration and implantation of intrascleral
prothesis, client education for clinical signs and
recognition of condition in partner eye

Client education includes the information that
the canine primary glaucoma is still a blinding disease
looking at long term results. No matter which treatment
we choose it will only prolong the visual time of the
patient and hopefully make the patient pain free and
comfortable. If the partner eye also develops glaucoma
then the client should be able to recognize it as early
as possible to improve the chances for prolongation of
vision.

Cats seem to get along far better with glaucoma.
The percentage of secondary feline glaucomas is far
higher than primary glaucomas. The latter have been
described in Burmese and Siamese cats but may occur
in any mix breed cat also. Feline patients seem to save
some vision even with IOPs in the 30s for months or
vears. However once they are markedly buphthalmic
surgical options should be considered as cats may not
show obvious discomfort in the presence of pain.

Oftentimes treatment of feline glaucomas has to
be directed against the underlying cause (i.e. uveitis).
Topical glaucoma treament that is well tolerated by most
cats is brinzolamid BID and Travoprost SID. In end
stage glaucomas evisceration and intrascleral prothesis
is also a good surgical option in the cat whenever the
owner does not agree with enucleation. Intravitreal
gentamicin injections should be avoided in younger cats
because of the risk of posttraumatic sarcoma.

In rabbits primary glaucoma may also occur (New
Zealand White, dwarf rabbits). In the authors hands they
respond well to topical carboanhydrase inhibitors as well
as to laser therapy. Unfortunately they are often only
presented with end stage disease. Secondary glaucoma
is seen on a regular basis with Encephalitozoon cuniculi
infections. In those cases the eyes are usually blind from
the granulomatous uveitis and treatment is directed to
the underlying disease. Phthisis is not an uncommon
end result.
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